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ABSTRACT: Morphology and- stratigraphic distribution of five previously known
and one new Lower Devonian monograptids of Pai-Khoi and Tien Shan areas of
the USSR are described. Certain major evolutionary trends are recognized amoag
post-hercynicus monograptids and three lineages are identified. Stratigraphic dis-
tribution of monograptids within combined section of the Lower Devonian in both
areas provide new data concerning the range of taxa investigated. While the M. tel-
leri biozone comprises the entire stratigraphic interval from hercynicus to the yuko-
nemsi§ Zone, successive appearances’ of other species are used to distinguished five
discrete zonal subdivisions, Correlation and age of graptolite bearing beds of -the
Lower Devonian in both areas are discussed.

INTRODUCTION

Monograptids of the Livanov Cape and Turkparida Formations of
Pai-Khoi and southern Tien Shan are indicative of these deposits being
Lower Devonian ‘within the interval of the hercynicus-yukonensis Zones.
All representatives of the association studied with an exception of Mono-
graptus fanicus n.sp. have been described elsewhere from the sections
of the Lower Devonian in North America, Asia and Europe (Jackson &
Lenz 1963, 1972; Jaeger & al. 1969; Churkin & al. 1970). Lack of any dis-
tinct geographic variation at the specific and subspecific level within the
large areas and relative stability in the composition of their assemblages
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are characteristic patterns in the distribution of this latest monograptid
fauna. Palaeontological and stratigraphic data, however, are still inade-
quate to establish of the early. Devonian graptolite development.

In the Lower Devonian of North America Monograptus aequabilis
notoaequabilis Jaeger & Stein, M. telleri Lenz & Jackson and M. craigen-
sis Jaeger are associated with M. yukonensis Jackson & Lenz. Beds yield-
ing these graptolites are usually recognized as the yukonensis Zone, though
the limits of the latter have not so far been specified due to the lack of
continuous graptolite sequence. This accounts for difficulties in correlation
not only with the beds on the distant areas but even within a single
region.

The Lower Devonian deposits of the Urals-Tien Shan fold area re-
present a continuous graptolite sequence recognized in Pai-Khoi and
southern Tien Shan sections. At different stratigraphic levels starting
from the top of the hercynicus Zone the first appearance of Monograptus
falcarius Koren, M. aequabilis notoaequabilis Jaeger & Stein, M. telleri
Lenz & Jackson and M. craigensis Jaeger is recorded. M. yukonensis Jac-
kson & Lenz makes its first appearance only. in the upper part of the
sequence studied where it is associated with all above mentioned grapto-
lites. The completeness of the very fossiliferous sections and reliable
stratigraphic control permit evolutionary trends and possible phylogene-
tic relationships of post-hercynicus monograptids to be suggested. The
interval of the section comprising the falcarius-yukonensis Zones corres-
ponds to the vertical occurrence of M. telleri Lenz & Jackson being con-
sidered in the present paper as the telleri biozone.

STRATIGRAPHY

The Lower Devonian sections yielding graptolites in north-western
Pai-Khoi and southern Tien Shan belong to the different structure-facial
zones in the limits of the Urals-Tien Shan fold area. However, they are
of similar lithological comjposition and could be correlated on graptolite
assemblages. ,

Pai-Khoi. The Lower Devonian section in Pai-Khoi on the coast of
the Kara Sea was investigated by the author (Koren’ 1969, 1971; Koren’
& Jenokyan 1970) who found that the carbonate-shale deposits of the
Oyu River and Livanov Cape Formations contained the transgrediens,
uniformis, hercynicus and falcarius Zones (Fig. 1). The lower boundary of
the falcarius Zone is very distinctive and can be established by disappe-
arance of M. hercynicus Perner and the appearance of M. falcarius Koren.
The thickness of the Zone is 3.5 m. The overlying strata (10.5 m thick)
yield abundant M. aequabilis notoaequabilis and rare M. telleri. The beds
with ‘these graptolites are concordantly overlain by nodular limestones
bearing numerous Nowakia acuaria (Richter) and styliolinids.
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. Fig. 1
Correlation of Lower Devonian .sections in Zeravshano-Gissar mountain area,
southern Tien Shan and in northwestern Pai-Khoi

I — section of the graptolite-bearing beds in the upper part of the Turkparida Formation
in Dari-Khurd Creek, Magian district, "Dadjikistan
II — section of the Livanov Cape Formation on ‘the shore of the Kara Sea, Arkhangelsk
. distirict
Figures from 2 to 19 and 'black circles mark the beds sampled for graptolites., ¢ — graptolite
ghales, b — crinoidal limestones, ¢ — wnodular lirhestones with tentaculites, d — carbonate
lenses in shales

Tien Shan. The Lower Devonian graptolite-bearing deposits of the
Turkparida Formation in Zeravshan-Gissar mountain area were investi-
gated by A. Lavrusevitch (Lavrusevitch & al. 1967, 1969). The early De-
vonian age of the formation is indicated by the fact that it overlies the
Upper Arg subformation of the Gedinnian and underlies the Lower Ma-
gian subformation which corresponds to the beds with Favosites regula-
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rissimus. A. Lavrusevith & V. Lavrusevitch (1973) recently published a
description of one of the most complete graptolitic sections of the Turkpa-
rida Formation on the Darai-Khurd Creek. The graptolites from the above
section were identified by Obut as a yukonensis Zone assemblage and
these findings were presented by him at the Graptolite Colloquium in
Novosibirsk in 1969. A paper with a description of the yukonensis Zone
graptolites was published later (Obut 1972).

In 1970 V. Lavrusevitch, Z. Abduasimova and the author studied
the sections and collected graptolites over the same territory. Detailed
studies were carried out in the lower part of the strata with intercalating
shales and limestones that yield abundant graptolites (section Darai-
-Khurd, member 8, A. Lavrusevitch & V. Lavrusevitch 1973). The mate-
rial collected made it possible to establish here a sequence of distinct
graptolite assemblages instead of a uniform association of the yukonensis
Zone (Obut 1972).

Section I (Fig. 1) shows the lower part of the sequence with dark
graptolite-bearing shales intercalated with crinoid detrital limestones 60
m thick (beds 2—19a in Fig. 1). Graptolites were obtained almost in every
band of shale whose thickness varies from 0.2 to 1 m. Graptolites are
numerous, flattened, but almost undeformed and well preserved. In ad-
dition to hundreds of specimens of each graptolite species tentaculites,
crinoids, inarticulate brachiopods and ortholcomc nautiloids of early De-
vonian age hag also been noted.

The lower part of the section (beds 2—10) is characterized by M. tel-
leri and M. aequabilis notoaequabilis. 33 m above the base of the section
these two species are associated with M. fanicus n.sp. (bed 11); 7 m higher
(bed 14) M. craigensis Jaeger makes its first appearance and ranges
through 19 m. The overlying beds contain M. yukonensis Jackson & Lenz,
M. telleri, M. craigensis and M. aequabilis notoaequabilis. Above bed 19
shale bands are thinner, the rocks are more dense, split poorely along the
bedding planes and contain rare badly preserved graptolites. In the mid-
dle and the uppermost parts of the sequence (not shown in- Fig. 1) single
specimens of M. ¢f. yukonensis and M. aequabilis notoaequabilis were
folund. ,

CORRELATION AND AGE

The Loweér Devonian deposits of the Pai-Khoi within the uniformis-
-hercynicus Zone could be correlated with the Lochkovian of the Bar-
randian. The overlying beds should be correlated with the lower part of
the Pragian. The upper limit of the hercynicus Zone in the Barrandian is
placed 4 to 4.5 m below the bottom of the Dvorce-Prokop limestones of
the lower part of the Pragian (localities Cikanka, Cerna Rokle; Chlupat
1953). The overlying Pragian deposits with the exception of the beds with
M. atopus Boucek at the top of the stage bear no graptolites which pre-
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sents difficulties in correlation of the above strata with corresponding
part of the section in the Pai-Khoi. The boundary of the hercynicus-fal-
carius Zones may correspond to any level of the uppermost part of Loch-
kovian (Dvorce-Prokop, Radotin and Kosof facies) or the lowermost part
of Pragian (Dvorce-Prokop limestone facies).

The following data are indicative, however, of the correspondence of
the falcarius Zone to the base of the Pragiam:

1. At the boundary of the hercynicus-falcarius Zones a change of
tentaculite assemblage is taking place marked by an extinction of Parc-
nowakia and appearance of Nowakia acuaria (Richter) and first styliolinids.

2. M. falcarius, M. telleri and M. aequabilis notoaequabilis unknown
in the Lochkovian deposits initiate a new stage in the development of the
pogt-ﬁercynicus monograptids.

It remains unresolved, however, where in the lower part of the
Pragian a stratigraphic equivalent of the top of the graptolite shales of
the Livanov Formation in the Pai-Khoi should be placed (Fig. 1, section
I1, bed 10).

The upper member of the Turkparida Formation in southern Tien
Shan (Fig. 1, section I) occupy in the whole a higher stratigraphic posi-
tion as compared to the Livanov Cape Formation in Pai-Khoi (Fig. 1, sec-
tion II). The beds bearing M. aequabilis motoaequabilis and M. telleri
can be taken as a correlation level for the Pai-Khoi and Tien Shan sec-
tions. The above beds are at least partially of the same age. The occur-
rence of the monotonous graptolite assemblage comprising only two taxa
in a certain stratigraphic interval in distant areas is hardly coincidental
resulting from inadequate sampling or biogeographic peculiarities. Such
impoverishment of the fauna is more likely to be explain by the regula-
rities goverming the monograptid evolution at that time.

The upper part of the Turkparida section with M. telleri, M. crai-
gensis, M. aequabilis notogequabilis and higher with M. yukonensis (Fig. 1,
section I, above bed 18) can be correlated with the yukonensis Zone of
Canada (Lenz & Jackson 1971). The latter is widely used as a stratigraphic
subdivision for correlation purposes; its age, however, requiring further
clarification. This circumstance makes it difficult to correlate the early
Devonian graptolite facies with the deposits containing the yukonensis
fauna elsewhere. The Lower Devonian graptolite-bearing beds in Pai-Khoi
and southern Tien Shan seem to correspond to a considerable part of Pra-
gian but they are older than the horizon with M. atopus in Barrandian
(Boucek 1966).

SYSTEMATIC DESCRIPTION

All the graptolites desceribed come from black clay and calcareous-
-clay shales. They are always flattened and preserved ags silvery films.
Abundant specimens of every astogé«n«e‘fd-c stages represent all taxa. Theiz"
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good preservation enables to get as full data on morphology as is available
for flattened material in black shales. The Pai-Khoi graptolites are de-
formed, however, due to their abundance on each bedding plane it was
possible to choose the least deformed material sufficient for measure-
ments (8 = 40—60°). As to the Tien Shan graptolites they are flattened
but-almost undeformed.

' The description of the following taxa will be given below:

Momnograptus falcarius Koren

M. aequabilis notoaequabilis J aeger & Stein
M. fanicus n. sp.

M. telleri Lenz &;Jackson

M. craigensis Jaeger .

M. yukonensis Jackon & Lenz

Symbols and abbreviations: L. — length of rhabdosome, thecae,
hood and sicula; S — width of rhabdosome 1, thecae, hood and sicula aper-
ture; N — thecal number in 10 mm; 3 — distance from top of hood of
th; to sicula aperture; p — angle between the rhabdosome length and
direetion of lineation in clevaged shales. All measurements are given in
mm.

The graptolite collections are housed in the Leningrad Ceniral Geo-
logical Tshernyshev Museum; label IN10145, 10505, 10875. The photograpihs
are made by Mr. A. P. Reuss, VSEGEI.

Suborder Monograptina Lapworth, 1880
Family Monograptidae Lapworth, 1873
Genus MONOGRAPTUS Geinitz, 1852
Monograptus falcarius Koren, 1969
(P1. 1, Figs 3—7)
1969. Monograptus falcarius Koren, m. sp.; pp. 1326—i1327, Figs 2, 4—8.

1970, Monograptus falcarius Koren; Koren’ & Jenok’am, Pl. 9, Figs 8—10.
1978. Monograptus falcarius Koren; Koren’, Pl 7, Figs 1—10.

Topotype: specimen No. 31/10145, OGM; figured here, Pl. 1, Figs 4, 6.

Material. — 100 specimens. The description is based on measurements taken
from 50 less deformed rhabdosomes. :

Description. — Rhabdosome. Small, dorsally curved, sickle-like, from 10 up
to0 19 mm long having a maximum of 21 thecae. Proximal curvature ranges from 45°
up to 90°, distal part being usually weakly curved or almost straight. Rhabdosome
widens rapidly from 1 (0.8) mm at thy, a maximum width of about 1.6 (1.3) mm usually
attained between th; and thg. At dorsal extremity width diminishes to 1.4 (1.2) mm.

Sicula. Short, trumpet-like, free dorsal side slightly sinuous with weak ventral
curvature (Pl 1, Figs 6—7). Flaring aperture furnished with thin virgella 0.2—0.4 mm
long. Apex reaching the base of septum between thy and thy. Sicula 1.3—1.4 mm long
.—_.)__

! In rhabdosome measurements. the first figure indicates width at the hood
Ievel ‘the second, given in brackets — its width below the hood.
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with aperture width up-to 0.8—1 mm. Porus .of thy close to the sicula aperture
(0.1—0.15).

Thecae. Short and hooded with pronounced geniculum. Supragenicular walls
‘short (0.5 mm), straight, parallel to the axis. Infragenicular walls and apertures form
semioval excavation 0.3—0.4 mm wide with thickened edges. Hoods usually appear
as a triangular structures. They grow outwards from the dorsal wall of the thecal
aperture initially narrow and rapidly becoming fransversally expanded. Hoods
obscure thecal apertures from ventiral side leaving them exposed laterally. Distally
hoods become proportionately shorter, narrower, less hooked and fully expose thecal
aperture. The septum between th, and th, extends almost horizontally, remaining
septa being curved sinuously. Thecal number in 10 mm is 13—12.

Comparison. — M. falcarius has such distinctive morphologic characters as
arcuate curvature of rhabdosome and short trumpet-like sicula. It is these peculia-
rities as well as small size of rhabdosome that make this species easily distingu-
ishable from associated M. telleri Lenz & Jackson and M. aequabilis notoaequabilis
Jaeger & Stein._We could take M. hercynicus Perner as the forerunner of M. falcarius
since both show morphologic similarity and doubtlessly belong to the same phylo~
genetic leneage. Their affinity is displayed in such diagnostic features as shape of
the sicula and structure of thecal hoods. Their morphologic disjunction at the same
time can be seen in considerable gracilisation of rhabdosome as well as in the change
of its shape: straight, 50 mm long in M. hercynicus and falcate, 19 mm long in
M. falcarius. As to the sicula it is much shorter in M. falcarius than in M. hercynicus
(1.5—1.6 and 2—2.1 mm respectively). Its apex reaches the septum base between th,
and thy, while in M. hercynicus it is at the top of thy hood. The sicular aperture of
M. falcarius becomes still more expanded (0.8—1 mm as compared with 0.7—0.8 mm
in M. hercynicus) with more pronounced flaring. Dimensions of proximal end: in
M. falcarius rhabdosome width at thy is 1 (0.8) mm, while between th; and thy it
equals 0.6—0.7 mm; in M. hercynicus the respective figures are 1.2—1.3 (0.9—1) mm
and 0.9 mm. Thecae hoods for both species are of the same shape but those of
M. falcarius are less expanded laterally.

Distribution. — Lower Devonian, Livanov Cape Formation, Pai-Khoi, the
falcarius Zone.

Monograptus aequabilis notoaequabilis Jaeger & Stein, 1969
(PL 1, Fig. 1; Pl. 2, Figs 1—3; PL. 3, Fig. 4; Pl 4, Figs 1—2, 9;
Pl. 8, Figs 1-—5)

1968. Monograptus aequabilis notoaequabilis n, ssp.; Jaeger & Stein, pp. 182—184, Text-fig.
1E—F; Pl 15, Fig. A—B (see synonimy).

1969. Monograptus aequabilis amdermaensis ssp. n.; Koren’, pp. 1327—1328, Figs 2, 9—i4.

1970. Monograptus aequabilis notoaequabilis Jaeger et Stein; Churkin, Jaeger & Eberlein,
pp. 194195, Fig. 9C, J.

1970. Monograptus aequabilis notoaequabilis Jaeger et Stein; Koren’ & Jenok’an, Pl 9,
Figs 1—4. '

1971. Momnograptus aequabilis notoaequabilis Jaeger et 'Stein; Koren’, Figs 3D, 4A—C, E.

1972. Monograptus aequabilis notoaequabilis Jaeger et Stein; Jackson & L.enz, pp. 583585,
Text-fig., 1B,

1972. Monograptus aequabilis notoaequabilis Jaeger et Stein; Obut, pp. 1216—1217, Figs 2, 4—5.

1973. Monograptus aequabilis notoaequabilis Jaeger et Stein; Koren’, Pl. 6, Figs 1—186.

Material. — Several hundreds of specimens.

Description. — Rhabdosome. Sfraight, middle-sized, normally 20 to 30 mm
long, in some cases reaching a length of 40 mm and over. Proximal part straight
or slightly curved ventrally at sicula and first two thecae, Some specimens have
a weak dorso-ventral curvature between thy and thg (Pl 1, Fig. 1), Width increases
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from 1.1(0.9)—1.3(1) mm at thy to 1.5—1.9 mm at thy—thy; and then remains constant
until it diminishes by 0.1—0.2 mm at extreme distal end.

Sicula. Conical, straight or slightly curved ventrally having a thin virgella
0.4—0.5 mm long and a dorsal process shaped as a scoop with a length of 0.1 to
0.5 mm. Apex of sicula reaches hood of thy. Dimensions: L — 1.6—2 mm; S aperture —
0.4—0.5 mm.

Thecae. Biform. Hoods of the first 3—8 proximal thecae are well developed
triangular lobes initially narrow and rapidly becoming fransversally expanded. They
are arcuated, covering thecal apertures from ventral side and extending below the
apertural margin. Thecal aperfures are never obscured laterally. Hoods of ths—thg
diminish in size and replaced with supraapertural processes 0.1 mm long, All thecae
with the exception. of the first two are of climacograpiic appearance. Ventral walls
of thecae have a sharp geniculum, The first thecae are short, rapidly narrowing
towards the aperture (0.5 to 0.2 mm), Interthecal septum between th, and th, almost
straight inclined towards rhabdosome axis at 50°, septa between the other thecae
having a gentle S-shaped curvature. Supragenicular walls of distal thecae parallel
to axis with a length of 0.7—0.8 mm. Number of thecae within the first 10 mm
equals 11—10, distally 10—8. Table 1 shows measurements taken from several spe-
cimens: spec. 1 and 2 — Pai-Khoi, the falcarius Zone and beds with M. aequabilis
notoaequabilis and M. telleri; spec. 3 and 4 — southern Tien Shan, the janicus and
craigensis Zones.

Table 1

! Sep. ) N Sicula

1 ol s Hooded

Mooy, th tn I

at th, }'tha at thy | max. [prox.laist.|*BeC8€(Supene ! g d;;gg_l
14722 a3y 0.9 [1.4/1.3/70° ,1.8/7] 14 9 5 0.45 | - 0.2
2 { 25 {1.1/0.9/] 0.9 - /1.6/] 10 9 3 0.8 | -1 0.2
330 11/0.9/ 1 0.9 [1.4/0.9/11.6/1.4/F 12 | 10 8 0.5 [1.8] b.5
4] 30 11.4/0.9/1 0.9 [1.4/1.2/] 1.6 1 9 5 0.5 11.9] 0.3
k4

The material studied indicates that the subspecies is represented by geographi-
cally dispersed populations of different age. The earliest of them, namely the Pai-
-Khoi population characterizes the initial stage of development (the falcarius Zone
and the falcarius-fanicus Interzone). The Central Asia population corresponds to
a later stage spanning the interval from the falcarius-fanicus Interzone to the
yukonensis Zone, .

The Pai-Khoi population represented by a bulk of several hundreds specimens
does not show any important morphological or quantitative changes. Their rhabdo-
somes straight or slightly curved ventrally at the sicula or the first theca display
distinctive thecal biformity. The first 3—4 thecae have hoods of almost similar size,
whose maximum lateral width reaches 0.2—0.3 mm. Hoods of further 2—3 thecae are
of smaller size while all remaining thecae have only short supraapertural processes.
In most cases sicula has a short (0.1—0.2 mm) narrow (0.2 mm) dorsal tongue slightly
curved towards the virgella. With some specimens it is either weakly pronounced
or is lacking completely. )

The Central Asia M. aequabilis notoaequabilis is also abundant. Alongside
with the specimens whose proximal part is straight or slightly curved ventrally there
occur rhabdosomes with a gentle dorso-ventral curvature at th—thy, All thecae have
apertural processes. In the. bulk of specimens the hood of the first theca is larger
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though some rhabdosomes have the first 6—8 thecae showing no variation in the
hood size. All remaining thecae including thgs—thy; provided with short supra-
apertural processes, 0.4—0.5 mm long, expanded laterally. Numerous siculae and
juvenile rhabdosomes reveal the fact that the dorsal process is fully developed
before the first -theca budding. The width of the sicular aperture ranges from 0.4
to 0.5 mm reaching in some cases 0.6 mm.

Camparison. — Such major morphological characters as the biformity of
thecae and short dorsal process of the sicula enable an accurate diagnosis of
M. aequabilis motoaequabilis already at the initial stages of its development (the
falcarius Zone, Pai-Khoi). Later M. aequabilis notoaequabilis display a reduced bi-
formity, and namely a larger number of thecae are provided fully developed hoods.
A long well developed dorsal process of the sicula becomes a permanent morpho-
logical character of the population. An acme of M. aequabilis notoaequabilis occurs
in the upper part of the falcarius-fanicus Interzone and in the lower part of the
fanicus Zone (Fig. 1, section I). At this stratigraphic level some characters display
- variability: the rhabdosome width, the spacing and degree of thecal biformity as
well as the shape of the proximal part that changes due to the expanding of sicula
aperture. Samples taken from beds 11, 12 (Fig. 1, section I) show gradual transition
to a closely related species of M. fanicus n. sp. Their comparison will be given
further in the section describing the latter.

The distribution area of M. aequabilis . notoaequabilis embraces Australia
(Victoria), Asia (Thailand, Malaya, Tadjikistan), Europe (Barrandian, Pai-Khoi),
North America (Alaska, Yukon) and possibly Africa (Morocco). The comparison of
M. cequabilis notosequabilis from various region is facilitated by a similar pre-
servation of the flattened material. This subspecies described by different authors
(Jaeger 1966, 1970; Jaeger & al. 1969; Lenz & Jackson 1971) displays no geographical
variation. Specimens of the same sample often show more pronounced variations
than those taken from different regions.

Distribution. — Lower Devonian, Pai-Khoi, the Livanov Cape Formation,
the falcarius Zone and the jalcarius-fanicus Interzone; southern Tien Shan, the
Turkparida Formation, the falcarius-fanicus Inferzone — yukonensis Zone. The

accompanying assemblages are shown in Fig. 1.

Monograptus fanicus sp. n.
(PL. 2, Figs 4—8; Pl. 3, Figs 1—3; Pl 4, Figs 3—38; Pl. 8, Figs 6—21)

1972, Monograptus pacificus Jaeger; Obut, p. 1217, Figs 2, 6.
Holotype: specimen, shown in Pl. 2, Fig. 5; PL 8, Fig. 15, CGM, 10/10505.
Type locality: the right bank of the Darai Khurd Creek, Magian district, Tadjikistan.
Stratum typicum: Turkparida Formation, section I, bed 12, the fanicus Zone, Lower
Devonian.
Derivation of the name: the species is named after the Fana Mountains.

Material. — About 360 specimens. The following description is based on the
measurements of 70 specimens at all stages of development.

Diagnosis. — A straight monograptid of medium size having a sicula with the
narrow upper part and trumpet-like expansion towards the aperture. A long dorsal
process initially narrow and straight becomes transversally expanded and sharply
curved towards the virgella. Thecae have hoods which are-triangular arcuate lobes,
narrow at the base and expanding transversally. They reach down below the
apertural margin without covering it laterally. Towards the distal end hoods diminish
in size and acquire the shape of thin processes which are dorse-ventrally extended.
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Medial and dorsal thecae are of climacograptic appearance. The size of rhabdosome:
L — 20—30 mm, S —1.1—1.2 (0.8—0.9) at thy reaching its maximum of 2 (1.8) mm
already in 10 mm from the sicula; N — in the first 10 mm 13—11, distally 11—9.

Description. — Rhabdosome. Straight, middle-sized, with a length of 20—30 mm
sometimes up to 40 mm. The extreme proximal end due to the shape of sicula
slightly curved dorsally. Virgula stretches for several millimeters beyond rhabdo-
some. Width rapidly increases within the first five-eight thecae and reaches its
maximum at thg—thys or in 10 mm from sicula. Width is equal to 1.1 (0.8—0.9)—
1.2—1.3 (0.9—1) mm at thy, 1.5—1.6 (1.2—1.3) mm at th; reaching its maximum of
1.9 (1.7—2.1 (1.8) mm, and being 1.7—1.8 (1.5—1.6) mm at the extreme distal end.
Measurements of some specimens from beds 11—13 (Fig. 1, section I) are given in
Table 2.

Table 2
T Srha'bdosdms
1
o 1 — . :
- I N T T O I T
11 20 {1.3/0.9/] - 11.a/1.4/|14/1.2/01.5/1.2/01.6/1.3/[1.7/1.6/
2§ 20 [1.2/0.9/f 0.9 (1.2/1/ {(1.2/1/ - - 1.8/1.7/
3120 (1.2/17 |1 1.2/4/ M3/M44/11.5M4.2/11.5/1.2/[1.7/1.5/
4 | 12 |1.1/0.9/f 0.9 [1.1/0.9/11.2/1/ 11.3/4.4/04/1.4/ -
15 | 18 |1.2/1/ 1 1.3/1/ /t2/11.6/1.3/11.6/1.3/[2/1.8/

Sicula. Prosicula and initial part of metasicula have the shape of a marrow
cone, with metasicula sharply expanding towards aperture. Inner margin is usually
straight while the outer one is gently curved dorsally which accounts for a trumpet-
-like shape of aperture. Apertural margins are straight having a thicker rim. Apex
reaches hood of thy. Dorsal margin is extended as a narrow process in the shape of
a scoop which gradually expands and forms symmetrical lateral lobes. This dorsal
process is sharply curved towards virgella and borders from down below about one
third of the sicular aperture. Dorsal process of some specimens is split, forming two
narrow lobes with uneven edges separated by a slit. Such a shape of process,
however, may merely result from the state of preservation. Sometimes fusselar
structure can be seen along the periphery of dorsal process. In its shape and structure
dorsal process resembles apertural hoods of first thecae. Virgella is shaped like a
straight spine initially wide and needle-like towards the end. The collection studied
includes specimens at all stages of development. Prior to budding of th; sicula
develops a fully formed dorsal process (Pl 4). Dimension: L — 1.7—2 mm; Saperture .
0.6—0.8 mm; Lyirgeta — 0.3—0.5 mm; Ld rsal process — 0.5—0.7 mm, visible lateral width
around the periphery reaches 0.2—0.3 mm, distance from the apertural margin to
the porus of thy is 0.2—0.3 mm. ’

Thecae. The first proximal thecae short, initially wide, sharply narrowing
towards the aperture (up to 2 mm), Interthecal septa placed horizontally and weakly
&S-curved. Free ventral walls gently comnvex, inclined towards virgula at 45° Ge-
niculum is not pronounced. Apertures of first thecae parallel to the inner margin of
sicula. Thecae of medial and distal parts of rhabdosome of climacograptic appe-
arance, 1.5 mm long and 0.5 mm wide at metatheca. Interthecal septum begins at
the hood of preceding theca, curves gently and finally extends at 25—30° to axis.
Free ventral walls 0.7 mm long parallel to axis. Geniculum well pronounced, supra-
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and infragenicular walls almost perpendicular. Semicircular excavations about
0.4 mm deep. Apertures placed at a right angle to free ventral wall of the next theca.
All thecae have arcuate apertural processes curving gently over aperture reaching
its middle or ventral part. They are triangular lobes with thickened rims. As distinct’
from hoods of wumncinatus type they do not cover apertures laterally. Hoods of
proximal and distal thecae differ in size and shape. Hoods of the first nine to fifteen
thecae are of approximately equal size. They extend down below apertural margin
and are 0.3—0.5 mm long. Their lower rim is rounded and uneven, sometimes
elongated laterally. In some specimens hood of th; forks into two marrow processes
separated by a slit. This effect may very well result from a rupture of thin membra-
nous lobe. One specimen has a thread-like lateral process 0.5 mm long at hood
of thy. Distal hoods are thin dorsal processes 0.4—0.5 mm long overhanging apertures
dorso-ventrally and extending beyond the margin for 0.2—0.3 mm. Hoods are fully
developed at the early astogenetic stages (Pl. 4). Apertural margins are straight,
thickened, inclined to the axis. They are exposed and well observed in flattened
material. Number of thecae in first 10 mm is 13—11, distally 11—9.

Comparison. — Morphologically M. fanicus n. sp. is a typical representative
of post-hercynicus monograptids. It is characterized by a well developed dorsal
sicular process and astogenetic variation of thecae. Such morphological characters,
however, as the shape of sicula, advanced development of hoods along the rhabdo-
some and thicker proximal end distinguish M. fanicus n. sp. from related mono-
graptids. The material studied displays variation in some gquantitative characters,
degree of thecal biformity and dorsal sicular curvature. Thus, the proximal width
ranges from 1.5 (1.2) mm {o 1 (0.8) mm at th; and from 0.75 to 0.9 mm between th;
and th,. Number of thecae in first 10 mm varies from 13 or 12.5 to 11, the width of
sicular aperture in specimens from the same sample change from 0.55 to 0.8 mm.
The whole range of variation for the above characters can be traced on a successive
series of specimens taken from the same bed (Fig. 3, section I, bed 12; Pl 8).

Along with the easily diagnosed specimens of M. fanicus n. sp. (Pl. 2, Figs 5—38;
Pl. 8, Figs 11—21) there are rhabdosomes whose sicula has a weakly expanded
aperture (0.5—0.6 mm) and hence shows only slight dorsal curvature (Pl. 8, Figs 7—9).
The latter are similar to M. aequabilis notoaequabilis. Thus, the diagnosis of such
specimens should be based on the proximal width and thecal spacing. The distinctive
characters of M. fanicus n. sp. as opposed to M. aequabilis notoaequabilis are as
follows:

1. trumpet-like sicula distinctly curved dorsally,

2. larger number of thecae with equally developed hoods and more prono-

unced apertural processes distally,

3. more closely spaced thecae in the first 10 mm,

4, wider proximal end as well as smaller rhabdosome length in the bulk of

specimens.

Thus, the distinctive characters of M. fanicus n. sp. and M. aequabilis noto-
aequabilis are better manifested in the structure of proximal end, distal fragments
being very difficult to diagnose.

Such specimens of M. fanicus n. sp. that have a rather thin proximal end as
well as a dorsally curved sicula with an aperture weakly expanded show superficial
resemblance with M. pacificus Jaeger. A close comparison of specimens, however,
reveals distinctive morphological differences:

1. M. fanicus n. sp. has a less pronounced dorsal curvature of proximal end.

The sicula of M. pacificus is fully curved dorsally at 10—45° with maximum
Saperture Dot exceeding 0.4 mm, while in M. fanicus n. sp. only its outer
margin is dorsally curved and Sgperture €quals 0.7—0.8 mm;
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2. in M. pacificus all thecae are provided with hoods diminishing in size
distally, while in M. fanicus n. sp. the hoods are distally replaced with
supraapertural processes;

3. in M. pacificus the hoods are wider and conceal the apertures both ventrally
and laterally;

4. in M. fanicus n. sp. the proximal end is wider and thecae show no tendency
towards isolation;

5. as a whole M. fanicus n. sp. is characterized by a smaller number of thecae
in the first 10 mm.

The above species having sicula and hoods of different shape refer to different
lineages. M. pacificus as Jaeger (1970) postulated shows affinity to monograptids
of M. craigensis and M. yukonensis type.

The main distinctive characters of monograptids under comparison are shown
in Table 3.

Table 3
Character -gﬁ_tg:eugigiiiis M. fanicus M. pacificus
conical, stralght! trumpet-like
sﬁgslgf or 51ightly cur- | outer margin’ oonicg&;vggrsally
ved ventrally curved dorsally
Saperture of 0.4-0.5 mm ' 0.6-0.8 mm 0.4 mm
sicula
hooded théca_e 3-8 9-15 all thecae
well developed trianmgular lobes large arcuated lobes
initially narrow and rapldly concealing apertures

shape of hoods becomlng transversally expanded, ventrally and lateral-
concealing apertures ventrally 1y

N in the first 11-10 12-11, rarely [13-12, rarely less than
10 mm 1 12 :
Srhabdosome 1.1-1.3 mm 1-1.3 mm 0.9 F 0.1 mm
at th1
srhabdosume
thﬂ'/thz 0.9 mm 0.7=1 mm 0.5~0.6 mm

M. fanicus n. sp. displays some similarity with M. atopus Bou&ek. Comparison
of specimens, however, shows a distinction in the shape and gize of sicula and in
the structure of thecae.

Distribution. — Lower Devonian, southern Tien Shan, the Turkparida
Formation the fanicus and craigensis Zones. M. fanicus n. sp. occur in the canyons
of the Turkparida and Darai-Khurd Creeks, as well as near Tchashmaniat village.
The assemblages of accompanying monograptids in the Darai-Khurd section are

shown in Fig. 1.

Monograptus telleri Lenz & Jackson, 1972
(P1. 5, Figs 1—3; Pl. VI, Figs 1—4; PL. 9, Figs 1—6; P1. 10, Fig. 1)

1971, Monograptus telleri Lenz et Jackson, n. sp.; p. 9, Pl 1, Figs 11—15; Text-fig. @G—J.
1971. Monograptus aff. thomasi Jaeger; Koren’, p. 240, Fig. 4D, F—J.
1972. Monograptus turkparidensis Obut, sp. n.; p. 1218, Figs 2; 2—3.

Material. — 350 specimens from the Kara Sea shore, Pai-Khoi and from the
Turkparida and Darai-Khurd Creeks, southern Tien Shan. 100 rhabdosomes were
measured. :
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Description. — Rhabdosome. Straight, large-sized, average length 40—80 mm,
sometimes up to $0—90 mm. Virgula extends distally for over 10 mm. In contrast
to rhabdosomes having straight proximal end (Pl. 6, Fig. 3; PlL. 9, Figs 3—4) some
specimens display weak dorso-ventral curvature between thy—ths (Pl 5, Figs 1—2;
Pl. 6, Fig. 2). Proximal end is thin in comparison with the rest of rhabdosome,
however, there is no isolation of thecae observed. Width increases from 0.9 (0.6—
0.7) = 0.1 mm at thy to 1.2—1.3 (0.9—1) mm at ths; it equals 0.6—0.7 mm between thy
and thy; at a distance of 10 mm from the base of th; rhabdosome widens to
1.6—1.8 (1.3—1.6) mm; within the range of next 10 mm it increases rapidly up to
2.2 (2) mm, then it gradually reaches its maximum of 2.3 (2)—2.5 (2.2) mm at level of
last thecae with developed hoods. At its distal extremity width does not exceed
2.2—2.3 mm. The width measurements for several specimens (f = 40—60°) are given
in Table 4. Specimens Nos. 1, 2, 11 derive from the falcarius-fanicus Interzone of
Middle Asia and Pai-Khoi, Nos. 3—7, 10 — from the fanicus Zone, Middle Asia,
No. 8 — from the craigensis Zone, Middle Asia, No. 9 — from the yukonensis Zone,
Middle Asia.

Table 4

Rhabdosome width
at th, 1:)12 1:113 1'.114 th5 _11_1 10 mm| max.

No. L

6011/0.7/ 1/0.7/ 1.1/0.8/ 11.2/0.9/11.3/1/ 1.8/1.5/12.2/2/
60]1/0.8/ 11/0.8/ 11.1/0.9/ - en/ 1ea/j2.1/2.5/
2210.9/0.7/11/0.7/ 11.1/0.85/11.2/0.9/ - l.en.6/ -
35{0.8/0.6/10.9/0.7/{1.1/0.8/ 11.2/0.9/{1.3/1/ "11.8/1.5/ /2.2/
2310.9/0.6/10.9/0.7/11/0.9/ 1.1/0.9/ - - 2.1/2/
0.9/0.6/}0.8/0.6/{0.9/0.7/ - - - 2.2/
2310.9/0.6/10.9/0.7/ 1/6.8/ 1/0.8/ (1.1/0.9/i1.6/1.4/ /2/
60]0.8/0.6/1/0.7/ 11.1/0.8/ 11.1/0.8/11.2/1/ 11.8/1.5/1 =
40/0.9/0.6/51/0.7/ 11.1/0.8/ - - l2/1.8/ |2.5/2.2/
30}0.9/0.7/}0.9/0.7/|1/0.8/ 1.1/0.9/]1.2/0.9/{1.7/1.5/ /2.2/
40{1/0.8/ [1.4/0.9/11.2/1/  |1.3/1.1/]1.5/1.2/11:9/1.6/ 2.3/2)

-

o B8 [ o W s W N
w
o

O
- ©

Sicula. Straight or displaying gentle veniral curvature. Dimensions: I. — 1.6—
1.8 mm; Saperture — 0.5—0.6 mm; 3 — 1.2—1.5 mm. Apex reaches aperture of th,.
Aperture slightly concave and furnished with virgella and dorsal process. Virgella
straight, 0.5—0.7 mm long, projecting postero-ventrally. Dorsal process is strongly
incurved and scoop-like, having lateral expansions. Visible lateral width of “scop”
equals 0.3 mm, :

Thecae. Thecae in proximal and middle part have well developed hoods being
an extension of dorsal walls. Their fusellar structure can be observed in very few
cases only. Hoods are long and down-curved. They widen laterally and extend
down below level of ventral amd lateral margin of apertures thus obscuring thém.
Specimens 40—60 mm long and over have usually 16—18 hooded thecae while some
rhabdosomes display 20—26 hooded thecae. The best developed are hoods of the
first 10—15 thecae having lateral width of 0.3—0.4 mm and length of 0.5—0.7 mm.,
Thereafter hoods diminish in size and are replaced with dorsal shields 0.3—0.5 mm
long that project over apertures. Some of the last thecae have no apertural processes.
Ventral walls have distinct geniculum with their supra- and infragenicular parts
forming a right angle. Supragenicular walls are parallel to rhabdosome axis, their



14 . "TAT’JANAN. KOREN’"

length being 0.8—1 mm. Shallow slot-like excavations can be observed distally. No
interthecal septa have been traced. Thecal spacing in the first 10 mm is 11—10, in
the next 10 mm it decreases to 9—8, and distally remains 8. Table 5 shows number
of ‘hooded thecae, thecal spacing and dimensions of sicula for several least deformed
specimens {(f = 40—60°).

Table 5

quo_ Hooded Thecal spacing in 10 mm Sicula
thecae farst |second g gtar1y | s L Z
11 26 9 8 8 - - -
2] 22 11 9 , 8 0,55 | = -
3] 18 11 9 - - - 1.2
4 18 11 9 8.5~9 0.5 1.7 =
5] 15 [10.5-9] 9 - 0.4 | 1.8 1.5
6/ 14 {10.5 9 - 0.5 1 1.7 { 1.5
71 15 11 9 - 0.4 - 1.3
8l 16 J10.5. ! 9 - 0.5 1 - -
9] 17 11 - - 0.5 | 1.8} -
10| 17 12 9.5 9 - - -
11 13 1.5 9.5 9 0.6 | 1.7 | 1.3

The following examples provide the measurements taken from strongly de-
formed rhabdosomes:

Specimen 3396-17, Pai-Khoi; f = 80°; S;n. at thy 1.1 (0.8), at thy 1.1 (0.9); at th,
1.4 (1.1), at thg 1.6 (1.6), at 10 mm 2.2 (1.9), max. = 2.6 (2.2) mm; in the first 10 mm the
number of thecae equals 12, decreasing to 9 in the next 10 mm; Speoa 0.7 mm,
Lhooa 0.5 mm.

Specimen 8396-8, Pai-Khoi; f = 10°; S;n, at thy 0.8 (0.6), at thy 0.9 (0.6), at th,
1 (0.7), at thy; 1.1 (0.9), at thy 1.2 (1), at 10 mm 1.5 (1.2) mm, max. = 2 (1.8); thecae 8.5 in
the first 10 mm, decreasing to 7 in the next 10 mm:; S}00q 04 mm, L, . 0.8 mm.

Comparison. — The major morphologic characters of M. telleri, such as
biformity of thecae, hood structure, peculiar form and size of dorsal process — are
representative for the whole. group of post-hercynicus monograptids. Nevertheless,
M. telleri differs considerably from all of them in its larger size and more pron-
ounced distinction in the structure of proximal and distal thecae. In this respect it
shows a certain similarity with some biform Lochkovian graptolites for example
Monograptus hemiodon Jaeger (the lower part of the hercynicus Zone, Jaeger 1959).
M. telleri can still be distinguished from M. hemiodon. It has a larger number of
hooded thecae: no less than 20 as compared to 10 in M. hemiodon. Almost all distal
thecae in M. telleri are provided with dorsal shields while some distal fragments of
M. hemiodon display up to 30 thecae with no trace of apertural processes and finally
instead of well-developed dorsal tongue M. hemiodon has only a short spine-like
process. From the other biform Lochkovian graptolite M. rhamstalensis Jaeger (the
uniformis Zone, Jaeger 1959) M. telleri varies in the larger number of hooded thecae
and in a different shape of distal thecae.

Material of M. telleri studied comprises the Pai-Khoi and Tien Shan populat-
ions that belong to different stratigraphic levels. The oldest representatives of
M. telleri were found in Pai-Khoi in 1968 (Koren’ 1971, Fig. 4D,F—J) in the falcarius
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Zone and in the falcarzus-famcus Interzone. Though morphologmally they could be
readily distinguished from assoc1ated monograpt1ds thelr preservation and number
of specimens (20) available at the time seemed to be unsufficient for the establish-
ment of a new species. They were defined and described as M. aff. thomasi Jaeger
(Koren’ 1974, Pl. 1, Figs 10—14). Later numerous monograptids of this type were
collected in the Turkparida Formation, southern Tien Shan (the falcarius-fanicus
Interzone and fanicus-yukonensis Zones). They were described by Obut as Momno-
graptus turkparidensis n. sp. (Obut 1972, Fig. 2; 2, 3). However, the latter is no more
than a younger synonim of M. telleri Jackson & Lenz.

The M. telleri biozone traced in Lower Devonian sections in Canada, Tien
Shan and Pai-Khoi embraces the stratigraphic interval from the hercymnicus to the
yukonensis Zones. The asynchronous populations of M. telleri display a relative sta-
bility of their morphology in time and space. However, at a certain stratigraphic
level of the Darai-Khurd section there occurs an acme of M. telleri (Fig. 1, section
I, beds 12—14) and certain specimens distinguished by a slightly different shape of
their proximal end. Specimens with a thinner proximal end and a sicula showing
slight dorsal curvature (Pl 5, Fig. 4; Pl. 6, Fig. 2; Pl. 9, Fig. 5) can be observed
alongside with straight or weakly ventrally curved '(Pl. 1, Fig. 2; PL 5, Figs 1—2;
Pl. 6, Figs 1, 3). The same stratigraphic level displays the first M. craigensis Jaeger.
The latter, not unlike M. telleri, has biform thecae, thabdosome of somewhat smal-
ler size and dorsally curved. proximal end. However, its proximal part widens more
gradually and the curvature ranges from .slight, involving sicula and th; to strong,
similar to M. yukonensis. M. telleri characterized by dorsally incurved sicula and
M. craigensis with a slight curvature are very similar. These two species grade into
each other which accounts for establishing their phylogenetic relationship.

Lenz & Jackson opined that M. telleri and M. thomasi Jaeger share a mor-
phologic resemblance (Lenz & Jackson 1971, p. 18). M. thomasi have not been observ-
ed in Lower Devonian of Pai-Khoi and Tien Shan, however, M. telleri from the
Turkparida Formation comprises a morphological variety similar to M. thomasi in
having thin proximal end but showing no tendency towards isolation of thecae.

Distribution. — Lower Devonian, Pai-Khoi, the Livanov Cape Formation, the
falcarius Zone and the falcarius-fanicus Interzone; southern Tien Shan, the Turk-
parida Formation, the Interzone falcarius-fanicus, the faticus-yukonensis Zone

(Fig. 1).

Monograptus craigensis Jaeger, 1970
(PL. 5, F1g 4; Pl. 6, Figs 5—8; Pl 7, Figs 1—8; Pl. 9, Figs 7—12; Pl. 10,
Figs 2—13)

1970. Monogm.ptus craigensis Jaeger, n.sp.; pp. 1986—202, Figs 7B, C; 8B, C; 9A, F, K; 6.

1971. Monograptus yukonensis Jm:hsom et Lenz; Lenz & Jackson, p. 18, Pl. 2, Fig. 12, Text-
-fig. 5D, E.

1972. Monograptus cf. craigensis Jaeger; Jackson & Lenz, pp. 588—590, Text-fig, 4F, G, M.

1972. Momograptus pacificus Jaeger; Obut, Figs. 2, 9a—b.
1972. Monograptus aivili Obut, sp. n.; pp. 12171218, Figs 2, 10, 11.
1972. Monograptus cf. craigensis Jaeger; Obut, Figs 2, 12.

Material. — 80 specimens. Measured material: 50 specimens.

Description. — Rhabdosome. Middle-sized, 30—40 mm, maximum length observ-
ed 70 mm excluding free part of virgula which can reach 15 mm, Proximal end with
moderate dorsal curvature of 15—30°, Curvature involves sicula and the first two
or three thecae. Dorsal side is slightly curved ventrally between thy and thg, essen-
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tially straight distally. Rhabdosome widens progressively in first 10 mm; at th,
0.9—0.8 (0.7—0.6), at thy 1—0.9 (0.8—0.7), at thy 1.1—1 (0.8—0.8), at th; 1.2—1.1 (0.9—
0.8), at thy 1.3—1.2 (1.1—1); at 10 mm it equals 1.9—1.6 (1.7—1.4), reaching the maxi-
mum of 2 (1.8) mm at thyz 44 Width between thy and th, is 0.6—0.7 mm; 2 = 1.5 mm.

Sicula. Straight, narrowly conical, 1.5—2 mm long. Dorsal side straight or
weakly curved ventrally. Aperture 0.4—0.5 mm wide, furnished with thin straight
virgella 0.4—0.5 mm long and dorsal process of the same length, strongly incurved
and scoop-like having lateral expansions towards the end. Apex reaches hood of
thy. Porus appears at a distance of 0.15—0.2 mm from aperture.

Thecae. Biform. The first 12—16 thecae of rhabdosomes, 35—70 mm long,
furnished with hoods obscuring apertures both ventrally and laterally. Well de-
veloped hoods have lateral width of 0.25—0.3 mm, length up to 0.5 mm. At a distance
of 10 mm or over hoods diminish in size and give place to dorsal shields. The extreme
distal thecae bear mo apertural processes. Geniculum is well pronounced, supra-
and infragenicular walls being straight or slightly inclined to axis and almost nor-
mal to each other. Shallow excavation can be seen. Interthecal septa indetectable.
Number of thecae in 10 mm decreases gradually: 12 in the first one, 11—10 in the
second, 9.5—9 distally.

Comparison. — M. craigensis Jaeger was established in the yukonensis Zone
of southeastern Alaska (Churkin, Jaeger & Eberlein 1970). This species embraces
monograptids showing affinity with M. yukonensis Jackson & Lenz sensu Jaeger
(1970) with a smaller dorsal curvature, however, and a wider proximal part of rhah-
dosome. Both species are almost identical in their thecal biformity and heod struc-
ture. As distinct from Jaeger the original authors of M. yukonesis treat it in a wider
sense including into the species monograptids with distinct dorsal curvature. They
emphasize a great range of variability in the shape of proximal end even with
specimens preserved at one and the same bedding plane x(Lenz & Jackson 1971).
Pointing out the phylogenetic relation of M. telleri and M. yukonensis, Jackson &
Lenz suggest that the transient forms should be considered as a subspemes M. yuko-
nensis craigensis. The latter, however, is meither chronologically, nor geographically -
a variant of the above spec1es and its estabhshmg would contrad1ct nomenclature
rules.

In the Lower Devonian sections of Canadg and Alaska.monbgraptids under
the study occur within the yukonensis Zone while in the southern Tien Shan sec-
tions they have been observed within a much larger stratigraphic interval namely
the telleri biozone. The abundance of material and reliable stratigraphic control
allow to draw a distinction between M. telleri, M. craigensis and M. yukonensis tak-
ing into account their stratigraphic position. All the three species are members of
the same lineage and show the tendency towards an ever increasing curvature of
proximal end. In this respect as well as by its stratigraphic position M. craigensis
is intermediate between M. telleri and M. yukomnensis. It can be especially well
traced in the continuous section of the Darai-KHRurd Creek where M. craigensis
with a proximal part slightly curved dorsally makes its first appearance alongside
with M. telleri (Figs 1 and 2, section I, bed 14). Higher up in the section mono-
graptids acquire a stronger curvature and display a full variability range of this
character (Fig. 1, section I, beds 17—18). And finally at bed 19 there appears M.
yukonensis. At this stratigraphic level abundant M. craigensis is observed, predo-
minant among them being the specimens with a stronger curvature of the proximal
end. They are identical with the fype specimens from the yukonensis Zone of Ala-
ska (Churkin, Jaeger & Eberlein 1970). A series of specimens f{ransient from M.
craigensis to M. yukonensis can be observed in the samples from the lower part
of the yukonensis Zone (Fig. 1, section I, bed 19; Pls 7, 10). Morphological distinction
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M. fanicus

M. aequabilis notoaeguabilis

M. telleri

M. falcarivs

. (

4 M s O
hy M. 7;emiadan M. hercynicus a%eq%%%lés

Fig. 2

Dijagram of possible phylogenetic lines of post-hercynicus monograptids

Arrows mark tramsition from one species to another in the lineage. Horizontal lines are zonal
boundaries. The stratigraphic position of graptolites shown here corresponds to the sections
‘in Fig. 1

between the extreme forms of the above species is only slight which presents a
certain problem in establishing the line between the two. M. craigensis, however,
has a weaker dorsal curvature (15—30°), a more pronounced decrease in the hood
size distally ‘as well as a wider rhabdosome.

Distribution. — Lower Devonian, southern Tien Shan, the Turkparida and
Darai-Khurd Creeks, the Turkparida Formation, the craigensis and yukonensis Zone.
The accompanying assemblages are shown in Fig. 1. '

2
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Monograptus yukonensis Jackson & Lenz, 1963
(PL T, F1gs 9—-12 PL. 10 Figs 14—16)

1963. Momograptus yukonensts Jackson et Lemz. n. 'sp.; Jackson & Lenz, pp.’ 751—753, Fig. la, b.

1969. Monograptus wkonem;ts Jaickson et Lenz; Jaeger, Stein & Wolfart; pp, 175—177, Figs
TD—=E, 8A.

1970. Monograptus yukmwnsts Jackson et Lenz; Berry, Fig. 2h.

197. Monograptus yukonensis Jackson et Lenz; Tenz & Jacksom, pp. 17—, Pl 2, Figs $—il,

non 12; 'I\ext-ﬂg 54—C, F, G, non 5D, E.

1972, Monograptus yukonen.szs Jackson et Lenz; Berry & Murphy, p 265 Fig. 5A—C.
1972. Monograptus yukonensis yukonensis Jackson et Lenz; Obut, p. 1216, Fig. 2; 1.

Material, — 10 specimens.

Description. — Rhabdosome. Dorsaily curved in proximal part (30° and over),
distally straight. Dorsal curvature involves sicula and the first four thecae. Proximal
part thin at thy—th,;, with rhabdosome width increasing gradually. Dimensions: S
at thy 0.8 (0.5) mm, between thy and thy 0.4—0.5 mm, at th, 0.8 (0.5) mm, at thy 0.9
(0.6) mm, at th, 1 (0.8) mm, at thy 1 (0.8) mm, max. at thyg—thy; 1.6 (1.4) mm; L, —
about 15 mm.

Sicula. Straight, conical, 2 mm long and 0.3—0.4 mm wide at aperture, Spine-
like virgella 0.6 mm long and incurved dorsal process 0.4—0.5 mm long; 2 = 1.5 mm,

Thecae. With wide hoods overhanging apertures ventrally and laterally. Hoods
of the first ten thecae of similar size. Interthecal septa not visible. Number of
thecae in 10 mm ‘equals 12—10,

Comparison. — In the collection studied M. yukonenszs is represented by an
insignificant ‘number of specimens. They are for the most part the young rhabdo-
somes up to 15 mm long. Adult M. yukonensis 40—50 mm long from the Darai-
-Magian section are described by Obut (1972, p. 1216, Fig. 2; 1). The Tien Shan M.
yukonensis- is identical to the least dorsally curved specimens in the variability
range of the species (sensu Jaeger 1970). Along with M. yukonensis in bed 19 (Fig. 1,
section I) there occurs abundant M. craigensis displaying a full variability range
from specimens close to M. telleri to those approaching M. yukonensis. We consider
as M. yukomensis such specimens whose proximal part at thy—th; has a curvature
of 30° and over. The major characters of monograptids of the M. telleri — M. yuko-
mensis lineage are given in Table 6.

M. yukonensis from' the Turkparida Formation shows a greater similarity
with the  Canadian representatives of the species (Lenz & Jackson 1971, Text-fig.

Table 6
Character M. telleri M. craigensis M. yukonensis
Rhabdosome: | .
L. 40-90 mm 30~70 mm e 15-50 mm
8 at 1:?!11 0.9/0.6~0.7/%0.1 0.9-0.8/0.7-0.6/ 0.8/0.5/
8 between . 0.6 0.4-0.5
th1 and thz 0.6-0.7
S max. 2.3/2/-2.5/2.2/ 2/1.8/ 1.6-/1.4/
ourved dorsally
shape of curved dozsally 8t} yitnin the first
proximal end straight sicula an g =th5 lfour thecae and over
/10415 / /30° and more/
Thecae:
hooded theocae 13-26 12-16 12 and over
N proxim. 14-10 to12 12-10
N distal. 9-8 9.5-9 - 9
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54,'B; C; Pl,’ 2, Fig. 10). They "differ from M. ‘yukonensis. of Tiower Devonian-sections
in the Thailand and. Alaska by a weaker curvature and bigger Wd.dth of the proximal
pgrt

Dzstrz‘butzo'n, —_ Lower Devoman southern Tien Shan, the Turkparlda For-,
mation, the yukonensis Zone. The assemblage of accompanying monograptlds in the
Dara1-Khurd section is-given in Fig. 1 -

MORPHOLOGY AND PHYLOGENY

. Detailed observations of monograptids morphology are restricted by
their preservation as silvery films on the bedding surface of block shales.
We can observe only such characters. as.the shape.of rhabdosome, sicula,
thecae and thecal hoods. These limitations are partly made up for by
the abundance of specimens.

A number of common morphological characters are indicative of the
telleri biozone monograptids. They are astogenetic variability of thecae,
the presence of thecal hoods which are extensions of the dorsal walls as
well as.a dorsal sicular process. The combination of such characters ac-
counts for a specific appearance of the latest monograptid fauna. It must
have shown the best adaptability to the environments during the pos-
sible reduction of ecological mishes suitable for graptolite habitation. Im-
poverished composition and lack of significant morphologic changes tes-
tify to the attenuation of the monograptid evolution rate at this later
stage of their development. Thus, less significant morphological charac-
ters should be chosen for diagnosis of early Devonian monograptids as
distinet from Silurian species of the family. To these diagnostic features
belong the degree of thecal biformity, the hood shape and the size of
proximal end. The most important of all, however, is the gradual change
in the shape of proximal part, namely, ithe appearance and increase of
dorsal curvature. Such an approach to taxonomic problem facilitates the
application of early Devonian mionograptids for stratigraphic subdivision
and correlation.

Taxonomic evaluation and establishing intraspecies variation of early
Devonian monograptids under study proved to be difficult. The repre-
sentatives of populations within single sample as well as throughout the
section allows to trace a number of transient forms between related taxa.
Thus, considerable difficulty has been experienced in distinguishing bet-
ween M. aequabilis notoaequabilis and M. fanicus n. sp. from the same
sample (Fig. 1, section I, beds 11—13). The same is true for M. telleri, M.
craigensis and M. yukonensis which appear in a sequence and are closely
related morphologically.

‘; 'I"hlree groups of monograptids can be recognized on the basis of
their hood: structure, sicular shape,- proximal end curvature and degree
of thecal biformity. The first group involves M. telleri, M. craigensis and
M. yikonensis, the sedond — M. aequabilis notoaequabilis and M. fanicus
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n.'sp., while the third group comprises M. hercynicus and M. falcarius.
Subsequent appearance of the species within one group as well as mor-
phologic transitions between them are indicative of their 'belongmg to the
same lineage.

Already in ﬁhe lower boundary of the telleri biozone we can identify
three lineages, namely, appearance of M. telleri, further development of
M. aequabilis and termination of the M. hercynicus line. The lineage con-
sisting of three subsequent members: M. telleri, M. craigensis and
M. yukonensis is the most progressive among monograptids of the telleri
biozone. The main trend of their development. lies in gradual change of
the shape of proximal end from straight in M. telleri, slightly curved
dorsally in M. craigensis to strongly in M. yukonensis. The whole variation
range for proximal end curvature can be traced in the upper part of the
telleri biozone (Pl. 10). Difficulties in discrimination between synchronous
populations of the above species in the yukonensis Zone give rise to dif-
ferent taxonomic evaluation (Jaeger 1970, Lenz & Jackson 1971). Such
discrimination is more accurate when we have a chance to observe a
gradual increase in the degree of the proximal end curvature within the
stratigraphic interval below the yukonensis Zone. Alongside with this
feature the tramsition from M. telleri to M. yukonensis is expressed by
a slight decrease of rhabdosome size and more distinct thecal biformity.
Sicular shape and hood striicture undergo no change. Monograptids of the
M. telleri — M. yukonensis lineage dominate quantitatively in the upper
part of the telleri Zone (Figs 1—2, ts). Table 7 illustrates proportions of
various monograptids in the Darai-Khurd section. -~ .

The main trend of phylogeney of the M. aequabilis — M. fanicus
n. sp. lineage consist in the change of sicular shape from straight and
narrow or slightly curved ventrally in M. aequabilis notoaequabilis to
curved dorsally and expanding trumipet-like in M. fanicus n. sp. The stru-

Table 7

No. oFf bed i 1. 1ot | o
X 314516} 7!8i10ij11} 12}113114114al15116117/18!19]10a
Species . T .

M. aegua'biiia .
potoaeguabilis .| 111772 [10]401 8)6 175] 171851 11 6] 1

K. fanious n. sp.f -| == | =] -f =! ~|50[185|30}10} 29| &
M._telleri . . ./ =!1}=| =10} 6] 4[13[ 55[25]52] 13|30
!,'cra;geﬁéis..——----_....._.n_g 3] 3
!"."[\_xko'x‘ianais.. - el= =] = - - —_-‘—‘.—. - - - - - 7_V3“

= @ W
w
1
1
1

cture of the apertural hoods undergoes no changes, the number of hooded
thecae, however, increases with time. M. aequabilis notoaequabilis builds
up the major portion of the graptolite assemblage in the lower part of the
telleri biozone. The acme of M. aequabilis notoaequabilis and M., fanicus
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n. sp. is observed in the middle part of the Zone while by the end of this
interval proliferation of the members of this lineage seems to loose in its
intensity and they are no more predominant in the craigensis-yukonensis
time.

. The development of the M. hercynicus — M. fanicus lineage is cha-
racterized by the change in the rhabdosome shape and the decrease in its
size from straight and large in M. hercynicus to arcuate and small in M.
fanicus m. sp. They get extinct in the lowermost part of the telleri biozone
and no morphologically similar forms with trumpet-like sicula are observ-
ed later.

Thus, the major trends of evolution of all monograptids of the telleri
biozone can be summed up als follows:
1. appearance of a dorsal sicular process and its further presence as
a permanent character in all members of monograptid assem-
blage,
2. appearance of a dorsal curvature at the proximal end of the
rhabdosome and further increase in its degree, fraced in all the
' lineages, N
3. chamnge in the sicular shape in one of the lineages,
decrease in the degree 'of thecal biformity and rhabdosome size,
5. proximal introduction of the main morphological changes.

=

STRATIGRAPHIC SIGNIFICANCE

Investigations of stratigraphic distribution of graptolites in the sec-
tions of the Livanov Cape and Turkparida formations provided new data
concerning -the range of post-hercynicus monograptids and their assem-
blages. M. aequabilis notoaequabilis and M. telleri have the widest biozo-
nes. The first appearance of M. aequabilis notoaequabilis above the top of
the hercynicus Zone in Pai-Khoi and the occurrence of rare M. aequabilis
within the top of Pragian (Boutek 1966, Jaeger 1969) seem to indicate that
its range fits into the Pragian stage. Comparison of the data on the dis-
~ tribution of M. telleri in the type sections of the Lower Devonian of north-
~ western Canada (lower part of the yukonensis Zone; Lenz & Jackson
1971) and in the sections of Pai-Khoi and South Tien Shan indicates that
the given biozone comprises the sequence from 'the top of the hercynicus
Zone to the lower part of the yukonensis Zone inclusively. This is why both
above mentioned monograptids in spite of the common occurrence and
distinct specific characters are of no use for the purpose of detailed sub-
division. In the lower part of the sequence studied both species are as-
sociated with M. falcarius (Fig. 1, section II, bed 7), then with M. fanicus
n. sp. (Fig. 1, section I, beds 12—13). Within this interval monograptids of
the M. aequabilis — M. fanicus n. sp. lineage are predominant. Above it
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mono'graptld assemblagés' are enriched ‘by ‘stccéssive appearance of M.
eraigensis (Fig.'1; section I, bed 14y and M. yukonensis (bed 19). The upper
partof the telleri biozone is characterized by -abundance of monograptids
from the M. telleri — M. yukonensis lineage. It should be noted that in
Lower Devonian sections of northwestern Canada only rare M. aequabilis
notoaequabzlzs are ubserved on the backgmund of M. yukonenszs amd M.
telleri. o
Development of monograptlds mﬂun ‘the three lineages was used as
the basis for the subdivision of ‘the section investigated. Monograptids of
the telleri biozone constitute five successive assemblages. The zonal deli-
minations are based on the first appearanice of the index-species. Thus, the
limits of the zone are determined by the appearance of two consecutive
species of the same lisnea.ge (“consecutive lineage-segment-zones” sensu
Hedberg, 1972) The zones introduced therefore, cannot be considered as
range zones with the only exception of the falcarius Zone as their upper
limits do not coincide with the disappearance of the zonal taxa.

In the combined section of the Lower Devonian of Pai~-Khoi and
southern Tien Shan the following ltz'atltg'mphlc subdivisions can be traced:

1. the falcarius Zone,

2. the falcarius-fanicus Interzone,
3. the fanicus Zone,

4. the craigensis Zone,

5. the yukonensis Zone.

The subdivision suggested cotild be used as the basis for correlation
within the Urals-Tien Shan folded area and may supply data for interre-
gional correlation.

Acknowledgements. My thanks are due to Dr Z. M. Abduasimova, Dr A. I. Kim
and V. I. Lavrusevitch for making possible my study of the Lower Devonian sections
in South Tien Shan. I am indebted to Prof. A. Urbanek for reading and criticising
the manuscript. I should like to express my gratitude to Dr H. Jaeger, Dr D. Jack-
son and Prof. A. Lenz for the helpful discussions while looking through graptolite
collections. Thanks are also due to Mrs. I. Bagaeva for translation of the manuscript
into English.

All-Union Geological Scientific
Research Institute (VSEGEI)
Leningrad V-26, Srednij prospekt 72b, USSR
Leningrad, January 1974



EARLY DEVONIAN MONOGRAPTIDS 23

REFERENCES

BERRY:W: B; N; 1970. The base of the Devonian and.an: early Devonian graptolite
succession in Central Nevada. —. Bull. Geol. Soc..Amer., vol. 81, no. 2.

— & MURPHY M. A. 1972. Early Devonian graptolites from the Rabbit Hill Lime-
stone in Nevada. — J. Palaeont., vol. 46, no. 2.

BOUCEK B. 1966. Eine neue und bisher jiingste Graptolithen-Fauna aus dem béhmis-
chen Devon. — N. Jb. Geol. Paléont., Mh. 3.

CHLUPAC J. 1953. Stratigraphical investigation of the border strata of the Silurian
-and the Devonian in Central Bohemia. — Sborn. Usti. Ust. Geol.

CHURKIN M., jr., JAEGER H. & EBERLEIN C. D. 1970. Lower Devonian Grapto-
lites from Southeastern Alaska. -— Lethaia, .vol. 3. Oslo.

HEDBERG H. (Ed.). 1972; Introduction to an international Guide to Stratigraphic
Classification, Terminology and usage. — Lethaia, vol. 5. Oslo.

JACKSON D. E. & LENZ A. C. 1963. A new species of Monograptus from the Road
River Formation, Yukon. — Palaeontology, vol. 6, no. 4.

— & — 1972. Monograptids from the Upper Silurian and Lower Devonian of
Yukon territory, Canada. — Ibidem, vol. 15, no. 4. ) -

JAEGER H. 1966. Two late Monograptus species from Victoria, Australia and their
significance for dating the Baragwanathia flora. — ?roc. Roy. Soc. Vict,
vol. 79.

— 1970. Remarks on the stratigraphy and morphology of Pragian and probably
younger monograptids. — Lethaia, vol. 3. Oslo.

— , STEIN V. & WOLFART R. 1969. Fauna (Graptolithen, Brachiopoden) der
unterdevonischen Schwarzschiefer Nord-Thailands. — N. Jb. Geol. Paliont.
Abh., Bd. 2.

KOREN’ T. N. 1969. Verkhnaya granica zony Monograptus hercynicus i eye paleon-
tologicheskoye obosnovanie. — DAN SSSR, 189, 6.

— 1971. The zones of Monograptus hercynicus and Monograptus falcarius in Pai-
-Khoi. — Lethaia, vol. 4. Oslo.

— 1973. Lower Devonian biostratigraphy of Pai-Khoi, Polar Urals and Podolia
on graptolites. In: Lower and Middle Devonian Stratigraphy. — Trudy III
Mezhdunarodn. Simposiuma, T. 2.

— 1974. Komplex graptolitov v otlozhenyakh vyshe zony Monograptus hercynicus
na Pai-Khoie. — Trudy I Graptolit. Collokviuma, 1969, Novosibirsk.

— & JENOK’AN V. S. 1970. Siluriyskie i nizhnedevonskie otlozhenia severo-za-
padnoy tshasti Yugorskogo poluostrova i ostrovov Pechorskogo moria. — Uch.
Zap. NIIGA. Palaeont. i biostratigr., 30, 5—25.

LAVRUSEVITCH A. I. & al. 1967. Turkparidinskaya slancevo-izvestniakovaya svita
na granice silura i devona v Magianskom rayone (Centr. Tadjikistan). — DAN
Tadg. SSR, 10, No. 3.

— & SALTOVSKAYA V. D. 1969. K voprosu o pagranichnykh otlozheniyakh si-
lura i devona v Arg-Iskanderkulskom rayonie (Centr. Tadjikistan). — Ibidem,
12, No. 1.

— & LAVRUSEVITCH V. I 1973. Novye dannye po stratigrafii mizhnedevonskikh
otlozheniy turkparidinskogo tipa (Juzhnij T°jen Shan). — Ibidem, 16, No. 1.

LENZ A. C. & JACKSON D. E. 1971. Latest Silurian (Pfidolian) and Early Devonian

Monograptus of Northwestern Canada. — Bull. Geol. Surv. Canada, vol. 192,
OBUT A. M. 1972. Samye posdnie monograptidy devona Sredney Asii. — DAN SSSR,
No. 5. '



24 " TAT'JANA N. KOREN’
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DOLNODEWON‘SKIE MONOGRAPTIDY BIOZONY 7ELLERI 7 OBSZAROW
: PAJ-CHOJU I TIEN-SZANU

(Sbreszézem:ise)

: W pracy przedstawiono morfologie oraz zasiegi stratygraficzne pieciu znanych
gatunk6éw dolnodewofiskich monograptidéw z obszar6w Paj-Choju i Tien-szanu
(ZSRR) oraz ustanowiono jeden nowy. Ustalono gléwne kierunki rozwojowe post-
hercyfiskich monograptidéw, wydzielajgc frzy linie ewolucyjne. Rozprzesirzenienie
stratygraficzne monograptidéw w obrebie analizowanych profilow dostarcza nowych
danych odno$nie zasiegéw badanych taksonéw. Wydzielona Biozona M. telleri obej-
muje interwat stratygraficzny od zony M. hercynicus az po M. yukonensis wilgcznie,
a réwnolegte wystepowanie w jej obrebie-innych gatunkéw umozliwia ponadto wy-
r6znienie pieciu odrebnych Zon. Oméwiono takze korelacje i wiek dolnodewonskich.
osadéw z graptolitami z obu regionéw.



DESCRIPTION OF PLATES 1—10
PL. 1

Monograptids of the falcarius Zone, Fig. 1, section II, bed 7, Livanov Cape Formation,
the shore of the Kara Sea near the Amderma village, Pai-Khoi
1 — Monograptus aequabilis notoaequabilis Jaeger & Stein, CGM, 1/10505, X 5.
2 — Monograptus telleri Lenz & Jackson, CGM, 21/10145, X 7.
3-7 — Monograptus falcarius Koren. Figs 3-5 — CGM, 30/10145, 31/10145, 2/10505,
X 1; Figs 6-7 — CGM, 31/10145, 6/10145, X '30.

PL. 2

Monograptids of the fanicus-craigensis Zones, Fig. 1, section I Turkpanda Forma-
tion, southern Tien Shan
1-3 — Monograptus aequabilis notoaequabilis Jaeger & Stein. Fig. 1 — CGM, 3/10505,
X 8, craigensis Zone, bed 14; Fig. 2 — CGM, 4/10505, X 10, fanicus Zone, bed 12;
Fig. 3 — CGM, 5/10505, X 10, fanicus Zone, bed 12,
4-8 — Monograptus fanicus n. sp. Bed 12, Fig, 4 — 6/10505, X 10; Fig. 5 — holotype,
CGM, 7/10505, X 10; Fig. 6 — CGM, 18/10875, X 8; Fig. 7T — CGM, 8/10505, X 10.

PL. 3

Monograptids of the fanicus Zone, Fig. 1, section I, beds 12—13, Turkparida Format-
tion, southern Tien Shan .

1-3 — Monograptus fanicus n. sp., X 10. These specimens can be. considered as
transitional to M. aequabilis notoaequabilis Jaeger & Stein on account of the
shape of the sicula. Fig. 1 — CGM, 13/10875; Fig. 2 — CGM, 9/10505; Fig. 3 —
CGM, 10/10505. '

4 — Momnograptus aequabilis notoaequabilis Jaeger & Stein vel Mo'nograptus fanicus
n. sp., CGM, 11/10505, X 10.

PL. 4

Successive stages of development of juvenile rhabdosomes Momnograptus aequabilis
notocequabilis Jaeger & Stein and M. fanicus n. sp., fanicus Zone, Fig. 1, section I
beds 11—12, Turkparida Formation, southern Tien Shan
1-2, 9 — Monograptus aequabilis notoaequabilis Jaeger & Stein. CGM, 27/108175,
28/10875, 14/10505, X 25.

3-8 — Monograptus fanicus n. sp. CGM, 34/10875, 33/10875, 35/10875, 12/10505, 36/10875,
13/10505, X 25.

‘ PL. 5
Morphological transition from Monograptus telleri Lenz & Jackson to Monograptus
craigensis Jaeger indicated in the shape of the proximal end. Southern Tien Shan,
Turkparida Formation, Fig. 1
1-2 — Monograptus telleri Lenz & Jackson. Fig. 1 — CGM, 1/10875, X 10, fanicus
" Zone, bed 13; Fig. 2 — CGM, 15/10505, X 10, fanicus Zone, bed 12.

3 — Momnograptus telleri Lenz & Jackson. This specimen can be considered as
transitional to M. craigensis on -account of the shape of the prox1ma1 end,
. fanicus Zone, bed 13, CGM, 5/108’75 X 10.

4 — Monograptus craigensis Jaeger. CGM, 9/10875, X 10, yukonenszs Zone, bed 19
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Morphological transition from the straight rhabdosomes of Monograptus telleri Lenz
& Jackson to M. craigensis Jaeger with the proximal end weakly curved dorsally
e Southern Tien Shan, Turkparida Formation, Fig. 1, section I, -

14 — Monograptus tellen -Lenz l&, Jackson. Figs 1-:2 — juvenile rha’bdosomes CGM
16/10505, ‘fanicus ; Zone, '44/10875,, craigensis Zone, X 25; Figs 3-4 — proximal
ends of adult rhabdosomes, CGM 4/10875, craigensis Zone, CGM 3/10873,
" falecarius-fanicus Interzone, X 25.

5-6 — Momnograptus craigensis Jaeger. The proximal ends of adult rhabdosomes,
CGM, 6/10875, X 25, craigensis Zone, CGM, 10/10875, X 25, craigensis Zone

PL. 7
Monograptids -of the craigensis and: yukonensis Zones, southern Tien Shan, Turk-
B parida Formation, Fig. 1, section I, beds 18—19
1-8 — Monograptus craigensis Jaeger. CGM, 17/10505, X 3; 18/10505, X 2; 19/10505,
"X 5; 9/10875, X 3; 8/10875, X 5; 20/10505, X 3; 21/10505, X 5; 22/10505, X 3.

9-12 — Monograptus yukonensis Jackson & Lenz. Figs 9-10 — CGM, 47/10875, X 5,
X 25; Fig: 11 — CGM, 12/10875, X -10; Fig. 12 — CGM, 10/10875, X 5. -

PL. 8

Monograptids of M. aequabilis — M. fanicus lineage. The gradual morphological
transition from M. aequabilis motoaequabilis to M. fanicus n. sp. and variability in
the shape of sicula in M. fanicus n. sp. traced in one and the same sample, section I,
bed 12
1-5 — Monograptus aequabilis notoaequabilis Jaeger & Stein, CGM, 23/10505, X 3;
24/10505, X 4; 5/10505, X 4; 4/10505, X 4; 25/10505, X 4.
6-21 — Monograptus fanicus n. sp. Figs 6-10 — specimens close to M. aeguabilis
notoaequabilis on account of the sicula shape; CGM, 26/10505, X 4; 27/10505,
X 5; 28/10505, X 4; 29/10505, X -5; 30/10505, X 5. Figs 11-21 — specimens with
the trumpet-like sicula, CGM, 31/10505, X 4; 10/10505, X 4; 13/10505, X 5;
6/10505, X 4; 7/10505, X 4, holotype; 32/10505, X 5; 33/10505, X 4; 34/10505, X 5;
18/10875, X 4; 35/10505, X 5; 17/10505, X 5.

PL. 9

Gradual morphological transition from Monograptus telleri Lenz & Jackson to
M. craigensis Jaeger, traced in samples from beds 14—15, craigensis Zone, Turkparida
Formation, Fig. 1
1-6 — Momnograptus telleri Lenz & Jackson, CGM, 36/10505, 37/10505, 4/10875, 38/10505,

5/10875, 44/10875, X 5.
7-12 — Monograptus craigensis Jaeger, CGM, 39/10505, 46/10875, 4/10505, 40/10505,
41/10505, X 5; 42/10505, X 4.

PL. 10

Monograptids of the M. telleri — M. craigensis — M. yukonensis lineage, Turkparida
Formation, yukonensis Zone, Fig. 1, bed 19

1 — Monograptus telleri Lenz & Jackson, CGM, 43/10505, X 5.

2-13 — Monograptus craigensis Jaeger, CGM, 44/10505, X 5; 45/10505,.X 5; 46/10505,
X 5; 47/10505, X% 5; 8/10875, X 5; 9/10875, X 3; 19/10505, X 5; 9a/10875 X 5;
8/10875 X 5; 48/10505 X 5; 21/10505 X.5; 22/10505, X 3.

14-16 — Monog'raptus yukcmenszs Jackson & Lenz CGM, 12/10875, X 4; 47/10875,

- X 5. . .
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