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ABSTRACVT |

The Mamonia Complex, situated in the_southwest of Cyprus, is an
allochthonous assemblage composed of Triassic to Cretaceous sediments, Trl'lsslc
maflcs, and subordinate metamorphics, which h:ue been juxtaposed: 'ng'unct tho
Troodos Complex (an ophiolite suite). The Complex has been subdivided into two
groups: the Ayios Photios Croup, a wholiy sedi‘mentary asscnll;lagc recording
continental margin sedimentation, and the Dhiarizos Group, a predominnnlly
igneous assembla'ge recording continental margin volcanism and associated

sed’imenta@ion.
. 4 ..
T‘he Triassic strata of the Ayios Photios Group has been further subdivided
into the following formations: the Vlambouros Formation, representing a
transition from shallow- to deep-water flysch sedimentation witl{in a subsiding
basin, and the M:;rona Formation, characterized by pela}ié lin‘wesmnes deposited
‘along portions of the margini not receiving clastic sediments. Likewise, the-
Dbiérizos Gréup contains the_following ’i_‘riassic sedimentary units: thelf’o‘tm' tou
Romiou Formation,.representing reef and shelf sedimentation, and the *Kholetria
Member®, characte‘rized by limestones occupying interstitial regions within
associated submarine volcanics. The sedimentary, igneous and metamorphic rocks
of the Mamonia Complex récord the Early Mesozoic construction, and subsequent

Late Cretaceous destruction, of a passive continental margin.

-

jl four of the Triassic sedimentary units of the Mamonia Complex yielded

conodonts. Forty-seven of the ninety-eight processed samples yielded in excess of

4700 conodonts. Multielement taxonomic study of these specimens has allowed




-— . i

the recognition of thirty species.  Five multielement genera (Chirodella,

-

Cornudina, Cypridodella, Misikella, and _Neogondalellaj are revised on the basis

of their multielement nature. The genus Misikella contains only one recognized

3

| species, Misikella longidentata; all other species previously referred to Misikella

are now assigned to the new ({unnamed) multielement genus New Genus A. Two

- other new unnamed genera a:a described.

Four Late Triassic conodont zomes are recognized: the J\A'eogondolella“'
communisti. morphotype A Zone (tentatively). and the Epigondolella-abneptis_
Epigondolella spatulata, :md~ Upper Bideniata assemblage zones; suggestive of
latest Carnian to late Norian age. The distribution of conodonts in the three
récognized depositional environments suggests that at least some Late T-riasgic

conodonts were nektic in habit.

K

- (KEY WORDS: Conodonta. Triassic,Norian, Cyprus, Mamonia-Complex.

Multiclement Ta:‘(ononmv, Biostratigraphy, Paleoecology)‘
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Chapter 1

Introduction

1.1. Location and General .Geology

The island of Cyprus is situated in the northeast of the Mediterranean Sea

(Fig. 1-1), and covers an area of aboirt 9,250km®.

Cyprus can be divided into four, arcuate, roughly east-west trending
geologic zones (Fig. 1-2). These are: the Kyrenia Range. the Mesaoria Plain, the

Troodos Complex, and the Mamonia Complex.

The rocks of the Kyrenia (or Pentadactylos) Range, which record passive
continental margin sedimentation and volcanism, lie on a basement of Permian
limestone (Robertson ‘and Woodcock. 1980). Gravity and magnetic data show
that Troodos-type (ophiotite) material extends beneath the Alesaoria Plain. b
give no indication of its presence below the Kyrenta Range (Aubert and Baros

1974).

The voleanism of the Kyrenia Range, which began after the major
Maastrichtian (Upper Cretaceous) folding of Cyprus and the emplacement of the
Mamonia Complex {Baroz, 1980), is associated with subduction and substantial

strike-slip movement along the Kythrea Fault (Roeci et al., 1950). )

The Mesaoria Plain is underlain by a suceession of Upper Cretacrons to
Pleistocene deep- to shallow-water strata which record the post-tectonie

sedimentaty history of the Troodos massil.
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Figure 1-1: Location of Cyprus in Eastern Mediterranean,

and its position relative to other areas with ophiolite
complexes. See text for discussion of Iabelled regions.
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The Troodos Complex, which forms the Backbone of Cyprus, occupies an

area of about 3000km?> in the central region of the island. There are also two
- small inliers, Troulli and Akamas Peninsula, to the east and west, respectively. _
The present structure of the Troodos Complex is a westnorthwest-eastsoutheast
elongated dome, complicated. to the south by the Arakapas Fault (Robertson and
Woodcock, 1980). The northwest flank of the complex is gently dipping and little
deformed, whereas the south and southwest flanks exhibit steeper dips and are
locally cut b\,v subhorizontal thrusts. A complete and undeformed ophiolite
sequence is present and ranges doMiwards from pillow lavas through a sheeted
dyke comnlex, cummulate gabbros and peridotites, to tectonized hartzburgite

(Gass, 1980).

" The age of the Troodos ophiolite has been given as Late Cretaceous
(Campanian) (Gass, 1980).. There are no clear magnetic reversals indicated in the
complex {Vine et al, 1973). which is consistent with formation during a Late

Cretaccous period of normal magnetization (Robertson and Woodcock. 1980).

Y

It is accepted by most workers that the Troodos Complex was formed at
some form of Late Cretaceous spreading axis. The dyke trends are predominantlv
north-south, and would have been originally east-west prior to the Late
“Cretaccous- Early Tertiary 90 anticlockwise rotation of Cyprus (to be discussed
below, page 18). Chilled margin statistics (fabric orientations of chilled margins
in sheeted dyke complexes), and these dyke trends, are consistent with the
suggestion that the ophiolite belonged to the southern flank of the spreading zone

(Kidd and Cann, 1971).

Although there is agreement concerning the spreading axis origin for the
complex, there is currently some confusion as to the exact nature and sétting of
this axis. .\ variety of settings have been proposed for the origin of the Troodos

ophiolite. These include:

1. An island-:.\rc volcano (Miyashiro, 1973).




ot

2.7A back-are basin setting (Freund et al,, 1975). . -~
3. Supra-subduction zone volcanism (Moores-et al., 1984). |

An interesting feature of the sediments of the .~\lpine-;\leditcrrancan belt is

the similariiy of facies which existed throughout much of the Mesozoie Tethyan
- region (Waldron, 1984b). Calon (pers. comm., 1987) reports almost identical
facies types in a belt from Cyprus to Oman. One of the more characteristic deep-
water pelagic facies of theQTeLhyan belt is the Hallstatt facies, which often
documents the earliest occurrence of ocean-floor deposition (Bernoulli and -
Jenkins, 1974). This facies is typically a condensed grey to pink micritic
limestone, often containing pelagic bivalves (l[alobm spp. or Daonella spp.). The
Hallstatt facies is also of interest to this studv because although it is gonvr allv
poor in macrofossils, conodonts are almost ubiquitous (Krystyn, 19%0).
Stratigraphically, the Hallstatt facies spans the time from the late Anisian to the

late Norian.

The depositional environment for the Hallstatt facies is interpreted to have
been on sheltered submarine highs, likely horst blocks, in water depths as shallow
as 50m (Zankl, 1971; Marcoux, 1978; Bernoulli and Jenkins, 1971). Waldron
(198.1a) and Robértson and Woodcock (1981h) report that texturally, the micritic,
Halobia bearing limestones are closely comparable with deep-water peri-platform

oozes around the Bahamas described by Schlager and James (1978).

1.1.1. The Mamonia Complex

~

The Maménia Complex, an allochthonous, highly deformed’ sequence of

rocks of Triassic to. Cretaceous age, is located in the southwes‘t‘ern corner of
Cyprus. The.stratigra;;hic scbeme of thé complex used in this sLu(/ly follows that
of Swarbrick and Robertson (1980) (Fig. 1-3), which is a revision of previous
schemes by Henson et al. (1949) and Laplerre (1975).
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Following Swarbrick and Robertson (1980), the Mamonia Complex may be

‘sui)di\"ided as follows: ' A ‘ .

1. a wholly sedimentary group, thevAyios'Photios"‘Group.

!

an igneoﬁsfsedi!ﬂentary group, the Dhiarizos Group.

}

3. the Aya Varvara Formation; a series of ‘serpentimte sheets and slivers

(a4

associated with the rocks of the Dhiarizos Group. Swarbrick {1920) has proposed
that the serpentinites were intruded up strike-slip fauits along which the Troodos

and Dhiarizos Group rocks were juxtaposed in the Late Cretaceous.

4. the Kathikas Formation; an olistostrome melange composed of rocks of
the Mamonia Complex, with rare Troodos-derived materiai, strewn in a matrix “nl'
Upper Crefaceous red argillaceous silt. This formation is interpreted to have been
formed as a series of debris flows, postdating the main emplacement of the

Mamonia ("o‘mplex (Robertson and Woodcock, 1979; Swarbrick, 1980).

5. the Lefkara Formation; a sequence latest Cretaceous and early C'enozoie

pe.agic chalks and marls which blanket the whole of southern Cyprus.

The rocks of the Mamonia Complex are similar to those of the Antalya
Complex of Turkey and of the Baér-Bassit and Hatay areas of Syria (Robertson
and Woodcock, 1980.198‘.1:1: Robertson and Dixon, 1981). Those of the Antalya
Complex are the most comparable, but are much thickcr lexceeding 2000m) than

. those of the Mamonia. This relationship will vbé outlined in more detail 1n the
section discussing the depositional model and geologit history (page 11).

The following descriptions of the stratigraphic units of the Ayios Photjos
and Dhiarizos Groups are based on field and petrographic data as well as on

observations made by Swarbrick and Robertson (1980).
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1.1.1.1, The Ayios Photios Group

The- Avios Photios Group is a Middle Triassic to Lower Cretaceous

sedimentary sequence which has been divided intq three formations: the
Vlambouros, Marona, and Episkopi formations. The group is highly deformed
and bears a thrust-fault relationship with the structurally underlying Dhiarizos

Group.The thickness of the group is unlikely to have exceeded 200m:.

* The basal formation of the group, the Vlambouros Formation (Fig. 1-4, of
Middle to Late Triassic age. is a sequence of quartzose sandstones, siltstones, and
mudstones,” with volumetrically subordinate calcirudites, calcarenites, and

calcilutites. The original maximum thickness is unlikely to have exceeded 50m.
Plan; ;natcrial is common in the green sandstones. Sedimentary structures such
as graded bedding, cross-bedding, and flute and groove casts sugges£ deposition by
tu‘rbidity currents. The composition of the sandstones is predominantly medium-
to fine-grained quartz with minor f‘~fg~ldspar; that of the caicarenites is

predominantly ooids, skeletal debris and intraclasts.

Overlying the Vlambouros Formation is the Marona Formation, of Late

v

Triassic age, up to 30m in thickness. This formation comprises grey, line-grained.

partially recrystallized and silicified mieritic limestones, in part, of Hallstatt-type
facies, interbedded with grey mudstones, pink sitstones, and shale. The
~ limestones are stylolitic and contain numerous radiolaria and pelagie bivalve

. Nllaments (?Halobia spp.).

The Episkopi Formation, of Jurassic age. comprises the remamnder of the

group, and may reach 120 metres in thickness. The sequence consists of
siltstones, calcilutites, and radiolarian mudstones with subordinate calcarenites.
calcirudites, and caleilutites. Occurring in the upper portion of the Episkopa
Formation is the Akamas Member, composed of yellow to orange, medium- to
coarse-grained, quartzitic sandstones (present as allochthonous blocks up to 40m

in diameter).
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The Ayios Photios Group sediments record the evolution of a passive
continental mz;rgin. The Viambouros and Marona formations represent essentially.
contemporaneous sedimentation in a rift environment. Erosion of a matamorphic‘ .
hinterland produced the sediments of the Vlambouros Formation which were
deposited by turbidity currents into the newl)} created ocean (Swarbrick, 19280:
Swarbrick and Robertson, 1980). The sediments of the Marona Formation record
deposition in areas which received little or no ter;igenous sediments. Progressive

decpening of the margin in the Jurassic promoted the deposition of deep-water

sediments.

The Ayios Photios Group sediments oceur in deformed, fault-bounded thrust
sheets, within which the stratigraphical and structural organization is more
coheont r(Robortson and Woodcock, 1079,1980). Even within single sheets,
however?the‘fnore competent partions of the sequence are commonly disrupted to
form slabs and bl;.)cks isolated within the less coinpetent material. Sheet conlacts

are normally gradational rather than sharp. .

'
While the structural styles of the group are very complicated (with zones of

" local inversion and conflicting fold-vergence directions), no evidence exists that
the dispersion of the fold axis and axial plane measurements was caused by
polyphase deformali;n (Robertson .and Woodcock, 1979). An emplacement
wdirection of 026" (from the present southwest) is favoured by Robertsen and
Woodcock (1979,1980), who believe that thé main e\mplacement of the Ayios

Photios Group sediment sheets was by gr’avity sliding of sediments down a

continental margin dipping to the present northeast.

1.1.1.2. The Dhiarizos Group

The I;hiarizos Group is an Upper Triassic to Upper Cretaceous sequence of
voleanic and associated sedirhentary rocks which can be divided into four
* formations: the Phasoula, Loutra tis Aphroditis, Petra tou Romiou, and
Mavrokolymbos formations.
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The Phasoula Formation consists of amygdaloidal or vesicular porphyritic
pillow lavas intercalated with pink and grey  calcilutites of the *Kholetria
Member® (below;-the *Kholetria Member® is placed within quotation marks as it
is the name of a unit which, contrary to the stratigraphic code, l\ found to occur
within two formations).. Doleritic sills and dykes are also present. The formation
may exceed 250m in thickness. A K-Ar age of 215+ 10 Ma for the 1avas has heen

given by Lapierre and Rocei (1976).

The Loutra tis Aphroditis Formation consists of vesicular and amygdaloidal
lava breccias, volcaniclastic-breccias, with subordinate volcaniclastic siltstone and
manganiferous radiolarian mudstones of the *Kholetria Member® (below). This

formation has 2 maximum thickness of about T5m.

Sediments in close association with the Phasoula and Loutra tis Aphrodits

volcanics have been assigned to the *Kholetria Member® (Fiz.  1-3), of Late

Triassic age. T member includes pink *and grey nodular chert-bearing
calcilutites within“and above pillow lavas, pink and grey calcilutites associated
with manganiferous segregations, as well as red, thinly-bedded radiolarian cherts.

This member may reach a thickness of 35m in isolated lenses.

The Petra tou Romion Formation (see Fig. 1-6). known snly as detache!
blocks of white, commonly recrvstallized limestone, is of Late Triassic age. These
blocks which show a spatial association with the volcanics and serpentinites, may
be highly brecciated, and many show polished surfaces and slickensides. The
principal components of the limestone are corals, algae, serpulid worm tubes, shell
fragments and foraminifera tests. These blocks range in size up to about 1Om in

width and about 150m in length.

The Mavrokolvmbos Formation, of Jurassic to Late Cretaceous age, may

reach 45m in thickness. Thesequence is comprised of thinly-tedded, red to green
and grey, radiolarian mudstones \{predominant), manganiferous siltstones.

calcilutites, and white radiolarian siltstones.
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The Dhiarizos Group volcanics and sediments are believed to represent
voleanism and sedimentation close to.a continental margin (Swarbrick, 1980).
The chemistry of the lavas (immobile trace element data of Pearce (1973)), is

suggestive of a within-plate origin (Swarbrick, 1980; Robertson and Dixon, 1984).

The volcanics are considered to be related to crustzl extension and block .
fanlting of the Arabian-African plate (Rocci et al., 1980). The reefal and’ shelf
limestornes of the Petra tou Romiou Formation were deposited in shallow water on
*shelves® located on horst blocks. The pelagic *Kholetria Member® was
deposited in deepe; water of a more open marine environment (Swarbrick and

Robertson, 1980), in close association with the volcanics.

1.1.2. Depositiohal Model and Geologic History

It is accepted by the majority of workers that the rocks of Cyprus {(and
other ophiolite complexes throughout the alpine belt) record the evolution of an
ocean basin/continental margin sequence. Currently, a great deal of controversy
exists as to “*hclilt'r these complexes represent the formation, and subsequent
deblructlon of one, or of more than one, ocean basin:—~ The school of thoucht
whlch advocates the ®single-basin® model includes Ricou ef al. (19084.1986),
Kazmin ef al. (1986), and Whitechurch et al. (1981), while that which advocates
the *multi-basin® model includes Robertson and Woodcock

{198071931a,1981b,1034), Robertson and Dixon (198-), Biju-Duvai et ai. (19775,
, Rﬁccﬁ el a[ {1980), and Qarfunkel and Derin (1984). '

The key issue in this debate is the role of the so-called Caleareous$ Axis {a
series of autochthonous carbonate plajforms in southern Turkey; Fig. 1-1, page 2)
during the Mesozoic (Rxcou et ~al, 1984). It could have been a small
microcontinent separating two ocean basins. one to the north and ong to the south
(*multi-basin® ‘model), or it could have been an integral part of the Arabian-
African continent, now exposed tl}_l:ough tectonic windows, with all ophiolitic

complexes being derived from the north ("single-basin® model). The "single-
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basin® model is supported in part by similarities across strike of northern and

southern outerop belts (Ricou et al, 1986) of both sediments (Ricou et al.. 19%4)
and ophiolites (Ricou et al.. 1984; Whitechurch et al., 1984). The *multi-basin®
model is su‘pported in part by a succession consistent with a Red Sea-type of basin
(Robertson and Woodcock, 1931b), evidence for a significant Mesozoie continental
margin along the Egypt-Israel coastline (Garfunkel and Derin. 19%1). and evidence
of primary interdigitation of the Antalya Complex #hd the Tauride Autochthon -
(Waldron, 1978). In concluding their discussion Ricou et al. (19% 1) state thatif
there were multiple obductions (*multi-basin® model), they were so similar that

they cannot be distinguished from a single onec.

In cohjunction with their *single-basin® model. Robertson and “'nn(ll(‘(ll"k
(1980,1981a) proposed a depositional model and a paleoomwnphw reconstruction
for‘tbe Antalya Complex. With the exception of its thlcknosq the Antalya
Complex -bears a very close relationship to the Mamonia Complex.  As the
deformation of the Mamonia Complex is very intense, any depositional model for
the complex must be éonsistent with existing mociels for related complexes.  The
thinness of the Mamonia, as compared to the .;\ntalya, may be explained-by a
.more distal pogition on the continental margin relative to the Antalya. Because of
this, the author feels that the depositional model outlined\by Robertson and
Woodcock (1980,1981a) for the Antalya is preferrable for the Mamonia Compley,

The following outlines the model of Robertson and Woodeock.

Prior to the Triassic this region was located south of the Paleozoic Tethys,
and was part of the northern margin of Gondwanaland. During the Middle,
Triassic continental rifting was initiated, in association with extrusion of alkali
volcanics. Terrigenous clastie, siliceous and caleareous hemipelagic sedimentation
ensued in the created rift basins. The size of these hasins is debatable; they may
have been quite small, on the order of several hundred kilometres wide, or even

larger. Dixon and Robertson (1984) point out that the Gulf of California and the

Red Sea arwghly oceanic in the center, yet they are only on the order
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of 250km wide. Both these settings, however, are arid and have little river
transport of sediments. The volume of terrigenous material in the Mamonia
Complex (Vlambouros Formation) would suggest that the environment was not as
arid as that of thé Gulf of California or the Red Sea. Carbonate buildups, such as
the Petra tou Romiou reefal limestones, are likely to have-fringed horst blocks or
have been situated along continental margins (Robertson and Woodcock, 1981).
The end of Triassic was marked by deposition of the pelagic limestones of the
Hallstatt facies (Marona Formation), reflecting an end to the terrizenous clastic
input.

i

During the Jurassic and Early Cretaceous, relatively stable margin
conditions ensued, punctuated by associated redeposition of shallow-water
carbonates into the déep-water hemipelagic environment. The basin remained
narrow during the Jurassic with no voleanic activity. The Late Jurassic and/or
Early Cretaceous was marked by renewed uplift and subsequent deposition of the
texturally mature .Akamas sandstone. Rapid subsidence folldwed, with pelagic

deposition and redeposition of platform carbonates.

The palcogeography of this period is considered by Robertson and
Woodcock (1981a,1984) to have been quite complex (Figure 1-7): a small ocean
basin containing numerous microcontinental - slivers capped by carbonate
platforms. This paleogeography, and the related facies, has been co'mpare.d o
that of the llahamas (Bernoulli and Jenkins, 1974; Robertso'n ar;d Woodcock,

19312,1981b).

In the Campanian (I.ate Cretaceous) a belt, about 500-1500km wide, of
occan crust was formed at east-west spreading ridges offset by north-south
oriented transform faults (Robertson and Woodc’ock, 1880). This oceanic crust is
now Vropres.ente‘d by the regional ophiolite complexes (Troodos, Antalya, Hatay,

and Bacr-Bassit), (Figure 1-1, page 2).

D —————
An oblique northward-dipping subduction zone was initiated, and the

e
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spreading axis and the continental margin were juxtaposed, by the end of the
.\1aastricht\l.m-(-latest Cretaceous). At this time the 'Ayios Photios Group rocks

were emplaccd by gravity sliding down the continental margin which sloped to

the southeast. The less deformed Dhiarizos Group rocks represent in part the
basement rocks onto which the Ayios Photios rocks slid. Subsequent rapid uplift
is shown by mass-flow deposition of olistostrome melange (Kathikas Formation).
Both groups were then ju.xtaposed with the Troodos Complex by \st-rike-slip
motion, possibly along a transcurrent fault system, marked by serpentinites {Aya
Varvara Formation) and high angle fault contacts (Swarbrick, 1980). Blanketing
by pelagic chalks indicates that Cyprus remained i'n a relatively decp~wat.e_r open

marine sctting after emplacement of all rocks.

4

Controversy “exists as to whether the Troodos massif, and its sedimentary
cover is autochthonous or allochthonous. Most Mediterranean ophiolites have
been obducted onto Arabian-African plat[d_rm c;rbona_tes, but this may oot be the
case for the Troodos and Ant:ilya complexes (Whitechurch et al, 1984).
Robertson and Woodcock . 1980) suggest that the Troodos massif was emplaced

from an underthrusting plate onto, or against, the continental margin to the

north. :
R

»
Palcomagnetic evidence suggest that the Troodos massif rotated 90°

counterclockwise in the Late Cretaccous-early Tertiary (Turonian-early Eocene
interval. soon after its genesis (Clube et al., 1985). It has been suggested that,

vsson'liall_v. only the island{of Cyprus was ‘rotated (Shelton and Gass, 1980; Clube

- -
e

el al., 1985).

1.2. Previous Paleontologic Work

Previous paleontologic .studies of the Mamonia Complex have been in
conjunction with early stratigraphic and sedimentologic work on the complex and
have dealt with pelagic bivalves, ammonoids, corals, and radiolaria. Triassic

paleontologic data are listed by Henson et al. (1949), Pantazis (1967). and Ealey
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and Knox (1975), with Jurassic work by Euley

d KnLox (1975), and a Cretaceous
study by Mantis (1970). '

1.2.1. Pi-cvlpus Conodont Work

Conodonts have not been_ previously studied from anywhere on Cyprus.
The conodonts herein described from the Mamonia Complex are of Late Triassie

age, and it is this interval which will be stressed in the following brief outline of

Triassic conodont studies. . .

A number of taxonomic papers have been of particular value to this study.
Study of platform conodonts, especially Epigondolefla has been undertaken from
Bulgaria by Budurov (1972,19762a,1976b,1977), from western Canada by Orchard
(1983), anc on a more regional scale by Kozur (1972b,1974), Kovies and Kozur
(1978), and Kozur and Mock (1972). Mosher (1963a) compared North American

and European Middle and Upper Triassic faunas. One of the more comprehensive

‘early studies undertaken was by Kozur and Mostler {1972¢) of Middle and Upper

Triassic faunas. Gazdzicki et af. (1979) studied the Norian-Rhaetian boundary in

Czechoslovakia and Austria. Conodonts, of Late Triassic age were described from

Romania by Mirauta and Gheorghian (1975,1978),

Conodonts have been described. by a number of authors from the
Mediterranean region. Early studies of the Triassic of the :\10d|u_~rrnm'nn region
were carried out by Huckriede (1933) anfl Bender and Kockel (1963) (Greeced
Kristan-Tollmann and Krystyn (1973) and Onder {19342.198.1b) studied conodonts
from the Antalya Complex of Turkey. These studies report conodonts primarily
of Ladinian-Carnian age. Gedik (1975,1977) examined conodonts from other areas
of Turkey and reported ages from Cambrian to Triassié. Triassic eondonts have
been reported from Israel {Sohn and Reiss. 1964 Huddisx 1970: Hirseh,
1972,1975,1977; and Hirsch and Gerry, 197-), but these are of Early and Middle
Triassic age. Middle Triassic conodonts have béen reported from Egypt (Eischer
and Mosher, 1974), Syria (Husri and Austin, 1985), and Jordan (Bandel and
Waksmundzki, 1085). |

.
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Conodont studies of the Hallstatt facies have been undertaken in Turkey
(Kristan-Tollmann and Krysty;x, 1975), Austria (Krystyn, 1973,1980; Mostler et
al., 1978), and Yugoslavia (Cafiero and Capoa Bonardi, 1881). A regional study
has also been undertaken by Mostler (1968). (The Norian faunas of these studies

are quite comparable to those found in this study.)

Use of multielement conodont taxonomy is limited in Triassic conodont
literature. Sweet (1970) reconstructed a number of Lower Triassic ramiform
specics fiom Pakistan. Lower and Middle Triassic reconstructions have been
described by Hirsgh for North America (1981), Kozur and Mostler for Hungary
(1971b), and ',Bagvnoli et al. for Italy (1981). ‘Reiber (1980) described a fused

condont cluster from the Middle Triassic of Switzerland. while Ramovs (1978) and

Mietto (1982) did the same l'rom the .\!iddlé Triassic of Yugoslavia and Italy,

respectively. No multielement reconstructions have been attempted anywheré for

the Upper Triassic.

1.3. Purpose

. The purpose df this study is threefold:

1. To study for the [irst time conodonts from Cyprus, specifically the
Mamonia Complex, and to assign ages to the formations on the basis of

conodonts.

2. To establish for the first time multielement taxonomy of Upper Triassic

.conodonts.

3. To compare the conodont biostratigraphic and paleoecologic data of the
Mamonia Complex with studies in the Alpine belt, and to add new data to the
debate on the nature of the Mamonia Complex and its regional paleogeographic

setting.




" 1.4. Field and Laboratory Methods

1.4.1. Fleld Methods _ _ N

Fieldwork for this study took place in'June, 1985. Upon landing in Cyprus,
the author travelled by car to the town of Paphos where work was based out of
the Axiothea Hotel. Day. trips were made by car throughout the field area.

Logistieal support was provided by the Cyprus Geological Survey.

As this is the first conodont study of the Mamenia Complex, it was
important. to sample as many different lithologies as possible. . Also, samples were
collected from a variety of regions within the complex in order to cover the
largest possible geographic area. Samples were collected from a total of 36
localities (Figs. 1-8 to 1-13). The sample numbers may be mterpreted as follows.
Th,g first letter, R, signifies the surname of the collector of the samples (Ryley).
The seC(;nd two letters refer to the area from which the samples were collected
(eg. (R)AY = Ayios Yeoryios). The first number refers to the locality in that
s\udy area, and the last number refers to the sample at that locality. Those
numbers suffixed *m" (metre) beléng to measured stratigraphic sections, whereas
those without the metre designation are isolated (and bear no known stratigraphic
relationships to other samples). The number of samples collected at any
particular locality ranged from one to"-t.hirtecn, with the thickest section
measuring 30m. \hen new lithologies were encountered isolated blocks were
sampled. Each section was described in general (Appendix A} sufficient to
provide basic lithologic data and to enable possible later resampling. Thin

sections were cut, examined, and described for each sample {results summarized in

Appendix B).

Collection of samples was complicated by three factors: Firstly the
Mamonia Complex is highly tectonized, with numerous thrust faults and complex
folding. Furthermore, the sediments of the Mamonia Complex are surrounded by

syn-tectonic shales. As a result, the outcrop exposure is limited and little or no

»
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Figure 1-8: Outline map of southwestern (\‘vop/rus showing locations of
succeeding sample [5€ality maps.
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;ortical and lateraj stratigraphic control exists. Secondly, the stra.tigra.phy of the
complex has not yet been completely finalized and no up-to-date geologic maps
for the area exist. This makes assignment of outcrops to- specific formations
difficult. Lastly, it was difficult or impossible to determine- the age of the
sediments in the field. Only two macrofossil s.pecimens .were collected {both
’Halobta spp.). Sincapnodon'ls became extinct near the end. of the Triassié, and
as the total thickness of Triassic sediments in the study area does not exceed
100m, a fairly tight stratigraphic interval was targeted. Once the samples had
heen processed, difficylty also existed in determining if barren samples are pre—
Jurassic (mth the potential of yielding conodonta) or post-Triassic (with no

potential whatsoever). -

1.4.2. Laboratory Methods

A total of 08 samples were processed. Of these 47 (18€¢) yielded in excess of

1700 conodonts. Samples averaged 2kg, ranging from 1.2kg to 2 ll\g A total of =~

| 196kg of rock were procebsed with a total undissolved residue of 301\0 Thus. a
total of 166kg yielded an average of 28 conodonts fer kg. Yields ranged from

- zero to about 520 conodonts per kg (Appendix D).

7

Samples were dissolved in 15°¢ acetic acid. Residues were sieved through a

200 mesh (75 um), and separated using Sodium Polytungstate at a specific gravity
of 2.83.  Conodunts were then picked and sorted using conventional methods.
Techniques for processing and studying conodonts-have recently been outlined in -

&

~a volume cdited by Austin (1987).

. |
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Chapter 2
Biostratigraphy and Paleoecology’

2.1. Introduction (

Due to the potenﬁal influence of environment on aostraiigmphi;-nlly
‘sign\iﬁcént‘ taxa, bibstratigrnphy and  palececology are two closely  related
discib'lines. The distribution of conodont specizs in various environments is the
framework for the following paleoecologic discussion.  As such, the inferred
depositional environments are important. and are first outlined. Following this,
. the biostratigraphy of the samples collected are discussed, including criticism of
the conodont zonation used in this study. Paleoecologic interpretation of the

observed conodont distribution with respect to environments follows.

2.2. Depositional Environments ‘ ' -

As detailed palecenvironmental analysis was not the”purpnsv‘of this study 1t
being primarily a recconaissance study, detailed logs were not made of the
sampled sections. Furthermore, field reln‘tlonships of the collected samples are in
most cases,'l\impossible to decivphur, and there exists little vertical and laterai
cén‘ti_nuity of outerop. As a result, detailed environmental analyses were not

attempted.

In-this study ten lithotypes (described in Appendix C) have been assigned to
' three general depositional environments: pelagic, reefal, and shelf. Of these, oniy

\ . . °y .
the pelagic and reefal environments vielded conodonts. J
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2.2.1. Pelagic Environment

In this study the term.pelagic refers to open water environments of varying
water depth, with the sediment/waler interface below wave base (Sch;)lle el al..
1083). The lithotypes assigned to the pelagic environment can be divided into
two groups based on the fabric of the sediments: laminated sediments (fine-
grained, laminated, of deep-water origin), and turbiditic sediments {comparatively
coarse-grained, showing turbiditic characteristics, of both shallow- and deep-water
origin).  Sediments from the two groups may be found within the same

stratigraphic section. -

2.2.1.1. Laminated Pelagic Sediments

Lithotypes assigned to the laminated pelagic group are: radiolarian
mudstone/wackestone/packstone, calcareous chert, calcareous shz;le, Van‘d
int;rpillow limestone. These have been assigned to this group based on their fine-
grained, laminated nature, and the absence of any structures and faunas typical of
sha‘llow waler (W"Ison, 1975; Flugel, 1982; Scholle et al., 1983). The sediments of
this group generally lack-a-significant influence from terrigenous sediment sources

(Scholle et al., 1983). .

Although, in this study, bivalve :filaments were encountered only in
laminated pelagic sediments, Flagel (1082) has shown that filaments are found in
cnvironmncnls of all depths. from the subtidal to the bathyal. Filaments of the
bivalve Halobia are very characteristic of the basinal Triassic Hallstatt facies
(Fliigel, 1982), as well as some non-Hallstatt facies in Western Canada (Orchard. -
pers. comm., 1987). Jﬁdging from the variation in" exygen content of tbé :
sediments (using presence/absence of evidence of burrowing}, it is. likely that a-
‘\vide 'vari_gty of depths are ropreéented by the samples of this study. Water
depths for Triassic pelagic facies have, however, béeh suggested as being as

shallow as 50m (Zankl, 1971; Bernoulli and Jenkins, 197;4).

These laminated pelagic sediments occur as three types:
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1) Evenly bedded, 10-15¢m thick, grev, to dark grey, calcaremte and

caleilutite units.

c
2) Interbedded cherts, shales, and/or ¢alcarenites and caleilutites. Bed
thickness for cherts and limestones is generally 5-10cm; for shales, units may be

up to several metres in thickness. The limestones are grév. to dark grey, in
¢ ’

colour.

3) Buff-coloured limestones occupying interstitial aceas in pillow lavas,

2.2.1.2. Turbiditic Petagic Sediments

The lithotype assigned .to this group is a bioclastic/lithoclastic packstone.
All samples of this group have a turbiditic character. Field evidener (sole
markings; Fig. 1-4, page 9) for one of the studied sections supports this

interpretation, as do sedimentary structures such as crossbedding, imbrication,

and graded beds, typical of Bouma divisions B and C. Textural data (moderately-

to well-sorted and rounded grains) (qualitative observation; section "C.5) are also

supportive of a turbiditic origin.

‘In the field, these sediments occur as medium- to thick-bedded sandstones

and shales (25em-Im thick).  Many beds are graded with seonted bases.

Comparatively thin-bedded (5-13¢m) sequences of shales, calcarenites and cherts.

also occur. The sandstones in these sequences are generally green in ~olour, often

with plant debris, whereas thcjnles are typically red, and the calearenites grey

2.2.2. Reefal Environment L S

Lithotypes assigned to the rcefal environment are boundstoné/baffikston.
and bioclastic grainstone/floatstone, and have becn assigned to tlus'?-nv"imnnu-m
based on their paleontologic character and petrographic f:lbrig ’l‘htl
boundstone/bafﬂe;tone cqutains in situ {rame-building organisms (such as

scleractinian corals, serpulid worm tubes, caleisponges, and algaej and represents

part of an actively growing reef environment (Fligel. 1982; James, 1983). The

»
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bioclastic grainstone/floatstone is likely to have been deposited in a fore-reef or
reef-margin environment (Enos and Moore, 1983). The presence of a micrite
matrix in some samples suggests deposition below normal wave base, or in
protected areas. The bioclasts in the grainstone/floatstone are identical to the
faunal component of the boundstohe/barﬂesmne lithology, suggesting that they

o

represent part of a single reef tract.

The reefal sediments typically occur as white-coloured, isolated, massive

blocks, up to 40m thick and 100m long, which appear to be brecciated and/or

recrystallized, and often exhibit slickensides related to their tectonic emplacement.

2.2.3. Shelf Environment

Lithotypes assigned to the shelf environment are: whole-fossil packstone,
peloidal intrasparite, and bioturbated peloidal mudstone/wackestone (Fligel,

1982, Enos, 1983).

The bioclasts of the peloidal intrasparite are moderately rounded, suggesting
deposition in an agitatéd environment. They also possess a wide variety of clast
types {intraclasts, pellets, foraminifera, cc-hinoderm fragments, algae, bryozoa, and
voids) which are characteristic of a carbonate shelf with normal marine conditions
(Fligel, 1982). The sparite cement of this lithotype is also suggestive of winnowed

sediments, possibly a sand bank (Enos, 1983).

These §hclf sediments are generally represented by massive white and light
brown .blocks. several metres in diameter, ‘but may occur as 15-50cm irl‘egulﬁrly ‘
- bedded (occ‘asionally siliceous) white calcarenites. The irregular bedding and the
light colour is _Lypicé‘l of shelf sequences; (Wilson and Jordan, 1983).

-




2.2.4. Summary

The three depositional environments discussed above can be loosely related
to the depositional modelroutlined in Section 1.1.2 and illustrated in Figure 1-7
(page 17). The Taminated pelagic group includes sediments depasitéd in all the
deep-water regions, as well as sediments -deposited on submerged horst blocks
(Hallstatt-type facies). They are typically deposited in deep water, though
possibly as shallow ,as 50m, and reflect low energy, acrobic and anaerobic-
conditions. The turbiditic plelag'ic group represents sediments which are turbiditic

in character and which typically have a shallow-water origin; occurring primarily

- in carbonate and clastic submarine fans. The reefal environment is represented

by reefs occurring on the carbonate shelf area to the west, and on horst buildups.

'I‘_hg‘shelf sediments are deposited in open and restricted shallow-water

environments either on the carbonate platform or on horst blocks.

As the sediments of the Mamonia Complex are likely distal relative to those
of the Antalya Complex, the region for which the depositional model was
developed (Robertson and Woodcock, 198~1),"it is possible that reef and shelf

sediments deposited on the carbonate platform are not represented by this study.

2.3. Biostratigraphy

The first conodont biostratigraphic zonation of the Triassic was that
propo%ed by Sweet et al. (1971), who proposed twenty-two faunal :Lsscmblm;u

zones. Of these. three were recognized in the Nortan. Subsequent Upper Triassic

refinements (Norian in particular) of the zonation of Sweet et al. (1971) were
made by Kozur (1973a, 1980), Krystyn (1973,1920), and Mostler et al. {1978).
These zonations are based on the occurrence of species of [‘puorulolella
Neogondolella, and New Genus A (Misikella of other .authors). Orchard (198-5)
proposed a zonation of Norian strata in western Canada based entirely on species

of the genus Epigondolella.

The zonation to which the taxa of this study have been correlated 1s that

*i‘ N
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proposed by Krystyn (1980) (Fig. 2-1), which is the most refined and up-to-date

zonation of Tethyan Norian strata (10 zones ot sub-zones are recognized). Also,
Krystyn’s zonation deals with the Hallstatt facies (one of the predominant facies
types found in this study) frorﬁ the Salzkammergut, Salzburg, and Tyrol regions
of Austria. Krystyn (1980) ‘has suggested that this zonation may have the

potential for Tethys-wide correlation.

Sweet et al. {1971) have pointed out the ubiquitous character of Norian
conodont index species relative to older Triassic conodont faunas, which show a
tendency for provincial distribution (discussed below, Section 2.4.5, page 33).
Mosher (1968a) pointed out that Triassic conodonts seem to have had their
greatest -biostratigraphie value in the Late Triassic, where goodv intercontinental
correlation has been obtained bétween 'Eur'ope and western North America. This
potentially allows a zonation created for the northern margin of Tethys (i.e.

Austria) to be applicable to strata deposited on the southern margin {i.e. Cyprus).

However, Krystyn's zonation': based upon the occurrence of species of
Fpigondolella and Neo_;]andolella,vexhibits a number of potential problems. In
many instances, the zonal definitions are based upon the relative abundance of
certain taxa. Relative abundance of species is generally a function of palececology
(Eipfacies) and sediment accumulation rates, and should not be used to define
zonations. This zonal scheme also uses the disappearance of taxa as a means of
defining the base of certain zomes. This, again, could be the result of
palcoecology. * It cannot be determined if the disappearance of a taxon is
representative of an extinction event, or simply the migration of the species ‘out of
the region in question, o

It should be noted that Krystvn's (1930; especiaily bhis Fig. 8 page 79
conodont zones are generally assemblage zones. The occurrence of the tixod

naming the zone does not neccessarily imply the identification of that zone.
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~Figure 2-1: Upper Carnian and Norian platform conodont
zonation and its correlation with the ammonoid
zonation (from Krystyn, 1980). Zones identified
with reasonable certainty in the Mamonia Complex
are identified by an asterisk.
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Krystyn's (1980) zonation was erected for the Hallstatt Limestone in
Austria. Although the Hallstatt facies one of the predgminant facies types in this
study, environments may be represented for which tbi; zonation may not be valid
{i.e. the reefal and shell environments represe'nted by the Petra toﬁ Romiou ¢
Formation, "and possibly the turbiditic pelagic sediments represented by the
Viambouros Fofmgtion). .The ranges of taxa are fairly well defined in the
Hallstatt facies, and other open water environments. They have not, as yet, been

well documented for shallow-water environments. Krystyn's zonation has been

used, however, as it is considered to be the most applicable available.

2.3.1. Correlation of Samples With Established Conodont Zonation

Of the ten zones proposed by Krystyn (1980)‘for the Norian, four are
recognized in samples from the Mamonia Complex. Recognition of these zones is
based: on the occurrence of ‘characteristic taxa in samples from' continuous
sections, or from certain of the isolated ‘/samples, which wer‘e’collected for this
study.  Range charts for, species which occur in stratigraphic sections are

illustrated in Figures 2-2 to 2-5.

Because the available zonation-ia based entirely on platform taxa (species of
[fpigondolella‘ and .Veogondolella), samples which do not contain these taxa are
difficult to assign. Also, because of the difficulty in identifying specimens of
Epigondolella represented only by juvenile forms (E. spp. indet. s.[., discussed in
more detai] in ‘the taxonomy section, page 97), samples containing only juvenile

forms have been treated as though no diagnostic species are present.

Twenty-nine of the forty-seven conodont-yielding samples can be assigned
with some certainty to spfcific conodont zones; Four samples bave been assigned
to the Neogondolella communisti morphotype A Zone. thirteen to the
Epigondolella abneptis Assemblage Zone, two to the Epigondolella spatulata
Assemblage Zone, and nine to the Upper Bidentata Assemblage Zone.

0
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Figure 2-2: Range chart for species occurring in section REV-1.
Species listed in order of first occurrence. This section
is correlative with the Upper Bidentata Assemblage Zone
Note: stratigraphic scction is inverted.
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Figure 2-3: Range chart for species occurring in section RKK-1.
In this section, those samples below 23m are correlative
with the Epigondolella abneptis Assemblage Zone, while

sample 23m is correlative with the Epigondolella
spalulata Assemblage Zone. Species listed in order of
first occurrence.
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Figure 2-4: Range chart for species occurring in section RKK-4.
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abneptis or. the Epigondolella spatulata assemblage
zones. Species listed in order of first occurrence.
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Figure 2-5: Range chart for species occurring in section RPA-1.
In this section, sample RPA-1-Om is correlative with
the Epigondolella spalulala Assemblage Zone, while
the remaining samples are correlative with the Upper
Bidentata Assemblage Zone. Species listed in order.
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The interval represent,quh “the Lower Postera, Upper Postera, and Lower

Bidentata assemblage‘zones‘('an i[‘lt'erval to which samples cannot be co:rolaied)
may be represeut‘ed 1o section RPA-1 (Fig,. 2-5). The lowermost sample in this
‘section (RPA-1-Om) is corrﬁelative with thé Epigondolella spatulata Assemblage
?one, while the upper two samples (RPA-1-1.5m and RPA-1-3.5m) are correlative.
with the Upper Bidentata Assemblage Zone. The interval between samples
RPA-1-0m and RPA-1-1.5m, a red shale which: was not sampled, may contain the

missing zones.
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Twelve samples have been assigned to the interval represented by both the

I"pigondolella abneptis-and Epigondolella spatulala assemblage zones. The taxa

uscd to correlate these samples with Krystyn's v(lQRO) zonation include both the -

somal guides of Krystyn and multielement ramiform species identified in this
study. These samples best correlate with the upper portion of section RKK-1
(Fig. 2-3), and, as such, likely correlate with the upper portion of the

L'pigondolella abneptis Assemblage Zone (as represented in this-study), or with

the, Epigdndolella spatulata Assemblage Zone.  Figure 2-6 illustrates th'-'

correlation between collected sar{]ples and 'Kr'ystyn's (1920) Carnian-Norian
conc ‘ont zonation. » ,

Due to the absence of characteristic species, of the forty-seven samples
which vielded conodonts, six (RAE-4-5m, RDR-1-1, RDR-i-2, .RI)R-_I-.‘S.'
RKR-1-17m. and REV-2-3) could not be correlated with any of Krystvn's {19%0)

conodont zones.’

2.3.1.1. Neogondolella communisti morphotype A Zone v

; ‘ - : « .
This zone'is identified, as defined by Krystyn (19§0'€9), by the orcurrence

of specimens which are very similar, if not identical to, the index species of this

zone: Neogondolella communisti morphotype A .sensu Krystyn s.f.. [t s
recognized in four .samples (REV-2-1 to REV-2-4) from a targe allochthonous

block of reefal limestone.

Only one other idgntifiable species was found to occur in this zone:

-

¥
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Mzszkeila longzdentata l\ozur and Mock. This species was also recovered: in a
sample (RA‘( -1- l) whlch can be assigned to a range of younger zones (the
Engondolella abneph.s ‘and Fptgondolella spatulata assemblage zones) and, as

such, is not con51dered characteristic of this zone.

Krystvn (1980) states that the sudden appearance of Neogondolella navicula
in tho yppermost’ portion of the .V. commumst: m()rphol)po A-Zone is indicative
'of lowerfiost Norian ‘strata. Due to the absonce of .V, rmucy»la in this study it s

not possible to determine if the i terval represented by this zone is uppermost

- Carnian or lowermost Norian.

- o »

- . BN L

-
»

It must be pointed out that the ‘environmvnﬁ in which these taxa are found
(reefal) is not thev environment for which the z'oAﬁaLion was erected (p'ol:ngic); the
range of‘\'. communisti s.f. in the reefal environment may be qhite different from
Lhat in the pelagic environment. Hence, it is not possible to ascertain that those

spec1men~ recovered here are restncted to the N. communisti morphotype  \

Zone of I\rvst)n As a result, the proposed correlation is made wilh.ro",’g\-rv:umns.
4

Kozur and Mock - (1974a) report thc occurrence of Mistkella lnn_]ldf’nluhl
from-lower Middle Norian strata. The prcsencc in this study of this species in
'strnla,tcnmtively assigned 1o the uppermost Carninn or the lowermost Norian
may ex'"len'd the known range of the species. However, there alsg exists the
possibility that M, longtdentala doeq have a restricted range (1 0. restricted to the
. lower Middle .\orlan} If this is the case, thf range of V. communisti sf i the
reefal environment may be consi(icrably greater than in the pelagic environment.

‘In this instance, the range of .V. comrmunisti could be extended to the lower
Middle Norian. - - : .




"4

2.3.1.2. Epigondolella abneptis Assemblage Zone

This zone, as defined by Krystyn (1980:79), i§. characterized by- the presence
of both FEpigondolella abneptis s.f. and Epigondolella spatulata s.f... It is hei;e
represented By approximately 21m of section (samples RKK-1-0m to RKK-1-21m
in section RKK-1, sce Fig. 2-3, page 38), and by one isolated sample (RPR-1-1).

, . .
The [ollowing species are found to occur in this zone; - . .

C'hirodella de'nodoides (Tatge)
 Chirodella sp. A s < ~
C’ornudina lorlilis Kozur

('yprir!orl.clla sp. A

*

Fpigondolella abneptis (Huckricede) s f.

[:’piyond;)lclla spalulata (Havashi) s.[

5 -

Fpigondolella sp. A s.f.

Oncodella paucidentata (Mostler) s.f.

New Genus B New Species A s.f. : .

Gen. ot sp. indet. A s.f.

Gen. et sp. indet. B s.f.

Gen. et sp. in\dct.—C

Gen. et sp. indet. F s.[.

Epigondolella sp. A s.f. is found in the lower portion of the section assigned

to this zone (RKK-1). and may allow for further refinement of the zonation at a

later time when more information regarding this taxon has veen accumulated.

Cypridodella sp. A is found to occur throughout this zone. - Its first
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~ appearance may have value as a. zonal indicator for the Epigondolella abneplis
Assemblage Zone. However, until the multiclement taxonomy of species of
Cypridodella is understood, and their synonymies c)ompilcd,' their usefulness as

zonal ihdicators will be limited.

This zone is recognized in rocks which can be assigned to the reefal

environment and to laminated pelagic sediments.

2.3.1.3. Epigondolella spatulata Assemblage Zone

Two samples have been assigned to this zone, as defined by Krystyi
(1980:79); one (RPA-1-Om) based on the presence of Neogondolella hallstattensis
Mosher (whose range is restricted to this zone (Krvstvn, I'QR(.))).. and the other
(RKK-1-23m) because it records the first appearance of l‘,'pigm!nlr,‘lluvpn.«lr'rtl

(Kozur and Mostler) s.f. in the stratigraphic section ‘Ill(}ﬁ-l (Fig. 2-3, page 3%).

The following species are found to occur in this zone.

Chirodella dinodoides (Tatge)

Chirode‘lla‘ erecta Mosher

Cypridodella sp. A

Cornudina lortilis Kozur and Mostler
Epigondolella postera (Kozur and Mostler) s.f.
.\’e;gondolella hallstatlensis {Nosher)

Neogondolella sp. cf. x\’eogf)ndolella navicula (Huckriede)
Gen. et sp. indet. A s.[.-

Gen. et sp. indet. B s.f.

Gen. et sp. indet. C

This zome records' the first appearance of Chirodells erecta and
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~ Neogondolella sp. cf. N. navicula, and marks the last occurrence of Cornudina
tortilis (this is the highest interval in the Norian in which C. tortilis has been

found to date).
Both samples assigned with certainty to this zone are from laminated
pelagic sediments. '

2.3.1.4. Upper.Bidentata Assemblage Zone ~

This zone is recognized (as defined by Krystyn, 1980:80) by the presence of
. Epigondolelia bidentata Mosher s.[. and .Neogondolella steinbergensis (Mosher),

with rare occurrences of Epigondolella abneptis s.f. and Epigondolella poslera s.f.

The following species are found to occur in this zone:

. Chirodella erecta Mosher
C;IzirOclella sp. A
Cypridodella sp. A
Epigondolella postera (Kozur and Mostler) s.f.
Epigondolella bidenlata Mosher s.f.
A\'eogondol-ella steinbergensis (.\Ioshe'r)‘

- Neogondolella sp. cf. Neogondolella navicula (Huckriede)
Oncodella paucidentata (Mostler) s.f. | -
New Genus A hernsteini (.\Ii)stler)
New Genus A koessenensis (Mostler)
New Genus A posthernsteini (Kozur and Mock)

New Genus A sp. cf. New Genus A rhaelica (Mostler) s.f.

New Genus C New Species A .
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Gen. et sp. indet. C —
Gen. et sp. indet. D s.f.

Gen. et sp. indet. G s.[.

A number of these species are restricted to this zone, including all species of
New Genhus A: New Genus A hernsteini, New Genus \ koessenensis, New Genus

A posthernsteini, and New Genus A sp..cf. New Genus A rhaelica s.[.

Mostler et al. (1978) pronosed a zonation for the uppermost Triassic based 7
upon species of New Genus A (therein referred to as Misikella). The New Genus
A fauna of this study, however, does not correlate with their zonalibn. All four
species of New G;znus A are found to occur in the Upper Bidentata ,\A-ssemblngo
Zone, while in the zonation of Mostler et al. (1978), ‘the various ranges of the

species are used to define the zones, According to Mostler et al, (1978), New

7
Genus A koessenensis and New Ger;usA A hernsteint are not found to co-occur.
In this study, however, they are found to co-occur in sample REV-1-8m. [t should. '
be pointed out that most of the samples containing New Genus A are from
turbiditic sandstones. The difficulty in correlating these specimens with an
existing zonation suggests that there may have been some reworking or
stratigraphic leaking (Qrchard, pers. comm.. 1987} of the conodonts, although

there is no other evidence (i.e. preservation condition of specimens) to support.

this.

Other species which are restricted fo this zone are N. sleinbergensis,

Chirodelld"sp. B, New Genus C New Species A, and Gen. et sp. indet. G s.I.

~ Samples assigned to this zone are from laminated and turbiditic pelagic

sediments. i } ' .

Y s




2.3.2. Age Of Sampled Formations

Based on the correlation between the collected samples and the conodont
zonation erected by Krystyn (1980), the minimum ages of the formations from
~which szzmples were collectéed can be estir_nated.} The correlation between Triassic
conodont zcnes, collected samples, an_d formations is illustrated in Figure 2-6
(page 42). The ages suggested for the various formations corresponds to the
minimum range in age as suggested by the conodont zomation. As tops and
hottoms of formations were not observed or safnpl_ed, the range in ages suggested

below for the formations must be considered as absolute mimimums.

The age of the Pegm tou Romiou Fdrmation is estimated as ranging from
the uppermost Tuvalian (Tuvalian 3, Carnian) to the middle Lacian (Lacian 2,
Norian). The lower boundary is the base of the N. communisti morphotype A
Zone, while the upper boundary corresponds- to the uppermost occurrence of
Epigondolella sp. A s.{. (middle of E. abneptis Assemblage Zone). This formation
was deposited io a shallowi-w:'xter eavironment. As discﬁs.’.ed above, the ranges of
these taxa may represent ages dil’(e’fent from those determined for the same taxa
in the deep-water gnvirbnment. '

B .

The age of the Marona Formation is interpreted as ranging from the middle
Lacian (Lacian. 2, Norian) to _the top of the lower Sevatian/Rhaetian
(Sevatian/Rhaetian 1, Norian). This corresponds to the range from the base of
the E. abneptis Assemblage ane to the top of the Upper Bidentata Assemblage

Zone.

The Vlambouros .Formation is also interpreted as ranging from the middle
Lacian (Lacian 2, Norian) to the top of the lower Sevatian/Rhaetian
{Sevatian/Rhaetian 1, Norian), corresponding to the range from the base of the £.

abneptis Assemblage Zone to the top of the Upper Bidentata Assemblage Zone.

None of the conodont-yielding samples collected from the *Kholetria

’




19

Member® contain specimens diagnostic enough to allow correlation with Krystyn's
(1980) zonation. " This is due to the poor preservation of the specimens in these .
samples; likely related to diagenetic changes resulting from close proximity to

submarine volcanism.

2.4. Paleoecology ,

Paleontologists must keep in mind that any fossil they study, rather than
being the inanimate object that they collect, represents a 6nce—living, complex
biological system. As such, its distribution and abundance was limited by the

physical, chemical, and biological factors of its environment (Laporte, 1979).

, The conodontophorid animal, apart from very rare soft-part occurrences
(e.g’. Briggs et al., 1983, Smith et al, 1987), is most commonly represented by
disjunct conodont elements. As conodoﬁts are the only commonly preserved parts
of the animal, paleoecologic interpretations must be based prigarily on their
environmental distribution (i.e. the depositional environment of the sediment rr(:m

~which the conodonts were extracted).
1 .

s

“In this study, the environmental interpretations are based upon field data
and petrbgraphic analyses of samples: As such, the inferred type of substrate s
one of the-important characteristics of the environment which can be studied.
Fortunately, the nature of the substrate correlates well with' other environmental
‘factors that are not directly :rlec0rded (Laporte, 1979}, such as waler energy,

depth, and chemistry.

2.4.1. General Paleoecologic Models

Two ‘major ecologic models for the conodont animal have been proposed.
One model, proposed by Seddon and Sweet [(1971), considers that

conodontophorids were pelagic and freeswimming, and that they wers

ecologically depth stratified. The other (Barnes and Fihraeus. 1973, Fahraeus

and Barnes, 1975) indicates a strong component of lateral segregation of faunas,
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with dependance upon the physico-chemical conditions of the substrate,

suggesting that most conodontophorids were benthic or nektobenthic organisms.

The environmental ciistribution of conodonts is likely to have been
: controlled by a number of factors, including the physical parameters of the water
(temperature, turbidity, energy l;velj, chemical parameters (salinit'y), and nutrient
levels (Ni(.;oll. 1084).  Nicoll (1984) also points out that other aspects of the
environment, 'such as benthic plant and an‘imal corﬁmuni.ties around which the

conodont animals might have lived, may have been important. Any models which

r

attempt to fit conodonts into ecologic niches must take into account the full "™

L}
spectrum of controlling factors influencing the habitat of conodontophorids.
. 2

2.4.2. Triassie Studies

Mosher (1973a) recognized three groups of conodonts in the Triassic which
he considered to be phylogenetically distinct and which may show ecologic
preferences. Mosher's Group 2 contains species herein assigned to Neogondolella,
Cypridodelle, and Chirodella, while Group 3 is comprised solely of species of
Epigondolella. H?s Group 1 conodonts (consisting of a series of form taxa ﬁot
rocégnizod in this study) are closely linked to shelf and bottom conditions, and are
restricted for the most part to the Middle Triassic {a time of probable
provincialism for Triassie conodonts;'beﬁv, page 58). Groups 2 and 3 appear to

have been less environmentally restricted:

A number of paleoecologic studies have recently been undertaken from .

Ttiassie conodonts of the western and southwe;;tern United States (Babcock, 1976;
Clark and Rosset, 1976; Clark and Hatleberg, 1983; Carey, 1984; Clark and Carr.
19%4: ACarr et al., 1984; and Meek, 1984). These are concerned with rocks
spa’nning most of the Triassic, and, for the most part. deal with sedirrbllents whose
pnlgoenvimnmental relationships are well understood. They-also typically deal

with an understood, distinctive, and widespread fauna: characteristics which are

important in establishing good conodont paleoecolaﬁic models (Clark and Rosser,

1976).
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The above studies make a number of observations reg'ard‘ing conodont
distribution. Triassic conodonts have generally been found to be rare or absent in
reefl and shelf environments (Babcog, 1978; Carey, 1984; x\!gek, 1984), This is in
contrast to the conodonts of other time periods (e.g. the Devonian, Silurian, and’
Mississippian), when conodonts were foynd to be common in shallow-water
environments (e.g. Bultynk, 1976; Chatteyton, 1976; Clark, 1981; \'oﬁ Bitter et
al., 1986). ' |

+

Trizssic conodont diveérsity decreased bd;inward and shelfward from the
shelfl edge in the Early and Middle Triassic and appears to have been related to .
distance from the basin edge rather than to depth (Babcock, 1976). This suggests -
that there may have been greater environmental variability in the shelf edge area
(Bnbcq%k, 1976; Carr et al., 1984). Meek (1981) reports relatively high conodont
abundances in the basinal environment of the Late Triassic. However, they are

not reported from very deep basinal environments.

The distribution of conodonts in different facies is regarded as conodont

biofacies {e.g. Clark and Carr, 1984). The concept of conodont biolaciés has

recently been summarized in a volume edited by Clark (1984). This volume
contains four papers on Triassic conodont biofacies, two of which deal with Upper

.., ’ . -
Triassic (Norian) strata.

Carey (1984) observed that early Norian Epigondolella species were found i
both the shdllow marine (outer shelf) and deep oceanic environments.  Carey
takes this as e\:;dence supporting a nektic habit for species occupying normal
marine waters of greatly varying depths. ‘Othcr genera whose species are
interpreted to be nektic by Carey (198-3.). are .Neogondolella and C'ypridodella
(bbth found primarily in deep-water deposits), neither of which were found to

occur 1n the Norian.

Meek (1984), in his study of Norian strata from Nevada, found (ionmlont,s

(primarily of the genus Epigondolella) to be nektic, active, [ree-moving organisms.
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Species of the genus Epagondo!el!a were mainly restricted to basmal sediments.

However, Epigondolella abneplis subsp. A (sensu Orchard) sf -Epigondolella
abneptis subsp. B (sensu Orchard) s.[., and Epigondolella multidentata Mosher

_s.[., were also found in rocks representative of a facies intermediate between shelf

and bl:xsin. Epigondolella bidentata was found to occur in carbonate platform

sediments (Meek, 1984).

2.4.3. Palececologic Interpretation .

The conodont species identified in this study bave been plotted against the
inferred depositional environments from which thgy were recovered (Tables 2-1 to
2-3). - The taxa have been plotted against the environments for three time
intervals, which d.istlinguish three distinct peri\ods.of time: that represented by the
| Neogondolella communisti morphotype A Zone, that represented by the

Epigondolelle abneptis and Epigondolella spatulata assemblage zones, and that

represented by the Upper Bidentata Assemblage Zone. In these environmental

distribution tables, the numbers in the columns represent the number of samples

vielding that species over the total number of elements recovered for that species.

Table 2-1: Table illustrating occurrence of species with respect to the
environments in which they are found in the Neogondolella
communisti morphotype A Zone. Lam.-Pel. and Turb.-Pel.

refer to laminated and turbiditic pelagic sediments.
Occurrence data show number of samples/numberaof
eélements recovered.

E mlronmontal Distribution Of Conodonts In The .Neogondolella
communisti morphotype A Zone

Species Lam.-Pel. | Turb.-Pel. Reefal -

Misikella longidenlata 1/25
Neogondolella communisti s.[. . , _ - 27
Total Number Of Samples :

Total Number Of Elements 32

Because of the limitations of this study, it is possible to comment only oo

-

.




Table 2-2: Table illustrating ocqurrence of species with respect to the
environments in which they are found in the Epigondolella
abneptis and the Epigondolella spatulata assemblage zones.

| ‘ Lam.-Pel. and Turb.-Pel. refer to laminated and turbiditic
pelagic sediments. Occurrence data show number of
samples/number of elements recovered.

Environmental Distribution Of Conodonts In The Epigondolella
abneptis And Epigondolella spatulata Assemblage Zones

Species Lam.-Pel. Turb.-Pel. I Reefal |
Chirodella erecta /8 j
Chirodella dinodoides - 4/181
Chirodella sp. A 17/949 1/9
Cornudina tortilis 15/41 1/6
Cypridodella sp. A 13/222 ‘
Epigondolella abneptis s.i. 7/3 :

. Epigondolella postera s.f. 3/79 ” 1/7

Epigondolella spatulata s.{. 4/217
Epigondolella sp. A s.f. 2/22 1/20
Migikella longidentata 1/1 ) .
Neogondolella hallstattensis 1/7 I
Neogondolella sp. cf. N. navicula 1/8 .
Oncodells paucidentata s.f. 1/1
New Genus B New Species A s.f. 2/14
Gen. et sp. indet. A s.f. 2/4 !
Gen. et sp. indet. B s.f. 2/2 . [
Gen. et sp. indet. C 6/15 ,
Gen. et sp. indet. E s.. ~ 1/1 * |
Gen. et sp. indet. F s.f. l/l ' :
Total Number Of Samples R 1 1 :
Total Number Of Elements 2251 7 35 ;

the environments in which taxa are found to occur; not on those in which they do
not occur. This results from two factors. The first of these is that if a sample
was found to be barren of conodonts, it was not possible to determine if this was
because it is of post-Triassic age (during which time conodonts were extinct), or if
it was because the sample is of pre-Jurassic age, with the potential of yielding
~ conodonts, but deposited in an environment unfavourable to conodontophorids.

On the other hand, environments may have been represented in the field from

- which samples were not collected for a given time-interval.
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Table 2-3: Table illustrating occurrence of species with respect to the
environments in which they are found in the Upper Bidentata
Assemblage Zone. Lam.-Pel. and Turb.-Pel. refer to
laminated and turbiditic pelagic sediments. Occurrence
show number of samples/number of elements recovered.

v

_Environmeatal Distribution Of Conodonts In The Upper Bldentata
Assemblage Zone
Species Lam.-Pel. | Turb.-Pel. | . Reef

C'hirodella erecta 5/313 2/8

Chirodella sp. B 2/378 3/81

Cypridodella sp. A 1/7 1/28

Fpigondolella bidentata s.f. E 3/53 3/124

Epigondolella postera s.1. : 2/11

Neogondolella steinbergensis 2/7 4/71

Neogondolella sp. ¢f. N. navicula 1/40

Oncodella paucidentala s{. 275 ) 3/53.

New Genus A hernsteint 2/709 2/15

New Genus A koessenensis /2 1/4
= [ New Genus A posthernsleini 2/341 3/234

© IN. Gen. A sp. ef. N. Gen. A rhaelica s.f. 1/5 I

New Genus C New Species A 2/262 1/31

Gen. et sp. indet. C . 1/1

Gen. et sp. indet. D s.1. : /1

Gen. et sp. indet. G s.f. ) 1/1

Total Number Of Samples ‘ 5 4

Total Number Of Elements 1676 661

2.4.3.-1. Neogondolella communisti morphotype A Zone

" Conodonts indicative of this zone were recovered only from the reefal
cnvironment. In this environment, both the faunal diversity (only one or two

spectes per sample), and the average abundance of elements, are low.

2.4.3.2. Epigondotella abneptis and Epigondole!la spatulata Assemblage

Zones

Both of the pelagic subenvironments, and the reefal environment, are
represented by samples in this time interval. However, only one sample each for

turbiditic pelagic sediments the reel environment were recorded; compared to

twenty-five for laminated pelagie sediments.




. 3%
In. this interval the species diversity and abundance are low in both~
turbiditic pelagic sediments and the reefal environment, and are high in. la{nm}atod .

pelagic sedimeants.

Epigondolella postera s.f. was found to occur in both laminated and

: 'turbifiitic pelagic sediments, although in less abundance in the turbiditic group.

Ch:rodella sp. A, Cornudma tort:laa and Fptgondole!la sp. A ﬂf were R
found to occur in both lammated pelaglc sediments and the reehl environment,

The "abundances for Charodcl!a sp. A are much higher in laminated pelagic

sediments, whereas the abundances for Cornudina tortilié and Epigondolella sp.

A s.i. are comparable in both environments.

o
.

2.4.3.3. Upper Bidentata Assemblage Zone

} §
This interval has both the highest species diversity (up to ten species per
sample, e.g. section REV-4, Fig. 2-2, page 37) and abundances of the intervals
represented. No specimens wbre reéoyereﬂ [rom the reefal environment for this

interval.

Ten of the Ssixteen recovered species are found to beeur in both of the
pelagic sediment tyvpes. Of these, Chxrodella erecta, Chirodella sp. B, \'v,v_
Genus A hernste:m and New Genus C New Species A are much more abundant

{
in laminated pelagic sediments. When sample numbers and abundances are taken

into consideration, the remaining species of this zone show no strong preferenee

for environment. ' _ "

2.4.4: General Observations

Table 2-4 summarizes the distribution of the shectes in the two

environments for the total time interval represented by this study.

An important. question which must be considered when interpreting these

distributions is: what is the environmental origin for the conodonts in the

)




Table 2-4: Table,illu‘strati‘ng occurrence of species with respect to the
. environmeénts in which they are found. Lam:-Pel. and"
Tutb.-Pel. refer tolaminated and turbiditic pelagic -
- sediments. Occurrence data show number of .
samples/number of elements recovered.

. Environmental Distribution Of Conodonts

Spééies R Lar;).'-Pel. “Turb.-Pel. Reefal

Chirodella dinodoides SR A1) T
Chirodella erecta . 6/321 . 2/8 -
Chirodella sp. A . o 1T/949 , S 1/9
Chirodellasp, B~ 2/378 3/81 p .
Cornudina forlilis - S © 15/41 1./6
Cypridodella'sp. A, : 14/229 /28
Epsgondolella abneplts s.f. 7/348 -
Epigondolella bidentala s f. : 3753 o 3/124
Epigondolella posterasf. ' -3/ - 3/18
Epigondolella s;‘atulata sf Co4/1
Epigondolella sp. A'sf. . S 2/22

Misikella longidentata » ' /1 -

Neogondoletla communisti s{. . :

Neogondolella hallstalfensis e S Vi
. | Neogondolella steinbergensis .7 A v |

Neogondolella sp. ¢t N. rgamcula -. 2/48 7 e

Oncodella paucidentala s.f. ' 3/35 . 3/53
{New Genus \ hernsteini - - . 2/209 21y
1 New Genus A koessenensis - . 2 T /4

New Genus A posthernsteini CO2/341 0 3/234
N, Gen., A sp. of” N, Gen. \rhaet:cabf. S 1/ ’ :
New Genus B New Spemes Astl : C-2/144 o
| New Genus C New Species A 2262 /31

Gen. et $p, indet. A s.f. o 204 ' :
Gen. et.sp. indet. Bsf. . ' o 22
.| Gen. et sp. indét. C - L 7/16
Gen. et sp. indet. Dsf. - ) - 1
Gen. et sp.indet. Esf. .. - 171
Gen. et sp. indét. Fsf. < N Y
Gen. et sp. indet. G s.f. - . T
Total Number Of Samples ' SRR ¥
Total Number Of Elements, . .. T 3930

§
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turbiditic sediments. Are they from a pelagic environment or are they derived

from a slope or shelf environment’ '

The conodonts in the turbiditic sediments are as well preserved as any
. others recovered in the study, pussibly suggesting that they were not incorporated
. into a turbidity current and subject to possible abrasion, and that they ni:x_v have

been derived from a pelagic environment.

In the Upper Bidentata Assemblage J,Zone (Table 23, page 51), where the

laminated and turbiditic sediments are equally represented, the correlation of
species is quite high between the two; ten of the sixteen species are fo'und' in both
‘sediment types. In thbse instances where species are not found in both type of
-sediments, they are usually oot well represented (usually much less than forty
specimens per sam‘ple, and usually occurring in only one sample). This suggests
that either the conodonts lived in essentially the"same environment (poiﬁgio, with

the cohodonts from the turbiditic sediments being derived predominantly from the
-'pelagic environment), or that they occupied a nektic mode of life E“ both deep-
and S.hzﬂlow~water environments. With the available dz:ta.it s not possible to

-determine which of these models is the most plausible. . t

FQr the interval represented by the Epigondolella abneptis and
" Epigondolella spatulata ~assemblage zones {see Table 2-2, page 33), all species -

found in the breefal environment were also found in laminated pelagic sediments.
" This suggests that some s'pecies did range [rom the reefal to the pi'ingir‘

environments, and is suggestive of a nektic mode of life for these taxa.

d’nl_v one species, Neogondolella éommum’sti s.f., was‘ not foupd to occur in
the pelagic'ex;virdnment; signiﬁcantly,ino ;;elagi(: sediments yielding conodonts of
rt.his age were sa{npléd, “This is of interest as it most typically occurs in a pelagic
. environment. - ' |

On average, abundances are the lowest in the reefal environment and
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highest in laminated pelagic sediments. The diversity is, however, highest in
turbiditic pelagic sediments. Babcock's (1976) observation that conodont diversity

was highest at the shell edge might suggests that these turbldmc sediments may

have been derived from a shallow-water source.

Due to the limited environmental distribution of conodonts in this study. it
is not possible to observe any changes in environmental preference through time

for species or genera, as has been observed by other workers (e.g. Carey. 1984:
\\1(‘0 1921).

2.4.5. Provincialism

Most studies indicate that conodonts showed strong provincialism three
times during their known stratigraphic range; in the Ordovician, the Devonian,
and the Pennsylvanian-Permian {Charpentier, 1984). For the Triassic,
C'hnrvp:enticr (1984) found the Early and Late Triassic faunas to be cosmopolitan,

and offered little support for provincialism in the Middle Triassic.

However, provinéia.lism for the Triassic (especially theb Middle Tfiassic) has
been supported by Mosher (1968a), Hirsch (1972‘), Kozu} and Mostler (1972b), and
Budurov ‘el al. (4933,1985). Mosher {1968a) found that for the Late Triassic,
provincialism {Alpine and North American provinces) was represented more 8y an
absence of European ramiform species in North America than by differences in

the platform species present. (Orchard (pers. comm.. 1987) reports that there are

no typical E. spatulata and no N. hallsiattensis in North America, and that E.
multideiitatn”is missing from Tethyan strata.\(su.pported by this study).) Budurov
e‘t al.  (1083.1985) récognizéd only a cosmopoiilan fauna during the Early and
Late Triassic, the Tethy’an;Pacific ® province®, corresponding to the Alpine and 3
North American_provinces of Mosher (1968‘;1), including tﬁ/e presex;t territories of
Europe, Asia, western and southwestern North America, and the aretic -regions'
(Budurov et al., 1985). However, dunng the Middie Triassic, they recognize the
Germanic and Balkamde provinces in addition to the Sephardxc *Realm® (fauna)

of the Tethvan Pacific *province®.
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Conodont provincialism has been used by 8 number of authors _ (e'g.
Marcoux, 1979; Gedik, 1981) in an attempt to determinb the direction, and
distance, of thrusting of allochthonous units in the Mediterranean region.
Marcoux (1979) suggested that the rocks of Cyprus and Baér-Bassit were thrust
from the north, suppbrting this with evidence of Tethyan litho- and biofnci’vs in
these regions. Gedik (1881) recognized two different faunal brovinccs in the
Triassic of ’I‘urke‘y:~ the Mediterranean (Sephardic) and the Asiatic (Tethyan-
. Pacific). Gedik uses this as evidence.to support a northor-l;v origin for the nappes
of the Middle Tauride Belt, and an autochthonous nature for what are in;"lvl;prvlml

to be Arabian Platlorm shelf deposits.

A problem with using conodont provincialism to determine the arigin of
nappes is that the peyod for which the provincialism was in effect in this area s
quite limited; the maximum extent of the Sephardic *Realm* (fauna) occurred
during Ladinian and Early Carnian (Hirsch, 198 l’). Thus, il Upper Triassic faunas
are collected only from the Tethyan region, as is the case in this study, - no

evidence can be supplied regarding the origin of the rock units in question; there

being no distinct provincialism in effect for Upper Triassic ‘Tethyan conodont

faunas.

" Marcoux's (1979) suggestion of a northéfly origin for Cypriot strata, b:uwi ‘_
on the *Tethvan nature®* of the fauna, cannot be supported or refuted by the
finds of this study (\Aarcoux does not state which group of organisms shows -
*Tethyan nature" ). Regard]ess ol their origin, if the rocks are of Late Triassic
agé. as is suggested by the finds of this study, the conodont fauna would have a

Tethyan character. ' There is no evidence found in this study to support -

southerly or a ndrtherly origin, based purely on faunal resemblahcos.

Hirsch (197 6) sﬁows that the Middie Triassic Antal).x ( omplex f.lull.b are
Sephardic in nature. The Sephardlc fauna is restricted geographically to the
southern shore of the Middle Triassic Tethys, specifically in the rnglon of wh'\l I8

now [srael. This would suggest a southerly origin for the nappes in quesuon.

Y
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If the Mamonia Complex is a distal equivalent to the Antalya Complex, as is
believed, then it is likely that it was not thrust from the north (single-basin

model), but was formed on the southern margin of Tethys.

2.5. Surhmary

The samples collected in this study>baive been correlated with the conodont
zonation proposed by Krystys (1980). Four‘nof his ten zones can be recognized in
samples collected from the Mamonia Complex:‘. the Neogondolella communisti
_nl;rphotype A Zone (tentatively),wand the Epigondolella abneptis, Epigondolella
sputulata, and Upper Bidentata assemblage zones. Kryst'yn's (1980) zonation has
its limitations (there is likely to have been a strong paleoecologic overprint, as
well as condensation and mixing of faunas), but has been used in this study
* because it is the .most applic:a.ble .zonation available.  The Neogondolella
communisti morphotype A Zone is recognized only tentatively, as the
environment recorded in this study for this interval (reefal) is dif[ereﬁt from that
_in‘which it was defined (pelagic). The i,ower Postera, Upper Postera, and Lower
Bidentata assemblage zones mﬁ;y be represented in an hnsampled shale interval

approximately 1.5m thick.

Based on characteristic conodont faunas, minimum ages can be assigned to
three of the four Triassic sedimentary units in the Mamonia Complex. The Petra
tou Romiou Formation can be assigned to uppermost Tuvalian (Karnian) to
middle Lacian (Norian) age. Both the Vlambouros and‘hiéfc)'ri'a”format:ioﬁs can be

assigned to mjddle Lacian {Norian) to lower Rhaetian/Sevatian (Norian) age.

Of the four depositional groups recognizea in this study, th're;e yielded
conodonts. Based on the similarities between faunas of the reefal environment
and the laminated and Lﬁrbiditic sediments of the pelagic environment, it is likely
that some of the recovered conodont species were nektic in habit. .This agrees

with the findings of earlier studies on Norian conodonts’ {Carey, 1984; Meek,
1924). |




Chapter 3

‘Taxonomy

3.1. Introduction

Multielement apparatus reconstructions have been attempted wherever
possible in this study. Methods used for reconstructing multielement apparatuses
have been ouﬂmed by Klapper and Phllhp (lgnl) and Sweet and Bergstrom

(1972), apd may be summarized as follows:

1. Similarity of strat'igraphic'range and geographic distribution of elements.

-

2. Similarity in morphology of the elements and the identification of

symmetry transition series.
3. Comparison with previously determined multielement species,

\\hen muluelement status cannot be proven for a species the nlemvnts are
COnSldEer representatlve of form taxa, and are assigned the 5uT]'lx sf (sensu

’ jormo), followmcr Barnes and Poplawski (197 '3)

*The ;erminolog'y used for describin'g the *position® of an element within its
respective apparatus ft;llows the P, M, and S notation recommended by Sweet and
Schénlaub (1973) and applied in the newly revised Treause on Invertebrate
Pdleontolog’y, Part “v\', Supplement 2. Conodonta (Robison (Ed.j, 1931). In some
instances however, an apparatus or certain elements, could not be categorized 'in
such a manner as to make use of the standa.rd P M, and S notation. In these
cases, no locational notauon is used and a descnptlve terminology is used‘

througbout the discussion. of the taxon in question.

J .
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The terminology used to describe individual conodont elements follows that
recomﬁ)ended by Sweet (/n Robison (Ed.), 1081).

The conodonts in this study have a Conodont Alteration Index (CAI) value
of 1 (following Epstein et al., 1977). Specimens for Epigondolella spp. indet. s.f.,
and Veogondolella spp. indet. have not been illustrated due to their juvenile, or

highly fragmentary and corroded, nature.




3.2. Systematic Palcontology'

* Phylum CONODONTA Pander, 1856
Class CONODONTATA Pander, 1856
Order CONODONTOPHORIDA Eichenberg, 1930

/o
GENU'S CHIRODELLA Hirgehmann, 1959,
i/

‘

Type species.- Chirodella triguetra Tatge, 1956

Original diagnosis (Hirschmann, 1959:71): *Conodonts of hand-shape and
with terminal costate cusp which is more or less bent inward.® Translated from .

the German original by S. Pohler.

Revised diagnosis.- Apparﬁatus consisting of digyrate ramiform elements
and a symmetry-transition series of bipennate ramiform elements. Digyrate
elements highly antero-posteriorly compressed and bipennate clements highly
laterally compressed. Denticles long, sharp. discrete, and closely spaced.  Basal
cavity inverted. Symmetry-transition series possesses two end members; one bears
a well-defined. downward deflected anterior process, and the other a pourly

deve.oped, straight anterior process.

Discussion.- The basis for the revised diagnosis of this genus s the
multielement nature proposed above.. The digyrate elements have previously been
referred to Chirodella Hirschmann, and the bipennate elements tmostly 1o

Neohindeodella Kozur. . —

_The digyrate elements are the most diagnostic: bipennate elements aroe
generally very similar among species.. The relative proportions of the different

members of the symmetry-transition series may be used as criteria for speries

differentiation.




64

Within this study, an evolutionary Iir;eage may be traced from C. n. sp. A,
to C. dinodoides, to C. erecta, to C. n. sp.v B. This lineage can best\be observed in
the evolution of the digyrate element. In three of the four species (C. n. sp. A, C.
" dinodoides, and C. n. sp. B), the orientation of the cusp, and the morphology and
orientation of the long lateral process changes from an element with a straight
process and straight cusp (i.e. not inwardly deflected), to an element with an
arched process and an inwardly deflected cusp. C. erecta does not follow this
pattern, as the digyrate clement is much more robust, with somewhat fused

denticles,

CHIRODELLA DINODODES (Tatge, 1956)

- Plate 1, Figures 1-5.

Synonymy.- Digvrate element.-

Metalonchodina ? dinodoides n. sp. TATGE, 1956, P1. 6, fig. 1.

Chirodella dinodoides (TATGE). .\IOSHER, 1968a, p. 913, Pl 113, fig. 1; KOIKE. -
1973, p. 97, Pl 16, lig. 30; MISIK et al., 1978, PL 6. fig. 7. ’

C'hirodeila triquetra gracilis n. ssp. MOSTLER. 1968, p. 180-181. PL. 1, fig. 2.

» Chirodella dinodoides (TATGE). GEDIK, 1977, Pl 14. fig. 13

Bipennate element .-

Neohindeodella triassica aequidentata KOZUR AND MOSTLER. KOIKE, 1973, p.
107, P1. 16, fig. 16.

Neohindeodella triassica (MULLER). MiSIK, et al., 1977, P1. 6, fig. 6.

? Neohindeodella triassica (MULLER). GEDIK, 1977, Pl 4, figs. 10,14, 15.
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Description.- Digvrate ramiform element-. Unit with a long downwardl\

deﬂected Jdateral process, and with another, lateral process bearing. onh one
denticle. Process straight, occasionally with slight arch (toward center of unit).
Process height equal to denticle length. Denticles sharp, discrete, and closely
spaced. Cusp and proximal id'enticlrs curved posteriorly, and inwardly. Basal

cavity not apparent.

Symmetry-Transition Series- Series composed of bipennate ramiform

elements. End mgmbers(t;ear anterior processes which are either downwardly
deflected at about 80 deg}ees. or have no downward deflection. One form. in
which anterior process is only slightly deflected (Pl 1, fig. 3), is most commonly
found. A thickening of base below cusp terminates in a point in this form.
Denticles sharp, discr'ete, closely spaced, and increase r size distally from cusp on
both processes. Unit generally planar but cusp or processes may be laterally
flexed. Basal cavity not apparent.

Remarks.- The lateml process of the digyrate element of this spvc'ivs s
similar to that of Chirodella n. sp. A, but the cusp is curved away l'rnln the

lateral process, as well a being curved posteriorly.

Material.- 40 digyrate ramiform elements and 146 bipennate ramiform

elements.

Ocecurrence - Samples RDR-2-2m. RKK-1-17m. RKK-1-21m. RKK-1-23m.
and RPH-+1. '
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CHIRODELLA ERECTA Mosher, 1968

Plate 1, Figures 6-10.

Synonymy .- Digyrate element .- . , \

-

(,'hirodellawrecta‘n. sp. MOSHER, 1968a, p. 918, Pl. 113, ligs. 2.5.

Chirodella gracilis MOSTLER. MOCK, 1971, Pl. 3, figs.‘ 12.17; KOZUR . AND
MOSTLER, 1072b, p. 2-3, P13, figs. 16-26.

? Chirodella polonica n. sp. KOZUR AND MOSTLER, 1870, p. 429-430, Pi. 1. figs.
5-7. N

Description.- Digvrate ramiform element.- Unit with one long, and one

short, lateral process. Long process downwardly deflected at about 65 degrees to
cusp. Base of long process very thick and extends under cusp to denticle(s) on
opposite side. Denticles very closely spaced.‘ap times partially fused. Denticles on
long process parallel cusp. Denticles on. short lateral process oriented about 20
degrees obliquely to cusp. Cusp and proximal“denticles directed inwardly. Basal

cavity not apparent.

: v
Syvmmetry-Transition Series.- Series composed of bipennate ramiform

elements.  Anterior process may be downwardly deflected up to about 30 degrees;
most commonly to about 10 degrees. Base of anterior process thickened,
tespocially under cusp where it may have a roun'ded or angular outline. Denticles
%;long, sharp, and closely spaced. Denticulation may be hindeodelloid (denticles of

: process vary in length). Most distal one or twe denticles on anterior process
generally largest on element, even larger than cusp. Denticles on anterior process
directed anteriorly {but curvature is still to posterior), those oﬁ posterior,

posteriorly. Basal cavity not apparent. ~

Remarks.- The elements of this species are more robust than those of the

other three species of Chirodella.
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Material.- 52 digyrate ramiform elements. and 277 bipennate ramiform

elements.

Occurrence.- Samples REV-3-1, REV--L5m, REV-1-83m." REV-t-1xm,
RPA-1-0m, RPA-1-1.5m, RPA-1-3.5m, and RPA-2-1.
CHIRODELLA SP. A

.

Plate 1, Figures 11-15.

N\

Synonymy .- Digvrate element.- .

Chirodella dinodoides (TATGE). KOZUR AND MOSTLER, 1972, p. 2, P1. 13, fig.
15 only (non Pl 1. figs. 10-13, PL 6. figs. 11,12,14-16, P1. %, figs. 2021, Pl
15, lig. 26); KOIKE, 1981, PL. 1, fig. 23.

Bipennate element.-
Neohindeodella aequidentata KOZUR AND MOSTLER. KOIKE, 1981, PL 1, fig. 15.

'~ Neohindeodella dropla SPASSOV AND GANEV. KOIKE, 1981, Pl 7. fig. 16.

Description.- Digvrate element.- Unit with one long, downward deflected

lateral process, and one denticle on opposite side of cusp. Process straight, with
sharp, discrete, closely spaced denticles. Process height approximately equals one

and one-half to two times denticle length, Basal cavity not apparent.

Symmetry-Transition Series.- Transition series with two forms of bipennate

ramiform elements. Units differentiated on basis of orientation of anterior process
and outline of base of unit.  Anterior process length relatively constant
throughout series. At one end of series, anterior process deflected downwar;l At
about 80 degrees. At other end, anterior proéess straight with thickened base
Most common forms occur with anterior process deflected at about 30 degrees.
The base below the cusp may be rounded or angular. Denticles sharp, discrete.

and closely spaced, increasing in size and decreasing in inclination to process.
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distally from cusp. Denticles on anterior process curved posteriorly; those on

posterior process straight. Basal cavity not apparent.

Remarks.- Digyrate element of this species is characteristic in possessing a.
straight, downward deflected lateral process, as well as a cusp oriented parallel to

the process {yet still curv¥ed posteriorly).

-

Material.- 92 digyrate ramiform elements and %66 bipennate ramiform

elements.

Occurrence.- Samples RAY-1-1, RAY-2-1, RAY-3-1A, and RAY-3-1B,
RKK-1-0m, RKK-1-2m, RKK-1-35m, RKK-1-5m, RKK-1-6in, RKK-1-8m.
RKK-1-10m, RKK-1-12m, RKK-1-14m, RKK-1-17m, RKK-1-18m, RKK-1-21m,
RPH-4-1, and RPR-1-1. | | ‘

'

CHIRODELLA SP. B

Plate 1, Figures 16-19. -

, Synonymy .- Digvrate element - = f(
. . ,

Chirodeila dinodoides TATGE. MocCKk, 1971, PL ‘i figs. 20a.b.

. Bipennate element -
Neohindecodella triassica praecursor KOZUR AND MOSTLER. Mock, 1971. Pl. 3.
fig. 11.

Description.- Digvrate ramiform element.- Unit bears one or two denticles

on short process and a long, downwardly deflected. arched lateral procesé on
opposite side. _Cusp and denticles curved inwardly. Long process occasionally »
posteriorly flexed. bearing long, discrete, closely spaqu; idwardly directed’

denticles. Basal cavity, when apparent. narrow and slit-like.
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Svmmetry-Transition Series.- Series composed‘ of bipennate ramiform
elements.” One end member bears straight anterior process and the other an
anterior process which is deflected downwards at about 45 degrees. Two forms
predominate possessing anterior processes which are deflected downwards at 20 to
30 degrees. These forms have thickeu;ﬁd base under process. One form has
rounded basal margin below cusp, while the other bears angular basal margin.
Denticles long, dis’é?ete, closely spaced and increase in size distally from.cusp on
both processes. On posterior process the denticles initially increase in size
distally, then decrease in size; becoming subparallel to process. Processes of these
elements possess lower region which is more hyaline than rest of unit, extends’

about one-third height of process, and outlines a very narrow. inverted basal

cavityv,

Remarks.- Digyrate element of this species is differentiated fromn other

species of Chirodella by bearing both an inwardly curved cusp and a curved

lateral process. The bipennate clements are also less robust than those of pther
species. The nature of the denticulation on the posterior process of the bipfnnate

element is similar to that of the S elements of Mistkella longidentata Kozur and
Mock.

. ] ’
~Material.- 71 digyrate and 385 bipennate ramiform elements.

Occurrence.- Samples REV-3-1, REV-4-1.5m, REV-4-2m. REV--12m, and
REV-4-30m. ‘ .




GENUS CORNUDINA Hirschmann, 1959

* Type sp ec;';s.- Cornttdina breviramulis (Tatge; 1956)'.

o v &

Ongmal diagnosis (erschmann 1059 11): 'Conodonts with a half—round

%
asymmetrically “bowed louer margin, more or less keeled strongly laterally

deflected, and a large €usp on the upper marglq; Translatedﬂffom'the German

~ original by S. Pohler.

N

Revised diagnosis;- Aﬁpm{atus quinquimembrate (possﬁily skximembrate)

" composed of two forms of angulate pectiniform elements, and dclabrate, digyrate,
= and bipennate ramiform elements, Elements tvpic‘ally possess hasal cavities which
are wide and shallow under processes and are deeper and termmate ic a piv

under the cusp..
) Dlscussmn Sweet (In Roblson Ed}, 1981). prlmarﬂy on the basis of their

poss:ble co-occurrence consnders ‘Cornudina to be a possible Junlor synonym of

1Ch|rodclla In thns allld)’ specxes of Corn.udma were found to co-oecur with -

¢

; 'elements assignable to Chzrodef{a However m this study, each of &tese species is

"mterprcted to have a dxstmct apparatus aqd synonymy of Cornuding and

C'h;rodel(a is not suggested.

-Sweet (ibidem) also suggested the likelibood that C'ornudzfna is related to

Xuniognathus Sweet and CJprzdodella Mosher. Thzézzi‘pparatuses of Cornudina

and Cypridodella suggested in this study are qux{e :xmllar dlfl'erlng prxmanh iz -

the mo‘rpholovy of the Pb tlement, and in - the presence of ‘only one Sb-tvpe

elements i in Cornudma V ' I




- .
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CORNUDINA TORTILIS Kozur and Mostler, 1970

Pl_:ite 2, Figures 1-3.

Synonymy - Pb element.-

Cornudina tortilis n. sp. KOZUR AND MOSTLER, 1070, p. 432-433, PI. 1. l;ig's. _
10,16,20,24; KOZUR AND MOSTLER, 1972b, p. 5-6, Pl 1, figs. 9,14, Pls 3, figs.
15,1920, PL. 4; fig. 3, PI. 14, fig. 20; TRAMMER, 1972, PL. 1, fig. 6 only, (non fig.
7); ZAWIDZKA, 1975, PL. 35, fig. 5; KOIKE, 1081, PL 1, fig. 34; KOIKE, 19823, p.

. 19,PL 9, fig. 3.

"non Cornudina iértilié KOZUR AND MOSTLER. MIRAUTA AND GHEORGHIAN,
1978. P1. 1, figs. 7,8,21. *

Description.- Pa _element.-. Angulate pectiniform eclement with long

anterior and short posterior processes. ~ Anterior procoés deflected slightly
laterally, bearing two to four discrete, pointed denticles. Posterior process short,
with one denticle. Basal cavity shallow and wide under processes, deep under
cusp. |
Pb_element.- Angulate pectiniform element with short processes and long
cusp. Processes and cusp, laterally compressed, Cusp directed posteriorly at
a‘bout 45 degrees. Anterior process short with one or two denticles. Posterior
proéess l.o'nger, with one to three d“entiéles. Posterior process deflected laterally,
and twisted about its length. ) .
M element.-\ Dolz;brate ramiform element with carina.on concave side of
cusp. Posterior process bears five anteriorly directeéd denticles. Cusp directed
' anteriorlf and upward, and flexed outward. Basal cavity shallow and Wide.

deeper and terminating in a pit under cusp.

Sb- element.- Digyrate ramiform element.” Cusp long, sharp, and bent
i ' :
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posteriorly. - -Outer lateral process long, bearing three den.;icles, and arched -

downward. CQuter procéss sb’orter bearing two denticles, and directed laterally
and slightly to anterior. Denticles sharp and discrete. Basal cavity sha]low under

r

processes, deeper and ‘wider under cusp.

B

Qé element- ‘Bipennate ramiform element Amtenor process long, . dxrected
downward at angle of about 60 degrres to lower margin of posterlor process,
bearing four sbvarp,» discrete 'dep_tlcles. Posterior process bears .three short
7 ’ denticles. Cusp erect and iatérally c’ompresléed. Basal “cavity 7shallow under

processes, deeper under cusp. ' A '

Remarks The Pb elements of the species of Corn udina are all relatively

similar in appenrance They are generally differentiated by the lengtb of, and by

the number of denticles on, .each process. The Pbelement of C. tortilis is :

typlﬁed by h:mng a very. skort. antenor process and a relatively short posterior

process. .

. The recovered Pb elements of specimens of C. 'tortivh's generally possess only
one denticle on the antenor process, and two dentlcles on the posterior process.
This may represent a trend within the lineage of C. tortilis 51mllar to that found
by Hirschmann (1939) for C. ‘breviramulis (Tatge), in which specunens showed a
tendency to possess fewer denticles with decreasing age.

Material- 1 Pa (angulate), 32 Pb (angulate), 1 M {dolabrate), 3 Sb
4 . .
(digyrate), and 10 Se (bipennate) elements.

Occurrence.- Samples R:\Y-l-l‘, RAY-3-1A, RAY-3-1B, RKK-1-3.5m.
RKK-1-4.5m,. RKK-1-6m, RKK-1-8m, RKK-1-10m. RKK-1-17m, RKK-1-19m,
- RKK-1-23m. RKK-4-9m, RKK-4-12m, RKK-4-15m, RPH-4-1, and RPR-1-1.

Y




GENUS CYPRIDODELLA Mosher, 1963

Tmé spl ecies.» Cypridodella conflera Mosher, 1968

Original diagnosis (A\iosher. 1968a:920): *Unit possessing one large,

strongly downward prolecnng bar surmounted by large main cusp which projects
parallel or nearly parallel to bar. .ﬁ,secondary'anterlor process may or may not
be present. Denticles discrete and inclined strongly to bar proximally. The

inclination of the denticles decreases distally so that at the end they are near

-perpendicular to the bar. A small pit is commonly present beneath the main

denticle; however, it may be absent, or, in the example of C. venustae, be enlarged -
to a cavity. Basal edge may be sharp or bear shallow groove. Curvature of main

denticles is such as to make the long bar posterior.®

+

Revised diagnosis.- Apparatus septimembrate: composed of angulate {Pa),

digyrate (Pb,.\I,Sbl.Sb.,), aiate (Sa), and biponnate (Sc) elements.  Basal cavity

.may be deep or shallow under cusp: characteristically shallow under processes.

Denticles generally long and discrete (but may be very closely spaced and thus

appear partially fused).

AY

Disgussion.- Thbis genus was originally erected by Mosher (1868a) to int;.lu«h-
species which are herein consfdered R represent various eleménts of the
multielement genus described Cypridodelfa. Sweet {In Robison (Fd.) 19x1)
described this genus using multidlement taxonomy, but considered the apparatus .
to be seximembrate. Cypridodella is herein considered to be septimeinbrate, with
two element types occupving the Sb position (Sbl and Sb:]: as oppuseﬂ to the

single element type in the Sb position used in Sweet's {(ibidem) reconstruction.

Synonymy lists are very diffigult to produce for specms of this. genus.
Specimens have been illustrated which are very similar, if not 1dvuuml to those
elements deseribed below. Ilowdver, in ordor to pro»e SYNONYMY. CO-0CCUrrefioe:

of three or four of the elements is prel‘erred (specll’lcally the diagnostic Pa. Pb.

~
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~——

and M elements). This is very difficult to prove with the illusirated material.
The form' species Enantiognethus ziegleri Diebel’ sf iy hkely to be synonymous
with the Pb element of Cypr!dodclla

5

CYPRIDODELLA SP. A

~ Plate 2, Figures 14-20. o .
Description.- Pa element.- Angulaté pectiniform element. " Anterior process
downwardly deflected at angle between 25 and 45 degrees, possessiﬁg three to
cight closely spaced denticles. Posterior process short with one to two denticles.
Cusp straight and directed sliéhtly posteriorly. Unit flexed slightly late;zillv with
both dextral and sinistral forms occurrmg Dentit¢les short, sharp and directed

upward. Basal cavity shallow and shit-like under processes.

A S

"Pb_element .- Digyrate ramiform element in which one lateral process -is
much larger and more robust than the other. Large, robust process oriented flat
on the slide, small process projects vertically and arched downward. Angle
between lateral processes about 90 degrees. . Denticles long, discrete, and much

~smaller on less robust: process. Both processes ma_v.bé arched and/or deflected,

Al

M _element.- Dolabrate ramiform element with post,eﬁor process oriented
slightly oblique to, and almost parallel with, cu:;p';t Denticles long, sharp, and
(lisqréle; may be as long as cusp. Basal cavity shallow and slit-like under
_ f)r()cosscs. o |

- | <

Sa_element.- Alate ramiform element with long, sharp: dlscrete denhcle:
Cusp much shorter than second or third denticle (whlch is very large). on. poatenor
process. Plane of lateral processes perpendicular to posterior pmcessj_ Lateral

processes deflected downwards at angle of about 45 degrees. Denticles on lateral

processes increase in size distally,
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3
Sb, element.- Digyrate ramiform element with lateral processes of subequal
length. Processes arched downwards at approximately 45 degrees. Denticles long,

sharp, and discrete.  Processes possess four to five dentigcles.  Elements

fragmentary.

Sb, element.- Digyrate ramiform element with lateral processes unequal in
length. Short process bears two to three denticles: long process. five to eight.
Both processes arched downwards. Long'lprocess arched strongly, and may

parallel cusp. Basal cavity shallow and wide.

Sc_element.- Bipennate ramiform element with léng, sharp, discrete
denticles. Anterior process arched downwards and -deflected laterally. B().lh
dextral and sinistral forms present. Posterior process alwa.y:: broken, with one to
three denticles present. Anterior process bears four to ten denliflus... Base of

process robust. Basal cavity shallow.

‘Remarks.- The species concept used herein for Cypridodella sp. A is broad
and it is possiﬁle that more than one species is present in thisu stmuly.' Criteria
which could be used to differentiate between species include o’ve'rali size. and
robustnééé, and subtle morphological differences between the Pa a_ﬁd M elements.

-However, because of the relatively low abundances, all elements assignable to -

Cypridodella are herein included in Cypridodella sp. A.

Matérial.— 22 Pa (carminate) elements. 83 Pb (digyrate) elements. 22 M
(digyrate) elements, 47 Sa (alate} elements, 17 Sbl (digyrate) elements, 9 b,
(digyrate) elements, and 52 Sc (bipennate) elements.

Occurrence.- Samples RAE-3-1, RA‘;'-I-L RAY-2-1, RAY-3-1A,
RKK-10m, RKK-1-2m. RKK:1-45m, RKK-1-6m, RKK-1-8m, RKK-1-10m.
RKK-1-17m, RKK-1-21m, RKK-1-23m, RPA-1-3.5m, and RPH-4-1. L
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GENUS EPIGONDOLELLA Mosher, 1968 s.f.

Typesp ecies.- Polygnathus abneptis Huckriede, 1858 s.[. *

Original diagnosis (Mosher, 1968a:936): *The genus is characterized by
the p}esence of node-like projections or denticles along margins of the platform
and by its high and free anterior carina. Carina’ decreases abruptly in height
posteriorly near anterior margin of platform. Keel commonly broad, bearing
narrow groove down center ending in pit, which' in" some examples is terminal on
keel; in all adult specimens it.lies considerably to anterior of end of unit. Earliest
ontogcnolié stages show no platform development ~ and bear a pit loéatéd
terminally. Growth took place at”l;o_th ends. During growth platform d;zveloped
from pair of denticles, which project laterally from pdsterior end, and grew

posteriorly.®

Revised diagnosis.- No revised diagnosis given.
. . *
Discussion.- Study of the literature discussing the genus Epigondolella
immediately illustrates th:z prbblematic nature of this genus. Confusion lies in the
understanding of the systematics of, and the growth and intraspecific variability

of, the genus.

'

The early growth stages of Epigondolella species resemble one anoi_t‘her. quite
dramatically. Initialljr, elements of all sﬁecies pass through a platformless stage.
followed by a bidentate stage. Ohce the platform begins to Eiévélop, the
" characteristic features of each species begin to emerge. However, the unit may
sti" resemble different growth stages of other species. This has been well

illustrated in the outlines of juveniles shown by Orchard (19’533).

-

Orchard (1983) discussed eight populations of Epigondolella from western
Canada. For each population, he illustrated a central morphotype growth series,
and a number of less common morphotypes. The range of morphologic variation

exhibited by these populations is considerable, and Orchard concludes that past

T
L}




interpretation of many si)eciesrof Epigondolella, and_“t.hgir_ stratigraphic: rang(;s. is
likely to have been incorrect. The range of morphologies present within given
Ep:gondolella populations make it dxfl'lcult to compare specimens with those in
the Ilterature as few authors illustrate the full range of morphologics represented
in theu' samples. A figure illustrating the range of morphologic variation for each
described species of Epigondolella has been provided with the discussinn.x: for each
taxon (Figs. 3-1 to 3-5). It should be noted that in order to show as complete a
range ql’ variation as possible- these figu'res illustrate specimens from more than -

oge sample.

thm this study, five populanons of Epigondolella are recognized. Of
these it is clear from its synonymy Tlist that Epigondolella abneptw s has:been
“dealt with the most inconsistently in the literature. Thl\ is likely because of the
& relatively loose specnes concept that has been used by some authors in the past.
) Engondolella abneplis s.f. is also the most generalized xpv('w:. of Epigondolella
(Orchard, 1983), and this- is likely to have had an influence on the

misinterpretation of the species.

The systematics of species within the genus Epigondolella has been very
probleﬁlatical.. This ha.s been outlined by Sweet (In Ziegler. 1977) and Onder
(1984b). Little progress toward finalizing the problem has been made, and must
o‘f the confusion still revolves «a'round‘ the synonymy of the genus. Some authors
(e.g. Kovdcs and Kozur, 1978,1980) continue to use A[etz;polyﬁnathus as the h
) seniorl synbnym -of Epigondolella. Follo»ﬁng Sweet (In  Zicgler, 1977)‘
‘\Ietapolygnalhus is herein consxdered to be a jumor synonym of . \’eogondalellu'
Bender and Stoppel. Other genera which are herein c()nS'ldOl‘Cd to be junior
synonyms of Epigondolella are Tardogondolells- Bender 1970, and
Ancy_rogo'nd’olelyla Budurov 1979, | l

Budurov (1977‘) attempted a revision of Late Triassic platform conodonts.

He differentiated Epigondolella and Metapolygnathus, among others, on the basis

- of basal structure. According to Budurov (1977), Epigéndolella possesses a loop-
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like posterior termination of the keel, while Metapolygnathus possesses a
-bifurcated keel. In this study, some elements of all species of Epigondolella were
found to possess a‘wide, well-developed platform, and a corresponding bifurcated
keel. ' This suggdsts that keel structure is related to the development of the

platform, rather than being of generic (or specific) significance.

Epigondolella is considered by Sweet (In Robison {(Ed.), 1981) as being
unimembrate. According to Krystyn {1980), Epigondolella is likely to have
evolved frofn Neogondolella. Neogondolella is herein considered to be *
sox.i:rAnembrate‘ {possibly septimembrate), following the suggestions of Kozur (1976)
and Von Bitt‘er (1976). Tﬁe author believes that Epigondolella is q’uite possibly a
multiclement genus, with - a similar apparatus reconstruction as that of -

Neogondolella (possibly being congeneric with Cypr:'dode.'.’a'). However, species of

Fpigondciella are herein identified as sensu formo (s.,f.)v because at this time it is

not possible to'prove a multielement nature for the genus.

Due to the similarities of the early growth stages of different E'pigondolella

species, when a sample contained only juvenile forms, those forms are identified as

¢~ Epigondolella spp. indet..

.

EPIGONDOLELLA ABNEPT!S (Huckriede, 1958) s.f.

Plate 3, Figures 1.2.
Synonymy .- : - »

Polygnathus abneptis n. sp. Huckriede. 1958, p. 156-157, Pl 12, figs. =30-3‘2,'
33-36, Pl 14, figs. 1,2,5'.1—2.13,16-21.26,27,47?,48,49?,53.55?,56‘377 ‘only (non4
Pl 11, lig. 33, PL. 14, figs. 3,14,22,51,52,54,58),

Epigondolella abnepiis (HUCKRIEDE). KOZUR AND MOSTLER, 1972a, Pl 2; figs.
9-15; KRYSTYN, 1973, PL 4, fig. 1 only (non figs. 2,3); ISOZAKI® AND.
MaTstDA, 1080, PL 1, fig. 4 MUSHASHINO et al., 1980, Pl 3, fig. 8;




WARDLAW AND JONES, 1980, p. 900, Pl. 64, figs. 3-5.7; KOIKE. 1881. P1. 2,
figs. 26-28; [SOZAKI AND MATSUDA, 198‘2,\p. 111-115, Pl 1, figs. 3-6, P1. 2,
figs. 1,2 only (non Pl 2, figs. 3-8); KOIKE, 1982b, p. 17. Pl 3, figs. 1-21;
SAVAGE, 1983, figs. 2A-P; ONDER, 1084, p.-89-81, PL 42, figs. 1-8: ORCHARD,
1987, PL. 3.4, fig. 20 only (non figs. 21,22). - |

: Ep:'gondolella abneptis subsp. A. ORCHARD, 1983, p. 179.181. figs. 3D.E.G, 1,
7B,MNY, 9A, 15D EF.

+

Epigondolella abneptis abneptis (Huckriede).- KRYSTYN, 1980, PL. 13, figs. 8-10
only (non fig. 11); WANG AND DONG, 1885, p. 126-127, Pl 1, figs. 1.4,15,22.

Metapolygnathus abneptis (Huckriede).- MELLO AND MOCK, 1977, PL 8, fig. 2;
MISIK et al., 1077, PL. 7, figs. 5,6,10. YAMATO OMINE RESEARCH GROUP,
- 1979, text-fig. 5; BIELY AND PAPSOvy, 1083, Pl 11, figs. 4,5

- Metapolygnathus abneptia abneptis (HUCKRIEDE). KOZUR, 1972a, Pl 6, figs.
" 10-21; KOVACS AND KOZUR, 1978, p. 562-363, PL. 3., figs. 2,3, PL 4, figs. 1,3;
GUPTA el al., 1980, p. 592, PL. 3, fig. 1, Pl 4, figs. 6;7,9,10; KOVACS AND

. KOZUR, 1980, PL. 14, figs. 1.2 GAAL, 1982, PL. 6, figs. 5-10.

Tardogondolella abneplis abneptis (HUCRTHEDE). MIRAUTA AND GHEORGHIAN,
1973, p. 55-36, PL 6, fig. 2, Pl 8, figs.'1.2,4.6 P1. 9, figs. 1-3.

? Epigondolella abneptis {(HHUCKRIEDE). HaYASHI, 1971, P1. 2, figs., 1-'l; HaYAsH
1972, PL 1, figs. 1-3; SAKAGAMI AND WATANABE, 1972, Pl 2, figs. 1,25
DURDaNoOVIC, 1973, Pl . 8, figs. 25a,b; BUDUROV. 1976b, p. 103, Pl 2, ﬁgs'.
22,23 only (non figs. 20,21); WANG AND WANG, 1976, Pl 4, figs. 17-19,

© OKAMI et al., 1078, PL. 1, fig. 4; KOLAR, 1679, p. 314, PL. 2, figt; KUWANO,

v 1979, p. 16-17, Pl. 1, figs. 1-7, PL 4, figs. 4,7, text-figs. 4a-e; HASHIMOTO et
al., 1980, text-figs. 1-4; RAFEK, 1980, p. 131, PL. 13.1, fig. 1; SUYARI et al.,
1980, PL. 1, figs 2,3; DHILLON et al., 1983, PL. 1, figs. 3,67 IRWIN et al., 1983,
Figs. 2L, M only (non Fig. 2G); QIU, 1984, P1. 5, figs. 8,11. A
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> Meétapolygnathus abneptis (HUCKRIEDE). MUSHASHINO et al., 1979, text-fig.
3.1; BIELY AND PAPSOVA, 1983, Pl. 41, figs. 4c,5a3,b.

? Metapolygnathus qb;zeptis echinatus (HUCKRIEDE). MISIK et al., 1977, PL 7,
fig. 11. '

o

? Polygnathus abneptis (HUCKRIEDE). BUDUROV, 1860, p. 117, Pl 1, fig. 26.

? Tardogondolella abneplis abneptis ([HUCKRIEDE). KOZUR AND MOSTLER, 1971a.
Pl 2, fig. 7 only (non fig. 9).

non Epigondolella abneptis (HUCKRIEDE, 1958). MOSHER, 196%a, p.936, PI. 118,
figs. 18-30: MOSHER, 1968b, Pl. 120, figs. 17-27; MOSHER. 1970. P1. 110. figs.
14,15,18,20.21; SWEET el al., 1971, PL 1. figs. 18.27; MOSHER. 1073b. PI. 13.
figs. 6,12-14,16,17; BUDUROV, 1877, p. 42-43. P1. 1, figs. 1.2, PL 2. figs. 7.8:
[SHIDA, 1881, PL 6, figs. 4-6; KOLAR-JURKOVSEK, 1882, p. 171-172, Pl 4. figs.
3,4 KOLAR-JURKOYSEK et al.. 1983, p. 159-162, PL. 1, figs. 1.2. PL 2, fig 1
JURKOVSEK et al., 1984, p. 320-321, Pl. 6, figs. 1-3;: ORCHARD. 1987, Pl. 5.4.

figs. 21,22 only (non fig. 20).

_non Epigondolella abneplis sensu KRYSTYN (1973). CAFIERO AND CaPOA

BoNARDI, 1981, Pl. 38, figs. 3-12.

non Gladigondolella abneptis (HUCKRIEDE). NHODA AND SETOGUCHI, 1967, p.

232.233. Pl 2, figs. 1-7: HAYASHI, 1968 p. 68, Pl 2, figs. 6.7,3; NOGAMI
1068, p. 122, PL 8, figs. 1-11.

non Metapolygnathus abneptis abneptis (HUCKRIEDE). GUPTA, 1983, Pl. 3, ‘figs.
73, Pl 4, fig. 3, PL 5, fig. 4. - |

non Tardogondolella abneptis (HUCKRIEDE). BENDER, 1970, p. 331, PL 4, figs.
29,30, PL 3, fig. 21; BupUROV, 1972, p. 17, Pl 1, figs. 1a,b.




-

Description.- Subsymmetric segminiplanate pectiniform élement.

Carina subterminal. Free blade generally onc-third to one-half unit length.
Third or fourth anteriormost denticle highest. Posterior of carina, one or two
subterminal nodes present on platform. Lateral ridges on frm:\dv occur as
anterior continuation of platform.

; ’ .

Lateral margins o] platform subparallel, and bear one to four nodes or
dentic.les.' Posterior of platform largely unornamented.

el

Micforeticulae present over most of platform. Marginally. microreticulae
closed ard well-defined, centrally, more open and less pronouncod Closed, well

¢
defmed nlrroretlcu]atlon occurs on nodes and denticles.

Keel'slightly raised, terminating in loop just posterior of platform midpoint.

Remarks.- Orchard (1983) described in detail a fumber of populations of

E. abneptis. The specimens herein described as E. abneptis sf. compare closely
with those illustrited as E. abneptis subsp. A s.f. by Orchard (1983). .\u'o'fglrther
information can be added by this study to Orchard's coverage of F. abneptis 5.
populations. Figure 3-1 illustrates the range of morphologic variation exhibited

by recovered specimens of Epig}ondolella abneptis s..

N.B.- After seeing the holovtype of E. abneptis (of which only one-half

survives) Orchard (1987, pers. comm.) doubts that £. abneptis can be maintained.

‘Material 348 segminate pectiniform elements.

Occurrence.- Samples RKK-1-10mm, Rl\'l\'fl-l‘lm, RKK-1-1.4m,
RKK-1-17m, RKK-1-19m, RKK-1-21m, and RKK-412m. g

e
<.







EPIGONDOLELLA BIDENTATA Mosher, 1963 s.1. ~

| . _Plate 3, Figures 11,12,
Synonymy -

Epigondolella bidentata n. sp. .\iOSHER.' .1968;1, p. 936, PL 118, figs. 31-36;
MOSHER, 1968b, Pl 120, figs. 23-33; MOSHER, 1970, Pl 110, figs. 2728
SWEET et al., 1971, PL 1. fig. 30; KOZUR AND MoCK, 1672, Pl l figs. 13-16;
KOZUR AND, MOSTLER, 1972a, Pl 4, figs. 3-5; KRYSTYN. 1673, PL. 5. fig. 7
MOSIER, 10735, p. 160, PL. 13, figs 23, 24.28; BUDUROV, 1977, p. 45, P 1.
fig. 7, PL 2, fig. 4 GUPTA, 1978, Pl. 1, figs. 1a.b; OKAMI et al., 193%. PI. |
flo's )—‘J I'\OL\\R 1979, p. 314- 315, PI. 1, fig. 3, PL 2 fig. 2 lsu?,\}\l ARND

" MATSUDA, 1980 PI. 1, figs. 1,2; KRYSTYN, 1980, Pl 14, figs. 1-3 onl\ (rnon

ligs. 4-6); WARDLAW AND JONES, 1980, p. 900, PL 64, fig. 10; CAFIERO AND

CAPOA BONARDI. 1981, Pl. 58, figs. 13-16; ISOZAKI AND MATSUDA, 1982, p.

1174119, Pl 4, figs. 1-5.; IRWIN et al, 1983, Fig. 2-F: ()Rcumf) 1933, .

188189, figs. 14, 15V,W.X; BURYL 1984, p. 42-43, PL 1. figs. 11.12; 1GO e

al., 1984, Fig. 6, nos. 11,12; MEEK, 1984, PL 1, figs. 1-4; Orchard, 1985, PI

37.3, figs. 19,20, WANG AND DONG, 1985, p. 127-128, PI. 1, figs. 1-3,26.

Metapolygnathus bidentatus (MOSHER). KOZUR. 19721, PL 7. figs. 30,11,
GAZDZICKI e al., 1979, PL. 5, figs. 10-12; KOVACS AND KozUR. 1080, m
fig. 1, BIELY AND PAPSOVa, 1983, Pl 41, figs. 1a-b.

‘\Iet'apolyg'nathus mistki n. sp. KOZUR AND MOCK, 1973, p. ll-l'.;. PL 1, figs.

2a,b.

Melapolygnalhus mosheri (KO“ZL'R AND MOSTLER). GAZDZICKI et al., 1970,_‘P|_

5, fig. 13; KOVACS AND KOZUR, 1980, Pl. 14, fig. 8.
) N ’ ' . Y / ,|.
Polygnathus abneptis n. sp. HUCKRIEDE, 1938, p. 156-157, plr14, figs. 32,58 only

(non. pl. M, fig. 33, pl. 12 - figs. 30-36.‘-pl. r1, | figs.
1-3,5,12-14,16-22,26,27 47-57).




| o R
Tardogondolella bidentata (MOSHER). MOCK, 1971, PI. 4, fig. 3.

 of. Epigondolella cf. bidentala MOSHER. ISHDa, 1981, P1. 7, fig. 4.

- . .

? Epigondolelldbidergtata Mosher. DHILLON et al., 1983, PL 1, figs. 4.5; OKaMIet

va

R al., 1978, PL 1, ﬁgg, 5-9. “ -

? Tardogondnlella abneptis cf. bidentata {MOSHER). \lm\UT\ \ND GHFOR(*!IH\'
1975 p. 10-11, PL. 9, flg 4. '

’

non Epigondbislla bidentata MOSHER. KOIKE, 1981, P1. 2, figs. 30,31.

Description.- Segminiplanate pectiniform element. Unit subsymmetric to

- asymmetric in upper view. Platform lacking, or very rud:memarv wnh one

dentlcle on elther sxde of carina.

-

Carina composed of long, partially fused laterally compressed denticles.
Denticles directed slightly posteriorly. Carina generally extends full lcngth of

unit. Denticles shorter, more robust, and becommg more inclined posteriorly.
. . TR

Carina generally straight, but may be strongly 4eflected laterally. Sides of free

blade possess ndge—llke extensions of platform; present on platformlcss spccmwns
“Unit possesses one sharp, upward directed denticle on cither side of carina. In
well-dev clopcd platformless elements. denticles are located at midpoint of unit.
Apart from MB\S'pike-like denticles. platforfh,\ lacks ornamentation.  When_

present, platform occupies posterior one-half to one-quarter of unit.

~  Microreticulae may be present. May occur as fine pits along platform

margin, or as fine striae on lateral denticles. T 5

« Keel wide, with pit located at roughly midpoint of platform‘«'bctwéen lateral

denticles. On elements with no platform, keel continues under posterior portion

by

of carina. On elements with platform, keel terminates posteriorly with small,

-




T

- A} -‘v N . .
raised loop.. "Keel may bifurcate posteriorly in elements with well-developed

. 85

‘platforms. - -

Remark;.- The eriterion for recofgnitionof this species is the presence of 2
'hterall)" l.dcat'ed denticles. Orchard ('198'3) points out that the platforms of E.
brdenlala are small and.generally slender. One specimen was recotered- which
possesses a well- developed platl’orm The keel of thls element is well-developed
and is bifurcated postenorly in a manner similar to E abneptzs s.f. and E.

9patulala s.f. h L

The diagnos'is oi the species has not changed since first described by Mosher
(1068a). Recently, Orchard (1983) thoroughly discussed a population of E.

brdentala s.f. recovered from western Canada. The finds of thls study add little

to his dmusuon ‘ ¢ P
) N e o

Figure 3-3 illustrates the rangé of morpholééic variation exhibited by this
~ speeies:

LS

Material.- 177 segminiplanate pectiniform elements.

4

_ Occurrencé- Sqmples RA’E-3-I‘, “REV-3-1, REV-415m, REV-4-30m,
CREPA-L- 13m and RP A-2- l '







Sy&noﬁymy.- _

Ipigondolella aff.‘ poslerqf."ISH[DA, 1981. Pl 7. fig. 1.

EPIGONDOLELLA POSTERA (Kozur and Mostlér, 1871) s.f.

= Plate 3, Figures 9,10.

U . - .. -

Tardogondolella abneplw pastcra n. subsp I\OZUR AND \IOSTLER 197 la p

14-1), Pl. 2, figs. 4-6. ' EI C

}z‘p;gandolella abneptis (HUCKRIEDE). MOSHER, -1968a, p. 936, PL. 118, figs. 2021 -
only (non figs. .18,22-30); MOSHER, 1968b, Pl. 120, figs. '25,26—bply (non figs. - '
17-24,27); SWEET e! al., 1971, Pl. 1, fig. 18 ooly (non fig. 27); ‘

- .. ° o

Epigondolella bidentata MOSHER. KOIKE, 1981, Pl 2, figs. 30,31.

Epigondolella postera (KoztRr AND \IOSTLER) KOzZUR AND .\IOST[:F:ﬁ, 1972a, PL.
1, fig. 2; KRYSTYN. 1973, p. 141, Pl. 5, figs. '56; BUDUROV. 1977, p. 43-44.
Pl. 5, figs. 25,26; KOLAR, 1979, p. 316, Pl. 2, ﬁg.'3_; ISOZAKI AND ‘.\L\TSL."DA,
1980, PL 1, figs: 6,7: KRYSTYN, 1880, Pl 13, figs. 13-18; CAFERO AND
CAPOA BOMRDI 1981 Pl )8 figs. *71,--, lsmm 1981, PL. 7, fig. 2; Isoz,u\l
AND MATSUDA, 1981 PI. 1, figs. 6,7; ISOZAKI AND .\IATSUDA,_ 1982. p.
115117, Pl 3, figs. 1-9; ORCHARD, 1983, p.v 186-188, figs. 11,
i2M,N,0,P,Q,R.S.T. 15P,Q,R; BURYI, 1984, p. 41-42-PL 1, fig. 810: MEEK.
1984, PL. 1, figs. 12-18.21.22] ONDER, 1981,.p. 93-94, PL 2. figs. 7.8: WANG
AND DoNG, 1985, 128, Pl. 1, figs. 4-8,10.20,2 L

Fpnybndolella postera postera (I\OZL’R AND \IOSTLER) I\OZL’R AND -MOSTLER. e
lD.‘.’a Pl 4, fig. 1. - -

E'pigondolella posterus hayashi-n. sp. KOZUR AND MOSTLER, 1972¢, p. 11-12,
figs. 1a,b. ' A ‘




e

vy o . . . . . . -'_. i
Giadzgondolella abneptis {HUCKR[EDE) \'OHDA AND SETOGUCHI, 1967, p-

“’32—"33 Pl 2, figs. 360nly (non figs. 1,.,4 J/NOGA\(I 1968, p. 122, pl. &,
l’ig 7 only (non figs. i 68—[1)

.\[etézpolygriathﬁs posterus LKozUR AND \losrLER) GAZDZICK! et al., 1979, Pl
5, figs. l4a,b; GUPTA et al 1980, p. 393, P 2, figs. 7.8, Pl 5, figs. 1-0:
KOVACS AND hozm 1980, PL. 14, flg = anm AXD PapPsova, 19\13 Pl
figs. 6a-c. '

.\[ctapolygnathus _aff.' posterus. GUPTA ef al., 1980, p. 593, Pl. 2, figs. 2.6, .

\[etapolygnathus posterus hayash: (KOZUR AND \TOSTLER) 'KOZLUR, L972a, ll

8, hg 22,

-«

Metapolygnathus posterus posterus (I\OYLR AND MOSTLER), KOZUR, 19724, P L.
6, figs. 23-25. , e :

c.f. Me‘tapolygnathus‘:apjei KOZL"R. GAZDZICKI et al., 1979, Pl. 5, figs. l.Sa;b.

K Engondolella postera (I\O?L'R AND \Iosmen-} " KOLAR- Iﬁ}keﬁf-h“iﬂtlﬂ, p- L e
175-176, Pl 4, figs. 1,2; DHILLON etal 1983, Pl. 1, figs. 1,2. ‘ B

? Epigondolella ¢ f. E. postera (KOZUR AND MOSTLER). ORCHARD, 1985, I’l. 37.2,
fig. 18.

1

! Epigondolella posterus heyashi n. sp. KOZUR AND MOSTLER. KOZUIR AND
Mock, 1972, p. 11-12, text-figs. la,b.

? Gladigondolella abneptis (HUCKRIEDE). HAYASHI, 1068, p. 68, Pl. 2, figs. 6,77
only (non fig. 8); ' -

? Mctapolygnathus posterus (I\OZUR AND MOSTLER) MISIK et al . ‘PI. 7,
fig. 17, PL 8, fig. 17.
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Descriptioh;§ Subsymmetric segmi_nihlanate pectiniform element.
Carma composed of ten. to eleven partially Tused, Ia.terally" cdmpréssed'
denticles. Free blade chara.ctenstlcally ‘short. Fourth of fifth anteriormost
denticle hlghest Carma. may be laterally ﬂexed rarely extends to posterior of

. upit in mature specimens. Two lateral ndges extend antenorly along sndes of

carina from anterior of platform. Unit laterally compressed below ndg‘es.v ;

Platform moderately developed. Charqcteris'tically ‘b‘g_.'tr_s three nodes or’
denticles, t'w0‘on. one side, one on the other. - Little ornamentation present apart
from denticles. Platform terminates sharp.ly at postérior but may be rdunded
Gonerally subsymmetric in upper view. Platform appears in growth stages with

five or six anterior denticles. Lateral denticles appear hrst then rest of platform

Most specimens bear little microreticulation. ~ Where well—develbpéd.'
" microreticulae are compact marginally, more [aint and open on central portion of

~-  platform.

Keel narrow. with loop or bifurcation at posterior end. Lower surface

_smooth.

Remarks This taxon has recently been discussed by Isozaki and Matsuda
(198“). and by Orchard (1983) This study adds little to their comments. e

« : - Figure 3-3 lllu:t.rates the range of morphologlc variation e\(hlblted bw.
recovered specimens of E. postera s.l.
- , . |
Miterinl.f 07 segminiplanate pectiniform elements.
| . N - . ’ v ’ ”i"
Ocecurrence.- Samples _“!{ﬁ;l, RAE-3-1, RAY-1-1, REV-4-8m,
RKK-1-23m. and RPH-4-1.







91 .-

—

EPIGONDOLELLA SPATULATA (Hayashi, 1968) s.f.”

. » . Plﬁte 3, Figures 3,4.
S’x’ndnzmv.-‘ S : .' : T
«_G"ladigond'olella abneptis var. spatulata var. nov. HA\;ASHI, 1968, p. 69, Pl 2,

figs. 5a-c. . .

Epigondoielld abneptis (Huckriede). ISOZAKI AND MATSUDA, 1982, p. 111-115, Pl ~
2, figs. 3,6-8 only (non PL. I, figs.-3-6, PL. 2, figs. 1,2,4,5). '

' Epigoridalélla, abneptis spatulata (HAYASHI). KRYSTYN, 1980, Pl. 13, figs. 12-14. .

Epigondolella spatulata (HAYASHI). ISHDA, 1981, Pl 5, fig. 6 only (non PL 7.
figs- 7,8); KOIKE, 1982b, p. 18-19, PL 3, figs. 22-35,41 only (non figs
38,10,42-46). |

Epfgbn(folella triangularis (BUDUROV). I\'O_ZL’R AND MOSTLER, 19721, Pl 2, figs.
7.8 N B A

-+

Clladigondolella abneptis (HUCKRIEDE). NOHDA -AND SETOGUCHI, 1967, p.
B 1232-233, PL 2, fig. 5 only (ron figs. 1-4,6,7); - o
.\’]eiapolygnalhus abneplis .;Jpalulalus (HAYASHI, 1868). KOVACS AND KOZUR. :
1078 p. 565-560, PL. 3, figs. 4,5, PL. 4, fig. 2. GAZDZICKI et al.; 1979, P1. 5,
fig. 16; GUPTA ef al., 1980, PL2, fig. 17, P1. 3, figs. 2,7-9 only (non PL. 3 figs.
~ 7 3-6); Kovacs AND KOZUR, 1980, PL. 14, figs. 3,4; GAAL, 1982, PL 6, fig. 11.

Metapolygnathus spatulalus (HA\".-\SH[). MISIK et al., 1977, Pl; 7 !:igs. 4,7,.8,16.

Metapolygnathus spatulatus spatulatus (HayasHI). KOZUR, 1972a, Pl 4, figs.
. a ) ~ . .
4,6-8, PL. 5, l’ig_s/._' 1-4;

Metapolygnathus spatu?atu‘s péeudadiebeli KOZUR. MELLO AND MOCK, 1977, PL.
2, figs. 4,5. | W




- e

. - " . .

Tardogondolella abneptxs (HLCI\RIEDE) MOC!\ 1971, Pl 4. ﬁgs 2,488, ll PL 5
figs. 3,4,12. '

vy,

-
—

? Tardogondolella abneptis abneptis (HUC!\R[EDE) I\OZL'R \\'D \lOSTLER 194 1a,
Pl. 2, fig. 9 only (non fig. 7).

non Ep:gandolella abneptia spatulatus (Hn ASHI). W\\G AND DoNa, 1985, Pl
1, figs. 11-13, 1905 L

non Epigondolella spatulata (HavAsHI). KOIKE, 1981, P1. 2, ﬁgs.'.’}‘.!-."iﬁ.
‘ S )

non Metapolygnathus abneptis spatulatus (Havasti). GUPTA et al., 1080, P
502, Pl. 2, fig. 1, Pl. 3, figs. 2-0; GUPTA, 1983, PL. 6, fig. 1. o

non Melapolygnathus spatulatus '(}LAYASHI). BUDULTROV, 1977, p. 33-39, [’_l.~'3,
figs. 7,8. Pl 4', figs. 5.6 only (non Pl 5. figs. 8-11: N.B. These are ré
illustrated holotypes -of Hayashi (1868), Kozur {1972), and Kozur and Mostler.
(1972a)); MELLO AND MOCK, 1877, P1. 8, figs. 3,6,8,9. -

non Tar[iogondolella abneptis spaluldta {(HAYASHI). MIRAUTA AND GUEORGHIAN,
1978, PI, 2, fig. 11. ) '

Description.- Subsymmetric segminiplanate pectiniform element.
r - . i

Carma subtermmal Free blade charactenstlcally one-half |ongth of unit.
Third or fourth-anteriormost denticle highest. Two nodes present on platform
,posterior of which is subterminal cusp. Lateral ridges on free blade ocenr as

N . . :
anterior continuations of platform.

-

Platform spatulate. Anterior one-half to one-third of platform margin
upturned, giving pinched appearance to _uni't,' and broad spatulate posterior
‘Q, . . . : T, ‘. .
platform. One to four denticles or nodes on upturned portion. Posterior portion

of platform largely unornamented.

e




E p:gondalella - -

) 03

Mlcroreuculae present over whole platform, margmally, unlform and‘

compact centrally, more open .and fine.. Tips of’ nodes or demlcles bear umform .

' compact mlcroretxculae wherea.s sides  bear open mncroretlculae of longltudmal-

striae.

3
E)

l\eel slightly raxsed termmatmg in loop near platform: mldpomt .Postenor». b
of loop, keel blfurcates into t»?uo postero—laterally dxrected ralSed scars. )

Relnarks- The 'Torpbologlc varlat\on observed for this species (se;e anv

.3-"1) compares Lo than lﬂustrated by Orchard (1983) for other specles ofr'

. 2 v A P

Ma.teria“l.-.2l‘7 segminipla:hh‘;'e béctiqiform eléments.

Occlirrelil;e'.- Samples R;\Y—?-I,RAY-S-IA, RAY-S-IB, and RKK—I-IO::;L. K G . E

- : - - St

EPIGO\'DOLELLA 5P, A sr T e

. .

" Plate 3, anures 5 8. -

Synonymy.- - ‘V o s
Epi gondolella 1patulala (HAYASHI). ISjiDa, 1981, Pl 5, fig. 6, PL 7 figs. 7.8
horu:, 1981, P1. 2, flgs..32,3-)¢_only(r:on. figs. 33.34,36). ' G

» - - M " . . \ .

\lelapolygnathus spalulatus (HH -\SHI) Budurov 1977, p. 3839, PL. 3, figs. T
" PL 4, figs. 5,8, PL. 5, flgs g11- only (non Pl 3, fngs 12-14); \IELLO -\\D

Moc, 1677, P18, figs. 3167897, . L \/ R

Tardogondoletla abncplw abnepha (HLC!\RIEDE) l\OZL’R A\'D \IOSTLER 197 la.
Pl 2, ﬁgs 7.9. 3/" ’

+ * Y

"

Description.- Segminiplanate pectinil‘orm‘ element. Unit * typlcall\ :

aubsvmmetrlcal shghtly bawed in upper view, slightly arched in lateral v1ew S
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Platform éxtends‘one-l;alf to almost full-length of 'wnit. Typically ‘si)oon- to
triangular-shaped in outline. Anterior end of platform tapered, postenor end

squared. Platform somewhat. rounded in upper view in some specimens. Anterior

- portion of platform more highly omzmented than posterior portion, but in some
| specimens may have no 'ﬁnamen.tatibn. Ornamentation consists of spike-like

" denticles or nodes anter'iorly. ridges or nodes posteriorly.

Canna high, denticles fused Second or third antenormost denticle highest.

- Canna may bifurcate postenorly and trace bifurcation ol' keel Carma terminates

postenorly in node, not reaching posterior margm

Microreticulation is moderately open and covers the entire surface of the

platform.

Apart from keel, lower surface of platl’orm smooth Keel i lncreasmg in width -
4 and depth from anterlo: to posterior. Keel bifurcates at point below
posteriormest node of carma; bifurcations directed towards postero—lateral corners

of unit.

-

Remarks.- The characteristic feature of this species is the tapered anterior

margin of the platform. ASigniﬁcant morphologic;variab_ility (see Fig. 3-5) exists in.

the platform outline (spoon-shaped to subpentagonal), and in the degree to which
the platform is ornamented. Two basic morphologies‘ are recognize'd:‘ 1)
subpentagonal outline, witl: :rare ornamentation on posterior-of platform, and-2)
spoon-shaped outline, with radiating nodes, ridges, or denticles over most of the

platform.

Of the species ‘of Epigondolella documented in this study. this species has

the greatest degree of morphologic variation observed. . Specimens which are

included in this species may in [}(t‘represent more than one species. However,
the number of specimens is not high, and some of the morphotypes are found to

co-occur. Because .ol this, these morphologies are considered (temtatively) to

- represent intraspecific variation. —

>
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. Because of the outline of the platform and the type of denticulation in some

specimens, the_author believes that this species may have close affinities with E.

abﬁeptis s.f. and E. spatulata s.{.

- Mqterial.- 42 segminiplanate pectiniform elements.
= C ) i

LY

5 .
Occurrence.- Saroples RKK-1-2m, RKK-1-3.5, and RPR-1-1.

EPIGONDOLELLA SPP. INDET 's.I.

- ' ' " Not Figured.

* " Description- Fragmentary, corroded, and juvenile segminiplanat-e
pectiniform elements. _Platform may be triangular or rectangular in outline. Keel

may bifurcate posteriorly.

Remarks.- Few non-fragmentary specimens were recovered, and these were
“juveniles. One juvenile fragment bears three denticles on the platform, which is

suggestive of affinities with E. poglera. However, this specimen does not have the

characteristic pointed posterior margin of E. postera. Other less fragmentary
speeimens have a squared-off posterior margin, while some resemble speciﬁmens p
herein ﬁssign,ed to E. sp. A. Due to the [ragmengary.'corroded. or juvénile
. character of these §pecimens. they can not be assigned with certainty to any
species of Epigondolella. |
- =
) . Mste_rla.l.-' 33 segminiplanate pectiniform elements.
£
" Ocecurrence.- Samples RDR-1-3, RKK-1-0m. RKK-{3m, RKK-4-6m,
RKK-1-9m, RKK-+12m, and I?KK-4—15m,"‘. | '
' -, ) ‘
¥ . K !
aé} i :
. .
S




GENUS MISIKELLA Kozur And Mock, 1974

Tvpe species.- Misikella longidentata Kozur and Mock. 1974

’.Original diagnosis (Kozur and Mock, 1974a:136): *Single element ge-nu&
Small grdwi}ng conodonts with 'short, but basally strongly bowed [unit], which
shows 3-8 (commonly 4-6) denticles, of which the terminal main denticle is not
étrongly ‘developed (very rarely you find as a rudiment of the denticulated
[process?] a small dentiéle behind the main denticle). The strongly flared basal
cavity embraces the entire lower side of the conodont, and the flare is anteriorly
clearly projecting. -Basal cavity is’d’eep; commogly con&sh;'npcd.' Translated

from German original by S. Pohler and the author.

Revised diagnosis- Tetramembrate apparatus with  segminiplanate
pectiniform, and alate, digyrate, and bipennate ramiform elements. Pcctiniform
element with large, strongly reclined cusp, ‘deep basal ca.vity, and widely flared
basal sheath. Ramiform elements are latérally compreésed with the distal

denticles of the posterior proce;ss being highly fused and subparallel «to process.

Discussion.- When Kozur and Moék (1974a) originally erected this genus,
they cited Mfisikella longidentata as the Lyp‘e species. In a subsequent.lpapor in
the same journal (roughly 100 pages later, in the next issue) they cited the L‘yp(-
species asbeing Misikella hernsteini (Mostler. 1968).  Article 6Ra of the
International Code of Zoologicﬁl Nomenclature (ICZN) (Stoll et alf, 1961), *type.
by original designation®, demands that M. longidentata be the type species for
Misikella. With the exception of M. ‘long;'zi'éntata, all other spgcics preyiously
~ referred to the genhs Misikella are herein referred to New Genus A. This is .b:\s.ml

on the difference in apparatus reconstructions herein proposed for the two genera,




MISIKELLA LONGIDENTATA Kozur and Mock, 1974

Plate 4, Figures 11-15.

Synonymy .- Pa element.-

-

Misikella longidentata n. gen. n. sp. KOZUR AND MOCK, 1974a, p. 136-137, Pl.
I, figs. 4,5.

-

Sa eclement.-

" __? Diplodella bidentata (TATGE). KOKKE, 1882a, p. 25, PL. 7, figs. 12-15.

-— 3

Description.- Pa_element- Segminiplanate pectiniform element with
partially fused denticles and large cusp. Short, sharp dentitles three to five in
m:mbcr. Cusp large, directed posteriorly at about 35 degrees to plane of basal
margin. Cusp four to five times size of denticles. Denticles of same size, except
for anteriormost, which is smaller. Basatcavity deep. Basal sheath widely flared.

Basal margin slightly arched (concave down).

. Sa_element.- Alate ramiform element. Lateral processes, bearing three
denticles, bifurcate from cusp at approximate!y right angles. Posterior process
arched, with fifteen denticles. Denticle and process height and robustness.
increase posteriorly, then decrease abruptly to terminate in -denticles which are

fused and oriented almost parallel to process. Basal cavity shallow.

Sb clement.- Digyrate ramiform element with robust processes. Denticles
long and sharp. One process long and arched, concave down, and the other

deflected slightly downward.

Sc_element.- Bipennate ramiform element with fused cusp and dentitles.
Cusp deflected laterally from plane of processes. Cusp and posteriormost
denticles long and sharp.  Denticles on posterior process increase in size

posteriorly, then decrease abruptly. Distal portion of posterior process‘ composed
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of small, fused denticles oriented almost parallel to process. Anterior process

sbor‘t, bearing two denticles.

-

——

Remarks.- Two co-occuring variations of the Pa element are apparent; one-

being more robust than the other. Both are itlustrated. -~ -

The morphology of the Pa element is almost .identical to that of the Pa
element (Sp of Von Bitter and Merrill (1080)) of Gondolella neospathodi formis
Von Bitter and Merrill s.f., as described from the Virgilian (Pennsylvanian} by

Von Bitter and Merrill (1980).

Material- 12 Pa (segminiplanate) elements, 1 Sa {alate) element, 6 Sh
]
(digyrate) elements, and 5 Sc (bipennate) elements.
Occurrence.- Samples RAY-1-1, REV-2-1, REV-2-2, REV-2-3. and
REV-2-4. o ’

-
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GENUS NEOGONDOLELLA Bender and Stoppel, 1968
Tvpe sgecics‘(by monotypy: Bender and Stoppel, 1968:343).-
Gondolella mombergensis. Tatge, }258

Original dia;nosis (Sweet, In Ziegler, 1973:127): ‘In discussing the
rclatiohships of Gondolella rosenkrant:i Bender and Stoppel, Bender and Stoppel
(1963) -state ‘(Germa[i): *There are, moreover, relations to Neogondolella
mombergensis (Tatge). Dilferences lie in the outline of the platform, which is
narrow and lancet-like in V. .mombergensis, and in the formation of the basal

furrow, which is broadened in a ring-like manner in V. mombergensis. In our

form-species it has a triangular outline.®’

Revised diaghosié.- Apparatus seximembrate. Pa element segminiplanate .
with platform, finely to coarsely pitted on its ,uppe; surface, extending full length
of clement. Pb element bipennate. M element dolabrate. Symmetry-transitioﬁ

series composed of alate, digyrate, and bipennate elements.

Discussion.- Although Sweet (In Ziegler, 1973; and In Robison (Ed.), 1981)
diagnosed .Veogondolella as;being unimembrate, the possibility of its .being
mullirﬁcmb,ratc has bec'p» proposed previously by la\'ozur (1976), and Von Bitter
and Merrill (1977). '

The ramiform elements herein assigned to species of .Neogondolella share
many characteristics with platform elements assigned to those species: distribution
of white matter, colour, average size, simildrity of cusp form, denticulation, and
basal cavity, and stratigraphic co-occurrence. For these reasons both pectiniform
elements and ramiform elements have been assigned to multielement. species
within the genus .Neogondolelle. The recovered !amiform elements were for the

most part fragmentary.

Von Bitter and Merrill (1977) "suggested the possibility that species of
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_Gondolella evolved from NNeogondolella, rather than the reverse which has also
been proposed (Clark, 1972). If this is the case, the multielement nature of
Gondolella (Sweet, In Robison (Ed.), 1981; see especially Von Bitter, l§7‘6)i would
sugéest a multielement apparatus for Neogondolella. The ramiform elements of
N. steinbergensis and those of Gondolella sublanceolata Gunnel share many
characteristics (general morphology, fine striations on cusp, and basal cavity
drientaiion). These cha{'ac\teristics further point out the resemblances and close

relationships between the gen?rg Neogondolella and Gondolella.

Form taxa identified by various authors as Cratognathodus kochi
(Huckriede) s.f., Prioniodina sp. s.[.',-and Ozarkodina tortilis Taa't;ge s.f.‘, ﬁm_v be |
synonymous with ramiform elements of spccies. of Neogondoletta. Synonyr'mics are
very difficult to préduce for the ramiform elements;‘in(snme instances ramiform
elg‘meugs may have been ignored in studies, and not illustrated. Also, in order to

-

synonymize, co-occurrence must be demonstrated. '

Given the septimembrate (Von Bitter, 1976) apparatus of Gondolella it is
possible that .'\«'eogondolella’als‘o possessed a septimembrate apparatus, as opposed

to the seximembrate reconstruction suggested herein.

NEOGONDOLELLA COMMUNISTI (Hayashi, 1968) s.f.

|

I

. Plate 3, Figures 16.17. j
Synonymy .- ‘ : /

Metapolygnathus communisti gen. et. sp. nov. HAYASHI, 1968, p. 7‘.’./[’I. 3, figs.
l1a-c; KOZUR, 1972a, Pl 3. fig. 9; KOVACS AND Kozur. 1920. Bl. 12, r.g_ 6
(re-illustrated holotype of Hayashi (1968')). / ,

Metapolygnathus communisti JAYASHI morphotype A KRYSTYN, /1980, P'L. 12,
figs. 8-14.

Description.- Bilaterally asymmetrical segminiplanate pec iniform element

with long anterior free blade.

-
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Carina composed of seven to ten lategally compressed, upwardly directed

d;nticles, fused for most of their length. Carina subterminal.

-

Platform finely pitte‘d with subrounded posterior margin. Mature specimens
possess no nodes on platform, while juvenile specimens posse.7s three to four nodes
anteriorly, and have a constriction in platform posteriorly. ~Platform one—t‘hird to .
onc-half length of unit. Lateral margin of platforr;m upraised. Anterior margins
drop steeply and form ridge along lower portion of ca;ina. Carina constricted

below ridge.

Raised keel narrow and slit-like. Pit located anterior of platforfa midpoint
in mature specimens, but poéteriorly in juvenile specimens. Posterior termination

of keel loop-like, with raised bifurcation. © Lower surface of platform pitted.

“Outline of platform when viewed laterally roughly parallels that of carina.

Remarks.- Veogondolella communisti s.[. is considered by many authors to
be a junior Synonym of N. polygnalhiformis (Budurov and Stefanov) s.f. (eg. -
Mosher, 1973; and Sweet, In Ziegler, 1973). However, the author, as do Krystyn
(1880) and Kovics and Kozur (1980), herein considers IN. communisti s.f. to be a
distinct species. A difference between the two species is the lateral outliné of the
platform compared to that of the carina. In N. communisti s.f. the two are
roughly parallel, while in (V. polygnathiformis s.f. the trace of the platform is

directed somewhat upward.

. e e
°

/It should be noted that .N. communisiti and-.V polygnathiformis are not

typical of .Neogondolella and that they may be referrable to another genus.

possibly Metapolygnathus.,

Krystyn (1980) reports two morphotypes of .V. communisti: morphotype A
and morpholypé B. Only one morphotype is represented by the material in this

study: corresponding to morphotype A of Krystyn (1980).
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Material.- 7 segminiplanate pectiniform elements.

Occurrence.- Samples REV-2-1, and REV-2-3.
- NEOGONDOLELLA HALLSTATTENSIS (Mosher, 19638)

Plate 5, Figures 7.8.

Synonymy.- Pa element.-

Paragondolella navicula hallstattensis n. sp. MOSHER, 1968&a, p. 939, Pl 117,
-figs. 6-12; SWEET et al., 1971, Pl. 1, fig. 22.

Gondolella hallstatlensis (MOSHER) KOVACS AND KOZUR, 1980, Pl. 13, figs. 3-5;
KRYSTYN, 1980, Pl. 11, fig 12.

Gondolella navicula halistattensis {MOSHER) Mock, 1971, Pl , fig. 9, PL 5,
figs. 1,14. L '

.Veogondolélla navicula hallstatlensis (MOSHER) MOSHER, 1973, p. 168, Pl. 20,
fig. 19; KOIKE, 1081, PL. 2, fig. 14. |

? Gondolella navicula hallstattensis ? (MOSHER). MFELLO AND Mock, 1977, PL
8, fig. 15.

? Neogondolella hallstattensis (MOSHER). GUPTA, 1083, Pl 2. figs. 11-17. Pl 6,
figs. 3,4. ) ‘

[

? Paragondolella hallstattensis MOSHER. Cl'PT.\ AND Brptrov, 1911, Pl .
" figs. 14-17.

non Paragondolella hallstattensis MOSHER. CATALOV AND BUDUROV, 1973, p.
89-90, Pl. 3, lig. 14; BURYI, 1984b, p. 4344, Pl 1, figs. 16,17,

non Paragondolelle navicula hallslatlensis MOSHER. OKaMI et al.. 1073, PL. 1,
fig. 11, .
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Description.- Pa elelnent.- Segminiplanate pect.inifgrm -element with well-
developed platform in mature specimens. Carina high. .Dent,icles Aiscrete. “In
juvenile forms, platform present as ridges on sides of e’leme'nt; does not extend to
posterior of cusp. In mature forms, platform broad, surrdﬁnding posteriormost
" denticle.  Basal cavity slit-like, shallowing anteriorly, rounded .and flared at

anterior end. White matter present in cusp and denticles.

Pb clement.- Laterally compressed bipennate ramiform element. Anterior
and posterior processes of equal length. Anterior process more robust than
-posterior process. Denticles sharp and discrete. Basal cavity narrow and shallow
under brocesses,‘deeper and flared under cusp. White matter present in cusp and

denticles.

Remarks.- Only juvenile Pa elements were recovered in this study, and .
resemble the juvenile forms of Neogondolella navicula hallstattensis illustrated
by Mosher (1968a: Pl 117, [ligs. 6-8). In all elements, the platform is poorly
developed, and does not surround the cusp. The apeearalllce of the denticles
{discrete and “less inclined than in the other species of .Neogondolella) is
characteristic of these specimens. The unit is charactéristicall} less arched thar’

that of other species. ) R

The Pb element recovered is very similar to that recovered for V. sp. cf. V.
navicula. However, the basal cavity is wider than in Pb elements of V. sp. ¢f. V.

navicubn. This may be a significant difference between the species. or it may just

—_—

be the interspecifie variability of that element.
Material.- 6 Pa (segminiplanate) elements, and 1 Pb (bipennate) element.

Occurrence.- Sample RPA-1-Om.
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NEOGONDOLELLA STEINBERGENSIS (Mosher, 196%)

Plate 5, Figures 1-6.
Synonymy .- Pa element.- ~-

.
S~

Paragondolella nat'icula‘steinberg;ﬁsis n. sp. MOSHER, 19681, p. 939, PL 117,
figs. 13-29. '

Gondolella navicula steinbergensis (MOSHER). MIRAUTA AND GHEORGHIAN.
1975, p. 53, PL 6, figs. 1a,b. PL. 7, figs. 1a.b; MIRAUTA AND GHEORGHIAN.,
1978, Pf. 2, fig. 14; CAFIERO AND CAPOA BONARDI, 1931, Pl. 58, Tig. 5.

Gondolella steinbergensis (MOSHER). GUPTA el al., 1980, p. 588.392, Pl. 4, figs.
1-5; KOvacs AND KOZLR, 1980 PL 15, fig. 2; KRYSTYN, 1980, P1. 11, figs.
13-15;

—

[, —

Gondolella sp. ISOZAKT AND MATSUDS, 1980, Pl 1, fig. 11.

. Neogondolella navicula steinbergensis MOSHER. GUPTA AND RAFEK, 1976, p.
211, PL 1, figs. 3a,b; GUPTA, 1978, PL 2, figs. 1,2, Pl 3, figs. 1,2a-c, Pl 4,
figs. la-c, 2a-c, PL. 5, figs. 1a-¢,6; KOIKE, 1081, Pl. 2, fig. 25.

‘

iVeogondolella sp. indet. MEEK, 1084, Pl. 2, [ig. 13 only, (non figs. 4,14-16).

Faragondolella steinbergensis MOSHER. JENKINS AND JEFKINS. 1971, Fig. 5, nos.
1-8. ’

Paragondolella steibergensis (MOSHER). BURYI (sic.). 1984, p. 44-45, PI. 1, figs.
13-15. "

. - -
1

? Gondolella steinbergensis (MOSHER). KOLAR-JURKOVSEK et al, 1983, p.
170-171, PL. 8, fig. 1.

Sb element.- ‘ e
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‘Lonchodina muelleri TATGE. GUPTA, 1978, p. 175-176, Pl. 5, figs: 2,3.
Prioniodina n. sp. B JENKINS AND JENKINS, 1971, Fig. 3, no. 28.

Sc element .-

Lonchodina spengleri HUCKKIEDE. GUPTA, 1978, p. 176, PL. 3, figs. 4,5.

-

-

Description.- Pa element.- Arched segminiplanate element with low carina.-

Elements generally bilaterally symmetrical. Mature specimens long and narrow.
Denticles discrete, sharp, and directed slightly posteriorly.  Anterior denticles
higher than posterior denticles. Cusp large. White matter generally present only
in cusp. Upper surl'age of platform, which doe§ not extend post'erior to cusp.
pitted. Platform sep’ard’ted from carina by.‘d‘egp, narrow furrow. Basal cavity

flared at posterior end; present as keel in aaterior two-thirds of element. Basal

N

cavity generally bilaterally asymmetrical.

, Pb e]éélt.— Laterally compressed bipennate ramiform element. More
robust than M or S-series elements. Slightly deflected anterior process more
robust than posterior process. Cusp larger than denticles. Denticles long, sharp.

and discrete, with sharp anterior and posterior margins. Basal cavity inverted

and rela.ti\jely deep under cusp; shallowing and extending [ull length of process.-

White matter present in cusp, rare in denticles.

M element.. Laterally compressed dolabrate ramiform element. Anterior
process flexed downward. Cuspi larger than denticles; both cusb and denticles are
long, sharp, and discrete with sharp anterior and posterior margins.Basal cavity

deep under Qusp, shallow under process. White matter present in cusp.

Symmetry-transition series.- Processes laterally compressed. Cusp larger

than denticles, bearing fine striations. Denticles discrete, directed upward, with

sharp anteriqr and posterior margins. Basal cavity inverted. Deepest under cusp,

.




S : T 103

shallowing distally on processes. Ti'p’of basal cavity pointed anteriorly. White

matter present incusp, rare in denticles. .

v

Sa element.- Laterally compressed alate ramiform element. Lateral
processes bifurcate at about 45 degrees from anterior process which has only one

-

denticle.

~

Sb element.- Digyrate ramiform element. Cusp antero-posteriorly
compressed, with sharp laterak margins. Element may have costa on posterior

edge of.cusp.

-

Sc element.- Bilaterally symmetricdl bipennate rammform element. Short

-anterior process with one denticle.

Remarks.- The Pa element of this species cblosely resembles those

illustrated by Mosher (1968a). 7

/\The ramiform elements of this species share characteristics wnh\iwgmt;od
ielemelﬂts of Gondolella sublanceolata Gunnel (Von Blttcr 1976) in a numper of
‘ways. Von Bltter noted that the basal cavity is onented at an angle to the cusp
}n G. sublanceolata. He also noted fine surface striations'(visible only at high
/nmgniﬁcations on.‘ an SEM) on the cusp. Both of these features are found on.

ramiform elements herein assigned to .V. sleinbergensis.

Several of the Sb elements possess a costa on the posteriof face of the cusp.
More Sb elements were recovered than any other ramlform type (14 versus 9, the
next most abundant) and this may ’sugrest. that these costa-beﬁwng Sb elements
could be considered separately. The author considers that the presence of a costa
on the Sb élement would not make the element functionally diffe}ent from regu‘lar ,
Sb elements. If this element were considered to be distinct, the apparatus would

_ be septimembrate, similar to Gondolella.

o

¢
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‘Material.- 43 Pa (ségminiplanate) elements, 53 Pb lbipeﬁnate)element_s. 1 M
-(dolabrate) element, 4 Sa (alate) elements, 15 Sb (digyrate) elements, and 10 Sec

(bipennate) elements.

‘Occurrence.- Samples RAE-3-1, REV-31, REV-4-1.5m, REV-4-2m,
REV-1-18m, and REV-4-30m. ’

. NEOGONDOLELLA SP. CF. NEOGONDOLELLA NAVICULA (Huckriede, 1959)

Plate 3, Figures 9-13.

Synonymy.- Pa element. =7 4 &

4

el. l’x.xragond:olella navicula nuvicula (HUCKRIEDE). MOSHER, 1968a, p. 939, Pl.- "=
1186, figs. 20-27, Pl. 117, fig. 3 only (non figs. 1,2,4.5); MOSHER, 1968b, PIl.
119, figs. 11-18,21 only (non figs. 19,20,22,23).

Description.- Pa__element.- .Long, narrow, arched segminiplan;ne
pectiniform element with small accessory denticle postérq—lateral to éusp., Carina
high. Posteriorly directed cusp triangular, twice size of denticles. Denticles small.
partially fuse‘d. Anteriormost Henticle directed upwardly. Distally, denucxea
become inclined posteriorly. :Small accessory denhcle at same inclination as ru:p
‘.\cccssdr)’ denticle sharp or node-like. Platform well-developed only in large
specimens. On early growth stages, no platform or accessory denticle present
Postero-lateral denucle alwavs on mner side, defmmg dextral or sinistzal form~
Platform present as ndge from growth stage with five denticles. Platform may or .
may not extend around posterior portlon of cusp. Platform constricted slightly

just anterior of cusp. Basal cavity flared at posterfor end, farrow and keel-nke

anterior to cusp. Local Mare under accessory denticle.

Pb element.- Laterally compressed bipennate ramiform element Shghtlv
laterally flexed anterior process lohger than posterior process (element. -

{ragmentary). Anterior process deflected downward at about 30 degrees.

-~
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Posteriorly dir?ted denticles slightly fused. Basal cavity shallow, narrow. and
slit-like. »~ | '
M element.- Laterally compressed dolabrate ramiform eclemefit. Denticles -
"and eusp subparallel. Denticles occapionally partially fused. Basal cavity shallow
under process, deéper and terminating in a point under cusp. Process bears four

.

to six denticles.

Sb_element - Digyrate ramiform element. " Cusp has costa on posterior side.

Denticles partially fused. Basal cavity shallow..

Sc element.- Laterally compressed symmetrical bipennate ramiform element,

Basal cavity deep and pointed under Cl'fsp. Specimen fragmentary.

' Remarks.- These specimens compare verv closely with the platformless
clements described by Mosher (1968a:029): In Mosher's description of the Spn.(‘lt"s‘..
however, nb mention is made of the small denticle posterior to the clnsp, Mosher
(tbidem) has 'jllils’tfated‘ specimens which #ppear to have this denticle.  This
posterior denticle may be grounds for the'éiéctjon ofa n*ew,spécics. However, this

denticle may become submerged in later growth stages (Orchard, pers. comm.

1937). o |

The Pb element is very similar to that of \ hallatattensis, and s discussed

in the remarks for that species. - . o

'Material.-,‘zg Pa (seg_miniplanate) elements, 2 Pb (bipennate) elements, 14

M (dolabrnie) elements, 2 Sb (digyrate) elements, and 1 Sc bipennatej element

Occurrence.- Samples RPA-1-0m, and RPA-1-1.5m.
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NEOGONDOLELLA SPP. INDET. ‘ o

.
Not Figured
. Description.- Pa- element~ Fragmentary and fccryrod{,"d- segminiplanate

pectiniform element. “‘

Carina higher at anterior than st posterior. Denticles fused -for most ol‘

their length, pomted slightly posteriorly. Anterior end of carma free.

Platform widest at postenor end, tapering antenorly Slight constriction in

platform just antenor of main denticle. Surface pitted. Platform extends

" posterior of main denticle. < L. -

Keel narrow and slit-like anteriorly, rounded and flared posteriorly.

Sb element - Highly fragmentary and corroded digyrate ramiform’ elel/nent.

Sc element.- Fragmefnary bilaterally symmetrical bipenna‘,te ramiform

element.. |
]
S | | |
Remarks.- Some of these Pa elements vaguely resemble those assigned to ‘
Neogondolella navicula navicula by many authors (Mosher 1868;1973; Kovics ' ‘
and K‘«uilxr.‘ [QSO{AKr\'stvn 1980). Others show characterisues reminiscent of N.
: poly_ma(lu(ormz,e s.f. and \ communisti s.[.. However, due to the fragmentary ‘: .
and corrodéd nature of the specxmens it is not consndered possnble to assign them | ]
{
with cortalntv‘ to any species of .Neogondolella.
:Material.- 15 Pa (segminiplanate) elements, 6 Sb {digyrate) elements, and 1 .
"'Sc (bipennate) element. o R ' -
N 1] !, -
Occurtence.- Sample RDR-1-3. i
’ .
) . +
. s
I3 o » ‘l»

.




GENUS ONCODELLA Mosher, 1968 s.!.

Tvpe species.- Oncodella paucidentata (Mostler, 1968)

Original diagnosis (Mosher, 19682:032): *Unit composed of laterally

compressed bar beset with small number of widely scbaralcd and discrete,
strongly inclined denticles. Anterior denticle projects initially forward then
curves strongly upward and backward, Zwing apbearanco of hook or barh. Basal
excavation extends entire length of unit, being l:ﬁgcst and deepest at its anterior
end.*® ‘

Revised diagnosis.- No revised diagnosis given.-

Remarks.- Sweet (/n  Robison, 1981) suggested r  multiclemen
reégast.ruction of a species including Didymodella alternata (Mosher) s.I. and-
Oncodella ‘paucidentatla s.1.. {)i'dymodella alternata s.f. has not been shown in
the literature and in this study, to eo-occur with O.ncodelfa paucidentala s‘f.,.and
~ as a result this recoistruction is considered unlikely.

/

\Y

(WRCODELLA PAUCIDENTATA (Mostler) s .

.Plate 2. Figures 6.7.

Synonymy.- dolabrate element.-

[v]

Hindeodella paucfdentata‘n. sp. MOSTLER, 1968,-p. 181-182, Pl 1. fiz 3.

Oncodella idiodentata n. ‘sp. MOSHER, 1968a, p. 932, PL 114, figs. 4-6.
Oncodella paucidentata (MOSTLER). SWEET ef al., 1971, PL 1. fig. 15; KOZUR

AND MOSTLER. 1972b, p. 25-26, Pl 15, figs. 6-10,13; MOSTLER, 1978a, pl. 3.
fig. 19,7 '

* Ligonodina sp. HAYASUE 1068, p. 72, PL. 4, fig. 25.
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Description.- Dolabrate element. with cusp, and posterior process wnth two

to four denticles. Cusp and denticles long, sharp, and discrete with subClrcular to

" oval cross-sections. Inclination of denticles to process decreases posteriorly. Basal
cavity shallow and wide, extends full length of process. Anteriorly, interior of
basal cavity rounded. - Due to-lateral deflection of cusp, element may®r may not
be laterally symmetrical. White matter present in cusp and denticles; a‘pices

npaque, base lacks white matter.

- _— Remarks.- One alate element was recovered which resembles the dolabrate
-element-in—all features except in [;ossessing lateral processes. It is possible that

this element represents part of an as yet unidentified multielement apparatus
including O. paucidentata s.f.. However, this element type is ‘under-represented, -

~and does not co-occur with the dolabrate elemeht As a result, no multlelement

. reconstruction has been. attempted for O. pauadentata s.f.

Material.- 107 dolabrate elements (1 alate element).”

Occurrence.- Samples R\E—S—l lal&te element]’ REV-3-1, REV-4-3m,
REV--£18m, REV- 430m and RKK-1-21m. '




NEW GENUS A

Type species.- Spathognathodus hernsteini Mostler, 1963

Diagnosis.- A genus with a bimembrate apparatus, consisting of scaphate
pectiniform and non-geniculate coniform elements, in which the basal cavity is
typically flared and the denticles are laterally compressed and fused for most of

their length.

Discussion - Species included in New Genus A have previously been
referred to the zeaus .\[isike”ﬁ Kozur and .\lock:‘ The author has above noted
(ﬂpnge 98) that Mistkella has'onl_v one documented species, Misikella longidentata
"(‘the type species). This is further discussed under that genus.  The apparatus
reconstructions for Misikella and New. Genus A are different and it is on this

basis that they are considered to be distinct genera.

In previous studies the apparatus of species assigned to this genus has been
considered unimembrate, composed- solely of segminate peetimformn ,vlv.nu-nls. In
this study, however. it is considered to be bimembrate. composed of non-
geniculate coniform as well as segfninate pectiniform elements.  Comiform’ .
clements uassigned to New Genus A have not been previonsly dlustrated in the
literature. In samples with low abundance of pectinifortn elements, comform
elements may be absent. This lll.:.l_\’ explain why they have not previously been
recognized. Skwarko el al. (1976) have previously suggested the possibility of 4
multielement apparatus for this genus (therem referred t as Misikeila).

’

The assignment of both coniform and pectiniform elements to this genus is
baaed on similarities in their basal cavities. cusp and dl‘nll‘ les (r"spwm«-h,

distribution of whxte matter, and on their atratxgraphlc co-occurrence. \

Sweet (In Ziegler, 1973) considers ‘New Genus A {therem referred o as
Misikella) to be a possible junior synonym of Neospathodus Musher. New Gienus.

A, however, lacks the mid-lateral ribs on the pectimform <lement which are
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characteristic of .Veospathodus. Sweet (ibidem) also.points qiut that spec‘ies of
' Neaapa%myare absent in Middle Carnian to Late Norian strata. This further
suggests that New Genus A is likely to be a valid éenus, distinct from
Neospathodus. As yet, multielerﬁent apparatus reconstructions have not been

proposed for .Neospathodus; thus, comparisons with the bi-membrate apparatus of

New Genus A cannot be made.

-

NEW GENUS A HERNSTEINI (Mostler, 1968)

> Plate 4. Figures 4-6.

Synonymy.- pectiniform element.-

Spathognathodus hernsteini n. sp. MJOSTLER. 1968, p. 182, text-fig. |.

Misikella hernsteini lMQSTLER). KOZUR AND .\lOCK. 1978 Pl 1. figs. 6.7:
MOSTLER, 1978b, PL 1, figs. 10-19. PL. 2, figs. 5-7: GAZDZICKI et al.. 1979. PL.
3, ﬁgs‘. 37 IS()Z;\K.I«:\.\'D MATSLDA, 1980, Pl. ¥ fig. 12; Kovacs AND KOZLR,
1930, P'L 15, figs. 4-7; KRYSTYN, 1920, PL. 14, figs. 10-12; K0IKE, 1981. PL. 2,
fig. 20 MATSUDA AND [SOZAKI 1931, Pl 2. figs. 30ab: ISOZAKI AND
MATSUDA. 1982, Pl 1. fig. & [SOZAKI AND MATSUDA. 1983, p. 66-67. Pl 1,
figs, 1-7. | |

Neospalhodus hernsteini (MOSTLER). 5\\‘E[:IT et al, 1071. Pl 1. figs 2.8

KROLAR-JURKOVSEK ef al.. 1983, p. 171-172, PL. 7 figs. 2-3

¥

Neospathodus lanceolatus n. sp. MOSHER. 1963a, p. 930-931, Pl 115, figs. 10.11

only (non fig. 7). » s

Neospathodus sp. ISOZAKI AND MATSUDA. 1980, PL. 7. fig. 13
»

Neoprioniodus sp. OKAMI et al., 1978, Pl 1, figs. 22.23.
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Description.- Pecumform element- In upper v lew, element drop-ahapvd

flared slightly at posterlor end, and bilaterally symmcmc.xl

In lateral view, elements show three to five denticles, fased for about one-
half of their length ip most specimens. Denticles laterally cumprt‘saed with ~harp
anterior and postenor edges. Posteriormost denticle generally largest: in extreme
cases may be twice the height of others. Denticles posteriorly directed. with

posteriormost denticle inclined to basal margin at about 65 degrees. Antegior

denticles more inclined, anteriormost may be near verticall  Apical trace of -

denticles either straight or convex up.

Basal cavity shallow; basal sheath not flared ‘widely except at Mvml,

-Posterior basal margin rounded and flared.

. Coniform _element.- Non-geniculate eclement with laterally compressed,

.

roclined cusp. Element has a width:height ratio of a roximately 2:1,
p p , g pp

Base of element narrowly flared. Basal cavity shallow. Slight constriction
- Just above base related to flaring. White matter extends froml:iﬁq_x to basal

cavity.

Remarks- New . Genus A hernsteini is characterized by a rounded
po;terior margin, in contrast to New Genus A\ posthernsteini which
characterized by a slightly to strongly concave posterior margin.

he basal cavity of New Genus A hernsteins is much shallower than that »f
\ew Genus A posthernsteini. Also,” the basal flare of the former is much less

pronounced, and is not localized, as in the latter. -

New Genus A heryéleim is considered to be the earliest spérlvs in the New
Genus A lineage (Mostler et al., 1978) (therein referred to as tlaszkclla) In this

studv, it is not possible to examine the evolution ol’ New Genus A, as.there are

too few sam ples. —_—




) Those elements of this species which have a very la‘rgé posterior d?nticle
_ may be functionally equivalent to some of the coniform elements of New Genus A
posthernsteini. This would explain the rarity of coniform elements in this
spcéics: the larg’e—denticred pectiniform element of New Genus A hernsteini may.

in part be replaced by the coniform element of New Genus A posthernsteini.
Material.- 219 pectiniform elements and 5 coniform elements.

Occurrence.- Samplés REV-3-1, REV-1-3m, REV-4-12m. and REV-$-30m.

NEW GENUS A KOESSENENSIS (Mostler) s.f.

Plate 4, Figures 1-3.
Synonymy .- '

_* Misikella koessenensis n...sp. MOSTLER, 1973b, p. 133, pl. 2, fig. 3.

\
Misgikella hernsteini (MOSTLER). KOZUR AND MOCK, 1974a, Pl 1, figs. 6.7.

L)

Description.- Scaphate pectiniform element bearing small accessory
denticle posterior to large main denticle. Basal cavity deep and Nared. Scaphate
pectiniform elements can. be divided into "three morphotypes: symmetrical
poctinito'rm element, T_vpé 1 asymmetrical pectiniform eiement, and Type 2
asymmetrical pectiniform element. '

Svmmetrical pectiniform element.- In upper view basai outline drop-shaped,

with rounded end at posterior. Basal sheath flares widely. Elements typically

longer than high. Length:height ratio about 4:3.

Elements have four to seven laterally compressed denticles, including small
accessory denticle at posterior of element, fused for most of their length. Free

_ portion of denticles somewhat triangular in lateral outline. Main denticle {cusp?)
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a

directed posteriorly-at angle of about 55 degrees to lower margin. Inclination of
| denticles, to lower margin, increases anteriorly, and decreases posteriorly, from
main denticle. Posterior accessory denticle generally same size as smallest

anterior denticle.

Basal cavity deep: deepest at point between second and third most posterior
denticles. 'Depth varies [rom between one-quarter and almost one-half element -

height. Lower margin straight or convex.

Type : asvmmetrical pectiniform element.- Asymmetry of clement apparent
in basal outline which is modified drop-shape, characterized b)} swelling of outer
postero-lateral corner of element and by'indentation on inner postero-lateral
corner. Asymmetry also defined by accessory denticle, and by postero-lateral

carina on main denticle. Length:héight ratio about 4:3.

. Element has four large denticles inclined posteriorly at about 65 degrees to
basal margin. ‘Three anterior denticles bilaterally symmetrical. Main denticle has

-

low, wide carina on inner side.

‘Small, sharp accessory denticle posterior to main denticle directed slightiv 10

" inner side, Anterior margin of accessory denticle joins posterior margin of main
denticle at point about midway up element. Posterior margin of accessory
denticle connects to swélling on outer postero-lateral corner of element. Poster-

lateral accessory denticle on inner side. .

‘ "Basal sheath flares where carina mects basal margin, and then constricts

posteriorly. ' _ ‘

. : Tvpe 2 asvmmetrical pectiniform element- In outline, basal margin

asymmetrically heart-shaped, with concavity in basal margin located posteriodiy

between two carinae. Length:height ratio about 4:3.
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Denticles (four) laterally compressed and fused for moet of lengtb

Posterior accessory denticle characteristic in having two asymmetrically located

carinae. Posterior margin of this denticle deflected inwards and forms a carina.
Other carina located below midway point of denticle, dropping to basal margin.

Folds crcated (m a similar fashlon as in New Genus A posthernstezm) in *

posterior basal margin where carinae end.

’ ; Remarks.- ‘No coniform elements were found which could be included in

. this species.

The holotype illustration of Misikella koessenensis Mosilers.f. (1978b, Pl

2, fig. 3) resembles the symmetric pectiniform element of ‘this species. However,
the original description of the species does not, in the author's opinion, agree \«;itb
the illustrated holotype: *Conodonts with denticles towering high above the basal
"(.'avity, numbering 3-5. Basal cavity wide in back and extending past the entire
backside of the conodont. Iﬂnl margin stretches far past the 1af¥’ denticle.®
(Translation from the German original (Mostler, 1978b:153) by S. Pohler and the
authot.) They refer to the basal margin of the element as extending far past the
last denticle. The orientation of their illustration is different from that used
herein and is the reason for the discrepancy in the descriptions. Also. a posterior
accessory denticle is therein not, as it is herein. considered an important

characteristic of the species.

The dilferences between the above three morphotypes are quite distinct.
Considering the criteria which define other species of New Genus A (posterior
margin outline, etc.) it is possible that these morphotypes represent three distinct
species of New Genus A. However, the scarcity of the specimens prevents such an

assignment at the present.

©
o')

If, however, these specimens are of the Me specnes this would have

‘ dlblln(‘l ramifications concerning recognized species vnthm New Genus A. In New

e

v
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v

(_'jenuu.s.‘hA koessenensis s.f. both type§ of posterior margin are found: rounded
(drop-shaped), and concave (heart-shaped). These are the very criteria by which
the two species'New Genus:.&»hernsteini and New Genus A posthernsteini are
'generally differgntiated. If "tHe posteriur accessory denticlev isqof taxonomic
~importance and the outline of the posterior margin a secondary/feature, this
would suggest that New Genus A hernsteini and New Genus A\ posthernsteini
are conspecific. This, howeverj_doe_s not take into account the differences in
depth of basal cavity and flare seen in New Genus \ hernsteini and New Genus
- A posthernsteini; these features may be of greater taxonomic importance than
otherwise recognizéd. The published stratigraphic ranges of New Genus \
hernsteini and New Genus A posthernsleini overlap but are not identical, though

this ts not enough to disprove synonymy.

If these morphotypes are considered o represent different species, then their
basal out]vine may be a strong enoufgh criterion to group them with other
recognized species of New Genus A: If this is the case, the apparatus of New
Genus A is likely to include more element types than .that which has been
outlined above; elements with an accessory denticle would be zgrouped along with

the regular pectiniform elements and the coniform elements.

L3

Material.- 1 symmetric pectiniform elements, 1 Type 1 asymmetric

ectiniform. and 1 Tvpe 2 asvmmetric pectiniform element.
p ) )

Occurrence.- Samples REV-3-1, and REV-4-2m.

8




NEW GENUS A POSTHERNSTEINI (Kozur and Mock. 1974)

Plate 4, Figures 7-9.

Synonymy - peclinil’orm‘element.-

Misikella posthernsteini n. sp. KOZUR AND MOCK; 1974b, p. 247-248, text-figs.
1-4; SKWARKO el al.,, 1978, p. 22‘;2. text-figs. 4a-h; GAZDZICK], 195'8; p- 346,
PI. 38, figs. 1-3, PL. 39, figs. 1-4, PL. 40, fig. 3; MOSTLER, 1978b. PL1, figs.
20-22; GAZDZICKI el al., 1979, PL 3, figs. 1,2; ISOZAKI AND MATSUDA, 1880,

“PL 1, figs. 14,15 KOVACS AND KOZLUR, 1980, Pl. 15, fig. 10; KRYSTYY, 1920,
Pl. 11, figs. 7-9; GAZDZICKI AND GUPTA, 1981, text-fig. lb; ISOZAKI AND
MaTsUDpaA, 1082, Pl 4, ﬁg.'g‘ M.~\TSLb.~\ AND IS0ZAKI, 1982, Pl. 2, fig. 20:
ISOZAK! AND MATSUDA. 1983, p. 67-69, Pi. 1, figs. 8—13 Pl 2 2. figs. 1-7, PL: 3,
figs. l-..BLRYl 1983, fig. 4. ) .

Misikella sp. A GAZDZICKI 1978, p. 3462347, PL. 40, ligs. 1.2.

A\cmpathodus Ianceolatus n.'sp. \IOSHER 19683 p. 930-931, Pl. 115, lig. 7 only,
(non figs, 10.11),

E S )
-

Description.- Pectiniform element- Element segminate. Basal outline

gonor’a'lly heart-shaped with pointed end. to anterior.  Elements bilaterally

symmetrical. Height:length ratio about 5:6.

-

Laterally compressed, ;;OSIeriorl_v directed denticles fused for most of theu;
lvngl‘h. Free por;.ion of denticles one-quarter to one-fifth total height of element.
Number of denticles averages three, but may be as high as five (rare). Largest
denticle. Ib(‘ated at posterior end and inclined at about 60 degrees to basal margin:
' inclination may be as low as {5 degrees on sorpe elements. Antenormost denticles
inelined at greater angle than posteriormost. Apices of denticles sharp and.apicai .
trace eithervstraigb‘t\or cnn\vex. White matter present from halfway up element to

apices of denNjcles..
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"Posteriormost denticle may bear two carinae on either side of posterior
furrow which deepens downward.  Carinae continue to basal margin as

pronounced folds. Posteriormost dentitle extends past posterior margin of basal

cavity by, about one-third lengtﬁ of element.

Basal margin typically flares posteriorly to width of about one-half the

element length. Basal cavity deep, usually restricted to‘lower one-quarter of

element. Deepest portion of basal cavity located between two most posterior
denticles. Basal cavity flares widely, which may be locally intonsiﬁ‘o(l. Posterior
margin- possesses a concavity‘ located between folds created by carinae on
posterior denticle. In elements where only one carina is present on postericer .
margin (rare), basal cavity is bilaterally asymmetrical with-only one fold being

present on lower base.

-

Coniform_element.- Non-geniculate element with erect cusp. In upper view,

‘element may be symmetrical.

P

Cusp laterally compressed and exhibits fine striations. Curvature of cisp

consistent among elements. Cusp has length:width ratio of about 3.

Basal cavity deep; up to one-third the heigl‘n of element. Base widely fliared

and may be extremely flared locally. Long axis of basal outline mayv not

correspond to anterior-posterior direction dye to localized flare.

5

Remarks.- The pectiniform elements in this study typically have three
denticles; elements with four denticles' are less common, and those with five rare.
Isozaki and Matsuda (1983) incorrectly refer to .\Ii:s{kclla sp. A Gazdzicki 1978 as
having six denticles, and because of this have not includned it in their synonymy.

It is herein included as a junior synonym of New Genus A posthernsteini.
. N\ ’
All specimens ;‘th'.\'ew Genus A which do not have a rounded posterior
margin, and/or a small denticle poéterior to the main denticl_e,—are incllxdéf‘a in

-

Y

ira
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New Genus A posthernstéini. This is in agreement with other authors (see

Isozaki and Matsuda, 1083).

Material.- 468 pectimiform elements and 110 coniform elements.
B ®

Occurrence.- Samples REV-3-1. REV-4-1.5m, RE\'?4-8’m, RE\'—4-_18m, and’
REV-4-30m. ’

A L

NEW GENUS A SP. CF. NEW GENUS A RHAETICA (Mostler, 11978) s.f.

.o . Plate 4, Figure 10. ¢

Synonymy.-

- ¢

N X @ 4 ) [N .
cf. Misikella rhaetica MOSTLER, 1978b, p. 152-153, PL 2. figs. 1.2,4; KRYSTYN,
‘1980, PL 14, figs. 13,14. D S

¢/. Parvigondolella rhaetica (MOSTLER). KOVACS AND KOZUR, 1980, PL. 15. fig.
1. - | “

r
-

Description.- Element segminate with drop-shaped basal margin in

«posterior half of element. o o '

-

Four to six (most common), laterally compressed denticles, fused for most of
their length. Posteriormost denticle not always largest. Apical trace of defticles

convex up.

Basal margin preSent as narrow keel in anterior third of element.  Posterior
two-thirds of basal cavity deep and widely flared: Posterior ‘basal margin

rounded.

Remarks:- No coniform elements were found which could be attributed to

this species. As a result, assignment of this species to New Genus .\ is sensu

L]

Jormo (s;f.).. ~




The pectiniform elements resemble those of New Genus A rhaetica (Mostler)

s.f. but do not have as many denticles. The basal cavity, as well as the posterior

o basal margin, of these specimens is very similar to those, lllubtratcd by Mostler
(1918b)
) '\\_/ ' The features of these specimens which most closely ally it to New Genus A "

" rhaetica sf are the restricted basal sheath, and the relatively high nlunb(r uf

denticles as compared to New Genus A hernsteini.

-

The rounded posterior basal margin of this species suggests a closer

( : relationship to New Genus A hernsteini than to New Genus A\ posthernsleini,
: b ‘whereas the flare of the basal cavity indicates the reverse relationship. T v
. Material.- 5 pectiniform elements.
’ [
] .

Occurrence.- Sample REV-3-1.




"NEWGENUS B s.f.

" Tvpe ;Qecies.- ‘New Genus B New Species Ast.

Dlagnosls- Apparatus ummembrate Com;po§ed of laterally flexed and

compressed segmmate peetnml’drm elements. Basal cavity shallow and flared

posteriorly. . . g

-

Discussion.- Species of this "genus show similarities with pectiniform
elements of - both ‘\'eo.qpat'hodua, and New Genus A, and may be transitional
between the two. No species of Neospathodus are known from later than the
Lower Carnian, while specnes of New Genus A are not knov«n to occur thls low

(mlddle Lacnan) in the Norian.

NEW GENUS B NEW SPECIES A s.1.

.

Plar.e 3, .Figures 13-15.
{ . . ) ’ e ,

Description.- Laterally flexed segminate pectiniform element.

9

Blade bears l'lve to seven” Iaterallv oompressed denticles, fused for most ol'

th("nr Iength Dentnc{es directed slightly to - postenor Cusp termmal or

subtermmal One or two (rare) denticles may be present postetior to cusp.

11
. R L
D - . . ’

Basal cavity shallow 'and flared posteriorly. Anterior portion ¢ slit-like.
a ; 1o \

. Lower margin concavein lateral view at flared portion of cavity. o

.

Remarks,- Thls species sbows snmn{armes w1Lb elementb of >pecxes of

\eoapalhodua These include S|mllarmes m' the basa] cavnty and margin. and .

denticulation. It lacks, however the. mld lateral ndge dormdered charactensue of o

re T -

\eospathodus (Sweet In Ziegter, 19¢'5)

-
M e

PR N
02 i

This species W%S Rot assigned to genus 'Ne'w:Gén_us A, with which it also

‘ . - . . - . ‘. . . . o

", . S e - Lo
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) shares some morphologic features, because of the shallowness ol the basal cavity,
” the concave outline of the basal margin in lateral view. and its relatively large
» "size. Coniform elements (Gen. et sp. indet. A s.[. and Gen. et sp. indet. B s.1. )
.
’ were recovered in samples RKK-1-17m and Rl\[\ 1-23m. but their basal cavities
- are not snmllar enough to the pectiniform elementc 10 warrant multielement
status.
i . s . ’
- Material - 144 segminate pectiniform elements.
‘ Occurrence.- Samples RKK-1-10m and RKK-1-17m. .
™~ *
[
- \ N - 2 .
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NEW GENUS C

o

Tvpe sgécies.— New Genus C New Species A

.Diagnosis.- Apparatus seximembrate. Pa element angulate, Pb element
dolabrate, M element digyrate, Sa element alate, Sb element-digyrate, and Sc
. element bipennate. Denticles discrete, long, and laterally compressed. Basal

cavity long, narrow and slit-like. Denticles and cusp finely striated.

Discussion.- Thé morphology of the Pa and Pb elements of this genus is
quite different from that of ahy other genus in this study or known from the

literature.

NEW GENUS C .\'Ew SPECIES A

Plate 2 Flgurea 8-13

, ‘ e
Synonymy.- Pb _element.-

Neoplectospathodus muelleri KOZUR AND MOSTLER. Buryi, 19853, fig. 2

-

" ? Grodella hernsteinensis KOZUR AND MOSTLER. MOSTLER, 1972b, PL 3, figs.
7-9. . : . . -

Se vlvmvnt.-

7 lluuleodellu (\/laprtomodue) andrusou andrusovi I\OZLR AND MOSTLER.
MOSTLER, 1978b, PL 3, figs. 13,20,21. (

-

Description.- Pa_element.- Angulate pectiniform element with no

discernible cusp. ‘Anterior portion arched downward at about 45 degrees to
posterior basal margin Lu hlch is straight). Unit undulates laterally slightly along -
longitudinal axis, Denucles partially- fused bccommu' more so postenorlv

Denticles inclined st aboyt 45 degrees to process axis. Base of unit less than, or

-4
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equal to, one-half height of unit. Basal cavity shallow under processes, deeper and

wider under central p’ort\ion of unit.

Pb element.- Dolabrate ramiform element with no discernable cusp or basal
LSS lh 11 N . \ ,
pit. Process arched downward. Denticles ‘longer anterioriy than posterioriy,
partially lused anteriozly. and discrete posteriorly. Unit longer and more gracile

than Pa element.

\

M element.- Digyrate ramiform element with processes of unequal size.
Short lateral process bears one small denticle. Long lateral process bears four to
six long, discrete denticles. Cusp curved posteriorly. 'Unit compn-s‘ﬂi\d antero-

posteriorly. Basal cavity shallow under procoesos (more apparent under large

»

pracess), deeper and pit-like under cusp.

Sa_element.- Alate ramiform element. Posterior process -.trungl\ arched
do“n“ard bearing ten to hfteen small, partlallv fused denticles  Highest denticle
located mxd-proccss Cusp ]arge curved pOSlcl’lOl‘l) Laterai processes bifurcate
pcrpcndxcularl\ fle'( down\xnrd at about 50 degrees, and bear one to three smuall

denticles. Bases o{ processes hlgh. Basal cavity not apparent.

.‘.
Sb_elément.- Digyrate ramiform element with antero-iaterally directea
2b_clement ate | )

lateral processes of unequal length. Short process {bearing two to four denticles)

straight and deflected downward lightly. Long pracess (bearing five to seven

'denticles) arched downward_Alexed anteriorly. and increases in sizee distally

" Denticles discrete. Cusp has groove ziong posterior edge.  Basai egvity not

apparent.

»
’ »
g

Sc¢_element.- Laterally compressed bipennate rullllf;)rm element.  Posterior
process straight. bearing five to ten posteriorly directed denticles.  Anterior
procless more robust than posterior process, bearing three to six denticles.
Anterior process deflected downward:,,anvlp of deflection varies from 30 16 50

degrees. Basal cawty shallow.
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'Remarks.- As mentioned above,_the morphology of the Pa and Pb elements -

is unlike that of any previously described species.

_&I.at,erial.- 15 Pa elements elgments, 83 Pb elements, 46 M elements, 63 Sa -

elements, 20 Sb eleménts, and 64 Sc elements.

1

()ccurrehce.- Samples REV-3-1, RE\'—4-8m, and REV-4-18m.
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_GEN. ET SP. INDET. A s.f. B

Plate 3, Figure 21.

Déscription.- Non-geniculate coniform element. Cusp erect and laterally
cofnpressed. Basal cavity deep: about one-third height of unit. Basal'sheath
widely flared and slightly asymmetrie. e )

2 ‘'

Material.- 4 noh-’geniculate coniform elements. -

Occurrence.- Sampics.RKK-l-ITm and RKK-1-23m. -
GEN. ET 3P. INDET. B s.1.

. Plate 3, Figure 13.

Descriptign.- Non-geniculate coniform element with accessory dentiele on
anterior margin. :Cusp proclined. Unit laterally’ compressed. Basal cavity
shallow under anterior portion of unit, deepcning posteriorly. Basal sheath -

narrow anteriorly, wide posteriorly-— *

Remarks- The anterior portion of this element is broken and may

represent a broken anterior process.

Material.- 2 non-genjculate coniform elements.

Occurrence.- Samples RKK-1-17m, and RKK-1-23m.
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GEN. ET sP. lNDE'f. C
Plate 3, Figures 16,17.
Synohymy .- Pa element -
Cralognathodus euspidatu's n. sp. KOIKE, 1982a, p. 20, PL. 9, figs. 17,18,
M element .-
Cypridodella pronoides (BUDLROV). ROIKE, 1982a, p. 22, Pl. 7, figs. 48.40.

Des:ription.- Pa element.-

Segminate pectiniform element. Anterior process with one or two denticles.

Cus-p bears longitudinal striae. Basal cavity deep.

M element.- Digyrate -ramiform element. One long, highly arched.
downwardly . directed lateral process, bearing two denticles, and one lateral

process bearing one denticle. Basal cavity deep. Longitudinal striae on cusp.

Remarks.- These two elements likely are part of a more complete

_ multielement apparatus, which may be related to Gypridodeila.

—

Material.- 2 Pa {segminate) elements, and 14 M (digyrate) elements.

Occurrence.- S'amblos R.A\Y-l-l_.<RAY-‘2—l, RKK-1-2m. RKK-1-23m.
RPA-1-3.5, and RPH-t-1. '

4
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GEN.ET SP. INDET. D s f.

~Plate 3, Figure 19. - .

_Description.- Bipennate ramiform element with long anterior and short
posterior processes.. Anterior process bears four discrete denticles. Posterior
process exists as denticle on cusp and as extension of basal cavity. Basal cavity

9

deep and widely flared on inner side; less so on outer side.

.

Remarks.- This element resembles no other in this study or in the

literature.
Material - I bipennate element.

Occurrence.- Sample REV-3-1. . .

GEN.ET SP. INDET. E s.f.

Plate 3, Fignre 20.

Description.- Angulate pectiniform clement with long anterior and short
posterior processes. Posterior process deflected inward. Denticles irregular in size
and directed upward or posteriorly. - Anteriot process bears four denticles:

posterior, one denticle {process broken).
A

Remarks.- An interesting feature of this element is the irregular size of the

denticles. This element ‘may also be-mr—xbtrerrant Pb element.

Material.- 1 pectiniform element, |
4

'

Occurrence.- Sample RAY-1-1.
(

[N
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GEN. ET sP. INDET. F s.[. , ,

Plate 5, Figure 15..

Description.- Angulate pectmlform element wnth arc{i processes.©
Anterior process bears five postenorly directed, sharp, closely spaced denticles.

Posterior process bears two sharp® denticles, not as closely spaced as those on

anterior process. Cusp and denticles striated. Base of unit somewhat laterally

expanded. Basal cavity shallow and wide. A .

Remarks.- This element shows similarities with the: Pa elements of
specimens illustrated for Naniognathus Sweet (/n Robison. 1981), but lacks the

ribbed anterior process considered characteristic of that genus. . .

‘Material.-' 1 angulate element.

\ ,
Occurrence.- Sample RKK-1-17m.

GEN.ET SP. INDET. G s.f. ‘ \

Plate 5. Figure 14.

Deseription.- Segminate pectinifcrm element. Process tapers distally.
Cusp directed posteriorly at about 15 degrees. Denticles on process {four)
directed upward anteriorly; becoming inclined posteriorly. Posterior denticles on

process curved. Denticles sharp and closely spaced. Basal cavity deep and wide.

Material.- 1 segminate clement.

Occurrence.- Sample REV-4-8m.
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Chapter 4

. Concluding.Remérks'_

e Four of th: ten conodont zones erected by Krystyn (19%0) can be
recognized .n strata from the Mamonia Complex. These are the
Neogondole!la communisti morphotype A Zone (recognized only - :
tentativély), “wshe Epigondolella abneptis Assemblage Zone, the {
Eptgondoie'!a spatulata Assembln.ge Zone, and the U pper Bidentata

- Assemblage Zone .

e Minimum -age ranges based on conodont faunas- for Triassie
sedimentary units of the Mamonia Complex cin be made as follows:
Petra tou Romiou Formation- uppermost Tuvalian (Carnian} to
middle Lacian (Norian), and Vlambouros and Marona formations-
middle Lacian to middle Rhaetian/Sevatian (Norian).

e The conodont zonation of Krystyn (1980} is likely to have had astrong
paleoecologic overprint. It is important for future workers to attempt
to establish Triassic conodont zonations for both shallow- and deep-
water environments. ,

e Based on the occurrence of certain taxa in both deep-~and shallow-
water sediments. it is likely that at least some Norian conodtnt taxa
were nektic in habit.

e Upper Triassic conodont provincialism was characterized by a high
proportion of ramiform taxa in Tethyah sediments relative to North
American faunas. As a result, Upper Triassic conodont provincialism
cannot be wused to determine the origin of, and direction. of
emplacement of, a]lochthonous nappes in the Eastern Mediterranean \
region. , . |

e Multielement species were present in the Norian. and it is likely that
some of the multielement ramiform taxa wefe of biostratigraphie
significance. .

’
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Plates R y

PLATE 1

' Figures 1-5 - Chirodella dinodoides {Tatge). 1- Posterior view of digyrate -

element, samble RKK-1-23m, X110, 2- Inner lateral view of bipennate
element, sample RKK-i-2im, \Ha 3- Lateral view of blponmte element,
sample RKK-1-2lm, \1’5 1 Lnteral view of bipennate elcmont ;amph-"

RKK-1-21m, \"00 5 [oner lateral view of blpemute elemcul. sample
RKK-1-21m, X110, ‘

‘_Figurres 6-10 - C",'ht;rodella erecta Mosher. Sf'l’os“ierior view of digvrate element
sample RPA-1-3, X170, 7- Late;al view of bipennate element, samf){(;
. RPA-1-3, X125, 8 Lateral view of blpennate element, aample Rl’ A-1-3,
\130 9- Inner lateral view of bipennate element, sample RPA-1 ~3 Xl.lo
10- Inner lateral view of blpennate element sample RP A-1-3, \rh
l';ig(ures 11-15 - Chirodella sp. A. 11- Posterior \_r.ieW of digyrate 'olsrvmcnt, 'samplu;
RKK-1-8m, X125, ‘12- Inner lateral view of bipennate clement, saﬁnplv
RKK-1-8m, X125, 13-1 Lateral view' of. bii)ennate element, samplv.
RKK-l-Sﬁl, KIIT;, - Laterzﬂ view of bipennate eleménl, savnip'ié’
Rk](-i-8m, ‘X385, 15- Lateral .view of bipennate cl.cmcnt, sample
RKK-1-8m, X150, S |
Figutes 16-19 - C'hirodella s_p: B. 16- Posterior \;iewf of digyiatf; element, sample
RE.V-+-18m,; 5(130, “17- Outer lateral view of blpennate element sample
"~ REV-+18m, ‘(130 18 Latéral view of blpennate element, sample
REV-+18m X130, 19- Outer lateral vnew of bnpennate elem(.nt sample -
REV-+18m, X120 -







PLATE 2

!

~

Figures 1-5 - Cornudina tortilis Kozur and Mostler. 1- Inner lateral view of P’b

element, sample RPR-1-1, X145, 2- Inner lateral view of Pa element,
sa'mple 'RPR-1-1, X165, 3- Inner lateral view of Se element, é.amplok
R[”R-l-l, X175, 4 Inner lateral view of Sb element. saﬁ\pl; RPR-1-1, -
X173, 3~ Outer lateral view of M element, sample RPR-1-1, X120.

~Figures 6,7 - Oncodella paucidentata (Mostler). 6 Inner fateral view of

dolabrate element, sample REV-3-1, X120, 7- ‘Posterior view of alate
element, sample RAE-3-1, X200. . S |

*

Figures 8-13 - New Genus C New Species A. 3 Inner lateral view of Pa clement.

'.sample REV-4-8m, X170, 9- Posterior view of M element, sample
REV-4-8m, X120. 10- Inner lateral view of Pb element,'-sample REV-4-8m,
X120, 11- Inner lateral view of Sc eleme}xt. sample RE\'-4:8m, \:85 12-
Aanterior view of Sb element, sample REV-4-13m, X130, 13- Obliqué inner
!atéral view of Sa element, sample REV-+8m, X200. - ,,

"Figur;es 14-20 - Cypridodella sp. A. 14 Inner lateral view of Pa element. san;plu

'

._RKK-I-ITm. X100, 15- Post:eriory'iiew'ol" Py elément, sample RKK-1-17m.

* X85, 16- Posterior view of ~Sbl element, sa'mpie"Rl.’ll»t-l:‘)(‘.)o:').’ I7-

If'o%terior view of $b, element, sample RPH-+1, X140, I3 Inner lateral

:view of M element. sample RKK-1-17m.'X135, 19- Oblique inner lateral

‘view of Sa element, sample RKK-1-17m. X}70, 20- Inner lateral view of »e

elem{;nt, sample RKK-I-LTfn, XIZO : g

3 » ‘







PLATE 3

[N

Figures 12 - Epigondolella abneptis (Huckriede) of. 1- Upper view, sample .
RRK-1-17m, X80, 2- Inner lateral view, sample RKK-1-17m, X00.

Figures'3,4 - Epigondolsella spatulata (Hayashi) s.f.. 3- Inner lateral view, sﬁmple
RKK-1-10m, X70, 4- Upper view, sample RKK-1-10m, X70. !

Figures 3-8 - Epigondol-t!?la sp. Asl.. 5 Upper view, sample RPR-1-1, X635, 6-
Upper view, sample RPR-1-1, X60, 7- Upper view. sample RKK-1-2m; X60,
8- Upper view, semple RPR-1-1, X60.

Figures 9,10 - Epigondolella postera {(Kozur and Mostler) sf.. 8- Upper view,
sample REKK-1-23m. X70, 10- Inner lateral view, sample RKK-1-23m, X70.
Figures 11,12 - Epigondolella bidentata Mosher ... .ll- Inner lateral view,

sample REV-4-30m, X80, 12- Upper view. sample REV-4-30m, X30.

Figures 13-15 - New Genus ‘B New Species A. 13- Inner lateral view, sample
RKK-1-17m. X230, 14- Inner lateral view, sample RKK-1-17m, X130, 15-

N

Inner lateral view. sample RKK-1-17m. X230.

Figures 16,17 - Gen. et sp. indet. C. 16- Inner lateral view of P1 element, sample

RPH--!-I,'X?,SO. 17- Posterior view of M element, sample RPH-1-1, X160.

. Figure I8 - Gen. et sp. indet. B. Inner lateral view, shmple RKK-1-22m, XI75.

G

Figure 19 - Gen. et sp. indet. D. Outeria;gral view, sample REV-3-1, X170.

Figure 20 - Gen. et sp. indet. E. Inner lateral view, sample RAY-1-1, X160.

. -
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Figure 21 - Gen. et sp. indet. A, Inner lateral view, sample RKK-1-23m, X170.
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PLATE 4

Figures 1-3 - ‘\ew Geaus A koessenensis (\Iostler) 1- Inner lateral view of
Type 2 \symmemc element, sample REV--l-Sm X155, 2- Inner lateral
vie»\; of Type 'l Asymmetric element, sample REV-&Sm, X155, 3- Inner
lateral view of Symmetric elément, sample REV-4-3m, X165.

-

Figures +6 - New Genus A hernsteini (Mostler). 4 Inner lateral view of

pectinilorm el.-:nent, sémple'REV-:&-l, X215, 5- Inner lateral view of
" coniform elem:nt, sample REV-3-1, X240, 6- Inner lateral view of

pectiniform element, sample REV;3-I, X185,

: Figlﬁ'»es 7-9 - New Genus A pésthernsteini (Kozur and Mock). 7- Inner lateral
\IL)V of pectiniform element, sample REV-3-1, X170, & Inner laterai view
of coniform element, sample REV- 3-1, X220, 9- Upper view of pectiniform

element, sample REV-3-1, X150,

Figure 10 - New Genus A sp. cf. New Genus A rhaetica (Mostler} s.{.. Inner
lateral view, sample REV-3-1, X230.

Figurés(ll-lf) - Misikella iongidentata Kozur and Mock. 11- Inner lateral yiew
“of Pa elefneu‘ samyle REV-2-4, X105, 12- Posterior view of Sb element,
sample RE‘\' -4, X900, 13- Inper lateral view of Pa element, sarﬁple
REV-2-4, .\l_lo, 14- Inner lateral view of Sa element, sample REV-2:4

X635, 13- Inner lateral view of Sc element, sample REV-2-4, X100.







PLATE 5

" Figures 1-8 - Neogondolella steinbergensis (Mosher). 1- Inner lateral view of Pa
element, sample REV-‘l:30m, X75, 2- Inner lateral view of Pb element
(note orientation), sample RAE-3-1, Xle, 3- Inner lateral view of M
element, sample RAE-3-1, XiSO, 4- Inner lateral view of Sa element,
sample RAE—:!—li, X145, 3- Posterior vi;ew of Sb element, sample 'RAE-3-l,
"JX'_’.'}S, 6- Inner lateral view of Sc element, sample RAE-3-1, X155.

" Figures 7,8 - .-'Veogo!ndolélla hallstattensis (Mosher). 7- Ioner lateral view of Pa

elom?nt, sample RPA-1-O0m, X90, 8- I_nuer-lateral view of Pb element,
sampie RPA-1-0m, X125. '

Figulres 9-13 - .N'eog;)ndolella sp.. cf. Neogondolella navicula (Huckriede). 9-
© Outer lateral. view of M element (note orientation), sample RPA-2-1, X165,
10- Inner lateral view of Pa element, sample RPA-1-1.5m, X80, 11- Inner
late‘ral view of Pb element, sample RPA™-1.5m, X135, 12- lpner iateral
view of Sc element, sample RP.—\-I-I.Sm, X290, 13- Pésterior view of Sb

element, sample RPA1-1.5m, X245. . - T
Figure 11 - Gean. et sp. indet. G. Inner lateral view, sample REV-4-8m, X145.
Figure 15 - Gen. et sp. indet. F. Inper lateral view,'\sample RKK-1-17m, X125.

Figures 16,17 - Neogondolella communistivliayashi sf.. 16- Upper view, sample
REV-2-3, X85, 17- Inner view, sample’REV-2-3, X70. o v







: - - L SR . .o
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Sample Location Description

» Collected localrtres have been glven a Lnrver;al Transverse \letcato:, (LT\I)
.»trnd reference All gnd references stated below have the prefrx 3BSVD whach has
" not’been lrsted Grid. data have been taken frorn 150 000 topographlc maps ol‘
_C\prus{Edrtron I-GSGS Senes ),7 Sheets 16,17, ,nd 22), publrshed by D. Surwey, .
| \larstry of Del'enoe Umted l\lngdom, 19:8 and are available from the Cyprus
- ' " .Geological Survey. Flgure references refer ‘to sample localrty maps (Frgs 1-9 to

. fl 13 pages"3to24) .' ‘ S ‘ [ R iy

- anlm- R%E-l (F:g ll") Grrd Rel‘erence- 413498 Localrty Descrl‘ptlbn-" v,

- Outcrop :rtuated onh north srde of road between Ayxos Yeorylos and Ayros

-l

"Ehas approxrmately l km west of Ayios Elms, Outcrop Descrlptron- ¢
F'olded red shale outcrop on northwest side of road, with mlnor limey chent
'_"._beds Samples collected startlng at northenst end o[ outcrop, Collected
~ _."Samples- RAE-I 1, hmey chert R.-\E-l-.., lrmev chert RAE-I 3, green
limey sandstone \o recogruzable .stratrgraphlc relanonshlp between
/ - - S samplm Lmt- unknown ‘.

E}

: ,Locxlrtv RAE-’ {Flg 112) Gnd Reference— 413499 Locallty Descrlptlon-

Locnted up small track to north of locallty RAb-l then turn right up e
——second tra,ek—alter approxlmately "OOm, Out.crop Description- _‘Erolded

: cherts and llmestones in red shale; Collected Samples- RAE-2-1, located
B ~ about *5m . from north end of eutcrop beside car park. _30cm: thick
& R - 'calcaremte bed; RAE-2-2 calcrlutrte located about 20m up the track on’

_ east srde, No recognizable rel:rtrot_lshrp between samples, ‘Unit- unknown.

: . s - .
. . . e . x /
R e . ! :
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- Locality- RAE-3. {Fig. 1-12). Gnd Reference- 414503 Localuy Dc»cnpuon»
L g - : Approxlmately 100m further to northwest (past RAE- 2) up track, on east
e ‘f‘ “'side. Beds dipping about 25° to the ea.s!., Collected Samples RAE3-1.
R . white calcarenite, unconl'ormabl)" ovberlying“ l'.ed sh'alczrr RAE-3-2, white
i_., ".3 " calcarenite in red shale, located 20m down trqck;l’rom R.—\E-.‘S-li; R:-\li-&-:l.
- ‘ grey calearenite located :’lm down track from R.XE-:S::!; Unit- unknown. A

Locality- RAE-4. (Fig. 1-12). Grid Reference- $]4501; Locality Description-
Located at bend in track between localities RAE-2 and RAE-3; Ouu-mp‘
~ Description- flm thick strongly folded chert, limey chert, and shale.

_.‘-.- ' ‘sequence, within soft green siliciclastic sandstone; Samples collected l’rnm’
) limey chert and_zvsh‘gle}‘uhlt"s'. Collected Samples- RAE-1-0m, RAE-1-1.5m.
- . R.:\E-‘{-.am.‘R.‘»’L'E_—’?!-Sm. R.—\E-J-Srﬁ, RAE-411m: Unit- Marona Fm.
‘;' -7 X ' ‘1:"”' " - * . 4\ " . . -
. Locaht.y- R-\E-) (F‘w 1-12).  Grid Referen«-e— 713497; Locality l)oscriptinn-
sk

- - e il .‘.i-ur,w

T e b Located on south side of road het“eon Ayios \er\ ios and Avios Elias, -
\ across the road from track containing localities RAE-1 to-R AE-4; Outeropr
R . DPscnptlon- \\rhlte calcaremte wnthm soft grcen siliciclastie sln(lsl()nl

Collectéd Sample— RAE-S-I Unit- Marona Fm

3

v

Locality- R.—\Y-l-l. u-*ig.-l-l-z,a~ Grid Relerencve- 691487: Locality Description-

Located beside road b'etween Avyios Yeorvios and")\vios [‘li‘m\' about 1k to

_(the east of Ayios Y eoryios. to west of small streambed about 10m nort hof
‘road;Outcrop Description- "Ocm thick bed of dark grey calmlumr\ vxpmn ul.
Collected Sample- RA\ 1- l Unit- Marona Fm S
Locahtv- RAY-2 (Flg 1- l"') Grid Reference— 693487, Locality Description- .
located about 150m-to east of localnty RAY-1-1. about ’3—7m aorth of r(mrl T

Outcrop Descnptlon- small 25em thick outcrop of d'll’k grov ~aleilutite.
' Collected Sample- RAY-2-1; Unit- Marona Fm'

" Locality-- B‘AY-Z’, (Fig. 1-12)°  Grid Reference-.l,'69'4488;' Locality 'De;crlptit)n-, o .




169
Located about 250m east of locality RAY-2, about 25mvto north of 'rba.d“A
. oOm\ west of streambed; Outcrop Descnptlou- 3m thick unit of dark grey"
calcnl\uute (5-15cm thick beds), ?Halobia spp.; Collected Samples-
'RAY-3-1A, RAY-3-1B; Unit- Marona Fm. ’
/4' ] .

-‘.;'"\* oo . .. v . - ‘ ,

‘Locality- RDR-1 (Fig. 1-8). Grid Reference- 455701; Locality Descriptiqn-

v L.ocated at roadcut between Drousha and Prodhromi, about 1.5km north of
Drouska. Located on-north side of road on north side of sweeping corner
to east (gorge on mner side of corner); Outcrop Descnptlon- Red limestone
unit bed between t.wo pillow lava units. Top pillow lava is green, while
lower 1‘s puxjple, Collected Sa.mples- RDR-1-1, RDR—I-., RDR-1-3, all from -

ap,proximatgiy same stratigraphic interval; Unit- ® Kholetria Member®.

\,,,‘; Localitv- RDR:-2 (Fig. 1-9).  Grid Relerence- 456698;‘ Locality - Description-

Located ori northeast side of ro'ad_,,260m toward Drousha from locality
R‘LDR-I, r.lezir Beehives. Outcrop cannot be seen from ;'oad. lLoc'at.ed across °
road from a thick duLcrop‘of' green sandstone; Outcrop Description- 2.6m- .
thick block of white calcaremte and pmk chert 0-0.8m is chert, 0.2-2.4m |
is calcaremte.‘? 4-2.6m is chert leestone and- chert beds both 20-30cm
thlck Cherts are. highly fractured; Collected 3ampl¢=s- RDR-2-1m,
RDR-2-2m; Unit- unknown.

Localitv- REV-1 (Fig. -vl‘ll) Grid Reference-iﬁ?i()i; "Loc'aiity Descriplibn-
Located across road from the base of the Iarge block of wbnte hmestone av
Eplskopl Collected sample is from jumble of blocks on east side: of road
Outcrop Description- Sample (RE\ I-1) collected {rom Iargest uncoveredv

~ block of white partlally recrvstalhzed llmestoue, _Lmt- Petra tou Romiou
“Fm. ' '

Locahty- RE\ 2 (Fig. 1-11) Grid Re!’erence— a68a0o, Loca.llty Descnptlon— Large

block of Petra Tou Romiou hmestone at Episkopi; Outcrop Descnpuon-

Y

sample REV-2-1 collected from ‘5m above road level, midway between two
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N telephone poles av north end of outcrop, REV-2-2 collected 60m to north- of
REV—2 1, past fractured mtgrval- possibly different block of llme:sfone,
REV-2-3, collected from 2m above level ol road, 20m north of most
. vsout.hern expoéure of bldck' REV-2-4 collectc(l 160m {rom north c'oml ol'.b
exposure, about. 2m above level of road REV-2-5, collected at southern e¢hd
‘of outcrop, about 20m above level o[ road; REV-2-8, collected at aoutlurn
_ end of outerop 10m above road level; U mt- Petra tou Romiou Fmn.

"‘l.,ocalitv- REV-3 (Fig lll) Gfid‘ Refer'ence-‘Ssé 195; Lomlil'v ly))(‘\'(‘riplinn-

Located about 1km alonrr track running south _from Episkopi, on exat side- s
of road, past two closely spaced streama, Outcrop Descnpllon- l(]cm thick
dark grey calcilutite unit, within outcrop of green sﬂmcl.um sandﬂonc

«Thin shale unit (10cm) at base of caleilutite: (“olloclmd Q'\mplo- REV- l—l

Unit- V lambouros Fm.

Locality- REV-4 (Fig. 1-11). Grid Reference- 5.60-190; ‘Loealivy l)‘csé‘r'qmnn-_
Located about 2km-along track running south from Episkopi, on west sld‘;’
of road. Road curves to left and thé'nvright Olltcrop loc'\t’ed on right
hand portion of corner; Outcrop Déscription- Overturned sequence of
carbonate cemented siliciclastic sandstones, calearenites, and calcilututes
dipping at 377 to N20° E. Samples collected starting at “south end.of

‘ outcrop (i.e. top), measured downwards from thick shale wnit at top of
outcri;b’; Collected Sampless REV-+1.3m, REV-4-8m, REV-1-1%m.
© REV-4+-30m;. Unit- Vidmbouros Fm. ‘ |

Localitv- RKK-1 (Fig. 1-9). Grid Reference- 404703; Locality Desériptiim-

Located on track to southwest of Pha.sli Outerop located on north side of
track Out.crop Description- 23m thlck sequence of interbedded -marls, «
sandy shales, "and calcilutites, dipping at 45 at N30" W. Samples
collected ' from marls jand shales; C(Tllected Samples- RK}CI-Om,- ‘
RKK-1-2m, RKK-1-35m, RKK-1-4.5m, RKK-1-6in, RKK-1:8m;
RKK-1-10m, RKK-l-12m, ‘RKK-1-17m, RKK.1-10m, RKK:1-2Im,
RKK-1-23m;' Unit- Marona Fm. o :
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Locality- RKK" (Fig. ‘l -9). - Grld Reference- 394692 Locallty Descnpuon-
‘Located off track about 2km south of locahty Rl\}\ 1, outerop located

.about 200m to east of road down footpat.h Ouyterop Descrlpuon- 4m thick’
- exposure of thinly bedded {1-20¢m) recrystallized calcnluute Beds dipping
35° at N5° E; Collected Samples- Rl\l\ 2-0.5m, RKK-2-2m, RKK-2-3.5m;

Unit- "\larona Fm.

,ll,nonli;\»- RKK-3 (Fig. 1-0).1 Crid_Reference-I}QSGQ.’!; Locality 'Description-'i |
Located Al-im above -localit;.y RKK-2, separated | by a covered interval:
Outcrop Descripiion- 7m of red reecrystallized (10-25¢m thmk bedded)
c:\lcilutite,“ with _thin (5-10cm) int.erbeds of pink silicéBu;-\.c;alcarenite:
Collected Samples- RKKk-3-1, collecyed from base of outcrop, RKK-3-2 ‘
cnlrlect(.rd from top of outéri)p; Unit- ?.\Iaroné Fm

E3

. Lbeality- RKK-4 (Fig.{Y 1-9). N'G.rid _Reference— ',402698; Locality Description-
Located 1km south of RKK-1, about 300m to the é@st of the track.

B"earingr from top of section to Cape Drepaﬁum is S15° W; OuLci‘opc y
Description- 30m thick outcrop of red and. white cherts and recrystallized
c-élc.ilutités. Outrop unconformably overlies 2 green plllow lava unit.
S‘amplea collected from both pmk and white units; Collected Samples-
RKK-1-0m, RKK- -l-3m RKK-46m, RKK-4-9m, RKK-4-1%9m, RKK-+15m
Rl\l\-llSm, RKK-4-21m, RKK- 23m. Rl\l\ l-’4m, RKK- 4-.am Cait- -

?Marona me-—-*—

lnc'\lltv Rl\R—l (Flg 1- i3) lGrid Reference— 657394 Locality Des'cription-

Located up track running ‘south of and roughly parallel to, Dhla.l'lZO>' :

River, on south snde, at entrance to' Ouarrv Outcrop Descnptxon- 18m of
predommantly green siliciclastic sands, with mmor occ:monal mterbeds of
5-153em thick calcilutites {inereasing 1n volume up scctlon; ‘Section
measured from northeast end of exposure. bample_, collected at 17m

(RKR-1<17m) frqin red-weathering, grey calcafenité bed; L’ni,t-'\‘f]émbouros
Fm. - : a
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Locality- RKR-2 (Fig. 1-13). Grid Reference- 653401; Locality Déscription-
Sample RKR-2-0 collected from loose block of white calcilutite located
" about 300m up ‘stream bed'in" gorge on northern side side of the Dhirizos -

River; Unit- Petra tou Romiou Fm.

Locvalitv-.’R.\fD-‘l (Fig. 1-10). © Grid Reference- 153581, Locality ‘D'escription-
- Section lbcate'd abo‘gt 3.5km up track from main road, on nofth‘side., at
- junction with track dqwn."to dam. Base of section located 100m from the

road. Outerop Deécription- Beds dipping 23’ at \30 E. Iim thick

section of 5-10em thick beds’ of interbedded cherts and sﬂnceous calcxlumm

- Base of section is a thin, red caleilutite bed.  Collecyed Samples- - -
RMD-2-0:3, RMD-2-2m,  RMD-2:3m, RMD-2-43m.  RMD2-D\m.,

RNID-2-12.5m R\[D-"’-Hm, R\XD-" 14.5m; UNit- Eplbkopl Fm.

Locality- RNK-1 (Fig. 1-12). Grid Reference- 625468;. Locality Description- - -

" Locality on north side of track from Kholetria from Nea Kholetria. . 300m
‘from road near Nea Kholetria; Outcrop Description- 4in tlﬁck ~block of
white recr)stalhzed llmestone, unconformably overlying pucple plllowl avas,
C‘oﬂected Sample- RNK-1-1; Unit 'kholetrm Member®.
o e & ‘ e
— LOC'lllfJ- RNK-2 (Flg 1-12). . Grid Reference- 637478; Localttv Desrrlotmn-‘. .

Roadcut lkm north of Nea Kholetria on east: snde of road Outcrop A

Descrlptlon- Roadcut consists prlmarlly of pillow lavas. 'Ihln units of
calcilutite present up to "Ocm thick; Sample R\’K- -1 collected from '\oout.'

2m above road Unit 'hholetrla \Iember'

- A

Locality- R\TK-B (Flg 1-12). Grid Réference- 2344479'Localiiy Deseription- On

'track from north of Nea’ I\holetna. to Phasoula. On north side of }.rack |

ab_out 300m from northwest end; Outcrop Description- Interstitial-
calcilutites in green (RNK-3-1) and'purple (RNK-3-2) porphyntic. lavass
Unit *Kholetria Member®. | ’
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Locﬁliiy- RNK-4 (Fig. 1- 1'2) Grid Reference- 643479, Locallty Descnptlon-
Across track and slighly to west of R‘\Ik:s Outcrop Description-

rIntcrstmal limestones in purple porphyritic plllow lavas; Collected Sample:—
RNK-4-1, RNK-4-2, RMK-4-3; Unit *Kholetria Member®.

Locahtv- RNK-5 (Fig. 1-12). Grid Reference- 645478; Locality-Descrlption-

Collected from loose blocks of light brown calcilutite 200m towards
Phasoula from locality R\'K-l Outerop Descnpuon- 3 blocks sampled.
Samples RNK-5:3, and RNK-5-5 (largest block) from separate blocks.
RNK-5-2, RNK-5-3, R\'l\-)-4 from same block. Block trianguiar’in upper

view, samples collected from 3 corners; Unit- Petra tou Romiou Fm.

l,:ocnlitv; RN]\-G (Fig. 1-12). Grid Reference- 638466: Locality Description-
o Sample collected . from .track runnipg from south of Nea Kholetria “to'_'
Phasoula. From Phasoula, travel Along track whic'n. runs past limestone
crusher, take first left. Samples collected 1.5km {from Phasoula, on north |
“side of lfac_k; Outcrop Description- Grey calcilutite overlying purple pillow
* lavas; Collected Sample- RNK-6-1; Unit *Khdietria Member®. )

<
/

Loealitv- RPA-1 {Fig. 19) Grid Reference— 433696 Locallty Descnptlon-

Section located on road between Drousha and Phasli, )ust north of hill with

’ antenna on it on southwest side of road. bearing to antenna form outcrop
is S’O’ ; Outcrop Descnptlon- Outcrop 3.5m. thick consnstmg of thin

 (10cmz0 beds of dark grey calcilutite and red and cream shale ugits
‘Sample RPA-1-Om from base; l3m of red and cream shale, overlain by
thin beds of calcilutite (sample RPA-I -1.5m). RPA-1-3.5m s collected at

top of outcrop; Unit: Marona Fm. - »

L

l.omlitv- RPA:2 (Fig. 1-9). Grid Reference- '430709' ldocallty Description- 800m
| south of Phash on same track as RPA-I on south side, a.bout. 50m from
N ) track Outcrop Description - Loose block of white calcaremte Collected .
o Sample- RPA-2-1; LmL— unknown.’ '
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Locallty- RPH-1 (Fig. 112). Grid Reference- 640450; Locality D'e:crip't'ion-

* Roadcut -on  northwest side’ of road, 3km south of Phasoula; Cutcrop

Descnptxon- Convex up folded sequence of cherts, shales and.calcilutites.
ABout 1lm of section exposed. Basal 10m .collected, top Im very
convoluted ‘and fractured shales.  Shales 1-50cm thick. cherts and
lime'.c;t;)nes 1-15¢m; Collected Samples- RPH-1-0m, RPH-1-2m, RPH-1-6m,

RPH-1-7.5m, RPH-1-10m; Unit- unknown.

Locality- RPH-2 (Fig. 1-12). Grid . Reference- 657468; Lotality Description-

Pillow lava outcrop on hill overlooking‘Phsa.(bula._ ‘Outerop Description-
Interstitiak calcilutites from orange-rimmed pillow lavas;:Collected Samples-
RPH-2-1, RPH-2-2; Unit- "Kholetria Member®.

Locality- RPH-3 (Fig. l-l?j. Grid Reference- 656469; Locality Description-
Outcrop of pillow lavas to northwest of RPH-2; Outerop Description-

Interstitial calcilutites from orange-rimmed pillow lavas;Collected Samples-
RPH-3-1, RPH-3-2, RPH-3-3; Unit- *Kholetria Member®.

Locality- RPH-4 (Fig. 1-12). Grid Rel’erénc'e—_ 643464; ’Locaiity Desc’ription- |

Track to south .o‘f Phasoula to limestone crusher, take first left, about

L lkm up track.  200m south of track on hill; Oﬁ.tcrop Description- Thin

| 20cm thick outcrop, formmg top of hill, of dark grey calcilutite; Collected
Sample— RPH—4—1 Unit- Marona Fm.

. Locality- RPL-I (Fig. 1-12). Grid Reference- 647477; Locality Descri‘;-;t.iom 200m

southeast of sample RNK-5, on north side of road; 1.7km from Phasouia.

on track to just: nbrht"of Nea Kholetria; Outcrop Descriptio’p- White
lnt,erstmal caleilutite - from* purple porphyritic pillow lavaa Collecred
o Sample— RPL-I 1; Unit "Kholetria Member®. &

- Locality: RPR-1 (Fig. 1-13).- Grld Reference- 658360; Localny De:,cnptmn—
Sample collected from Petra tou Romiou; Outcrop Descnptnén- Larg° block




w

_ _ : - ' A75
of white recrystallized limestone, sample RPR-1-1 collected about 1m form |
top of block on‘northnorthwest side; Unit- Petra tou Romiou Fm.

Locality- RPS-1 (Fig. 1-9). Grid Reference- 425689; Locality Description- At Y
junction in track just southwest of hill with antenna, Outcrop\Description-

loose blocks of limestone just above 2 2m thick chert outcrop Collected
Samples- RPS-x-‘, RPS-1-2; Unit- u ‘known. .
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Appepdlx :
Sample Informatmn

LN
- N - -~ . .
» ’ . : 5 -
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The l‘ollowmg table \provtdes sample miormatlon Tegardmg 1hoso ~mmpl‘m / “

collected in ths study Informamon ¢oncermng ghe Iocatron of the samplos u

gnven in A:)pendxx Al Descrlpuons of t.he hthot.ypes rgl’erwd' 10 an- outlmed i

&ppendlx'C S A e T 4

-,

Lo $ample lnformatmn & L e T / /} _“; T

‘Sample thhotvpe % 6vrronmen,t‘ Conodonts / } }ornmtmn. :

) radlolanau S

- mudstone/ o
wackest.one/ l,ammated
packstone pelagrc -

v
I

|peloidal - T - A
indrasparite. - shelf o not p!ocessed
T VA A ek
|intfaspatite "-,- shell ~, - “inone 7 /L)
baoclastlc/ N NN
. llthoctasuc y. JAurbiditie , A7
¢ pa.ckst.pne ./t pelagic =~ /| not

bioelastie/ s | C .
. plithoclastic < | turbiditic/ '
;| packstope. - pel;agic’ . .
bioclastic/ 7 ”f' I A A
lithockastic /" | turbiditic-," / R B L
packstone o pﬁlzgxc, ‘ S ;r\!amm’ :
bloclasnt/ '/,34 A ;/' R R ‘
1litho astx(y‘ -iurbid"i c IV
Wl P stone” pehgiy/f ; | DOT 1




RAE-4-Om

caleareous
chert

laminated
pelagic

1Marona

R}ﬁ/“l-/l.-‘im

r
calcareous
chert

laminated -

pelagic

Marona

—
RAE-4-5m

caleareous
shale.

|laminated

pelagic

Marona

RAE-+8m .

calcareous
shale

laminated
pelagic

"1 Marona

"|RAE-4-11m

caleareous
shale

laminated
pelagic

Marona

| RAE-5-1

‘| bioelastic/

lithoclastic
packstone

turbiditie
pelagic

VTarﬁbou ros

RAY-1-1

radiolarian
mudstone/
wackestone/
packstone

laminated

pelagic..

Marona

radiolarian

| mudstone/

wackestone/
packstone

laminated
pelagic

Marona

RAY-3: 1A

radiolarian
mudstone/
wackestone/
packstone

‘| laminated
| pelagic

IRAY-3-1B

radiolarian
mudstone/

wackestone/

packstone

laminated
pelagic

Marona

RDR-1-1

sparite

laminated
pelagic

*Kholetria °
Member®

»

RDR-1-2

calcareous
chert’

laminated
pelagic

*Kholetria
Member®

RDR-1-3

calcareous
chert

laminated

pelagic

*Kholetria
Member®

RDR-2-1m

peloidal
intrasparite

shelfl
y




L

RDR-2-2m

peloidal
intrasparite

?

Rj;v'- 1-1

boundstone/
bafflestone

Petra
Romiou

REV-2-1

bioclastic
grainstone/
floatstone

.
Petra

Romiou

bioclastie
grainstone/
floatstone

| Petra

i Romiou -

bioclastic
grainstone/
floatstone

| Petra
{ Romiou’

boundstone/
bafflestone

Petra
; Romiou

bioclastic
grainstone/
floatstone

d

Petra
! Romiou

boundstone/
bafflestone

Petra
Romiou

radiolarian

| mudstone/

wackestone/
packstone

faminated
pelagic

L

Viambouros

REV-4-1.5m

bioclastic/
lithoelastic
packstone

turbidit.ic
pelagic

Viambouros
4

REV-4-2m

bioclastic/
lithoclastic
packstone

turbiditic
pelagic

{

i Viambouros

REV-4-18m

radiolarian
mudstone/
wackestone/
packstone

| laminated

pelagic

|

Ylambouros

REV-4-30m

bioclastic/
lithoclastic
packstone

turbiditie
pelagic

Vlambour)os




RKK-1-Om

calcareous
chert -

laminated
pelagic

Marona

radiolarian -
mudstone/
wackestone/
packstone

laminated

Marona

RKK-1-3.5m

radiolarian
mudstone/

packstone

wackestone/ .

pelagic

laminated
pelagic

[
4

Marona

IRKK-1-4.5m

radiolarian {
mudsténe/’
wapkgstdne /
packstone

laminated
peldgic

Marona

N
R

" RKK-!-Bm

radiolafian .
mudstone/
wackestone/

" | packstone

‘| laminated

Marona

RKquﬁf

radiolarian

.| mudstone/
" Jwackestone/

packstone

pelagic

laminated

" | pelagic /

Marona-

|

|
RK.“-1-10m

radiolarian
mudstone/
wackestone/
packstone

//,

e

laminy’&/d '

pela)gic

4 .
‘Marona

RKK-1-12m

-radiolarian
mudstone/
wackestone/
packstone

Ve

laminateéd

pelagic

Ninroﬁa

RKK-1-t4m

radiolarian
mudstone/ -
wackestoneﬁ
packstone

laminated.

!

Marona

RKK-1-1Tm

radiolarian
mudstone/

‘| wackestone/

packstone

!
i

pelagic

laminated
pelagic

1

Marona
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’ radiolarian .
mudstone/ ’
- |wackestone/ |laminated . -
RKK-1-19m | packstone pelagic 32 . Marona
radiolarian ' . ’
mudstone/ .
B | wackestone/ laminated
RKK-1-21m | packstone pelagic 70 Marona
radiolarian 1
mudstone/ -
walkestone/ | lafinated oo B
RKK-1-23m | packstone pelagic . 179 Marona
- - calcareous Maminated : :
RKK-2-2m chert pelagic not processed {Marona?
i { caleareous  “|laminated .
_RKK-‘.’-.‘&.':i'm { chert pelagic 14 Marona®
. {calcareous laminated ‘ _ )
RKK-3-1 chert ., pelagic none ° Marona?
e rgdiolarian -
- m,l_x_dstone/_ , - . L
. | wackestone/ laminated v .
RKK-4-0m packstone pelagic 1 Marona?
calcareous laminated . \
RKK-4-3m chert pelagic 1 + |Marona® .\
. radialari_an ! | I
3 mudstone/ i .
o ‘| wackestone/  |laminated i
RRK-4-6m | packstone pelagic 2 }.Mamna,’
n N R M
radiolarian ;
mudstone/ | : : -
wackestone/ |laminated : | '
RKK-1-9m packstone pelagic | | Marona?
' | calcateous  |laminated . '
RKK-4-12m | chert pelagic 15 Marona?
radiolarian ! f '
mudstone/ . | ©.
wackestone/ |laminated - | . ;
RKK-4-15m | packstone pelagic - 1 B {arona’

N




radiolarian

mudstone/ .
_ wackestone/ 4 laminated
RKK-4-18m ‘| packstone pelagic none Marona?
radiolarian | B
mudstone/*
wackestone/ laminated. )
RKK-+-2Im | packstone pelagic none , Marana?
radiolarian ;
mudstone/ 7 " ’
K wackestone/ . |laminated | ' :
RKK-+24m |packstone pelagic {none  Marona? :
radiolarian | !
I mudstone/ !
_ , wackestone/ laminated i }
RKK-1-2¥m  {packstone pelagic |none i.\hruna? ' ;
bioclastic/ !
lithoclastic turbiditic d
RKR-1-17m | packstone pelagic 1 ;i Vlambouros
whole-{ossil jPatra - tnll:
RKR-2-0 packstone shelf none i Romiou
RMD-2-0m none *I Episkopi
{RMD-2-2m none Episkopi
T RMD-2-12.5m I {none | Episkopi i
RMD-2-14m l ‘ !’none " | Episkopi i
- R _ | *Kholetria |
RNK-2-0.5m . inong 'Member®
}
[ *Kholetria
RNK-2-1m ‘i{none 'Member®
‘ interpillow _laminated I *Kholetria
RNK-3-2 carbonate pelagic none I Member®
o linterpillow  {laminated i *Kholetria
RNK-4-1 carbonate pelagic none ‘Member®
interpillow laminated , " eKholetria -
RNK-42 carbonate pelagic none i Member® ;
interpillow laminated *Kholetria
RNK-4-3 carbonate pelagic joone . Member® i
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I U S

| bioturbated
" | peloidal .
: mudstone/ . Petra * tou
RNK-5-1 wackestone shelf none Romiou
bioturbated . .
peloidal - .~ .
o mudstone/ Petra tou| -
“JRNK-5-2 - wackestone shelf none ;| Romion =, J
' bioturbated
peloidal ;
. mudstone/ | Pefra ton
IRNK-5-3 {wackestone  !shelf none. Romiou
. bioturbated ) .
peloidal ’
- mudstone/ . : Petra tou !
RNK-5-4 wackestone shelf none Romiou )
Petra tou ;.
RNK-5-5 none Romiou ¥
i - T' *Kkholetria ‘
RNK-6-1 : none - - - i Member*
radiolarian .
" mudstone/ )
wackestone/ |laminated
RPA-1-0m packstone pelagic 23 i Marona
radiolarian | | ;
mudstone/ . | . ;
[wackestone/ |{laminated™ { l } ‘
RPA-1-1.5m | packstone . |pelagic 160 ‘Marona |
radiolarian :
- mudstone/ 5 !
- |wackestone/ |laminated § '
RPA-1-3.5m | packstone pelagic 224 *Marona
radiolarian’ :
! mudstone/ ) |
B wackestone/ {laminated- i
RPA-2-1 packstone pelagic 9 e ‘:
. calcareous laminated | i
RPH-1-0m shale pelagic none ' ? J




RPH-1-6m

calcareous
shale

laminated
pelagic

RPH-1-7.5m

"| calcareous

shale

laminated
pelagic

RPH-~1—lOm

calcareous
shale

larfiinated
pelagic .

k]

RPL1-2-1

interpillow
carbonate

Y

laminated
pelagic

*Kholetria

'1.\10mbor v

TRPH-2-2

interpillow
carbonate

laminated
 pelagic

lelcholetria
‘Mombmf'

RPH-3-1

interpillow
carbonate

laminated
pelagic

*Kholetria
Member®

“{RPH-3-2

interpillow
carbonate

laminated
pelagic

sKholetnia
i;\lombor'

RPH-4-1

radiolarian
mudstone/
wackestone/
packstone

laminated

pelagic "

\

"
i
!

iMarona
.

—l

RPL-1-1

interpillow
carbonate

laminated
pelagic .

| *Kholetra

. !.\h'mhor'

-

RPR:-1-1

bioclastic

"| grainstone/

floatstone

reef

Petra
 Romiou

tony

RPS-1-1

bioclastic/
lithoclastic
packstone

pelagic

turbidivic -

L

Y QIS PRI S

RPS-1-2

bioclastic/
lithoclastic
packstone

turbiditie
| pelagic




N Appendiﬁc C
Lithotype Descfiptions

Characteristics noted during petrographic study of the collected samples
include depositional fabric and texture, matrix type, clast types and their relative
proportions, and detrital 'griins. ‘Diagenetic features were not studied in detail, as
this was beyond the sccpe of the project. Standard thickness thin-sections were
stained with an Alizarin Red S and potassium ferricyanide solution. Polished

surfaces of certain thin-sections were'examined using cathode-luminescence.

The textural classification used in this study is the modification of Dunham
(1962) proposed by Embrey and Klovan (1971). Description of authigenic quartz
follows that outlined by Folk and Pittman (1941) mlcroquartz refers to equant

crystals less than 20 vm 51ze whereas mevaquartz is coarser than 20 vm.

Because of the small numbers of samples available, it was ot posclble 1o

pcrfnrm formal microfacies ahalysis (e.g. see Fligel. 1972: 198" Wilson, 1975).

Instead, ten petrographically dlstmct lithoty pes are%

" C.1. Radiolarian mudstone/wackestge/packsto‘ne ‘ N

ln this lithotype, the micrite matrix averagés 659, but may reach 95%%.
Bioclasts present are radiolarian testé’ filaments (very thin calcitic skeletal grains,
which according to Fligel (1982), probably represent larval sta.ges of mollusks),
and sponge spicules. Radiolaria (predommantlv spumellanans) occur in all

~samples and are calcite and/or chert filled. Filaments may be common.
Sheltered undersides of filaments often exhibit sparry calcite cement filling

RS




TE 4]

‘(umbrella effect). Sponge spicules (primarily monad) are rare to common in

abundance (though always subordinate in volume to fadiolaria). The variation in

. + L4
radiolarian and sponge spicule abundance defines 1cf scale parallel laminations.

Rare detrital quartz (<0.1mm) is found in some samples, and occasionally -

occurs as concentrated units. Silicification, often in the form of nodular chert,

may be present and can be seen to cross-cut lamination. Bioturbation may be

pronounced; and burrows are filled by either microsparite or a more radiolarian-.

tich sediment.

Neomorphic sparite is characteristic of some samples, and in these instances
is the predominant component. The large neomorphic sparite crystals are often
patchy  and twinned, and are not interpreted to be fracture or vein fills.
Neomorphic origin is indicated by the presence of inclusions with ghost fabrics
and textures, such as pellets and radiolarian tests. Stylolites are common, with

0.1mm thick (average) accumulations of insoluble minerals. Samples often display

calcite- and chert-filled fractures, and the latter may contain 0.lmm-sized Fe-.

S

dolomite rhombs. 32 Samples.

"
C.2. Calcart;ous chert '

‘This lithotype is characterized by partial or total chert replacement of

mudstone/wackestone. “The chert is primarily microquartz and may be banded.

with. clay impurities. The rock is frequently fractured, with fractures filled with
calcite which has grown at -the expense of the chert host rock. Ghosts of
radiolaria and pellets may be present. Because this lithotype did yield conodonts

(5 samples), some of the calcite may represent altered mudstone. 10 Samples.

{

_J
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C.3. Calcareous shale

This type has a matrix .of unidentified clay minerals and/or micrite.
Radiolz.l'ria. 'and'/ofsponge spicules -are present, and may be the predbm_ina_nt
component (up to about 80% cf rock). Radiolaria may be calcite or chert filled.
Parallel laminations renec_t. variations in radiolarian/songe spicule abundance. 7

samples. , : - '

C.4. Interpillow limestone

This type is composed of two groups, one of which is composed primarily of
sparite (>8095), with minor amounts of élay minerals, micrite, chert, and
radiolaria. The other is characterized by a micrite matrix (>75%), with minor
filaments, sponge spicules, pellets, and echinoderm fragments. None of these

samples yielded conodonts. 9 samples. ¢

C.5. Biocla.stic/lithoclastic packstone

These samples are characterlzed by moderately- to well-rounded and

poorly- to well-sorted, clasts. Many samples show grading on a lcm scale. Rare

crossbedding and preferred orientation of clasts is seen. This llthotype ‘may be
lithoclast or bioclast. dominated, and may have a matrix of micrite, chert, or clay

-

minecrals.

thhoclast dominated samples are composed of a relatlvely high- proportlon
(20-60%) of quartz hthoclasts and detntal grains, which range in sxze from
0.05-0.5mm, and have a micrite matrix (5-35%). Pellets and intraclasts are the
predominant carbonate particles with rare foraminifera, bryozoa, echinoderm

fragments, and algae. Micrite m /nx ranges from 5-35%% of rock volume

‘Bioclast dominated samples have a low percentage (5%%) of quartz grains
and a cherty micrite ‘matrix. Pellgy{;c'i intraclasts are very common (20-35%%

and 10-30%, respectively}). Echinoderm fragments are the dominant bioclast type,
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‘with rare {oraminifera, bivalve fragments, bryozoa, and ooids. Grain size averages

0.2mm.

. - . .

Some “other samples are characterized by a matrix of unidentified. clay -
minerals, averaging 2575 of the rock volume. Intraclasts, pellets, and echinoderm
fragments are the most dominant clast types, with minor gastropods, foraminifera,

algae, bryozoa, bivalves, and detrital quartz.  Clasts may show preferred -

orientation, and some replacement by chert. 11 sampleé.

C.6. Boyndstone/ bafflestone

This lithotype is coral, calcisponge, and algae dominated, with a subordinate
volume of serp\u},id worm tubes, which have micrite envelopes and whjch are often
sparite filled. No detrital quartz is present, but rare void-filling microquartz is

seen. Encrusting algae may impart a laminated fabric. Bioclasts are rare

‘planispiral foraminifera and echinoderm fragments. Stromatactis fabrics with '

geopetal fillings are present. 3 samples, v

C.7. Bioclastic grainstone /floatstone

This' group is composed of varying proportions of reef-derived bioclasts in a
micrite, or microspar, mﬁgrix. Bioclasts are predominantly 'l'cm-sizcd coral,
sponge, and serpulid worm tube fragments, with subordinate echinoderm and
bivalve fragments. Voids arg filled by chert (microquartz) or fibrous calcite, and

stromatactis fabrics are present. 5 samples.

AN
C.8. Whole-fossil packstone

~

This lithotypé is represented by only one sample. One coﬁ)p'lét'e"gas,_t,[gpod

(_exhibitin_g good geopetal {illing), and one complete .bivalve (megalodont?) a;e

_present in this sample (bioturbated packstone). Pellets and lumps comprise the

'
majority of the sedimect, with minor ostracode shells. Detrital (windblown)

quartz (0.1mm) composes <2 of the sample, but may be locélly abundant.




C.9. Péloidal intrasparite

This type is a gramstone with spante cement (5-15%) A wide variety of
clast types, with an average sxze of 0.5mm, are present. Intraclasts and pellets are
. most abundant, and bloclasts mclude foraminifera, echmoderm fragments algae,
bryozoa, and ooids. Detrital quartz and chert are rare. The clasts are poorly- to

moderately-sorted, and moderately-rounded. 4 samples.
‘ 4

C.10. Bioturbated peloidal mudstone/wackestone

Of the 4 samples assigned to this type, 3 are wackestone and 1 is mudstone.
Pellets (10-15% of rock volume} average 0.2mm in size. Interiors of ostracodes
and fenestrae (up to 10% and 15% of rock, respettively) are quartz and calecite

filled, and may display geopetal fillings. Bioturbation may be very pronounced.
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- Appendix D ;
; " Distribution Table

~ " The following table documenfs the distribution of conodonts elements in

each of the samples. Note: the ordg of the samples-is not stratigraphic.
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