
Geo log i cal Quar terly, 2022, 66: 8 
DOI: http://dx.doi.org/10.7306/gq.1640 

Re vi sion of the trace fos sil Megagrapton Ksi¹¿kiewicz, 1968 with fo cus
on Megagrapton aequale Seilacher, 1977 from the lower Eocene 

of the Lesser Cau ca sus in Geor gia

Al fred UCHMAN1, *, Zurab LEBANIDZE2, Tamar BERIDZE3, Nino KOBAKHIDZE3, Koba LOBZHANIDZE3,
Da vit MAKADZE5, Sophio KHUTSISHVILI3, Rusudan CHAGELISHVILI4, Kakha KOIAVA2

 and Nino KHUNDADZE5

1 Jagiellonian Uni ver sity, In sti tute of Geo log i cal Sci ences, Gronostajowa 3a, 30-387 Kraków, Po land 

2  Iv. Javakhishvili Tbilisi State Uni ver sity, Fac ulty of Ex act and Nat u ral Sci ences, Uni ver sity 13, 0186 Tbilisi, Geor gia 

3  Iv. Javakhishvili Tbilisi State Uni ver sity, Al ex an der Janelidze In sti tute of Ge ol ogy, Politkovskaia 31, 0186 Tbilisi, Geor gia

4 De part ment of Ge ol ogy and Pa le on tol ogy, Geor gian Na tional Mu seum, 3, Purtseladze, 0105 Tbilisi, Geor gia

5 Tbilisi State Uni ver sity, Al ex an der Tvalchrelidze Cau ca sian In sti tute of Min eral Re sources, 12, Mindeli, 0186 Tbilisi, Geor gia

Uchman, A., Lebanidze, Z., Beridze, T., Kobakhidze, N., Lobzhanidze, K., Makadze, D., Khutsishvili, S., Chagelishvili, R.,
Koiava, K., Khundadze, N., 2022. Re vi sion of the trace fos sil Megagrapton Ksi¹¿kiewicz, 1968 with fo cus on Megagrapton
aequale Seilacher, 1977 from the lower Eocene of the Lesser Cau ca sus in Geor gia. Geo log i cal Quar terly, 2022, 66: 8, doi:
10.7306/gq.1640

Megagrapton Ksi¹¿kiewicz, 1968 is a char ac ter is tic deep-sea trace fos sil be long ing to the group of graphoglyptids and
mostly pre served as a net work of ir reg u lar meshes in hypichnial semirelief. So far, eleven ichnospecies have been dis tin -
guished un der this ichnogenus, though com monly on weak ev i dence. The so-far poorly known ichnospecies Megagrapton
aequale Seilacher, 1977 is de scribed here on the ba sis of the nu mer ous, newly dis cov ered spec i mens from deep-sea
siliciclastic de pos its of the Bolevani Subsuite (lower Eocene) in the Lesser Cau ca sus of Geor gia, to gether with other col lec -
tions and pub lished ex am ples. A neotype of this ichnospecies is des ig nated and the di ag no sis emended. M. aequale oc curs
in lower Cam brian to up per Mio cene deep-sea turbiditic de pos its, mostly in the Paleogene. It is char ac ter ized by rel a tively
small, vari able meshes, which have mostly ir reg u lar sub-pen tag o nal, sub-hex ag o nal or sub-heptagonal shapes that are vari -
able in size and are bor dered by curved or straight semi cir cu lar ridges. It has been mis taken for Paleodictyon, which forms
reg u lar hex ag o nal nets. Paleodictyon imperfectum Seilacher, 1977 is in cluded in M. aequale as the ichnosubspecies M. a.
imperfectum, which is char ac ter ized by rel a tively thin bor der ing ridges. Af ter crit i cal anal y sis of all ichnospecies, only M.
irregulare Ksi¹¿kiewicz, 1968, M. submontanum (Azpeitia Moros, 1933), and M. aequale are rec om mended for fur ther use.
These are dis tin guished on the ba sis of the pre vail ing mor phol ogy of the meshes, ir re spec tive of large dif fer ences in
morphometric pa ram e ters within the ichnospecies. Irredictyon chaos Vialov, 1972 is in cluded in M. irregulare as the
ichnosubspecies M. i. chaos, which is char ac ter ized by rel a tively thick bor der ing ridges. Megagrapton is in ter preted as a cast 
of a subsurface open bur row net work with a few con nec tions to the sea floor. The bur rows prob a bly func tioned as a trap for
small or gan isms (etho log i cal sub cat e gory irretichnia).
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INTRODUCTION

The trace fos sil Megagrapton Ksi¹¿kiewicz, 1968 is a char -
ac ter is tic com po nent of the deep-sea pat terned trace fos sils
called graphoglyptids (Seilacher, 1977). It is com posed of semi -
cir cu lar ridges form ing a net with ir reg u lar meshes that is usu ally
pre served in semirelief on the sole of turbiditic sand stones
(Ksi¹¿kiewicz, 1977). Dif fer ences in mesh shape, real or al leged, 

has led to the erec tion of eleven ichnospecies, in clud ing
Megagrapton irregulare Ksi¹¿kiewicz, 1968, M. submontanum
(Azpeitia Moros, 1933), M. aequale Seilacher, 1977, M. regu lare
Ghare and Badve, 1977, M. tibeticum Yang and Song, 1985, M.
angulare Stepanek and Geyer, 1989, M. permicum Kozur et al.,
1996, M. transitum Kozur et al., 1997, M. forni catum Kappel,
2003, and M. fupingensis Yang et al., 2004. How ever, other
ichnogenera, such as Pseudopaleodictyon Pfeif fer, 1968, typ i -
fied by P. hartungi (Geinitz, 1867), and Multina Or³owski, 1968,
typ i fied by Multina magna Or³owski, 1968, also show ir reg u lar
poly gons but com mon overcrossings (Uchman, 1998) and pres -
er va tion in full re lief. Their dis tinc tion may cause prob lems. Better 
un der stand ing re quires fur ther stud ies, but sev eral prob lems ap -
pear within the ichnogenus Megagrapton, which should be re -
solved prior to mak ing fur ther steps. Fore most among them, the
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in ter nal vari abil ity of the Megagrapton ichnospecies is poorly
known, es pe cially with re spect to these that are only rep re sented 
by only a few spec i mens. 

Among the Megagrapton ichnospecies, M. aequale has
been known only from a draw ing based on a field pho to graph of
a sin gle un col lected spec i men (Seilacher, 1977: fig. 11e) and
with out closely con strained fa cies con text. The spec i men in the
draw ing was orig i nally des ig nated as the holotype, such sit u a -
tion be ing un ac cept able in cur rent ichnotaxonomy and in tax on -
omy gen er ally. In this pa per, M. aequale from the lower Eocene
deep-sea de pos its of the Lesser Cau ca sus in Geor gia is de -
scribed from abun dant oc cur rences in some beds in two well -
-doc u mented sec tions (Ardagani-3 and Ormotsi-1). The new
ma te rial from the Lesser Cau ca sus and some other ma te rial
from dif fer ent col lec tions, in clud ing ma te rial from the type area,
mostly from deep-sea Cre ta ceous-Paleogene de pos its, al low
better char ac ter iza tion of this ichnospecies as re gards its mor -
phol ogy and palaeoenvironment. The lit er a ture sur vey and in -
spec tion of sev eral Eu ro pean col lec tions now al lows rec og ni -
tion of M. aequale in other ar eas and de pos its of dif fer ent ages. 

The study also gives an op por tu nity for a re as sess ment of
the other Megagrapton ichnospecies, which is un der taken in
this pa per on the ba sis of the lit er a ture and in spec tion of sev eral 
col lec tions. On this ba sis, new or mod i fied cri te ria for dis tinc tion
of Megagrapton ichnospecies are pro vided. The tax o nomic re -
vi sion of Megagrapton is im por tant for deep-sea ichnology be -
cause of sev eral in con sis ten cies in the lit er a ture, which oth er -
wise would be mul ti plied. Fur ther more, the etho log i cal and
palaeoenvironmental in ter pre ta tions of Megagrapton are sum -
ma rized.

GEOLOGICAL SETTING

GENERAL BACKGROUND

The study area is lo cated in the Lesser Cau ca sus. It be -
longs to the north ern Tethyan geo log i cal prov ince (Zakariadze
et al., 2007, 2012). The study sec tions are lo cated in the
Achara-Trialeti Fold-and-Thrust Belt (ATFTB), south of the
north ern Transcaucasian (Geor gian and Azerbaijanian) blocks
and north of the Lower Paleogene Mid dle East andesitic belt.
The ATFTB is partly over lain by Oligocene-Neo gene de pos its
of the River Mtkvari (Kura) intermontane de pres sion and by
young vol ca nic rocks (Adamia et al., 2015; Fig. 1A). The
ATFTB re sulted from the struc tural in ver sion of a back-arc rift
ba sin, the likely east ward pro lon ga tion of the east ern Black
Sea, which opened in Cre ta ceous-Eocene times (Adamia et al., 
1974, 2002; Banks et al., 1997; Sosson et al., 2016; Alania et
al., 2021). Late Al pine in ver sion of the Achara-Trialeti exten -
sional ba sin is as so ci ated with the Ara bia-Eur asia con ver gence 
(Banks et al., 1997; Sosson et al., 2016; Alania et al., 2017). 

De pos its con sti tut ing the ATFTB ac cu mu lated in the
Achara- Trialeti extensional trough-like ba sin dur ing Late Cre ta -
ceous-Eocene times. Aptian and Albian volcanogenic-sed i -
men tary for ma tions are the old est units of the trough (Gam -
krelidze, 1964; Lordkipanidze et al., 1989; Nadareishvili, 1999).
These are over lain by Cenomanian-Maastrichtian al ter na tions
of volcanogenic and car bon ate rocks and Paleocene (Danian)
marls. The up per Paleocene (Thanetian) and lower Eocene
(Ypresian) stages are mainly rep re sented by clastic turbidites,
which are as cribed to the Borjomi Flysch or Borjomi Suite (Fig.
2; Obruchev, 1923; Gamkrelidze, 1949). 

The Borjomi area is typ i cal of the Paleocene-lower Eocene
Borjomi Flysch also called the Borjomi Suite. The Borjomi Suite
is sub di vided into the Tusrebi, Boshuri and Bolevani subsuites
(Beradze et al., 1985). The Paleocene (Thanetian) Tusrebi
Subsuite con sti tutes nearly three-quar ters (900–1000 m) of the
en tire thick ness of the Borjomi Flysch. Ac cord ing to re cent field
ob ser va tions (Uchman et al., 2020), it can be sub di vided into
three lithofacies units: 

– lower Tusrebi shaly unit formed by pack ages com posed of
mudstones (of ten marly), siltstones and very fine-grained
sand stones; 

– mid dle Tusrebi sandy unit con sist ing of sandy pack ages
sep a rated by shaly in ter ca la tions;

– up per Tusrebi shaly unit. 
The volcanogenic-sed i men tary Boshuri Subsuite con tains

de formed (slumped) de pos its rich in vol ca nic ma te rial and re -
lated de bris-flow de pos its, graded sand stones (typ i cal turbi -
dites) and amal gam ated mas sive sand stones interbedded with
mudstones and siltstones. In some cases, thick in ter vals of
amal gam ated sand stones in clude thin in ter ca la tions of lo cally
lam i nated mudstone or siltstone. Some silty laminae mark
amal gam ation sur faces. 

The mostly shaly Bolevani Subsuite is formed by deep-sea
heterolithic de pos its (thin al ter na tions of mudstones, siltstones
and sand stones with pelagites/hemipelagites). It is dated to the
lower Eocene (Ypresian). The Bolevani Subsuite, 150–180 m
thick, ter mi nates the Borjomi Suite. Its key sec tion was de -
scribed 4 km NW from the Ardagani-3 sec tion in the same
south ern flank of the Borjomi Anticline, where it is sub di vided
into lower and up per marly (shaly) units with a sandy (mainly
sand stones) unit in be tween (Beradze et al., 1985). In other
parts of the Borjomi re gion, the Bolevani Subsuite is not sub di -
vided as the mid dle sandy part is not well ex posed. 

The Borjomi Suite is con form ably over lain by
~2000–3000 m thick mid dle Eocene vol ca nic and volcanogenic
de pos its. Ac cord ing to pre vi ous stud ies, the lower Eocene part
of the Borjomi Flysch was de pos ited un der shal low ma rine and
hemi pelagic con di tions (Yilmaz et al., 2001). How ever, newer
in ter pre ta tions point to a deep-sea palaeoenvironment (Leba -
nidze et al., 2019; Uchman et al., 2020; Beridze et al., 2021).

SECTIONS STUDIED 

The Ardagani-3 sec tion stud ied rep re sents a part of the
Paleocene-lower Eocene Borjomi Suite on the south ern flank of 
the Borjomi Anticline, which is one of the im por tant fold struc -
tures of the cen tral ATFTB (Fig. 1B). It is lo cated by the
Ardagani set tle ment along the Borjomi-Bakuriani road (GPS
co or di nates: 41°49.187’N, 043°24.414’E; 857 m a.s.l.; see Fig.
1B), SE of the Ardagani-1 sec tion (see Uchman et al., 2020)
and rep re sents the lower Eocene volcanogenic-sed i men tary
Boshuri and the shaly Bolevani subsuites. The Ardagani 3 sec -
tion (Fig. 3) is ~98 m thick. It in cor po rates the up per most part of
the Boshuri Subsuite (ap prox i mately the first 41 m of the sec -
tion) and the lower-mid dle parts of the Bolevani Subsuite
(~57 m thick). The lower part of the sec tion com prises sand -
stone beds (from sev eral cm to 50 cm thick) al ter nat ing with
siltstones and mudstones. The sand stones are tuffaceous, con -
tain ing abun dant vol ca nic ma te rial. They are very fine- to fine -
-grained, com monly par al lel, rarely wavy lam i nated, and rip -
ple-cross and/or cross lam i nated at the tops of beds, with lo cal
con vo lute, dish and wa ter es cape struc tures. Some beds show
tran si tions from fine grained sand stone to siltstone. Flute casts
on the lower sur face of some sand stone beds point to trans por -
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ta tion to ward the N or NW. Most of the mudstones and siltsto -
nes al ter nate with thin sand stone beds, form ing pack ages be -
tween thicker sand stone beds. The mudstones are green ish
grey or green ish with out tran si tions, cal car e ous, from a few to
20 cm thick. Rarely, fresh grey mudstones form 60–70 cm thick

pack ages. Siltstones are fairly thin, from sev eral milli metres to
3 cm, and rare in the first 12 m of the sec tion. 

In the higher part of the sec tion (up per part of the Boshuri
Subsuite), some thick sand stone beds (40–190 cm) oc cur, al -
ter nat ing with sand stone-siltstone-mudstone pack ages. The
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A – map of Geor gia, show ing the main geo log i cal units and the study area (based on Adamia et al., 2011); B – geo log i cal map
 of the Borjomi area, show ing the Ardagani-3 sec tion (based on Adamia, 2004); C – geo log i cal map of the river Tana Ba sin,

 show ing the Ormotsi-1 sec tion (based on Adamia, 2004)



thick beds are mas sive, with plant de tri tus at the base, and they
are clearly amal gam ated. Some con tain mudclasts and py ritic
con cre tions. Some thick sand stone beds are con glom er atic at
the base, poorly sorted, me dium to coarse grained, with abun -
dant vol ca nic ma te rial. Two lev els of sub ma rine slump de pos its

are ob served in this part of the sec tion. The siltstone-mudstone
pack ages were formed by one to sev eral (up to 30, rarely more)
depositional events marked by grain-size changes. Mudstone
lay ers are thicker (from a few to 40 cm) than siltstone lay ers
(2–3 cm). 

In the Ardagani-3 sec tion, the Bolevani Subsuite is rep re -
sented by a lower shaly (41–93 m in the sec tion) and a mid dle
sandy unit (93–98 m in the sec tion). The lower shaly unit con -
sists of al ter na tions of thin and very thin, very fine- to fine-
 grained sand stone beds with siltstone-mudstone in ter ca la tions
ar ranged in 8–150 cm thick pack ages com posed of two to 65
depositional events (heterolithic fa cies). In the up per most part
of the Ardagani-3 sec tion (mid dle sandy unit of the Bolevani
Subsuite) sand stone beds dom i nate and the con tri bu tion of
siltstone-mudstone in ter ca la tions de creases. Plant de tri tus oc -
curs at the base of some sand stone beds. 

The Ardagani-3 sec tion shows an over all thin ning- and-fin -
ing-up wards trend. De po si tion took place in a channelized sub -
ma rine fan sys tem, from chan nels on the lower slope to slope toe 
and en com passed var i ous sed i ment grav ity flows (high-and
low- den sity tur bid ity cur rents) and hemipelagic sed i men ta tion in
a deep-sea sub ma rine fan en vi ron ment. Slumps as well as as so -
ci ated debrite (in ter vals 27.7–32.7 m; 40.03–41.33 m) and tur -
biditic de pos its in di cate in sta bil ity of the slope re lated to extensio -
nal syn-rift tectonism and vol ca nic ac tiv ity in the Paleogene
Achara-Trialeti Ba sin (Beridze, 2019; Beridze et al., 2021).

The Megagrapton aequale stud ied de rives from the lower
shaly unit of the Bolevani (72–73 m in the sec tion; Fig. 3) in a
3.5 cm thick, fine-grained, cal car e ous, mostly quartz sand stone 
bed amal gam ated with a centi metre-thick fine-grained sand -
stone at the top and transitioning to 6.5 cm thick mudstone (Fig.
4). The sand stone con tains small, dis persed flakes of white
mica; abun dant car bon ized plant de tri tus oc curs at the top of
the bed. The base of the bed is sharp. It over lies light grey cal -
car e ous mudstone.

The Ormotsi-1 sec tion (Fig. 4) is lo cated on a dirt road, 2 km
SW of the vil lage of Biisi (~50 km east of the Ardagani-3 sec -
tion), on the wa ter shed of the Balovani and Tkhinala rivers,
which are left-bank trib u tar ies of the Tana River, in the east ern
part of the ATFTB cen tral seg ment (GPS co or di nates:
41°51.018’N, 043°58.016’E; 1409 m a.s.l.; see Fig. 1C). The
sec tion is lo cated in the south ern limb of the Ormotsi Syncline
(dip az i muth 349°, an gle of dip 21°). The core of the syncline is
built mainly of the Bolevani Subsuite, which is 100–150 m thick
and com posed of thin- and me dium-bed ded sand stones in ter -
ca lated with mudstones and clays. Here, in con trast to the
Borjomi re gion, the Bolevani Subsuite is not sub di vided into
lithological units (Papava, 1966). 

The Ormotsi-1 sec tion is nearly 3 m thick. It is com posed of
thin- to me dium-bed ded, fine- to very fine-grained, dark grey to
grey sand stones in ter ca lated with light grey to grey mudstones
and rarely with clays. Megagrapton aequale oc curs here in
three fine- to me dium-grained sand stone beds within a por tion
of the sec tion ~1.5 m thick. The beds are 19, 7 and 5 cm thick.

ICHNOTAXONOMY

The in sti tu tional ab bre vi a tions used are as fol lows: GPIT -
-PV – Tübingen Uni ver sity, Ger many; TSU – De part ment of
Ge ol ogy, Fac ulty of Ex act and Nat u ral Sci ences, Iv. Java -
khishvili Tbilisi State Uni ver sity in Tbilisi, Geor gia; PIW – for mer
col lec tion of the Institut für Paläontologie der Universität Würz -
burg, now in the Bayerische Staatssammlung für Paläontologie
und Geologie (SNSB) in München, Ger many; TF UJ, INGUJ –
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Fig. 2. Strati graphic col umn of the ATFTB in the study area
(based on Adamia et al., 2015, changed) show ing lo ca tions

of the sec tions stud ied

Dbr – debrite layer, pb – peb bles, mc – mud clasts, 
fc – flute casts, tb – tu bu lar bur rows, tbc – tu ber cles



Al fred Uchman et al. / Geological Quarterly, 2022, 66: 8 23

vf fs mcm

Scolicia strozzii
Trichichnus isp.
Chondrites isp.
Nereites isp.

Spirophycus bicornis
Planolites isp.

Thalassinoides isp.
Ophiomorpha annulata

sandstones greenish
mudstones

mudstone-siltstone
intercalationssiltstones

plant detritus parallel lamination ripple cross-lamination wavy lamination

34

33

32

31

30

29

28

27

26

25

24

23

22

21

16

17

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

18

19

20

36

37

35

38

39

40

52

51

50

49

48

47

46

45

44

43

42

41

56

57

55

54

53

58

59

60

61

62

63

64

65

66

67

74

75

73

72

71

76

77

78

79

80

69

70

84

85

83

82

81

86

87

88

89

90

91

92

93

94

95

96

97

98

68

Scolicia strozzii
Trichichnus isp.
Chondrites targionii
Nereites isp.

Spirophycus bicornis
Planolites isp.

Thalassinoides isp.

Ophiomorpha rudis

Cosmorhaphe ?lobata
Belorhaphe zickzack
Cochlichnus isp.

Protop. incompositum

Megagrapton aequale

Phycosiphon incertum

vf fs mcm vf fs mcm

tb

tb

tb

tb
mc

tb

pb

mc

mc

pb
tb

tb

tb

fc

tbc

tb

tb

tb
fc

tb

tb
tb
tb

tb

tb

tb
fc

tb

tbc

tb fc

mc

mudstone-siltstone-
sandstone heterolithic
deposits

B
o

s
h

u
ri
 S

u
b

s
u

it
e

B
o

le
v
a

n
i 
S

u
b

s
u

it
e

Helminthopsis isp.

Paleodictyon minimum

s
lu

m
p

s
a

n
d

y
 d

e
b

ri
te

dbr

Scolicia strozzii
Trichichnus isp.
Chondrites isp.
Planolites isp.
Ophiomorpha rudis

Helminthorhaphe isp.

Halimedides isp.
Paleodictyon minimum

Uroh. appendiculata

Thalassinoides isp.

Helminthopsis isp.

Spongel. oraviense

M. incompositum

Ophiomorpha annulata

Helminthoidichnites isp.

[m]

[m]

[m]

Fig. 3. The Ardagani-3 sec tion

Ar row in the third col umn points to the bed with Megagrapton aequale; 
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Na ture Ed u ca tion Cen tre of the Jagiellonian Uni ver sity (CEP) –
Mu seum of Ge ol ogy in Kraków, Po land.

Morphometric pa ram e ters of the trace fos sils con sid ered in -
clude the max i mum width of mesh (mw) and the width of the
bor der ing ridge (br). These were mea sured di rectly on avail able 
spec i mens by means of an elec tronic cal i per. Spec i mens from
the lit er a ture and from other col lec tions were mea sured from
pho to graphs by means of ImageJ soft ware. Only spec i mens
hav ing at least one com plete mesh were taken in ac count. The
dis tri bu tion of the pa ram e ters and re la tions be tween them were
con sid ered, with dis tinc tion of fields oc cu pied by ichnospecies
on plots. The co ef fi cients of cor re la tion (r) and co ef fi cient of de -
ter mi na tion (r2) were de ter mined from them.

Ichnogenus Megagrapton Ksi¹¿kiewicz, 1968

T y p e  i c h n o s p e c i e s. – Megagrapton irregulare
Ksi¹¿kie wicz, 1968.

M o d  i  f i e d  d i a g n o s i s. – Hor i zon tal, branched, rel -
a tively small subcircular ridges form ing ir reg u lar nets, with out
en large ments at the joints (mod i fied af ter Uchman, 1998;
Kappel, 2003).

R e  m a r k s. – The di ag no sis of Uchman (1998), which
reads “Trace fos sils com monly pre served as hypichnial ir reg u -
lar nets”, needed to be made more pre cise, be cause some very
rare but ob vi ous Megagrapton submontanum from the Up per
Cre ta ceous of Ger many are pre served in full re lief (Kappel,
2003) and in or der to avoid hav ing preservational as pects as
the di ag nos tic fea ture. More over, some Thalassinoides or
Ophiomorpha rudis (Ksi¹¿kiewicz, 1977) (see Uchman, 2009)
may form hor i zon tal, ir reg u lar meshes com posed of cy lin dri cal
bur rows, but these are dis tinctly thicker (usu ally >5 mm) and
most of them show dis tinct en large ments in the joints.

Megagrapton aequale Seilacher, 1977
(Figs. 5–8)

1888 Paleodictyon majus Meneghini – Sacco, p. 9, pl. 1, figs. 7–10 [fig.
10 cop ied in Sacco, 1939, pl. 2, fig. 16].

1933 Paleodictyon majus Meneghini – Azpeitia Moros, p. 38, fig. 26.

non 1969 Ir reg u lar Paleodictyon – Simpson, p. 481, pl. 93, fig. 1 [In -
cluded in M. aequale by Seilacher, 1977].

?1971 Paleodictyon maius [sic] – Vass, p. 48, fig. 1.
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Fig. 5. Megagrapton aequale Seilacher, 1977; all are hypichnia on sand stone beds from Paleogene for ma tions

A – neotype, GPIT-PV-69163 (1503-27) from Zumaya Flysch (Eocene), N Spain, housed in Tübingen Uni ver sity, Ger many; pho -
to graph by A. Fatz; B – TSU01TF00001, Bolevani Subsuite (lower Eocene) of the Borjomi Flysch Ardagani-3 sec tion, Geor gia; C
– TSU01TF00002, Bolevani Subsuite (lower Eocene) of the Borjomi Flysch, Ardagani-3 sec tion, Geor gia; D – TSU01TF00034,
Bolevani Subsuite (lower Eocene) of the Borjomi Flysch, Ormotsi-1 sec tion, Geor gia; E – Monastero For ma tion (Oligocene),
North ern Apennines, Persi 2 sec tion, It aly, field pho to graph; F – PIW93X269, Lower Cormons Unit (Eocene), Manzano, Julian
Prealps, NE It aly; He – Helminthorhaphe isp., Oa – Ophiomorpha annulata



*1977 Megagrapton aequale n. ichnosp. – Seilacher, p. 321, fig. 11e.

1977 Paleodictyon (Glenodictyum) imperfectum n. ichnosp. –
Seilacher, p. 325, fig. 14d, pl. 3.2.

1981 Paleodictyon max i mum (Eichwald) – Krawczyk and S³omka, p.
68, pl. I, figs. 1 and 2, pl. 2.

1981 Paleodictyon hexagonum (Marck) – Krawczyk and S³omka, p.
69, pl. 2.

?1985 Paleodictyon majus Meneghini – Paczeœna, p. 590, pl. 1, fig. 1.

1985 Paleodictyon isp. – Paczeœna, p. 591, pl. 1, fig. 1, 2, pl. 2, fig. 1.

1985 Paleodictyon (Megadictyon) paraimperfectum nov. ichnosp. –
Yang et Song, p. 5, pl. 1, figs. 4 and 5.

1986 Paleodictyon (Glenodictyum) imperfectum Seilacher – Miller, fig.
2c.

?1988 Megagrapton aequale – Miller, p. 367 [not il lus trated].

?1992 Megagrapton aequale Seilacher – Kim et al., 320, fig. 3.3.

partim 1995 Paleodictyon majus Meneghini in de Stefani – Crimes and
Mc Call, p. 244, fig. 6B, C.

1996 Paleodictyon siciliense n. ichnosp. – Kozur et al., p. 144, pl. 39,
fig. 6, pl. 40, figs. 1, 4 and 7.

1996a Paleodictyon goetzingeri Vialov and Golev, 1965 – Tu nis and
Uchman, p. 183, fig. 7J, K.

1996b Paleodictyon (Glenodictyum) arvense Barbier – Tu nis and
Uchman, p. 15, fig. 14G.

1996b Paleodictyon (Glenodictyum) croaticum Uchman – Tu nis and
Uchman, p. 13, fig. 17A, D [spec i men from fig. 17A shown in Marinèiæ
et al., 1996, pl. 4, fig. 6].

1996b Paleodictyon (Glenodictyum) goetzingeri Vialov and Golev –
Tu nis and Uchman, p. 15, fig. 17B.

1996b Paleodictyon (Glenodictyum) italicum Vialov and Golev – Tu nis
and Uchman, p. 15, fig. 17C.

partim 2001 Paleodictyon arvense Barbier – Uchman, p. 30 [spec i men
PIW1998VII19].

2004 Paleodictyon (Megadictyon) paraimperfectum Yang et Song –
Yang et al., p. 313, pl. 34, figs. 7 and 8.

partim 2016 Paleodictyon – Rodríguez-Tovar et al., p. 63, fig. 9C.

2014 Paleodictyon imperfectum – Ekdale and Gibert, fig. 3d.

partim 2016 Paleodictyon – Rodríguez-Tovar et al., p. 63, fig. 9C.

2018 Paleodictyon arvense (Barbier) – Kilibarda and Schassburger, p.
123, fig. 8G.

E m e n d e d   d i a g n o s i s. – Megagrapton show ing
rel a tively small (in com par i son to the width of the bor der ing
ridges), vari able meshes, which are mostly ir reg u larly sub-pen -
tag o nal, sub-hex ag o nal or sub-heptagonal in shape and are
bor dered by curved or straight semi cir cu lar ridges.

H o l o t y p e. – Un for tu nately, Seilacher (1977: p. 321, fig.
11e) des ig nated a draw ing (taken from a field pho to graph) of an 
un col lected spec i men as the holotype of Megagrapton aequale. 
It came from the Up per Cre ta ceous deep-sea de pos its of the
Zumaya sec tion in north ern Spain. The out line of the meshes of
the trace fos sil il lus trated by the draw ing does not de part from
spec i mens doc u mented in this pa per, but the draw ing, even if
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Fig. 6. Megagrapton aequale Seilacher, 1977

A – PIW93X422, Istria Flysch (Eocene), Boljun, Croatia; B – holo -
type of Paleodictyon imperfectum Seilacher, 1977 (in cluded in M.
aequale as M. a. imperfectum), spec i men, 46,275, Si lu rian, Mull
Point n. Brighouse in Kirkcudbrightshire, Scot tish Up lands, UK,
housed in the Cockburn Geo log i cal Mu seum at the Grant In sti tute,
Uni ver sity of Ed in burgh; pho to graph pro vided by F. Bowyer

Fig. 7. Megagrapton aequale Seilacher, 1977 from
 the Szlachtowa For ma tion (Ju ras sic?, Cre ta ceous?), 

Pieniny Klippen Belt, Carpathians, Po land

This spec i men was de scribed as Paleodictyon 
by Krawczyk and S³omka (1981); pho to graph

pro vided by T. S³omka

https://gq.pgi.gov.pl/article/view/8895/pdf_926
https://gq.pgi.gov.pl/article/view/8895/pdf_926


al lowed for dis tinc tion of a new taxon/ichnotaxon by The In ter -
na tional Code of Zoo log i cal No men cla ture (ICZN), Art. 73.1.4,
is not the best choice for a holotype, es pe cially if it is col lect able. 
It is gen er ally im pos si ble to find the spec i men of the holotype
with out de ter mi na tion of the ex act lo ca tion and in an eroded
coastal cliff af ter half a cen tury. There fore, the holotype is con -
sid ered to be lost. The other spec i men men tioned and col lected 
by Seilacher (1977) in the orig i nal de scrip tion of M. aequale be -
longs to the type se ries (ICZN, Art. 72.4.1) and this is a
paratype (ICZN, 72.4.5). The name-bear ing type is still the
holotype spec i men and the il lus tra tion can not re place it (ICZN,
Art. 72.5.6). If the holotype is lost, a neotype can be se lected
from paratypes (ICZN, Art. 72.4.5 and Rec om men da tion 75A).
There fore, a neotype of M. aequale is des ig nated.

N e o t y p e. – GPIT-PV-69163 (1503-27), Zumaya Flysch
(Eocene), north ern Spain (Figs. 5A and 8A).

O t h e r   m a t e r i a l. – 15 spec i mens TSU01TF00001-
 00015 from the Ardagani-3 sec tion and 20 spec i mens
TSU01TF00018- 00037 from the Ormotsi-1 sec tion. Bolevani
Subsuite (lower Eocene) of the Borjomi Flysch. 

Also ma te rial from: 
– Lower Cormons Unit (lower Eocene), Julian Prealps, NE It -

aly, 2 spec i mens PIW93X269 (Manzano sec tion); 3 spec i -
mens in Torino Mu seum: 17480, 17542, 17543 (all from
Buttrio). For the ge ol ogy and ichnology of the unit see
Marinciæ et al. (1996) and Tu nis and Uchman (1996b);

– Hecho Group (Eocene), N Spain, spec i men PIW1998VII95
(Estarrún Val ley, near Eposa). For the ge ol ogy and
ichnology of the Hecho Group see Uchman (2001), Heard
and Pickering (2008) and Adserá et al. (2020);
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Fig. 8. Draw ings of Megagrapton aequale Seilacher, 1977 and some ichnotaxa in cluded within it; 
all are hypichnia on sand stone beds 

A – neotype, GPIT-PV-69163 (1503-27) from the Zumaya Flysch (Eocene), N Spain, housed in Tübingen Uni ver -
sity, Ger many (from Fig. 5A); B – Monastero For ma tion (Oligocene), North ern Apennines, Persi-2 sec tion, It aly
(based on a field pho to graph); C – PIW93X422, Istria Flysch (Eocene), Boljun, Croatia (from Fig. 6A); D –
Paleodictyon (Megadictyon) paraimperfectum Yang and Song, 1985, Mid dle–Up per Tri as sic, Zhada, Ngari, Ti -
bet, China (from Yang et al., 2004: pl. 34, fig. 7); E – PIW93X269, Lower Cormons Unit (Eocene), Manzano Julian
Prealps, NE It aly (from Fig. 5F); F – holotype of Paleodictyon imperfectum Seilacher (now M. a. imperfectum),
1977, spec i men, 46,275 housed in the Cockburn Geo log i cal Mu seum at the Grant In sti tute, Uni ver sity of Ed in -
burgh, Si lu rian, Mull Point n. Brighouse in Kirkcudbrightshire, Scot tish Up lands, UK (from Fig. 6B); G –
TSU01TF00001, Bolevani Subsuite (lower Eocene) of the Borjomi Flysch, Ardagani-3 sec tion, Geor gia (from Fig.
5B); H – holotype of Paleodictyon (Squamodictyon) siciliense Kozur, Krainer and Mostler, 1996, Lercara For ma -
tion, Lower Perm ian, Sic ily, It aly (from Kozur et al., 1996: pl. 40, fig. 7); draw ings based on pho to graphs



– Istria (Eocene), Slovenia and Croatia, 7 spec i mens
PIW93X410, 411, 418, 422 (all from Boljun), 426 (Prodani),
429 (Senij); spec i mens: 5403, 5511, 6617, 6764, 6768,
6769 in the Ge ol ogy De part ment of the Ljubljana Uni ver sity
(all from Strunjan). For the ge ol ogy and ichnology of the
flysch in Istria see Tu nis and Uchman (1996a);

– Marnoso-arenacea For ma tion (Mio cene), Apennines, It aly,
spec i men 17539 from Torino Mu seum. For the ge ol ogy and 
ichnology of the Marnoso-arenacea For ma tion see
Uchman (1995) and Mo naco et al. (2010);

– Kulm de pos its (Lower Car bon if er ous), Czech Re pub lic,
spec i men F627 (N. Tìchanovice), housed in Olomouc Uni -

ver sity, Czech Re pub lic. For the ge ol ogy and ichnology of
the Kulm fa cies in the re gion see Mikuláš et al. (2004).
D e s c r i p t i o n. – In pos i tive hyporelief, the trace fos sil is 

com posed of semi cir cu lar, straight to curved, branch ing ridges.
The ridges are smooth or with min ute cor ru ga tions caused by
sand stone grains. The bed ding sur face shows small and shal -
low el e va tions and de pres sions. Their el e va tion over the bed -
ding sur face var ies on a submillimetric scale, so their width can
change: the ridge be comes nar rower with di min ish ing el e va tion. 
In places, the ridge can be slightly asym met ri cal. The ridges are 
welded to the bed ding sur face, with out any clear bound ary, or
rarely, in some parts of spec i mens, they are gently el e vated and 
bro ken at the end, re veal ing their el lip ti cal cross sec tion. 
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the holotype, Zumaya section (Eocene), Spain, n = 9

the holotype of Paleodictyon imperfectum, Silurian, UK, n = 23

Paleodictyon paraimperfectum, Triassic, China, n = 13

Paleodictyon siciliense, Permian, Italy, n = 58Moravian Kulm, L. Carboniferous, Czech Republic, n = 8

Szlachtowa Formation (Jurassic?, Cretaceous?), Pieniny Klippen Belt, Poland, n = 26

Monastero Formation (Oligocene), Italy, n = 46 Marnoso-arenaca Formation (Miocene), Italy, n = 32

Hecho Group (Eocene), Spain, n = 9Julian Prealps, Eocene, Italy, n = 93

data based on photographs from the literature, n = 112

Istria, Eocene flysch, Slovenia and Croatia, n = 161

Bolevani Subsuite (U. Paleocene–L. Eocene), Ardagani 3 section, Georgia, n = 153

Bolevani Subsuite (L. Eocene), Ormotsi 1 section, Georgia, n = 186
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Fig. 9. Morphometric pa ram e ters of Megagrapton aequale

A – ba sic plot based on Paleogene spec i mens; B – sup ple men tary plot show ing pa ram e ters of some
Pa leo zoic and Me so zoic spec i mens against the back ground of the plot from A; the lit er a ture data

 in A de rive from the pa pers cited in the syn on ymy list



The ridges form vari able meshes, which have ir reg u larly
sub-pen tag o nal, sub-hex ag o nal or sub-heptagonal shapes. All
the shapes can oc cur in one spec i men, with out any or der. In di -
vid ual meshes are mostly slightly elon gate or rarely more or less
iso met ric. Their lon gest width ranges from 5 to 15 mm. In di vid ual
meshes can have straight or curved mar gins de pends on the
course of the bor der ing ridges. A con cave mar gin cor re sponds to 
a con vex mar gin of the neigh bour ing mesh, and vice versa.
None of the spec i mens col lected show com plete struc ture, be -

cause part of the slab is bro ken. Nev er the less, the num ber of
meshes in the most com plete spec i mens reaches about forty.

The morphometric pa ram e ters of the neotype and of other
spec i mens from for ma tions where they are most abun dant, and 
the pa ram e ters of all the 688 meshes mea sured from 49
Paleocene–Mio cene spec i mens, are shown in Ta ble 1. The pa -
ram e ters are plot ted and grouped in three dif fer ent grades of
den sity (Fig. 9A). For the high est den sity, the max i mum mesh
width ranges from 8 to 25.5 mm and the width of the bor der ing
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Fig. 10. Megagrapton irregulare Ksi¹¿kiewicz, 1968 and some ichnotaxa in cluded in it 

A – holotype, UJ TF 809, Beloveža Beds (Eocene), Magura Nappe, Berest, Carpathians, Po land, Co – Cochlichnus isp.; B –
holotype of Megagrapton tenue Ksi¹¿kiewicz, 1968, UJ TF 391, Cieszyn Lime stone (Berriasian), Goleszów, Carpathians, Po -
land; C – UJ TF 985, £¹cko Beds (Eocene), Myœlec, Magura Nappe, Carpathians, Po land; D – TSU01TF000016, Borjomi Suite
(Paleocene–lower Eocene), Satovle, Geor gia; Sc – Scolicia isp.

T a  b l e  1

Sum mary of morphometric data of Megagrapton aequale

Sec tion/area n
mw [mm] br [mm]

r r2

range mean range mean

Ardagani-3, Geor gia 153 7.4–26.5 16.0 0.5–4.5 3.0 0.045 0.002

Ormotsi-1, Geor gia 186 5.4–22.3 12.8 1.0–3.3 1.9 0.302 0.51

Istria, Eocene flysch, Slovenia and Croatia 161 9.7–52.6 25.1 1.0–4.3 2.7 0.475 0.23

Julian Prealps, It aly 93 7.4–23.0 14.7 1.2–3.1 1.9 0.22 0.05

Monastero For ma tion, It aly 46 10.8–44.1 25.6 1.2–5.2 3.0 0.66 0.44

The neotype, Spain 9 14.4–28.4 22.1 2.3–2.9 2.6 0.18 0.03

All Paleocene–Mio cene spec i mens 688 5.4–52.6 17.0 0.5–5.2 2.1 0.51 0.44

n – num ber of meshes mea sured, mw – max i mum width of mesh, br – width of the bor der ing ridge, r – co ef fi cient of cor re la tion,
r2 – co ef fi cient of de ter mi na tion



ridges ranges from 1.5 to 3.5 mm. Pa ram e ters from the sec -
tions and for ma tions over lap but dif fer more or less dis tinctly.
Pa ram e ters of spec i mens from older for ma tions are plot ted
also (Fig. 9B). Some of these over lap well with the main field but 
some only partly. Nev er the less, the out line of their meshes is
ba si cally the same (Figs. 7 and 8D, F, H). 

R e  m a r k s. – The orig i nal di ag no sis by Seilacher (1977: 
321) reads: “Ma jor ity of sec ond or der un du la tions anasto -
mosing. The meshes are rather nar row and uni form in size, but

with out uni form shape or ori en ta tion”. How ever, as it is un clear
what the first- or sec ond-or der un du la tions are in the trace fos sil 
dis cussed, a new di ag no sis is pro posed that fo cuses on the
mor phol ogy of the meshes and the course of the bor der ing
ridges.

Aside from the spec i men as signed in this pa per as the
neotype, Seilacher (1977) pointed to a spec i men pre sented by
Simpson (1969: pl. 93, fig. 1) as an ex am ple of Megagrapton
aequale, but this was in cluded in M. irregulare Ksi¹¿kiewicz
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Fig. 11. Draw ings of Megagrapton irregulare Ksi¹¿kiewicz, 1968 and some ichnotaxa in cluded
 within it; all are hypichnia on sand stone beds

A – holotype, UJ TF 809, Beloveža Beds (Eocene), Magura Nappe, Berest, Carpathians, Po land (from Fig. 10A);
B – holotype of Megagrapton tenue Ksi¹¿kiewicz, 1968, UJ TF 391, Cieszyn Lime stone (Berriasian), Goleszów,
Carpathians, Po land (from Fig. 10B); C – UJ TF 985, £¹cko Beds (Eocene), Myœlec, Magura Nappe,
Carpathians, Po land (from Fig. 10C); D – TSU01TF000016, Borjomi Suite (Paleocene–lower Eocene), Satovle,
Geor gia (from Fig. 10D); E – holotype of Megagrapton angulare Stepanek and Geyer, 1989 (from Stepanek and
Geyer, 1989: pl. 3, fig. 24); F – Paleodictyon (Megadictyon) wuhaiensis Yang, Zhang and Yang, 2004, Mid dle Or -
do vi cian, Wuhai, In ner Mon go lia, China, (from Yang et al., 2004: pl. 34, fig. 5); G – Irredictyon chaos Vialov, 1972
(now M. i. chaos), Paleogene of Dagestan (from Vialov, 1972: pl. 3); H – holotype of Megagrapton permicum
Kozur, Krainer and Mostler, 1996, Lercara For ma tion, Lower Perm ian, Sic ily, It aly (from Kozur et al., 1996: pl. 39,
fig. 2); I – holotype of Paleodictyon (Megadictyon) muelleri Kozur et al., 1996, Lercara For ma tion, Lower Perm -
ian, Sic ily, It aly (from Kozur et al., 1996: pl. 39, fig. 7); J – holotype of Megagrapton transitum Kozur et al., 1996,
Lercara For ma tion (Lower Perm ian), Sic ily, It aly (from Kozur et al., 1996: pl. 39, fig. 1); draw ing based on pho to -
graphs



(Uchman, 1998). A new in spec tion of this spec i men has re -
vealed that it shows the fea tures of M. submontanum.

Af ter its es tab lish ment, Megagrapton aequale was very
rarely used in the lit er a ture (two ci ta tions in the syn on ymy and
oc cur rence list), mainly be cause it was mis taken for Paleo -
dictyon. The sur vey of lit er a ture and col lec tions re veals that M.
aequale is con fused with and in cluded in other ichnotaxa, es pe -
cially Paleodictyon Meneghini in Savi and Meneghini, 1850, in -
clud ing the type ma te rial of some ichnospecies. Be sides the
out line of meshes de scribed in the di ag no sis, their morpho -
metric pa ram e ters over lap en tirely or partly with the field oc cu -
pied by the Paleogene ma te rial (Fig. 9B). These ichnospecies
in clude Paleodictyon imperfectum Seilacher, 1977 (holotype
from the Si lu rian of Mull Point in the vi cin ity of Brighouse in
Kirkcudbrightshire, Scot tish Up lands, Figs. 6B and 8F) and
Paleodictyon siciliense Kozur, Mostler and Krainer, 1996 (holo -
type from the Perm ian of Sic ily, It aly, Fig. 8H). The only dif fer -
ence is that the width of the bor der ing ridge in their holotypes is
gen er ally nar rower than in Paleogene M. aequale (Fig. 9B).
More over, P. (Megadictyon) paraimperfectum Yang and Song,
1985 (type ma te rial from Mid dle–Up per Tri as sic of Ti bet; Fig.
8D) is also in cluded in M. aequale. Al though these three

ichnospecies are in cluded in M. aequale, their vari abil ity is
poorly known be cause their type ma te rial is poorly rep re sented.
In the cur rent state of knowl edge, the ichnosubspecies Mega -
grapton aequale imperfectum (Seilacher, 1977) comb. nov. is
pro posed. Paleodictyon siciliense Kozuret al., 1996 be longs to
it. This va ri ety is char ac ter ized by a rel a tively thin bor der ing
ridge, with a width of ~1 mm. 

Megagrapton aequale ranges from the lower Cam brian
(Paczeœna, 1985; see the syn on ymy and oc cur rence list) to the
up per Mio cene (Ekdale and Gibert, 2014). Its most com mon oc -
cur rences are in Paleogene strata. Megagrapton aequale oc -
curs al most ex clu sively in deep-sea turbiditic de pos its. The
depositional en vi ron ment of the lower Cam brian oc cur rence is
still poorly un der stood. In the Ardagani-3 sec tion, M. aequale
co-oc curs with M. submontanum, Protopaleodictyon incompo -
situm, Belorhaphe zickzack, Scolicia strozzii, and Ophiomorpha 
rudis in the same bed, and with Trichichnus  isp., Planolites isp., 
Scolicia strozzii, Helminthopsis isp., Helminthoidichnites isp.,
and Ophiomorpha annulata in the in ter val from one metre be low 
the bed with M. aequale to one metre above it (Fig. 4). In the
Ormotsi-1 sec tion, M. aequale co-oc curs with O. annulata,
Helminthorhaphe flexuosa, Urohelminthoida appendiculata, M.
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M. irregulare holotype 
M. tenue holotype 

M. aequale

M. aequale

M. irregulare

M. irregulare var. chaos

M. submontanum

Megagrapton irregulare (Jurassic–Neogene), n = 83 specimn from Kulm (Lower Carboniferous), n = 5

Megagrapton submontanum (Ordovician–Neogene), n = 124 Megagrapton tenue (Berriasian), n = 6

Megagrapton permicum (Permian), n = 4

Megagrapton transitum (Permian), n = 4 Irredictyon chaos (Paleogene), n  = 30

Paleodictyon muelleri (Permian), n  = 16

2
r  = 0.29

2
r  = 0.003

2
r  = 0.47

Paleodictyon wuhaiensis, Ordovician, China, n = 16

A

B

Fig. 12. Morphometric pa ram e ters of Megagrapton irregulare Ksi¹¿kiewicz, 1968 and M. submontanum
(Azpeitia Moros, 1933) for spec i mens in which the width of meshes is less than 100 mm

A – plot of data against the back ground of M. aequale; 
B – ichnospecies of Megagrapton – de lin ea tion of main fields of morphometric pa ram e ters

https://gq.pgi.gov.pl/article/view/8895/pdf_926


submontanum, Paleodictyon majus, Asteriacites quinquefolius,
and ?Thalassinoides isp. in the same beds. More over, Belorha -
phe zickzack and Paleodictyon min i mum oc cur in a neigh bour -
ing bed (Fig. 4).

Megagrapton irregulare Ksi¹¿kiewicz, 1968
(Figs. 10–12)

v* 1968 Megagrapton irregulare n. “sp.” – Ksi¹¿kiewicz, p. 5, text-fig. 3.

v 1968 Megagrapton tenue n. ”sp.” – Ksi¹¿kiewicz, p. 5, pl. 3, fig. 1.

non 1988 Megagrapton irregulare – Pickerill et al., p. 142, fig. 2e
[epichnion].

1972 Irredictyon chaos sp. n. – Vialov, p. 79, pl. 3, fig. 1, pl. 4, figs. 1
and 2.

? 1998 Megagrapton irregulare Ksi¹¿kiewicz – Schweigert, p. 15, fig. 4.

1996 Megagrapton permicum n. ichnosp. – Kozur et al., 1996, p. 138,
pl. 39, fig. 2, pl. 40, figs. 2, 5 and 6.

1996 Paleodictyon (Megadictyon) muelleri n. ichnosp. – Kozur et al., p. 
145, pl. 39, fig. 7.

1996 Megagrapton transitum n. ichnosp. – Kozur et al., p. 140, pl. 39,
figs. 1 and 5, pl. 41, fig. 2.

2004 Paleodictyon (Megadictyon) wuhaiensis ichnosp. nov. – Yang et
al., p. 313, pl. 34, fig. 5.

2003 Megagrapton irregulare Ksi¹¿kiewicz – Kappel, p. 93, text-fig.
11.13.1, pl. 12, figs. 2–5. 

v 2005 Megagrapton irregulare Ksi¹¿kiewicz – Uchman et al., p. 124,
fig. 20A.

2007 Megagrapton irregulare  – Wetzel et al., p. 571, a part of fig. 6.

2009 Megagrapton irregulare Ksi¹¿kiewicz – Warcho³ and
Leszczyñski, p. 9, fig. 10.

? 2010 Megagrapton cf. irregulare – Mo naco et al., pl. 3, fig. 4.

v 2012 Megagrapton irregulare  Ksi¹¿kiewicz – Uchman and Wetzel,
645, fig. 1D.

non 2015 Megagrapton irregulare Ksi¹¿kiewicz – Khaidem et al., p.
1094, fig. 5a.

? 2015 Megagrapton irregulare – Zayats et al., p. 83, fig. 3.

?non 2019 Megagrapton irregulare Ksi¹¿kiewicz – Luo et al., p. 12, p.
4G. 

non 2021 Megagrapton irregulare Ksi¹¿kiewicz – Sabhaya et al., p. 45,
fig. 2d [Thalassinoides isp.]

H o l o t y p e. – UJ TF 809, Beloveža Beds (Eocene),
Berest, Carpathians, Po land (Figs. 11A and 12A).

D i a g n o s i s. – Megagrapton with meshes bor dered by
mostly slightly wind ing ridges, which com monly branch at ap -
prox i mately right an gles (mod i fied af ter Uchman, 1998).

R e  m a r k s. – In the di ag no sis the word “mostly” re places
the word “only” and the word “ridges” re places “strings” in the
emended di ag no sis by Uchman (1998). This is be cause some
bor der ing ridges (the term “ridge” better ex presses the mor -
phol ogy than the term “string”) in Megagrapton irregulare can
be strongly wind ing, as in M. submontanum.

The syn on ymy and oc cur rence list com pletes that of
Uchman (1998). The holotypes of Megagrapton permicum Ko -
zur et al., 1996 (Fig. 11H), Paleodictyon (Megadictyon) muelleri
Kozur et al., 1996 (Fig. 11I), and M. transitum Kozur et al., 1996
(Fig. 11J), all from the Lower Perm ian Lercara For ma tion of Sic -
ily in It aly, and P. (M.) wuhaiensis Yang et al., 2004 (the type
ma te rial from the Mid dle Or do vi cian, China, Fig. 11F) dis play
the di ag nos tic fea tures of M. irregulare and are in cluded in the
list. It is pro posed that M. tenue Ksi¹¿kiewicz, 1968 (Figs. 11B
and 12B) is a syn onym of M. irregulare (see Uchman, 1998) on
the same ba sis. 

The plot of morphometric pa ram e ters of Megagrapton
irregulare shows that that most of the max i mum widths of
meshes range from 15 to 50 mm, and the thick ness of the bor -
der ing ridges from 1 to 2.5 mm (Fig. 12A). How ever, there are
also rare spec i mens with very large meshes, >100 mm wide. 

Irredictyon chaos Vialov, 1972 (Fig. 12G) from the Paleo -
gene of Dagestan (Cau ca sus re gion) shows meshes whose
over all shape is like those in M. irregulare but with much thicker
bor der ing ridges, and its morphometric pa ram e ters are out side
of the morphometric pa ram e ters of M. irregulare (Fig. 13A). Un -
for tu nately, it is known to us only from a few pho to graphs.
Häntzschel (1975: W74) com mented on it as “sim i lar to
Paleodictyon, but mesh work of bur rows more ir reg u lar”.
Uchman (1998) in cluded it in M. irregulare. This is fol lowed in
this pa per, but this trace fos sil can be dis tin guished as the
ichnosubspecies M. irregulare chaos (Vialov, 1972) comb. nov.
be cause of the very thick bor der ing ridges. 

Megagrapton irregulare ranges from the Or do vi cian
(Uchman et al., 2005) to the Mio cene (D‘Alessandro, 1981). It
oc curs mostly in deep-sea turbiditic de pos its.

Megagrapton submontanum (Azpeitia Moros, 1933)
(Figs. 13–15)

*1933 Cylindrites submontanus n. sp. – Azpeitia Moros, p. 44, fig. 21b.

v 1961 Palaeochorda submontana (Azpeitia) – Ksi¹¿kiewicz, 883, pl.
1, fig. 3.
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Fig. 13. Megagrapton submontanum (Azpeitia Moros, 1933)

A – UJ TF 388, Beloveža Beds, Eocene, Magura Nappe, Lipnica
Ma³a, Carpathians, Po land; B – PIW93X243, Flysch del Grivó,
Paleocene–Eocene, Anhovo, Julian Prealps, Slovenia; Chb – Chon -
dro rhaphe bifida



1967 Unarites suleki sp. n. – Macsotay, 38, figs. 27, 29 and 36.

v partim 1977 Protopaleodictyon submontanum (Azpeitia) –
Ksi¹¿kiewicz, 177, pl. 25, figs. 1, 2, 4 and 5, text-fig. 41b–n, p [non pl.
25, fig. 3, text-fig. 41a, o = Megagrapton irregulare].

1998 Megagrapton submontanum (Azpeitia Moros) – Uchman, p. 194,
fig. 105A–C.

2001 Megagrapton submontanum (Azpeitia Moros) – Buatois et al., p.
48, figs. 8.2, 8.7.

2003 Megagrapton submontanum (Azpeitia Moros) – Kappel., p. 94,
pl. 10, fig. 4, pl. 11, fig. 2.

v 2005 Megagrapton irregulare Ksi¹¿kiewicz – Uchman et al., p. 125,
fig. 20B.

? 2008 Megagrapton submontanum (Azpeitia Moros) – Zhang et al., p.
53, figs. 6a, c, 7f.

2008 Megagrapton submontanum (Azpeitia-Moros, 1933) – López
Cabrera et al., 383, fig. 4.2

2010 Megagrapton submontanum – Niel sen et al., 2010, p. 696, fig. 5,
E, F.

v 2010 Megagrapton submontanum – Rodríguez-Tovar et al., p. 58, fig. 
6a.

? 2014 Megagrapton submontanum – López Cabrera and Olivero, p.
35, fig. 2c.

? 2014 Megagrapton – Mo naco and Trecci, p. 121, pl. 2C.

2020 Megagrapton submontanum – Demircan and Görmüº, p. 485, fig.
19E.

2021 Megagrapton irregulare Ksi¹¿kiewicz – Madon, p. 38, fig. 15E.

H o l o t y p e. – A spec i men il lus trated by Azpeitia Moros
(1933: fig. 21b; Fig. 14A) from the deep-sea Eocene of Zumaya
in N Spain, found in the col lec tion of trace fos sils de scribed by
Azpeitia Moros in the Geominero Mu seum of the Geo log i cal
Sur vey of Spain in Ma drid (in for ma tion from the mu seum in
2021).
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Fig. 14. Draw ings of Megagrapton submontanum (Azpeitia Moros, 1933) re drawn from pho to graphs;
 all are hypichnia on sand stone beds

A – holotype, Eocene, Zumaya, N. Spain (from Azpeitia Moros, 1933, fig. 21b); B – INGUJ144P241, Hi ero glyphic 
Beds, Eocene, Magura Nappe, Grzechynia, Carpathians, Po land, coll. W. Grabowski; C – UJ TF 1255, Magura
Nappe, Beloveža Beds, Eocene, Lipnica Ma³a, Carpathians, Po land; D – Hecho Group (Eocene), Pyr e nees, N
Spain (from Uchman, 2001: pl. 13, fig. 1); E – INGUJ144P242, Beloveža Beds (Eocene), Magura Nappe,
Kamionka Wielka, Carpathians, Po land, coll. M. Kasprzyk; F – Ganei, Eocene, Swiss Alps (from Wetzel and
Uchman, 1997: fig. 5E); G – Howin Group, Or do vi cian, Fettenfjord B, Nor way (from Uchman et al., 2005: fig. 20B)



D i a g n o s i s. – Megagrapton with meshes bor dered
mostly by dis tinctly wind ing bor der ing ridges. Acute an gles of
branch ing are com mon (mod i fied by Uchman, 1998).

R e  m a r k s. – The word “mostly” is added to the di ag no sis 
by Uchman (1998) to un der score that the wind ing bor der ing
ridges (“strings” in the for mer di ag no sis) are not pres ent in ev -
ery mesh. 

The syn on ymy and oc cur rence list pro vided com pletes that
of Uchman (1998). This ichnospecies was orig i nally de scribed
un der Cylindrites Göppert, 1842, later un der Palaeochorda M
Coy in Sedg wick, 1848, Protopaleodictyon Ksi¹¿kiewicz, 1958,
and fi nally un der Megagrapton Ksi¹¿kiewicz, 1960. Unarites
suleki Macsotay, 1967 from the Paleocene of Ven e zuela is con -
sid ered as its ju nior syn onym (Uchman, 1998). Unarites tibetus
Yang and Song, 1985 (pl. 2, fig. 3) from the Tri as sic of Ti bet
shows loops rather than meshes. Its only pho to graph was re -
pro duced in Yang et al. (2004: pl. 26, fig. 2) as Megagrapton
tibeticum; how ever, Yang and Song (1985) dis tin guished

Megagrapton tibeticum as a new ichnospecies on the ba sis of
other spec i mens (their pl. 2, fig. 3).

A plot of morphometric pa ram e ters of Megagrapton sub -
montanum shows a sim i lar trend to that of M. irregulare. There
is a slight ten dency for the small est meshes in M. sub monta -
num to be smaller than in M. irregulare and the bor der ing ridges
are slightly thin ner. The meshes of some rare spec i mens are
very large, with widths ex ceed ing 100 mm (Fig. 15). 

Megagrapton submontanum ranges from the Or do vi cian
(Uchman et al., 2005) to the lower Mio cene (López Cabrera et
al., 2008). It oc curs in deep-sea turbiditic de pos its.

DISCUSSION

Megagrapton and re lated trace fos sils are in ter preted as a
sys tem of shal low, hor i zon tal, branched tun nels within the sed i -
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Fig. 15. Draw ings of very large Megagrapton

A – M. submontanum, Spain (from Rodríguez-Tovar et al., 2016: fig. 9A); B – M. ?submontanum,
INGUJ144P228, Ropianka For ma tion (Campanian–Paleocene), Magura Nappe, Zamieœcie, Carpathians,

Po land; C – M. sub montanum, Beloveža Beds, Eocene, Magura Nappe, Zbludza, Carpathians, Po land

M. irregulare M. submontanum M. aequale

Fig. 16. Char ac ter is tic types of branch ing in ichnospecies of Megagrapton



ment. Megagrapton Ksi¹¿kiewicz, 1968 may be dis tin guished
from Pseudopaleodictyon Pfeifer, 1968, typ i fied by P. hartungi
(Geinitz, 1867), and Multina Or³owski, 1968, typ i fied by Multina
magna Or³owski, 1968, be cause in the lat ter two the bor der ing
ridges or tun nels com monly show overcrossings (Uchman,
1998). They are pre served in full re lief, not rarely at the top or in -
side the beds, and the ridges or tun nels run more fre quently at
dif fer ent lev els in Pseudopaleodictyon and Multina, but this cri -
te rion is equiv o cal be cause some spec i mens of Megagrapton
also show some tun nels de part ing from one level. Some of
them run grad u ally above the bed ding level and are pre served
in full re lief in short seg ments. Thus, a tran si tion from semirelief
to full re lief can be ob served. 

Megagrapton fornicatum Kappel, 2003 from the Up per Cre -
ta ceous of Ger many (Kappel, 2003: p. 94, text-fig. 11.13.2, pl.
12, figs. 1 and 6) is ex cluded from this ichnogenus. M.
fornicatum shows very small, very ir reg u lar meshes (2–23 mm
wide), and bor der ing ridges that show overcrossings. This trace 
fos sil fits better to Multina. 

Megagrapton tibeticum Yang and Song, 1985 from the Tri -
as sic of Ti bet (their pl. 2, fig. 2), shows two (?) poorly pre served
meshes and it is hard to as sess its dis tinc tive ness from or af fin -
ity with other ichnospecies of Megagrapton and whether it be -
longs to Megagrapton at all. M. fupingensis Yang et al., 2004,
from the Up per Or do vi cian of China (Yang et al., 2004: p. 167,
pl. 26, figs. 3–5), shows sev eral overcrossings of wind ing ridges 
and oc ca sional doubt ful meshes. It is not clear if this is
Megagrapton in the sense of the cur rent di ag no sis. M. regulare
Ghare and Badve, 1977 (their pl. 7, fig. 2), from the Kimur Se -
ries (Vindhayan, Mezoproterozoic) of In dia, which is com posed
of fur rows form ing subquadrate poly gons is a phys i cal struc -
ture, prob a bly a net work of filled fis sures on a bed ding sur face.
Wil son et al. (2021) de scribed pyritized bur rows from the De vo -
nian black shales of North Amer ica, which are com posed of ir -
reg u lar meshes with nodes (?); these were de ter mined as �very
sim i lar to the ichnogenus Megagrapton�. How ever, they are lo -
cated in sev eral ad ja cent lev els and re sem ble more Multina
than Megagrapton.

Three ichnospecies of Megagrapton are rec om mended for
fur ther use: M. irregulare as the type ichnospecies, M. aequale
and M. submontanum. M. aequale has com monly been mis -
taken for some larger Paleodictyon. The dis tinc tion among
them is not sharp and can be based on the prev a lence of reg u -
lar, hex ag o nal meshes in the lat ter. In M. aequale, most of the
meshes are ir reg u larly sub-pen tag o nal, sub-hex ag o nal or
sub-heptagonal. In spec i mens with a small num ber of meshes,
the dis tinc tion can be dif fi cult. There fore, some res er va tion in
their de ter mi na tion is rec om mended. 

The dis tinc tion be tween Megagrapton irregulare and M.
submontanum is based on the cur va ture of the bor der ing
ridges, which is larger in the lat ter. More over, the pre vail ing
branch ing is dif fer ent. It is mostly T-shaped in M. irregulare,
Y-shaped in M. aequale, and char ac ter is ti cally curved in M.
submontanum (Fig. 16). Nev er the less, these types of branches 
may oc cur subordinately in any of the ichnospecies, in clud ing
the holotypes of M. irregulare an M. submontanum. Trends in
morphometric pa ram e ters of M. irregulare and M. sub monta -
num are al most the same (Fig. 12A). These two ichnospecies
should be treated rather as endmembers, not sharply bounded
en ti ties, whose fields of pa ram e ters partly over lap (Fig. 12B). 

The dif fer ences in morphometric pa ram e ters of Megagra -
pton aequale be tween re gions or for ma tions (Ta ble 1) and even 
within the same lithostratigraphic units, e.g., be tween two dif fer -
ent sec tions as be tween the Ardagani-3 and Ormotsi-1 sec tions 
(Fig. 9A), are hard to in ter pret. Dif fer ences in ontogenetic de -

vel op ment, eco log i cal con di tions, and the tax on omy of
tracemakers pro duc ing the same trace may be in voked, but
none of the fac tors can be pointed to as the only con vinc ing
one. Even larger dif fer ences in morphometric pa ram e ters are
pres ent in M. irregulare and M. submontanum. The mesh size
may dif fer by an or der of mag ni tude in these ichnospecies.
How ever, the larg est spec i mens, with meshes wider than
80 mm, are rare. Dif fer ences in the pa ram e ters within sin gle
spec i mens or be tween spec i mens from the same bed ding
plane can be large but co ef fi cients of cor re la tion (r) and de ter -
mi na tions (r2) be tween max i mum width of meshes (mv) and
width of bor der ing ridges (br) are very low. The co ef fi cients are
higher for spec i mens from a larger num ber of beds from re gions 
and/or for ma tions (Ta ble 1 and Fig. 9). The co ef fi cients r for to -
tal num ber of mea sured spec i mens of M. aequale, M. irregulare 
and M. submontanum are 0.51, 0.54, and 0.69, re spec tively;
the co ef fi cients r2 are 0.44, 0.29, and 0.47, re spec tively. This
shows the bor der ing ridges tend to be thicker in spec i mens with
larger meshes, but this ten dency is not strong. This sug gests
that ontogenetic de vel op ment plays some role but is not the
dom i nant fac tor in mesh mor phol ogy. Width of the bor der ing
ridges should treated with some cau tion be cause it de pends on
pres er va tion pro cesses, par tic u larly the in ter sec tion of the orig i -
nal tun nel with the bed ding plane caused by ero sion on the
deep -sea floor. That is, the in ter sec tion does not nec es sar ily
run through the wid est sec tion of the tun nel. More over, the tun -
nel can be wid ened by ero sion (Mo naco, 2008) or pinched by
sed i ment creep. Ex treme val ues that de part from the trend can
be sus pected as due to such fac tors. It seems that the most re li -
able width of the bor der ing ridges – which cor re sponds to the di -
am e ter of the orig i nal tun nel – is closer to the max i mum val ues
than to the min i mum. 

Megagrapton be longs to the graphoglyptids, which are rel a -
tively small, reg u lar, largely hor i zon tal “pat terned” traces
(Fuchs, 1895; Seilacher, 1977). Pres er va tion of Megagrapton,
no ta bly its smooth tun nels with out nodes sug gest ing ver ti cal or
oblique shafts, can be con sid ered as ev i dence of a rather small
num ber of open ings (i.e., shafts) con nect ing the hor i zon tal bur -
row sys tem with the sed i ment sur face. This fits with the idea
that the bur row sys tem is not a farm ing trace but rather a trap for 
small or gan isms, sim i lar to Cosmorhaphe (Seilacher, 1977).
Such bur rows are dis tin guished as irretichnia, which are treated 
as a sub cat e gory of praedichnia (Lehane and Ekdale, 2013), in
con trast to other graphoglyptids re lated to farm ing of mi crobes
as sug gested by sev eral open ings (cat e gory agrichnia, Ekdale,
1985). 

An in ter est ing case is ex em pli fied by the spec i men il lus -
trated in Fig ure 8E, where Megagrapton aequale is con nected
with Paleodictyon at the same level as the lower bed ding sur -
face. This could be ac ci den tal and caused by ero sion ex hum ing 
two dif fer ent but neigh bour ing bur row sys tems. The bur row sys -
tems were cast on the same sand stone sole. How ever, it is not
ex cluded that the tracemaker of one bur row sys tem cap tured
the bur row sys tem of the other. Both are net works, one reg u lar
(Paleodictyon) and the other ir reg u lar (Megagrapton), and their
func tion could be the same af ter the cap tur ing. 

Megagrapton is a char ac ter is tic trace fos sil of the Nereites
ichnofacies, es pe cially the Paleodictyon ichnosubfacies
(Uchman and Wetzel, 2012). This is the case for M. aequale in
the sec tions stud ied in the the Lesser Cau ca sus, where it co-oc -
curs with sev eral graphoglyptids (Belorhaphe, Helminthorha -
phe, Urohelminthoida, Protopaleodictyon, Paleodictyon; see
the com ments on M. aequale in the sys tem atic parts; Figs. 3
and 4). M. aequale oc curs in the up per part of the Aradagani-3
sec tion, which is char ac ter ized by abun dance of heterolithic de -
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posit in ter ca la tions and by the in creased di ver sity of trace fos -
sils (Fig. 4). The heterolithic de pos its may be overbank de pos -
its. The pres ence of debrites and slumps sug gests prox im ity to
the lower slope (e.g., Pickering and Corregidor, 2005). Prob a -
bly the Ardagani-3 sec tion rep re sents a channelized depo -
sitional sys tem at the toe of the slope. M. aequale from other
for ma tions oc curs in deep-sea fan depositional sys tems, in -
clud ing in the type area, i.e. the Up per Cre ta ceous-Eocene
flysch de pos its of the Zumaya sec tion (e.g., Crimes, 1977;
Leszczyñski, 1991; Cummings and Hodgson, 2011). The same 
holds for deep-sea turbiditic de pos its in the Julian Prealps (Tu -
nis and Uchman, 1996a; Marinciæ et al., 1996), Istria (Tu nis and 
Uchman, 1996b), the Hecho Group in the south ern Pyr e nees
(Uchman, 2021), the Kulm de pos its in Moravia (Mikuláš et al.,
2004) and other ar eas or for ma tions. Other ichnospecies of
Megagrapton oc cur in turbidites in dis tal lobes (e.g., Adserá et
al., 2020), overchannel (Buatois et al., 2001), interlobe, fan
fringe (e.g., Cummings and Hodgson, 2011) and ba sin floor
(e.g., Uchman, 2001) or slope apron fa cies (Demircan and
Uchman, 2016). 

CONCLUSIONS

Among the eleven named ichnospecies of Megagrapton
Ksi¹¿kiewicz, 1968, only M. irregulare Ksi¹¿kiewicz, 1968, M.
submontanum (Azpeitia Moros, 1933), and M. aequale Seila -
cher, 1977 are rec om mended for fur ther use; their di ag no ses
are emended or mod i fied herein. They are dif fer en ti ated on the
ba sis of the pre vail ing shape of meshes. The rec om mended
ichnospecies of Megagrapton show a wide range of morpho -
metric pa ram e ters. A neotype is of des ig nated for M. aequale.

This ichnospecies ranges from lower Cam brian to up per Mio -
cene deep-sea turbiditic de pos its, mostly in the Paleogene.
Paleodictyon imperfectum Seilacher, 1977 is in cluded in M.
aequale as the ichnosubspecies M. a. imperfectum. Irredictyon
chaos Vialov, 1972 is in cluded in M. irregulare as the ichno -
subspecies M. i. chaos. Megagrapton rep re sents a subsurface
bur row net work, which prob a bly was a trap for small or gan isms
(etho log i cal sub cat e gory irretichnia). Megagrapton is a typ i cal
rep re sen ta tive of the Nereites ichno facies, es pe cially the
Paleo dictyon ichnosubfacies. It oc curs in var i ous parts of the
deep-sea depositional sys tem, mostly in pack ages of thin and
me dium beds of fine-grained turbiditic sand stones. 
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