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JIHaKu TeH'l06 - Poo Lonchopteris Brongniart 6 J{o-
6pyiJJK:aHCKOM Kap60HCKOM KaMeHHOY20/lbHOM 6acceLLHe. 
B o6py,ll,)l(aHCKOM KaMeHHOyrOJihHOM 6accei1He ycTaHo-
3.l eHo BOCeMh BR)J.OB, npRHa)J,Jie)l(am;RX K po.D.y Loncho
- eris: L. baurii, L. conjugata, L. escheweileriana, L. 
:Wrvinense, L. rugosa, L. silesiaca, L. elegans n. sp. R L. 
ip. qame Bcero BCTpeqaJOTC.II L. silesiaca, L. elegans R L. 
~heweileriana. 0TJIO)I(eHH.II ,[(o6py.D.)I(aHcKoro 6accei1Ha 
saKOnJI.IIJIHCb Ha TeppHTOpHH, KOTOpa.s! HaxO)J,RJiaCb 
211CIIIe190 MeTpOB Ha)J, ypOBHeM MOp.s!. 

Abstract. Eight Lonchopteris species have been identified in 
the Dobrudzha Coalfield, and namely: L. baurii, L. conjuga
ta, L. eschweileriana, L. karvinense, L. rugosa, L. silesiaca, 
L. elegans n. sp and L. sp. Most abundant here are L. silesi
aca, L. elegans and L. eschweileriana. The Dobrudzha Ba
sin was formed at an altitude of more than 190 meters above 
sealevel. 

Tenchov, Y. G. 2004. The genus Lonchopteris Brongniart in the Dobrudzha Carboniferous Basin, 
Bulgaria. -Geologica Bale., 34, 1-2; 97-103. 
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Introduction 

A. relative abundant species diversity of Lonchop
:eris is found in Dobrudzha Basin, northeastern 
Bulgaria (Fig. l ). The specimens described here 
vere mostly collected prior to 1980 by the author 

and the late G. Koulaksazov. A few further spec
. ens were collected by A. Popov from bore
. oles drilled after 1981. All the determinations, 
rawings and photographs of the Dobrudzha 

samples were made by the present author. The 
, hotographs of specimens from the Museum fUr 
. · aturkunde in Berlin were made in 1971 by M. 
Barthel, to whom the author is grateful. Strati
paphical data are after Tenchov (1993). 

~aterial 

About 205 samples from 87 boreholes were 
:ound to contain specimens of Lonchopteris. 

..: Geologica Balcanica, 1-2/2004 

Fig. 1. Location ofDobrudzha Basin in Bulgaria 

Most are from the Mogilishte Formation and the 
lower Makedonka Formation, and are Langsetti
an and Duckmantian in age. A few came from the 
upper Makedonka Formation and are of Bolso
vtan age . 
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Fig. 2. Biostratigraphical distribution of Lonchopteris species in the Dobrudzha Basin 
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The stratigraphical distribution of the species 
is expressed in terms of a scheme of 'standard 
depth ' , which has been developed to permit the 
con·elation of the borehole cores in the basin 
from the Mogilishte to the Gurkovo Formation, 
inclusive. The distances are measured above coal 
seam 1

1 
(designated as depth 0 m), and below or 

above coal seams m
5 

(designated as depth 670 
m), n

1 
(designated as depth 920 m) and p

3 
(desig

nated as depth 1320 m). All of these seams have 
been identified throughout the prospected part of 
the basin. For the Vranino Formation, values of 
655, 654, 653 are used for each of a 25m drilled 
thickness; for MaB values from 668 to 657 are 
used for each 7 m thickness in the drills; for the 
Velkovo it is between 871 and 920 m; and for the 
Polyantsi it is between 1050 and 1060 m due to 
the rare case in which Gut is 160m. Consequent
ly, for those intervals there is something of a con
densation of the depth. However, if such a trans
formation is not applied, the distributions in the 
adjacent formation will be shown incorrectly. 
The data for depths are not corrected in boreholes 
with inclination of the layers up to 15° (re-esti
mated) because in the primary documentation the 
inclination is measured rarely- even for intervals 
of over 100 meters. The more steeply inclined 
intervals are excluded from the distribution chart. 

Taxonomy 

Family Alethopteridaceae Corsin, 1960 

The diagnoses of Wagner (1968, p.18) with his 
comments are followed here. The family charac
ters are: (1) alethopterid attachment of pinnules 
to the rachis; (2) pinnules are asymmetric, with 
the basiscopic side decurrent and the acroscopic 
side a little constricted; and (3) pinnules are con
nected or not with their base. Further discussion 
of these is beyond the scope of this paper (but see 
Cleal and Shute, 2003 for further details). 

Genus Lonchopteris Brongniart, 1828 

Type species. Brongniart (1828) mentions three 
species of Lonchopteris: L. rogosa Brongniart, L. 
bricei Bronmgniart and L. mantelli Brongniart. 
By general unofficial recognition, L. rugosa 
Brongniart, 1836 is taken to be the type of the 
genus. The current place of storage the type spec
imens (syntypes) is not known to me. 

Remarks. Brongniart's diagnosis states that the 
venation consists of vein-meshes of equal and 
uniform size. It was subsequently emended by 
Geppert (1836) (and re-named Woodwardites) to 
include new species with unequal meshes. Goth
an (in Potonie, 1909, N 117, N 119) further 

emended the genus and recognised two 'groups': 
Eulonchopteris, with small vein-meshes, and 
Lonchopteridium with larger vein-meshes, some
times with imperfect anastomoses. Gothan re
garded them as subgenera, but in 1953 he did not 
apply them or comment on them. 

Guthorl (1960) corrected some of the nomen
clatural omissions of Gothan and revised the di
agnoses of the two Gothan subgroups, which he 
changed in rank to genera. Wagner (1961) ana
lysed Guthorl's revision and discussed some of 
its weaknesses. Not all researchers have accept
ed the grouping of lonchopterids into two su
praspecific taxa (Crookall, 1955; Buisine, 1961; 
the present author). Bochenski (1960) analysed 
the form and arrangement of the vein-meshes and 
regarded them as essential for distinguishing of 
some of the species. Also, he demonstrated that 
the first catadromous vein is not issuing directly 
from the rachis. 

At present, the morphological features of the 
lonchopterid pinnules are used rather arbitrarily 
when taxonomic differences or species diagnos
tic characters are being established (this concerns 
not only Lonchopteris) . However, the compara
tively small number of species recognised in the 
genus permits an analysis of the diagnostic char
acters. 

The generic characters are: (1) the midrib al
ways runs for more than half of the pinnule 
length, and can reach near to the apex (2) the mid
vein is decurrent at the base, although this is in 
many cases difficult to see and can create the false 
impression that the lowermost lateral vein arises 
directly from the rachis; and (3) the lateral veins 
are anastomosed. 

The characters of the subgenus Lonchopteris 
Brongniart are: (1) lateral veins are sinuous; (2) 
the venation is almost completely anastomosed to 
the pinnule margin; (3) the size of the vein-mesh
es diminishes by up to 50% from the midvein to 
the pinnule margin; and (4) there are usually 
more than four vein-meshes between the mid vein 
and the pinnule margin. 

The characters of the subgenus Lonchopterid
ium Go than are ( 1) the lateral veins are not or 
only slightly flexuous; (2) vein anastomosis is 
mostly incomplete, and sometimes lateral veins 
are not anastomosing at all; (3) the size of the 
vein-meshes diminishes by up to three to four 
times; and (4) there are usually less than four 
vein-meshes between the midvein and the pin
nule margin. The diagnosis of the subgenus, in
cluding epidermal cellular details, is recently giv
en by Zodrow and Cleal (1998). 

For differentiation of species in the genus, 
complete or incomplete sets of the following 
characters have been used. 
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(1) Size and form of the pinnules. These include 
the ratio between the long and short axes, and 
the place of maximal width. Each of these 
factors is strongly variable, and depends on 
maturity and place of the pinnule in the pinna 
(see, for instance, specimens of L. rugosa fig
ured by Buisine, 1961, pls 57-58). Hence, 
this character is not sufficiently indicative for 
the differentiation of species. 

(2) Form of the apical pinnules. The specimen 
figured in Buisine (1961, pl. 57) shows that 
the form is variable, and is therefore not deci
sive in species determination. 

(3) Density of lateral veins. This is easier to ap
ply in Lonchopteridium species along the 
pinnule border. Many of the species have a 
specific density. 

(4) Number of the vein-meshes between the mid
rib and pinnule border. The difficulty is 
where to measure the number of meshes, as it 
is usually greater in the middle of the pinnule 
than near the base or apex. Also, it depends 
on the position of the pinnu~e in the pinna. It 
seems that the counting is best done midway 
along the length of the pinnule and perpen
dicular to the midvein. The number also de
pends to some extent on the curving of the 
veins, which seems to be variable, even in 
pinnules in the same pinna. 

(5) Form and size of vein-meshes . In particular, 
how the meshes change from the midvein to 
the pinnule border. This character was ana
lysed for five species by Bochenski (1960). 
It requires well preserved and fully-devel
oped pinnules. At present, it is the only reli
able basis for species determinations, al
though there has been no analysis so far of 
how it changes relative to the position of the 
pinnules in the pinna. 

In conclusion, species determinations based on 
poorly-preserved pinnules, especially where de
tails of the form and arrangement of the vein
meshes are unclear, are unreliable. This can 
prove problematic in old publications, when 
drawings were used, as well as in many modem 
studies where the photographic images are poor. 

Lonchopteris baurii Andrae 
Plate I, figures 1, 1 a, 2, 2a 

1865 Lonchopteris baurii- Andrae p. 3, pl. 1, 
fig. 1. 

1910 Lonchopteris baurii - Goth an in Potonie, 
Lief. VIII, N 129, pp. 1-5, fig. 1-3. 

1959 Lonchopteris baurii- Egemen, p. 11, pl. 4 
(non fig. 1 = L. conjugata; ?fig 2 -poor il
lustration). 

1960 Lonchopteris baurii- Bochenski , p. 22 pl. 
10 figs 36, 37, textfig. 4e. 
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Remarks. There are about four rows of vein
meshes between the midrib and pinnule border. 
The outer row occupies half this distance and is 
of parallel, mainly non-anastomosing veins. The 
Dobrudzha samples correspond well with Bo
cheilski's figures. 
Distribution. Mogilishte formation: 75, 280, 
400, 416, 418 m; lower Makedonka Formation 
(MaB): 657 m. 

Lonchopteris conjugata (Goeppert) Andrae 
Plate I, figures 3, 3a, 3b 

1846 Neuropteris conjugata - Goeppert Lief. 5-
6, pl. 10, figs 1-2. 

1865 Lonchopteris conjugata- Andrae, p. 9. 
1885 Neuropteris conjugata - Stur pl. 31, fig. 5. 
1909 Lonchopteris conjugata - Gothan in Pot-

onie, Lief. VIII, N 131, pp. 1-5, figs 1-4. 
1957 Lonchopteris conjugata - Stopa p. 90, p. 

195, pl. 33, ?fig 5, 6 (not clear). 
1960 Lonchopteris baurii-Egemen, pl. 5, figs 1-2. 
1960 Lonchopteris haliciensis - Egemen pl. 5, 

fig. 3. 

Remarks. Anastomosis does not affect many of 
the lateral veins, and is totally absent in the apical 
part of pinnules. Instead, there is often pseudoa
nastomosis due to the strongly flexuous lateral 
veins. This species resembles Alethopteris lon
chitica much more than any other Lonchopteris. 
T111 now, the species is known from Lower Si
lesia (Schatzlarer Schichten), and as extremely 
rare occurrences in Upper Silesia and Eregly (in 
the latter area as L. baurii and as L. haliciensis by 
Egemen, 1960). 
Distribution. Mogilishte Formation: 164, 200, 
522 m; lower Makedonka Formation aB): 657 m; 
upper Makedonka Formation (MaC): 702 m. 

Lonchopteris eschweileriana Andrae 
Plate II, figures 1, 1a, 2, 2a, 3, 3a, 3b, 3c 

1865 Lonchopteris eschweilerian - Andrae, p. 8, 
pl. 3, fig. 1. 

1910 Lonchopteris eschweileriana - Gothan in 
Potonie, Lief. VII, N 132 fig 2 (non fig.1 = 
Alethopteris valida). v 

1928 Lonchopteris eschweileriana - Susta, p. 
456, pl. 35, fig. ?(bad quality illustration) 
(non pl. 34, fig. 6; pl. 75, fig. 14 = L. kar
winense Purkyiiova). 

1960 Lonchopteris eschweileriana - Bochenski, 
p. 23, pl. 9, figs 34-35; textfigs 2b, 4. 

1961 Lonchopteris eschweileriana - Buisine p. 
231, pl. 63; pl. 64, figs 1-2; pl. 65, fig. 2 
(non fig. 1); pl. 66, figs 1-2. 

Remarks. Bocheilski (1960) demonstrates as 
rather typical the triangular-shaped first vein
meshes of the second lateral vein branch. This is 
clearly visible in our Plate 2, figures 3 a and b. 



Distribution. Mogilishte Formation: 205, 321, 
-B6, 450, 468 (cf.), 472 (cf.), 477, 537, 596 m; 
.ower Makedonka Formation (MaB): 657, 664 
:n; upper Makedonka Formation (MaC): 677 m. 

Lonchopteris karvinensis Purkyiiova 
Plate I, figures 4, 4a, 5, 5a 

928 Lonchopteris eschweileriana - Susta, p. 
456, pl. 34, fig. 6; pl. 75, fig. 14. 

971 Lonchopteris Jarvinensis - Purkyiiova, p. 
161, pls 1-5 (Susta specimens) (non pl. 5, 
fig. 2 = L. haliciense Gothan). 

990 Lonchopteris karvinensis - Purkyiiova, pl. 
1, figs 3, 4, 4a. 

Remarks. The specimens from Dobrudzha agree 
\"ell in pinnule shape and venation with Susta's 

specimens, as figured and demonstrated by Purky
·ova. 
Distribution. Makedonka Formation (MaC): 702 m. 

Lonchopteris rugosa Brongniart sensu Gothan 
Plate III, figures 1-3 

910 Lonchopteris rugosa - Goth an in Potonie, 
VI 119. 

928 Lonchopteris rugosa - Susta pl. 33, fig. 6. 
952 Lonchopteris rugosa - Novik, p. 337, pl. 

58, fig. 5. 
1955 Lonchopteris rugosa - Crookall, p. 45, pl. 

8, figs 1, 1a. 
960 Lonchopteris rugosa - Bochenski , p. 20, 

pl. 6, fig. 22; pl. 7, figs 23-24; textfigs 2a, 
4c. 

1961 Lonchopteris rugosa - B uisine, p. 213, pl. 
65, fig. 1. 

Remarks. The current location of Brongniart's 
_'pes is unknown, and his drawing and descrip
·on do not permit detailed comparisons. My de
ermination is instead based on the much better 
1gures and description given by Gothan. The 
-ollowing characters allow the species to be easi
ly distinguished from others of the genus: the 
-mall size of the vein-meshes in the first row; the 
ngular, mainly isometric or slightly elongated 
·ein-meshes of the next row; the absence of non

anastomosing veins except occasionally near the 
innule borders. 
Its relation to L. bricei Brongniart has been a 

subject of dispute. Taxonomists such as Gothan 
:nitially regarded them as different, later as con
specific, and finally did not discuss the puzzle at 
:il l. The main difficulty is the variability of size 
and form of the pinnules from different parts of 
:he pinnae and maybe in plants of different matu
ri ty. However, the vein-meshes of specimens that 
. ave been referred to the two species are small 
and similar to each other. According to Bo
-heilski ( 1960), previous illustrations of the retic-

u1ation were drawn rather arbitrarily and do not 
reflect the real form of the meshes, especially for 
those along the midrib, or the size and mode of 
the reticulation in adjacent meshes. At least Bo
chenski's specimens (on his pl. 3, figs 10-11; pl. 
5, figs 17-19; pl. 6, figs 20-21; text-fig. 2a; 4 a, b) 
are different from Brongniart's drawing and de
scription, but the Bochenski determination as L. 
bricei is quite arbitrary. His figures are of small 
fragments that cannot be satisfactorily be distin
guished from L. eschweilleriana and may be from 
L. baurii. 
Distribution. Mogilishte Formation: 272, 273, 
314, 332, 387, 605 m (rare single pinnules). 

Lonchopteris silesiaca Gothan 
Plate III, figures 4, 4a, 5, 6, 6a; Plate V, 

figures 2, 3, 4 

1897 Lonchopteris rugosa - Potonie, p. 150, 
fig. 147. 

1909 Lonchopteris silesiaca - Gothan in Pot
onie, Lief. VI N 117. 

1910 Lonchopteris silesiaca - Gothan in Pot
onie, Lief. VI N 127, fig. 1-6. 

1913 Lonchopteris silesiaca- Gothan, p. 186, 
pl. 42, figs 1-2; pl. 43, {!gs 2-5. 

1928 Lonchopteris rugosa- Susta, pl. 75, fig. 17. 
1960 Lonchopteris silesiaca - Bochenski , p. 21, 

fig. 41; pl. 8, figs 27-30; pl. 29, figs 31-33. 
1961 Lonchopteris petiti- Buisine, p. 247, pis 

68-69. 
1972 Lonchopteris silesiaca - Anissimova, p. 

122, figs 1-3. 

Remarks. This species is characterised by its 
long pinnules with parallel sides; the small and 
short decurrent basal part of the pinnules; the 
dense reticulation; the occasional development of 
pseudoanastomoses; and the elongated-elliptical 
form of the vein meshes due to the undulated 
course of the lateral veins. 
Distribution. Mogilishte Formation: 201, 254, 
314, 353, 354, 356, 396, 401, 418, 428, 436, 
472, 475, 486, 489, 492, 515, 517, 522, 525, 
542, 551, 563, 572, 602, 622 m; Makedonka For
mation (MaB): 660,661,662,663,665 m; Make
donka Formation (MaC): 783 m. 

Lonchopteris elegans Tenchov, sp. nov. 
Plate IV, figures 1, 2, 2a, 3, 3a, 4, 4a, 4b; 

Plate V, figure 1 

Diagnosis. Rachis of last order is about 1 mm 
wide, longitudinally striated. The pinnules are 
slightly forwards-inclined, nearly oppositely at
tached. They are linear, parallel-sided for up to 2/3 
their length, and then gradually converge to an 
obtuse or slight acute apex. The base is slightly 
decurrent in the distal pinnules only. The sinus is 
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oval and naJTow, so that adjacent pinnules areal
most touching. Well-developed pinnules are 9-
15 mm long and 3-4.5 mm wide. The terminal 
pinnule is oblongate, triangular and narrow. 
The midvein is clear, straight, and ends near the 
pinnule apex. It is slightly decurrent in its proxi
mal part. Laterals veins branch at a sharp angle, 
strongly bend and meet the pinnule border at be
tween about 45° and nearly 80°, depending on the 
maturity of pinnules. Laterals veins divide two to 
four times, and anastomose along their entire 
length forming elongated hexagonal or rhomboi
dal meshes. From midrib to pinnule border, there 
are two to four rows of vein-meshes. The first 
anadromic vein-branch is not anastomosing. Ad
ditional veining is presented on the basiscopic 
side; on the acroscopic side such exist near the 
end. The first vein-meshes are more or less par
allel to the midrib and slightly longer than the 
meshes in the next row. In the next row, the vein
meshes are not significantly smaller. 
Holotype. Specimen 11239 (Pl. IV, fig. 4). It 
originated in Borehole R 110, Dobrudzha Coal
field, at a depth of 1771 m. This represents a po
sition in the lower Mogilishte Formation (stand
ard depth 272 m) and is Langsettian (Westphalian 
A) in age. 
Remarks. This species is only known from last 
order pinnae (the size of core does not permit 
more complete specimens to be found). 

Lonchopteris elegans n. sp. differs from L. 
eschweilleriana by its first row of vein-meshes 
being parallel to the midrib, instead perpendicu
lar as in L. eschweilleriana. L. silesiaca can be 
distinguished by its vein-meshes being more or 
less elliptical, due the the flexuosity of the lateral 
veins, which are frequently pseudoanastomosing, 
and its pinnules having a more clearly decurrent 
base and there being a much clearer separation 
between them. This difference is shown on Plate V. 

In specimen 10,821, which is densely covered 
with Lonchopteris elegans sp. nov. pinnules (an
other 11 surfaces with Lonchopteris were collect
ed within about 0.2 m) there is a large seed (Pl. 
IV, fig. 1) about 20 mm long with two weakly-ex
pressed ribs. This seed resembles Pachytesta, 
but the ribs do not exclude Trigonocarpus. No 
organic connection is visible between the seed 
and any of the other plant remains. In the collect
ed 11 samples, there are also a few single pin
nules of Paripteris, Mariopteris and Eusphenop
teris. 
Distribution. ?Middle Langsettian to topmost 
Bolsovian. Mogilishte Formation: 201, 224, 254, 
272,314,353,417,538,563,572,580,596,598, 
608,614 m; lower Makedonka Formation (MaB): 
661, 663, 665 m. 
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Lonchopteris sp. 
Plate V, figure 5 

Remarks. One fragment of Lonchopteris was 
found with a small number of vein-meshes be
tween the midrib and the pinnule border. The 
veining is inclined and anastomoses are not per
fect. It resembles the veining of Lonchopterid
ium Laxereticulosum Wagner, 1961, but the pin
nules in the latter are rather longer. Where visi
ble, the vein-meshes sometimes are as wide as 
they are long. This single specimen does not per
mit further taxonomic treatment. 
Distribution. Mogilishte Formation: 224 m. 

Discussion 

Geographial and stratigraphical distribution of 
Lonchopteris 

Gothan (in Potonie, 1909) and Gothan (1954) 
outlined the distribution of Lonchopteris and 
subsequently published data do not undermine 
his conclusions. The genus only occurs in the 
Euramerican floristic province, from eastern Can
ada, and across Europe to the Donets Basin, the 
Caucasus and northern Turkey. In Canada, one 
species is reported - initially identified as L. 
eschweileriana, but subsequently (Zodrow & 
Cleal, 1998) transferred to L. karvinensis. In the 
British Isles, specimens are scarce but three spe
cies are present. In the Franco-Belgian basins 
and the Ruhr, lonchopterids are more frequent 
but mainly as Lonchopteridium. In the Silesian 
Basin, there is a rich species diversity, which ac
cording to Gothan includes two 'Silesian' species 
- L. silesiaca and L. conjugata. In Eregli (north
ern Turkey) the existing figured specimens are in 
need of revision, but their ' Silesian' appearance 
is quite clear (this is true concerning the whole 
megaflora, as was noted in the earliest palaeobo
tanical studies on the basin by Zeiller, 1899). Do
brudzha basin supplies the link between Silesia 
and Eregli, with the presence of L. silesiaca and 
L. conjugata. In the Caucasus, L. silesiaca and L. 
eschweilleriana have been reported (Anisimova, 
1979). In the paralic Donets Basin, Novik (1952) 
reported L. rugosa, but Gothan (1954) subse
quently re-identified it as L. eschweileriana. 
Rarely, the genus is found in northern Spain. 

Almost all these localities are situated to the 
north of the Variscan range, in the foredeep. The 
exceptions are northern Spain, which was on the 
southern slope of the range, and the Donets Ba
sin, which was near to the Variscan piedmont 
hills only in the Lvov-Volin area. For that belt of 
distribution, most typical and frequent species 
are L. eschweileriana and L. rugosa. Gothan 's 



opinion was that there is clearly an eastern 'Sile
sian' region, with two 'S.ilesian' species, and 
quite distinct from the western region. 

A second group of basins with lonchopterids 
were in the intra-Variscan depressions: Saar-Lo
rain with his own L. chandesrisi; the Bohemian 
basins (a grouping of several smaller basins) with 
rare occurrences of L. rugosa. The plant from the 
Stephanian of the Rosice-Oslavani Basin, de
scribed by Augusta as L. jongmansii, is according 
to Gothan (1953, p. 30) probably not a Lonchop
teris at all . 

All known specimens of the species are found 
in the Upper Carboniferous, from the Langsettian 
to Bolsovian. 

Habitat ofLonchopteris and Lyginopteris in the 
Dobrudzha basin. 

It was widely thought that Lyginopteris and Lon
chopteris both required marine water and oc
curred only at low altitudes. However, Gothan 
showed that this could not be correct and that 
they occur in places where no marine conditions 
are evident. This is confirmed by the evidence 
from the Dobrudzha Basin, which in the Late 
Carboniferous was at least 40 km from the sea 
(established in Romanian boreholes near the bor
der with Bulgaria). 

It is now clear that both genera could grow at 
altitudes of a least 200 m above sea-level. Lygi
nopteris and Lonchopteris specimens occur in 
the Mogilishte Formation and lower Makedonka 
Formation (MaB), which Tenchov (1993, figs 3-
5) showed to be the fill of a valley that cut down 
into the Mogilishte Formation. The maximum 
thickness of this valley-fill (in Borehole 135) is 
more than 190 m, and this clearly represents the 
minimum altitude of the basin above sea-level at 
this time. These valley-fill deposits appear to 
represent a large swamp-area, maybe of low aeri
al humidity, and with no significant break in sed
imentation from the Mogilishte Formation. In 
the overlying upper Makedonka Formation (i.e. 
during Bolsovian times) conditions changed to 
swamp-lacustrine, and Lonchopteris is rare in 
these deposits and Lyginopteris is absent. All 
specimens that were found, were collected from 
immediately above a coal. 
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PLATE I 

Figs 1-2. Lonchopteris baurii Andrae, Dobrudzha Coalfield. Figs 1, 1a, Specimen N 6419, Borehole 73, depth 1430 m (Mo
gilishte Formation, standard depth 362m- Langsettian Stage). Figs 2, 2a, Specimen N 8493, Borehole 90, depth 1692 m 
(Mogi lishte Formation, standard depth 416 m- Duckmantian Stage). 
Fig. 3. Lonchopteris conjugata (Goeppert) Andrae, Dobrudzha Coalfield. Specimen N 5560, Borehole 52, depth 1615 m 
(Mogi lishte Formation, standard depth 200m- Duckmantian Stage). 
Figs 4-5. Lonchopteris karvinensis Purkynova, Dobrudzha Coalfield. Figs 4, 4a, Specimen N 8267, Borehole 81, depth 1832 
m (Makedonka Formation, standard depth 702 m-Bo\sovian Stage). Figs 5, Sa, Specimen N 8265, Borehole 81, depth 1832 
m (Makedonka Formation, standard depth 702 m-Bolsovian Stage). 
Figs 1, 2, 3, 4, 5- x 1; Fig. 3a- x 3; Figs 1a, 2a, 3b, 4a, Sa- x 6. 

PLATE IT 

Figs 1-3. Lonchopteris eschweileriana Andrae, Dobrudzha Coalfield. Figs 1, 1a, Specimen N 8297, Borehole 81, depth ~857 
m (Makedonka Formation, standard depth 677 m- Bo\sovian). Figs 2, 2a, Specimen N 8294, Borehole 81, depth 1857 m 
(Makedonka Formation, standard depth 677 m- Bolsovian Stage). Figs 3, 3a-c, Specimen N 8297, Borehole 81, depth 1857 
m (Makedonka Formation, standard depth 677 m- Bolsovian Stage). 
Figs 1, 2, 3- x 1; Figs 2a, 3c-x 2; Figs 1a, 3 a, 3b- x 6. 

PLATE III 

Fig. 1. Lonchopteris rugosa Brongniart sensu Go than, Dobrudzha Coalfield. Specimen N 9236, Borehole 82, depth 1946 m 
(Mogilishte Formation, standard depth 332m-Langsettian Stage). 
Figs 2-3. Lonchopteris rugosa Brongniart sensu Goth an, northern Germany. Fig. 2, Specimen SB 1 (Museum fUr Naturkunde, 
Berlin) N 1558, Worm Mulde, Grube Maria, Aachen, (Fettkohle) (original of Roehl, 1868, pl. 29; Gothan, 1910, fig. 1); x 2.5. 
Fig. 3, part of specimen figured by Gothan, 1910, fig. 2; x 2. 
Figs 4, 6. Lonchopteris silesiaca Gothan, Dobrudzha Coalfield. Figs 4, 4a, Specimen N 7720, Borehole 94, depth 1845 m 
(Mogilishte Formation, standard depth 489 m-Duckmantian Stage); Fig. 4-x 1; Fig. 4a- x 2. Figs 6, 6a, Specimen N 5841, 
Borehole 57, depth 1938 m (Makedonka Formation, standard depth 661 m-Duckmantian); Fig. 6 -x 1; Fig. 6a -x 3. 
Fig. 5. Lonchopteris silesiaca Go than, Silesia. Specimen SB 1 (Museum fUr Naturkunde, Berlin) N 1748, Bradegrube bei 
Mokrau, Obere Muldengruppe (specimen figured by Gothan, 1913, pl. 43, fig. 2); x 2.2 
Figs 2, 3, and 5 by M. Barthel. 

PLATE IV 

Figs 1-4. Lonchopteris elegans Tenchov, sp. nov., Dobrudzha Coalfield. Fig. 1, specimen with seed associated on the slab; 
Specimen 10821, Borehole 110, depth 1771 m (Mogilishte Formation, standard depth 272 m- Langsettian Stage). Fig. 2, 
Specimen N 8577, Borehole 90, depth 1794 m (Mogilishte Formation, standard depth 314m-Langsettian Stage). Figs 3, 3a, 
Specimen 11241 , Borehole 110, depth 1771 m (Mogilishte Formation, standard depth 272m- Langsettian). Figs 4, 4a-b, 
Specimen 11239, Borehole 110, depth 1771 m (Mogilishte Formation, standard depth 272m -Langsettian Stage) Holotype. 
Figs 1, 3, 4, - X 1; Figs 3a, 4a - X 3; Figs 2, 4b -X 6. 

PLATE V 

Fig. 1. Lonchopteris elegans Tenchov, sp. nov., Dobrudzha Coalfield. Specimen N 8561, Borehole 90, depth 1794 m (Mogil
ishte Formation, standard depth 314m-Langsettian Stage). 
Figs 2-4. Lonchopteris silesiaca Gothan, Dobrudzha Coalfield. Fig. 2, Specimen N 11186, Borehole 85, depth 1310 m (Mo
gilishte Formation, standard depth 563 m-Duckmantian). Fig. 3, Specimen N 5860, Borehole 57, depth 1938 m (Makedon
ka Formation, standard depth 613 m- Duckmantian Stage). Fig. 4, Specimen N 5855, Borehole 57, depth 1938 m (Makedon
ka Formation, standard depth 661 m- Duckmantian Stage). 
Fig. 5. Lonchopteris sp., Dobrudzha Coalfield. Specimen N 8616 (lower surface), Borehole 90, depth 1884 m (Mogilishte 
Formation, standard depth 224 m- Langsettian). 
Figs 3, 4, - x 1; Figs 1, 2, 5- x 6. 

Susta, V. 1928. Stratigraphie des Ostrau-Karviner Steinkoh
lenrevieres im Lichte der Palaontologie. - Kohlenberg
bau der Ostrau-Karviner Steinkohlenrevier, 1; 381-484, 
75 pis. 

Tenchov, Y. 1993. Sedimentation and erosion during the Late 
Carboniferous in the Dobrudza Coal Field (north-east Bul
garia).- Geol. Balcanica, 23,2; 3-18. 

Wagner, R.H. 1961. Some Alethopterideae from the South 
Limburg Coalfield. - Meded. geol. Sticht. , N.S. 14; 5-13. 

Wagner, R.H. 1968. Upper Westphalian and Stephanian spe-

104 

cies of Alethopteris from Europe, Asia Minor and North 
America. - Meded. Rijks Geol. Dienst, Serie C, lll-1, 6; 
188 pp., 64 pis. 

Zeiller, R. 1899. Etude sur Ia tlore fossile du bassin houiller 
d'Heraclee. - Mbn. Soc. geol. Fr., Paleont., 21, 8; 56 p, 
5 pis. 

Zodrow, E.L., Cleal, C.J. 1998. Revision of the pteridosperm 
foliage Alethopteris and Lonchopteridium (Upper Carbon
iferous), Sydney Coalfield, Nova Scotia, Canada. - Pa
laeontogr, Abt. B, 247; 65-122, 14 pis. 



P LATE I 

r G. Tenchov, The genus Lonchopteris Brongniart... 
Geologica Balcanica, 34, 1-2, 2004 



PLATE II 

t I , 
" 3a 

( .! 
/ 

• . ~ 't ,. 
.. 

\ 3 



P LATE III 

1 

... 
*:4ft' .,. . 

.r ~ 

\ 

5 

6 



pLATE IV 

2a 

3 

4 



P LATEV 


