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Abstract

The Akyaka section in the central Taurus region in the southern part of Turkey includes the organic matter and graptolite-rich black
shales which were deposited under dysoxic to anoxic marine conditions in the Early Silurian. A biostratigraphical analysis, based on
graptolite assemblages, indicates that the sediments studied may well be referable to the querichi Biozone and early Telychian,
Llandovery. A total of 15 samples have been subjected to Leco and Rock-Eval pyrolysis and graptolite reflectance measurements for
determination of their source rock characteristics and thermal maturity. The total organic carbon content of the graptolite-bearing shales
varies from 1.75 to 3.52wt% with an average value of 2.86 wt%. The present Rock-Eval pyrolytic yields and calculated values of
hydrogen and oxygen indexes imply that the recent organic matter type is inert kerogen. The measured maximum graptolite reflectance
(Grmax %0) values are between 5.04% and 6.75% corresponding to thermally over maturity. This high maturity suggests a deep burial of
the Lower Silurian sediments resulting from overburden rocks of Upper Paleozoic to Mesozoic Upper Cretaceous and Middle-Upper

Eocene thrusts occurred in the region.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Determination of the stratigraphic distribution and
controlling depositional factors of the worldwide source
rocks indicate that more than 90% of regional hydro-
carbon reserves in the world have been generated from
Silurian to Oligocene-Miocene sedimentary sequences
(Klemme and Ulmishek, 1991). Approximately one-third
of the hydrocarbon reserves in the North Africa and
Arabian plates are found in regional Silurian to Permian
petroleum systems (Cole et al., 1994). The most favourable
candidate source rock, identified within the Paleozoic
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sequence in the region is Lower Silurian “hot shale” unit
(Alsharhan and Kendall, 1986; Beydoun, 1991; Mahmoud
et al., 1992; Cole et al., 1994). These organic-rich shales
were deposited under dysoxic to anoxic, clastic, marine
conditions at the beginning of the Silurian as a result of a
margin marine transgression following melting of the
Gondwana ice (Husseini, 1990; Cole et al., 1994; Loydell,
1998). Rutherford et al. (1997) have demonstrated the
distribution of Silurian source rock facies in Middle
Eastern and northern African Gondwana based in a plate
tectonic perspective. Liining et al. (2000a) have described a
regional distribution and depositional model of the Lower
Silurian “hot shales” in North Africa and Arabia leading
to a better understanding of the source rock potential of
the basal Silurian shales. These hot shales are interpreted as
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having been deposited in paleodepressions displaying
lateral discontinuities. Organic matter-rich horizons, cor-
responding to two anoxic phases, were deposited in the
lower Llandoverian (Rhuddanian) as a lower hot shale and
in the upper Llandovery and/or lower Wenlock as an upper
hot shale (Liining et al., 1999, 2000a, b). In Jordan, three
lower hot shale depocenters also have been identified by
Liining et al. (2005).

The central Taurus region located in the southern
Turkey was part of northern Gondwana and lay close to
Egypt during the Lower Paleozoic (Keeley, 1989; Beydoun,
1991; Monod et al., 2003). In the Taurus region Silurian
black shales were recognized with graptolite faunas by
Ozgiil et al. (1973), above a basal conglomerate which was
assigned to the beginning of the Silurian transgression
(Ozgiil et al., 1973; Demirtash, 1984; Dean and Monod,
1990). In southeast Anatolia source-rock potential of the
Lower (Tanf Fm., Telhasan-1 well) and Middle-Upper
Silurian shales (Dadas Fm., penetrated in 12 wells, and the
thickest sequence is in the Abdiilaziz-1 well). These were
evaluated by Iztan (1991) and Bozdogan (1992). The
studies demonstrated that the Silurian shales are rich in
marine algal and amorphous organic matter, indicating
that they are thermally mature for hydrocarbon genera-
tion.

This paper now has two main objectives,

(1) to describe the deposition of the Lower Silurian
graptolitic shales from existing outcrop data in the
Akyaka section. This has a well preserved sequence in
the central Taurus region, and

(2) to determine their hydrocarbon source rock character-
istics and thermal maturity via Rock-Eval pyrolysis,
including total organic carbon content (TOC %) and
graptolite reflectance measurements.

2. Geological setting

Throughout the Paleozoic, Arabia and southern Turkey
(including the Taurus Belt and southeast Anatolia), and
central and norhtwest Iran evolved as a continental shelf
along the long and wide northern margin of Gondwana
(Beydoun, 1991). The study area located in the central
Taurus region is bordered by the Kirkkavak Fault in the
west and the Ecemis Fault in the east (Fig. 1a). Fig. 1b
illustrates the areal extent of the main lithostratigraphic
units in the study area.

Upper Ordovician deposits were recognized in southern
Turkey (Sort Tepe Fm., Dean et al., 1981). Gonciioglu and
Kozlu (2000) identified the presence of glacio-eustatic
sea-level changes and the formation of periglacial deposits
during the Late Ordovician/Early Silurian in the southern
part of the Taurides. Several Paleozoic sections in
both the Taurus Belt and the Border Folds including a
glacial pavement and striations, demonstrate the former

presence of an ice sheet in southern and southeastern
Turkey (Monod et al., 2003). A Paleozoic sequence in the
central Taurus region, from Cambrian to Early Permian,
was deposited on the southern flank of the Tauridia
highlands (Gliveng and Demirel, 1993). The middle to late
middle Cambrian deposition starts with trilobite-bearing
nodular and clayey limestones (Dean et al., 1991),
indicating a deepening basin to the north of the platform
and continues with reddish-greenish micaceous siltstone
(Gonctioglu and Kozlu, 2000). Late Ordovician ice-related
deposits rest disconformably on siliciclastic Early Ordovi-
cian strata. Uppermost Ordovician units (the lower
unit of Monod et al., 2003) consisting of coarse-grained,
fining-upwards sandstones of fluvial to shallow marine
origin are followed by graptolitic, black, siliceous shales
which contain Middle Llandovery (zone) graptolites
(Kozlu et al., 2002). Upper Silurian units consist mainly
of wackestones-bearing Orthoceras sp. (Demirtasli, 1984)
and gray-green shales. The Devonian formations are
composed of carbonates, reefal limestones, quartz arenites
and shales (Fig. 2).

3. Material and method

A total of 15 Lower Silurian black shale samples were
taken from a measured stratigraphic section (Fig. 2) at
Akyaka, where the best identified Lower Silurian sequences
in the central Taurus region are found. Samples were
analyzed by Humble Geochemical Services (USA) for total
organic carbon (TOC %, wt) and Rock-Eval pyrolysis. In
order to determine the source rock potential of the
samples, the organic richness, the pyrolytic yields (S; and
S, values), and the hydrocarbon proneness from the
hydrogen index values were determined based on the
method of Espitalie et al. (1985). The interpretive guide-
lines used here are from Peters (1986) and Peters and Cassa
(1994). The results of TOC % and Rock-Eval pyrolysis are
shown in Table 1.

Thermal maturity of the samples has been determined by
graptolite reflectance and Tmax from pyrolysis (Fig. 4 and
Table 2). Graptolite reflectance values were measured on
samples that contained visible graptolites on bedding
surfaces using a LEITZ MPV II microscope-photometer
system (Fossil Fuels Laboratory of Dept. of Geol. Eng. of
Hacettepe University). Reflectance measurements were
performed on a section parallel to the bedding (Goodarzi
and Norford, 1989) because graptolites show true max-
imum reflectance in this orientation (Goodarzi, 1984) and
this maximum reflectance value is similar to that of vitrinite
(Davis, 1978). A representative shale sample (AKY-08)
which has a lots of graptolites was first polished and
prepared parallel to the bedding using standard procedures
(Mackowsky, 1982). This sample was then analyzed
with SEM-EDX to determine organic matter areas by
JEOL-JSM 840 A (Fig. 5).
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Fig. 1. (a) Location of the study area within the Taurus Belt region. (b) Map showing generalized geological units of the central Taurus region.

4. Results
4.1. Akyaka section

The Lower Silurian graptolite-bearing strata of the
Hirmanli(?) formation (Demirtasli, 1984) at Akyaka have
only recently been sampled for determination of their
source rock characteristics and graptolite taxonomy (Fig.
2). The Akyaka section is located 30km east of Anamur
(Fig. 1) (Silifke P30 sheet, between UTM coordinates
40.00.000N/5.11.750 E and 40.00.500N/5.11.750E).

The section is 96.5m thick and consists mainly of
organic-rich black shales with plenty of graptolites and
with thin, silicious mudstone and interbedded cherts,
nodular limestone and quartz sandstones. Based on the
lithologies, the sequence is subdivided into three parts from
bottom to top.

1. The lower part of the section is characterized by gray
shale, limestone-sandstone lenses, graptolite and pyrite-

bearing dark gray-black laminated shales which are
30m thick. A gray chert band, 20cm thick, overlies
these shales.

2. Between 45.0 and 65.5m there is an alternation of black
shale, reddish silicious mudstone, and light gray shale
that contains little organic matter together with chert
bands.

3. The upper part of the section from 65.5 to 86.5m
contains nodular limestone, gray shale and sandstone
alternations. The overlying deposits from 86.5 to 96.5m
are characterized by thick-bedded brownish-greenish
gray quartz sandstone and cherts.

4.2. Systematic description of graptolites

4.2.1. Graptolite biostratigraphy of the Akyaka section

Fig. 3 gives the logged section and the four collecting
levels AKY-06 to AKY-09. The faunas at each horizon are
as follows:



904 O.N. Varol et al. | Marine and Petroleum Geology 23 (2006) 901-911

Lithological

Age Lithology | Description

Hsandy
—Hfossiliferous
Hlimestone

Devonian

=I-{wackestone
T—with
{0rthoceras sp.

Upper
Karayar fm

Silurian

black shale
with graptolite

Hirmani

pebblestone

Edripi-
Inar

micaceous
siltstone
and shale
alternation

Ovacik fm

nodular and
Ziclavey limestone
not fo scale

Upper |Lower |Middle Lower

Cambrian Ordovician

(a)

black shale
with
silicious mudstone

cherty limestone

quartz sandstone

nodular limestone

and shale

alternation /
*8 black shale

with

shale-sangstone
/ﬁ *9  plenty graptolites

grey siale 10
*11
nodgllar limestone *19
*13
limestone-
*14 sandstone lenses
light grey shale
. with chert band *15
grey shale
not to scale

(b)

Fig. 2. (a) Summary of the stratigraphic units of the Lower Palaeozoic autochthomous units of central Taurus region (not to scale, after Demirtasli, 1984).

(b) Lithology and sample locations in Akyaka measured section.

AKY-06 Spirograptus cf. guerichi Loydell; Rastrites
linnaei Barrande; Glyptograptus aff. fastigatus
Haberfelner; Pristiograptus regularis
Toérnquist s.1.

Stimulograptus sedgwickii (Portlock).
Stimulograptus sedgwickii (Portlock);
Glyptograptus incertus Elles and Wood;
Parapetalolithus dignis Koren” and Rickards;
Rastrites linnaei Barrande; Streptograptus?
storchi Loydell.

Rastrites linnaei Barrande; Streptograptus?
storchi Loydell; Glyptograptus incertus Elles
and Wood.

AKY-07
AKY-08

AKY-09

All four collecting levels may well be referable to the
guerichi Biozone (approximately the equivalent of
the maximus Biozone of some works or the lowest part
of the turriculatus Biozone of others). It is unquestionably
early Telychian, Llandovery in age. Some species need a
little further comment. For example S. sedgwickii is not
restricted to the eponymous biozone but ranges up into
the top of the guerichi Biozone (see for example Loydell,
1993, p. 151). All the other species are typical of the

guerichi Biozone although the assemblage as a whole is not
very diverse. P. dignis is recorded outside Kazakhstan for
the first time (see Koren” and Rickards, 1996, p. 59).

4.2.2. Graptolite preservation in the Akyaka section

Some of the specimens are three dimensional, partly in
pyrite, partly weathered pyrite, but generally preservation
is not good. There is a tectonic deformation and a clear
lineation on the bedding planes of most of the specimens:
this is marked on the illustrations of the specimens because
it does affect measurements of dorsoventral width and
thecal spacing in particular. P. dignis, R. linnaei, and
Pr. regularis s.l. are relatively well preserved. The bedding
surfaces also have a number of very badly preserved
fragments, which could not be identified.

4.3. Total organic carbon and rock-eval pyrolysis data

Organic geochemical analyses were performed on a total
of 15 outcrop shale samples at Akyaka section (Fig. 2).
These shales are dark gray to black, fissile and exhibit fine
lamination on a milimeter-scale. Moderate to good
organic-rich (TOC> 1%, Peters and Cassa, 1994) intervals
occur in the basal graptolitic shales (between 0 and 45 m of



Table 1

Total organic carbon (TOC %, wt) values and results of Rock-Eval pyrolysis for the sample from the Akyaka section

PI

S2/83

HI mgHC/g TOC  OI mgCO,/g TOC

Tmax (°C)

S2mgHC/g rock  S3mgCO,/g rock  S4mgC/g rock RC mgC/g rock

S1mgHC/g rock

TOC (Wt%)

Sample

0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.20
0.71
0.20
0.07
0.17
0.32
0.00

286
77
88

0.07
0.22
0.17
0.22
0.08
3.40
2.53
1.75
1.77
2.78
3.05
3.55
3.42
3.42
0.35

0.69
2.19
1.69
2.19
0.79

0.20
0.17
0.15
0.25
0.29
0.10
0.06
0.02
0.05
0.07
0.10
0.14
0.23
0.25
0.27

0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.01
0.05
0.02
0.01
0.04
0.08
0.00

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.03
0.02
0.03
0.03
0.02

0.07

AKY-01

0.22
0.17

AKY-02
AKY-03
AKY-04
AKY-05
AKY-06
AKY-07
AKY-08
AKY-09
AKY-10

114
362

0.22
0.08

0.25

454

33.97
25.29
17.49
17.68
27.84
30.46
35.48
34.24

34.21

3.40
2.53
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Fig. 3. Graptolites from the Akyaka section. (A) Parapetalolithus dignis
Koren’ and Rickards, AKY-08/1; (B) Glyptograptus aff. fastigatus
Haberfelner, AKY-06/3; (C) Glyptograptus incertus (Elles and Wood),
AKY-08/4; (D) Spirograptus cf. geurichi Loydell, AKY-06/1; (E) Rastrites
linnaei Barrande, AKY-08/3; (F) Pristiograptus regularis Tornquist s.1.
AKY-06/2; (G) Stimulograptus sedgwickii (Portlock), AKY-07/1; (H)

Streptograptus? storchi Loydell, AKY-08/2, Scale bars 1 mm; short, heavy
bar indicates tectonic stretching direction, where appropriate.

the Akyaka sequence, Fig. 2), except one sample (AKY-15)
which contains TOC value of less than 0.5%. The TOC
contents of these shales vary from 1.75 (AKY-08) to 3.55
(AKY-12) with an average of 2.86% (Table 1). The TOC
values of five samples (AKY-01-05) obtained from upper
part of the sequence (between 45 and 86m, Fig. 2) are
between 0.07 and 0.22, indicating very poor organic-
richness. All samples have very low hydrogen index values
(02mgHC/g TOC) and pyrolysis S;+S, yields
(0.01-0.11 mgHC/g-rock). These results imply that the
measured Tmax values ranging from 342 to 545°C are
not reliable (Table 1). A crossplot of hydrogen index
against oxygen index values (Fig. 4) (Espitalie et al., 1985)
illustrate that the organic matter type of the Lower Silurian
black shales in the region inert carbon and is
thermally spent. However, comparable Lower Silurian
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Fig. 4. Results of Rock-Eval pyrolysis for the Telychian sediments of the
Akyaka section plotted on a Hydrogen Index (HI) vs. Oxygen Index (OI)
kerogen classification diagram (Espitalie et al., 1985).

Table 2

Results of graptolite reflectance measurements of Akyaka-08

% GRmin % GRmax
1.50 6.75
2.25 6.45
3.31 5.04
2.53 6.43

graptolite-bearing sediments occurring elsewhere (e.g.
North Africa and Arabia) appear to possess significant
potential in respect of both petroleum and/or gas genera-
tion (Alsharhan and Kendall, 1986; Husseini, 1991;
Mahmoud et al., 1992; Cole et al., 1994; Liining et al.,
1999, 2000a, b, 2005).

4.4. Thermal maturity

Graptolite reflectance as an alternative to vitrinite
reflectance has been evaluated by numerous studies
(Kurylowicz et al., 1976; Goodarzi, 1984, 1985; Goodarzi
and Norford, 1987, 1989; Bustin et al., 1989; Link et al.,
1990; Cole, 1994; Suchy et al., 2002) in assessing the level of
thermal maturity in Ordovician and Silurian strata because
of the absence of higher-plant remains in pre-Devonian age
sedimentary units. Correlation between the reflectance of
pyrobitumen, vitrinite, graptolite and amorphous organic
matter has been documented in Bertrand and Heroux
(1987), Goodarzi and Norford (1989), Bertrand, 1990;
Yang and Hesse (1993), Cole, (1994), and Geintzis et al.
(1996).

In the present study, the reflectance of graptolites was
used to assess the maturation level of the Lower Silurian
shales. After analyzing organic matter by SEM-EDX (see
Fig. 5), maximum graptolite reflectance values were
measured on a representative sample (AKY-08) which
contains well preserved graptolite specimens. Maximum
graptolite reflectance (Grmax %) values are between 5.04%
and 6.75% corresponding to thermally over maturity,
while the minimum reflectance (Grpin %) values are
measured as ranging from 1.50% to 2.53%. These
reflectance and high illite crystallinity values that range
from 0.3 to 0.4 (Varol, 2005) indicate ankizone (for
minerals) and metagenesis (for organic constituents)

Fig. 5. SEM-EDX image of graptolites within sample Akyaka-08 (E: Epofix resin, OM: Organic matter, GrW: Graptolite shell).
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paleotemperatures, generally between 200 and 350°C
(Dunoyer de Segonzac, 1970). This high thermal maturity
suggests a deep burial of the Lower Silurian units resulting
from overburden of the Paleozoic succession (from Middle
Silurian to Lower Carboniferous). Later Upper Cretaceous
and Middle-Upper Eocene thrusts occurred in the region.
In southeast Anatolia, the Lower Silurian shales equivalent
to the Tanf Formation of Syria, are currently thermally
early mature to mature for oil generation (Iztan, 1991;
Bozdogan, 1992). This significant difference between in the
central Taurus region and southeast Anatolia can be
attributed to regional variations in the original depth of
burial.

5. Conclusions

This paper has attempted to describe source rock
potential and graptolite taxonomy of the Lower Silurian
black shales in the Akyaka section of the central Taurus
region. These units were deposited under dysoxic to anoxic
conditions at the beginning of Silurian following the late
Ordovician glaciation. Although there are many geological
records of Telychian-Wenlockian hot shales from the
Ghadames basin, Algeria (ESR-1 well), Iraq (Akkas-1
well) (Demaison, 1993; Tyson, 1995; Tyson, 1996), Wadi
Tamrerhout (Morocco) (Liining et al., 2000b, 2004), and
Dyfed and Buttington region of Wales (Loydell and Cave,
1993), hitherto no data have been presented from Turkey.
The Akyaka Telychian hot shales (central Taurus region of
Turkey) contain biozones which are suitable for compar-
ison with most of the areas where the biozone (approxi-
mately the equivalent of the maximus biozone of others)
has been described. This graptolite-bearing horizon attains
thicknesses about 45 m in the study area and has an organic
richness exceeding 2.86% on average. However, source
rock quality is poor considering that it has low pyrolytic
yields (S; +S,) less than 2mg HC/ g rock and 0-2mg HC/
TOC of hydrogen index values. The high maximum
graptolite reflectance, in combination with illite crystal-
linity values (Varol, 2005), can be explained by the greater
depth of burial and higher temperatures experienced by the
Lower Silurian strata in the central Taurus region.

The source potential and graptolite biozones identified
may contribute to less-explored region of North Gondwa-
na including western and eastern Taurus regions of Turkey
where Silurian deposits exist.

Acknowledgments

This study is a part of the first author’s Ph.D. thesis
carried out in Hacettepe University, Department of
Geological Engineering. The second author is supervisor
of this thesis. The authors acknowledge the Hacettepe
University Scientific Research Unit for their funding
support to carry out this study (project n0:02.01.602.013).
The authors thank Dr. Daniel Jarvie (Head of Humble
Geochemical Laboratory Service) for organic geochemical

analysis, Dr. T. Siikrii Yurtsever (General Directory of
Mineral Expl. and Research), Dr. Ozgiil Sen Giinaydin
(Hacettepe University) for geological assistance during
field study, and Prof. Dr. A.I. Karayigit (Hacettepe
University) for his kindly interests during measurements
of the graptolite reflectance values. The authors also thank
to Prof. Dr. D.G. Roberts and an anonymous reviewer of
the manuscript whose comments resulted in a much better

paper.
Appendix A. Systematic descriptions

Order Graptoloidea Lapworth, 1875

Family Glyptograptidae Mitchell, 1987

Genus Glyptograptus Lapworth, 1873 (emend Koren’
and Rickards, 1996)

Type species: By original designation, Diplograptus
tamariscus Nicholson, 1868 from southern Scotland.

Glyptograptus incertus (Elles and Wood, 1901)

Fig. 3C

1907 Diplograptus (Glyptograptus) tamariscus var in-
certus var. nov.; Elles and Wood, p. 249, pl. 30, Figs. 9a—d,
text-Fig. 168a.

(A full synonymy can be found in Loydell (1992) and
Koren” and Rickards (1996).)

Material: One specimen AKY-08/4 and other possible
fragments.

Remarks: In dimensions, including thecal style and
spacing, the best Akyaka specimen closely resembles the
recent detailed description given by Koren’ and Rickards
(1996) of specimens from the gregarius and convolutus
biozones of western Kazakhstan.

Glyptograptus aff. fastigatus Haberfelner, 1931

Fig. 3B

aff. 1931 Glyptograptus tamariscus mut. Fastigatus
nov. mut.; Haberfelner, pp. 105-610, pl. 3,
Figs. 17a—e.

aff. 1992 Glyptograptus fastigatus Haberfelner, 1931;

Loydell, pp. 30-31, pl. 1, Figs. 4,5, text-Fig.
11, Figs. 2-4, 11,12, 22. (A fuller synonymy
can be found in Loydell (1992).)

Material: One specimen AKY-06/3 and other fragments,
none showing the biprofile view of the thecae.

Descriptions: The proximal end is quite drawn out and it
is not clear whether a theca is missing or whether the
apparent sicular base (Fig. 3B) has been correctly
identified. The thecae are not in full profile and this may
explain the odd appearance of the extreme proximal end.
The thecae are clearly strongly alternating, have glypto-
graptid overall aspect and are spaced at 7 in 10 mm (2TRD
2.85). The dorsoventral width is about 1 mm at the level of
th 3-4.

Remarks: The specimen has a slightly lower thecal
spacing than given by Loydell (1992) in his redescription
of well-preserved specimens from Wales and the proximal
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end may well be more drawn out and pointed. Haberfel-
ner’s originals have this aspect too. The dorsoventral width
at the level of th 3th 4 is about correct. More material is
needed of this form.

Genus Parapetalolithus Koren’ and Rickards, 1996

Type species: By original designation P. dignis Koren’
and Rickards, 1996, from the guerichi Biozone of the
southern Ural Mountains, western Kazakhstan.

Parapetalolithus dignis Koren’ and Rickards, 1996

Fig. 3A.

1996 Parapetalolithus dignis gen. et sp. nov.; Koren’
and Rickards, pp. 59,61, pl. 9, Figs. 7,10, text-

Figs. 11i-k

Material: A single unusually wellpreserved specimen,
AKY-08/1 showing all details of thecae including growth
fuselli.

Description: The rhabdosome has a length of more than
16 mm and a maximum dorsoventral width (low relief) of a
little over 2 mm. Thecal spacing proximally is 10 in 10 mm,
and most distally 9 in 10 mm (2TRD 2.0-2.5) and are about
0.50 mm wide, angled at 20° to the axis and with an overlap
of approximately one half. The median septum is complete
in obverse view but cannot be seen in reverse view: it could
only begin after the second thecal pair on the reverse side.
At thl' the dorsoventral width is 0.85mm so the increase
in width distally is very gradual. The sicula is almost
2mm long.

Remarks: This species is close to P. tenuis but is smaller,
widens more gradually and has a lower thecal spacing
value. It is smaller than all other Telychian parapetalo-
lithids. Fig. 3A is schematic at the proximal end with the
proximal part of th1? removed (it is preserved as powdery,
weathered pyrite) to show the sicula. P. dignis has not
previously been recorded outside Kazakhstan.

Family Monograptidae Lapworth, 1873

Genus Pristiograptus Jackel, 1889

Type species: Pristiograptus frequens Jackel (1889) by
original designation from the Silurian of Germany.

Pristiograptus regularis (Térnquist, 1899) sensu lato

Fig. 3F.

1899 Monograptus regularis n.sp.; Térnquist, p. 7,
pl. 1 Figs. 9-14.

[Further references can be found in Hutt (1975); And
discussion of the relationship of p. regularis to wando-
graptus rickards and jell can be found in Rickards and Jell,
2002]

Material: One good proximal end, Fig. 3F, and a few
more proximal fragments.

Remarks: We have too few specimens to effect a
description but the proximal end of Fig. 3F. F is clearly

very close to previous descriptions of the proximal end of
P. regularis, having the same small sicula (approximately
I mm long), its apex just below the level of the aperture of
thl, and with a thecal spacing value of about 8 in 10 mm
(2TRD 2.5). The proximal end of P. renaudi Philippot is
slightly curved rather than straight. P. huttae Loydell is
similar but may have a higher thecal spacing.

Genus Stimulograptus Piibyl and Storch 1983

Type species: Graptolithus halli Barrande (1850), by
original designation, from the Linnaei Biozone, Zelkovice,
Bohemia.

Stimulograptus sedgwickii (Portlock, 1843)

Fig. 3G.

1843 Graptolithus sedgwickii—(Portlock); Portlock
pp. 318319, pl. 19, Figs. 1-3

1993 Graptolithus sedgwickii—(Portlock, 1843);
Loydell pp. 79-81, text-Fig. 15, Figs. 34, 17-20.
[A full synonymy is given in Loydell (1993)]

Material: Three well preserved mesial/distal fragments in
three dimensions, originally pyritized but with the pyrite
now altered to a dark powdery material.

Remarks: These specimens conform with earlier descrip-
tions of the species, in particular a pair of long, robust
spines have been detected on several thecae, despite this
form of preservation which may hide the spine, and the
dorsal thecal wall is fully retroverted and hence fully hook-
shaped. The dorsoventral width exceeds 2mm on one
specimen and the thecal spacing can be as low as 7 in
10 mm. Thecal overlap is very low.

Genus Spirograptus Gurich, 1908

Type species. Graptolithus turriculatus Barrande (1850)
subsequently designated by Bulman (1929) from the
Llandovery of Bohemia

Spirograptus cf. guerichi Loydell, Storch and Melchin
1993.

Fig. 3D.

Cf. Spirograptus guerichi sp. nov.; Loydell, Storch

1993 and Melchin pl. 1 Figs. 1,3 5 pl. 2, Figs. 1-6, 810,
text Figs. 3B, 6C—H. [The full history of this
species is outlined in Loydell (1993, pp. 82-4)]

Material: Three specimens, one with three trochospiral
coils, the others as Fig. 3D. There are also a few
curved siculae on the slabs which may be referable to
this form.

Remarks: We do not have quite enough material to effect
certain identification. For example, we have been unable to
determine the number of thecal spines on the proximal
thecae. On the other hand all thecal rhabdosomal
measurements are very close to the original of S. guerichi
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and the dorsoventral width of the specimen with three coils
is closer to S. guerichi than it is to S. turriculatus Barrande.

Genus Streptograptus Yin, 1937

Type species: Graptolithus plumosus Baily (1871), pp.
22-23, subsequently designated Loydell and Chen (1991)
from the Llandovery of Northern Ireland.

Streptograptus ? storchi Loydell, 1991

Fig. 3H.

Material: Several specimens, with two distal fragments
such as Fig. 3H, and some more slender though exceed-
ingly badly preserved proximal region.

Remarks: Unfortunately no thecal apertural details are
available with these specimens, but it is clear that the initial
prothecal position is broad, and that the free ventral wall
then slopes inwards towards the next thecal apertural
region. This is the case in several streptograptids but our
forms seem closest to S. storchi especially in the distal
dorsoventral width and thecal spacing which are identical
(respectively 1 mm and more; and 7 thecae in 10mm,
2TRD up to 2.8). The badly preserved proximal regions
have a higher thecal count of 10-12 in 10mm (2TRD
1.645-2.0) and dorsoventral widths as low as 0.40 mm.

Genus Rastrites Barrande, 1850

Type species: R. peregrinus Barrande (1850) subsequently
designate (Hopkinson, 1869) from the Llandovery of
Bohemia.

Rastrites linnaei Barrande, 1850

Fig. 3E.

1850 Rastr. linnaei Barr.; Barrande, pp. 65-66, pl. 4,
Figs. 2,4 (non 3)

Rastrites linnaei Barrande, 1850; Loydell,

pp. 134-137, text-Figs. 23, 1-5,9; 25, 9, 10, 12,

13,26,13.

1993

Material: The proximal end figured as Fig. 3E, and other
more doubtful or less complete fragments.

Remarks: A full review of this species is given in Loydell
(1993) and the well-preserved proximal end illustrated here
fits his redescribed material perfectly. Other species, except
perhaps R. schauri, seem to achieve a much greater length
to th2, that is the rhabdosome widens very quickly. In R.
schauri the sicular details are not know so a comparison
with our best specimen cannot be made at present.
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