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Hor i zon tal he li cal trace fos sils con sti tute a char ac ter is tic bur row ar chi tec tural de sign, but their ichnotaxonomy re quires some 
clar i fi ca tion. In this pa per, we re view and re vise this tax on omy on the ba sis of col lec tions and data from the lit er a ture.
Helicorhaphe is in cluded in Helicodromites be cause its type ichnospecies dis plays the same mor pho log i cal prin ci ples. A
new ichnospecies of Helicodromites is dis tin guished from Oligocene off shore fan delta de pos its in NW It aly. All ichnospecies 
of Helicodromites dis play a char ac ter is tic set of morphometric pa ram e ters that al low their dis tinc tion. All were prob a bly pro -
duced by capitellid poly chaetes in a deep tier within the sed i ment. They were gen er ally sta tion ary bur rows, whose
tracemakers bene fited from feed ing on mi crobes with out sig nif i cant sed i ment re work ing.

Key words: ichnology, ichnotaxonomy, new ichnospecies, Piemonte Ter tiary Ba sin, Paleogene.

INTRODUCTION

Sim ple cork screw (he li cal) cy lin dri cal trace fos sils are very
dis tinc tive in their mor phol ogy. In the ma rine realm, ver ti cal
forms in clude the rel a tively large Gyrolithes Saporta, 1884 (e.g., 
Uchman and Hanken, 2013) as well as the small Lapispira
bispiralis Lange, 1932 which has dou ble he li cal turns (Lanés et
al., 2007). Hor i zon tal forms in clude a few ichnogenera whose
rep re sen ta tives are known from the lower Pa leo zoic but be -
came more com mon since the Cre ta ceous. Data on them are
dis persed through the lit er a ture, and the cri te ria for dis tin guish -
ing them (ichnotaxobases) are not al ways clear. The dis cov ery
of a new hor i zon tal he li cal trace fos sil in the Oligocene of NW It -
aly, and ac cess to im por tant col lec tions, has pro vided an op por -
tu nity for their re view, in clud ing some ichnotaxonomical clar i fi -
ca tions that have al ready been sig nalled (Uchman, 2010), and
that is the aim of this pa per. 

The hor i zon tal he li cal trace fos sils con sid ered in this pa per
in clude Helicolithus Azpeitia-Moros, 1933, Helicodromites
Berger, 1957, Helicorhaphe Ksi¹¿kiewicz, 1970, Helicoichnus
Yang in Yang et al., 1982 and Parahelicorhaphe Yang in Yang
et al., 1982, Avetoichnus Uchman and Rattazzi, 2011, and
Augerinoichnus Minter et al., 2008. Thus far, Helicolithus and

Helicorhaphe have been as cribed to uniramous me an der ing
graphoglyptids, and Helicodromites and Augerinoichnus to hor -
i zon tal he li cal bur rows, ac cord ing to their trace fos sil ar chi tec -
tural de signs (Buatois et al., 2017). Most of them are so far
monospecific, ex cept for Helicolithus and Helicorhaphe.
Helicoichnus and Parahelicorhaphe are known only from sin gle
oc cur rences. 

The func tion of the he li cal course of the hor i zon tal bur rows
re mains un clear, even if their tracemakers can be in ter preted
with a higher level of con fi dence. In creas ing knowl edge on this
mat ter is sum ma rized in the dis cus sion.

GEOLOGICAL SETTING

The new trace fos sil oc curs at a few lo cal i ties in the
Oligocene Molare For ma tion, which is part of the Ter tiary
Piedmont Ba sin (TPB) suc ces sion (Eocene to up per Mio cene)
(Fig. 1). The ba sin is lo cated on the su ture zone be tween the
North ern Apennines and the West ern Alps (e.g., Gelati et al.,
1993, 1998; Mutti et al., 1995) and was af fected by
anticlockwise ro ta tion of the Corsica–Sar dinia block, which re -
sulted in backthrusting north wards in the Ligurian Alps
(Capponi et al., 2009). Transtensional synsedimentary tec ton -
ics in volv ing the ba sin base ment in flu enced sed i men ta tion in
the lower part of the suc ces sion (Gelati et al., 1993; Mutti et al.,
1995; Mutti et al., 2002; Ghibaudo et al., 2014).* Cor re spond ing au thor: e-mail: alfred.uchman@uj.edu.pl
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The Molare For ma tion (Franceschetti, 1967) is a 40–600 m
thick basal unit of the Langhe Sub-ba sin suc ces sion in the
west ern part of the TPB (e.g., Gelati, 1971; Gnaccolini, 1978;
Turco et al., 1994). It lies un con form ably on the base ment
which is formed of crys tal line (mostly ophiolitic and meta mor -
phic rocks of the Voltri Group) and sed i men tary rocks of the
North ern Apennines and the West ern Alps (e.g., Lorenz, 1984;
Barbieri et al., 2003; Maino et al., 2013). The lithological com -
po si tion of the Molare For ma tion is lat er ally very vari able
(Gnaccolini, 1974; Rossi et al., 2009). Usu ally, its lower part is
built dom i nantly of flu vial polymictic con glom er ates and al lu vial
fan brec cias, which fill in cised val leys and tec tonic de pres sions. 
These are ab sent on palaeotopografic el e va tions. Up-sec tion,
they are re placed by re ced ing fan delta con glom er ates
(Gnaccolini, 1978; Mutti et al., 1995; Gelati et al., 1996; Gelati
and Gnaccolini, 2003; Dallagiovanna et al., in press; Gelati et
al., in press). Their clasts are dom i nated by meta mor phic and
ophiolithic rocks (Capponi et al., 2009), but lime stone clasts are 
pres ent in places. They are mas sive or thick bed ded (Gelati,
1971; Gelati et al., in press), and their com po si tion is lat er ally
vari able (Gnaccolini, 1974).

 Shal low ma rine, poorly sorted, polymictic sand stones and
finer-grained de pos its re place the con glom er ates up-sec tion.
Their de po si tion was at least partly in flu enced by tides and
storms (Mutti et al., 1996; Gelati et al., 1998; Di Giulio et al.,
2019). They con tain many ophiolitic grains and clasts. Sand -
stone beds are usu ally dis con tin u ous, in some cases amal gam -
ated, up to 1 m thick, with nor mal or re verse graded bed ding,
par al lel or cross lam i na tion, or HCS, and bioturbation struc tures 
at the top (Di Giulio et al., 2019; Dallagiovanna et al., in press;
Gelati et al., in press). Finer-grained grey sand stones, sandy
marls and siltstones con tain var i ous fos sils, in clud ing bryo -
zoans, bi valves (e.g., Cardium, Chlamys, Lucina, Meretrix,
Pecten, Pectunculus), gas tro pods (Cerithium, Turritella),
echinoids (Echinolampas), macroforaminifers (Amphistegina,
Hete ro stegina, Num mu lites, Operculina), microforaminifers,
trop i cal and sub trop i cal flora (Laurus, Cinnamonum, Castanop -
sis), plant de tri tus and coralline al gae, and brachi o pods
(Erymnaria, Gryphus, Terebratulina, Megathyris; see Bitner et
al., 2020). Small coral and al gal reefs, up to 12 m thick, are
pres ent on some palaeohighs (Fravega et al., 1994; Vannuci et
al., 1997; Quaranta et al., 2009). 

Lo cally, de pos its of the Molare For ma tion form three
backstepping, fin ing-up units (Molare 1, 2, 3) sep a rated by dis -
con ti nu ities (Turco et al., 1994), which are a re cord of
transgressive-re gres sive pulses (Gelati et al., 1998; Rossi et
al., 2009) within a gen er ally transgressive suc ces sion (Lorenz,
1979) of one depositional se quence (Gnaccolini et al., 1998).
The suc ces sion re cords gen eral deep en ing up to up per slope
fa cies of unit Molare 3, which in cludes the Rigoroso Marl (Turco 
et al., 1994). 

The Molare For ma tion was de pos ited dur ing the trans gres -
sion from N–NE to S–SW (Lorenz, 1979, 1984). Hence, ac -
cord ing to Barbieri et al. (2003), the Molare For ma tion in the
east ern part of its range is older (lower Oligocene) than in the
west ern part (up per Oligocene). Favrega et al. (1994) and
Turco et al. (1994) re garded the Molare For ma tion to ex tend to
the lower Chattian. The ear li est Chattian Paragloborotalia
opima opima Zone (prob a bly the up per part of the IFP21b
Zone) is doc u mented in the east ern part, and the late early to
late Chattian Globigerina ciperoensis Zone (IFP22) in the west -
ern sec tor at the top of the Molare For ma tion (Dallagiovanna et
al., in press). How ever, pelitic de pos its at the top of the for ma -
tion con tain foraminifers of the early late Rupelian P20 Zone
(Gnaccolini et al., 1998). Fur ther more, the nannoplankton
zones NP21b to NP22 (early Rupelian) to the low est part of the

NP23 Zone (mid dle Rupelian) are pres ent in the
Roccaverano-Merana area (Ghibaudo et al., 2014). In the ar -
chi tec tural frame work of the TPB fill ing by Rossi and Craig
(2016), the up per Molare For ma tion ex tends to the lower Mio -
cene, but no biostratigraphic data were pro vided. 

The Molare For ma tion passes grad u ally into or is sep a rated 
by an ero sional sur face from the over ly ing Rocchetta For ma -
tion, which is 100–550 m thick. Their con tact is pro gres sively
youn ger from NE to SW (e.g., Gelati et al., 1993; Fravega et al.,
1994; Vannucci et al., 1997). The Rocchetta For ma tion is com -
posed mostly of mudstones interbedded with sand stones or,
more rarely, with lime stones. They are pe lagic and turbiditic de -
pos its and prodelta marls (Gelati, 1968; Artoni et al., 1999)
dated to the Rupelian–Chattian in the east ern part of this for ma -
tion and the Chattian–Aquitanian in the west ern part (Gelati,
1968; Gelati et al., 1993; d’Atri et al., 1997). 

The new trace fos sil was found at a few sec tions close to -
gether in the west ern part of the Langhe Subbasin in the up per 
part of the Molare For ma tion (Fig. 1 and Ta ble 1). It oc curs in
siltstone in ter ca la tions in marly mudstones, which are sparsely 
interbedded with thin beds of sandy siltstones and sand -
stones. Most spec i mens de rive from the Lesche and the
Spigno Borroti sec tions. In the Lesche sec tion, which is 19.09
m thick, they oc cur in a nat u ral es carp ment in a partly wooded
area (Fig. 2A). The sec tion is dom i nated by pale grey marly
mudstones in ter ca lated with sparse beds of siltstone and very
fine, partly par al lel- or rip ple-lam i nated sand stones (Fig. 3).
The he li cal trace fos sil oc curs in a bed 15–20 m thick of to tally
bioturbated siltstone. In the up per part of the sec tion, a
tempestite bed is pres ent with intraclasts, num mu lites, and
ophiolitic grains at the base. The Spigno-Borrotti sec tion
(Fig. 2B) is ~10 m thick. It com prises grey siltstone with yel low
pil lar-like en claves, per haps re sult ing from weath er ing. These
de pos its con tain crus ta cean bur rows (1–2 cm in di am e ter), the 
bi valve Pholodomya in life po si tion, other bi valves, gas tro pods 
and plant re mains, in clud ing fruits. The he li cal trace fos sil oc -
curs in the yel low en claves. These sec tions rep re sent the up -
per part of the Molare For ma tion, which is prob a bly up per
Rupelian in age.

ICHNOTAXONOMY

Ichnogenus Helicodromites Berger, 1957

T y p e  i c h n o s p e c i e s. – Helicodromites mobilis
Ber g er, 1957.

D i a g n o s i s. – Hor i zon tal, non-me an der ing he li cal, cy -
lin dri cal bur row (mod i fied from Berger, 1957). 

R e  m a r k s. – The type ichnospecies of Helicodromites
Berger, 1957, H. mobilis Berger, 1957, was di ag nosed in Ger -
man by Berger (1957) as “Wagrecht verlaufende, nich
mäandrirende, spiralige Lebensspur”, which can be trans lated
as a hor i zon tal, non-me an der ing, spi ral ing trace of life. This di -
ag no sis was re peated by Kappel (2003). Häntzschel (1975:
W67) de scribed Helicodromites based on H. mobilis Berger,
which reads: “Smooth screw-shaped bur rows, hor i zon tal; di am -
e ter of tun nels about 2 mm; in ter val be tween spi ral turns about
5 mm.” In this “di ag no sis”, morphometric pa ram e ters are used,
but size is not rec om mended as an ichnotaxobase, es pe cially at 
the ichnogenus level (Bertling et al., 2006, 2022). How ever, a
com bi na tion of size pa ram e ters (as in Häntzschel’s de scrip -
tion), may re flect some mor pho log i cal as pects (i.e., pro por tions
can be con sid ered as an ex pres sion of shape) and can be used
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at the ichnospecies level. As the sur face of the trace fos sil de -
scribed in this pa per does not need to be com pletely smooth,
this ref er ence would be too re stric tive. The non-me an der ing
course in voked by Berger (1957) is im por tant, be cause
Helicolithus Azpeitia Moros, 1933, typ i fied by H. sampelayoi
Azpeitia Moros, 1933, is a me an der ing he li cal trace fos sil, with a 
change of di rec tion of he li cal coil ing (dextral vs. sinistral) at the
turns of its me an ders, and the dis tinc tion be tween Helico -
dromites and Helicolithus is worth main tain ing. Helicolithus be -

longs to graphoglyptids, and prob a bly the he li cal turns of bur -
row in H. sampelayoi were con nected to the seafloor by reg u lar
shafts (Seilacher, 1977). An other graphoglyptid, Spiroco -
smorha phe Seilacher, 1989, is an even more com plex bur row.

Among hor i zon tal he li cal trace fos sils, Avetoichnus
Uchman and Rattazzi, 2011 has a cen tral core en vel oped by a
he li cal tun nel (Uchman and Rattazzi, 2011; Mo naco et al.,
2012). Helicorhaphe Ksi¹¿kiewicz, 1970 typ i fied by H. tortilis
Ksi¹¿kiewicz, 1970, is a very small, sim ple, hor i zon tal he li cal
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Fig. 1. Geo log i cal maps

A – study re gion in the Ter tiary Piedmont Ba sin with lo ca tion of the sec tions stud ied (based on Gelati et al., 1996, with some changes); ABM –
NW Apennines–Basso Monferrato–Collina di Torino wedge; SV – Sestri–Voltaggio line; B – lo ca tion of the study re gion on the map of It aly
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trace. Con sis tently, size can not be the main cri te rion at the
ichnogenus level. The con sid er ation of Helicorhaphe as a
uniramous me an der ing graphoglyptid (Buatois et al., 2017)
sug gests some reg u lar, lat eral branches run ning from the he li -
cal turns. How ever, there is no ev i dence of such branches in
the ma te rial avail able, in clud ing the holotype. There fore,
Helicorhaphe Ksi¹¿kiewicz, 1970 is in cluded here in
Helicodromites Berger, 1957.

Augerinoichnus helicalis Minter et al., 2008 from Perm ian
tidal flat de pos its in New Mex ico, USA, is vis i ble on bed ding sur -
faces as a row of horse shoe-shaped struc tures and in ter preted
as a hor i zon tal, he li cal-spi raled tun nel whose whorls are tilted.
How ever, this in ter pre ta tion is scarcely ap pli ca ble to some com -
plex mor pho log i cal vari ants of A. helicalis (Minter et al., 2008:
figs. 3.4, 3.7, 3.8). Al ter na tively, if this in ter pre ta tion is true, the
gen eral ge om e try fits that of Helicodromites. The tilted whorls
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Lo cal ity/GPS co or di nates Out crop As so ci ated trace fos sils Spec i mens

Spigno Borroti,

from N44°32’24.44",
E008°20’52.39", to

N44°32’29.44",
E008°20’56.89"

A roadcut of a lo cal road. A few metres-thick
sec tion of mudstones and siltstones with a
few in ter ca la tions of fine muddy sand stone.

?Thalassinoides isp.

1652+bis, 1670, 1900–1910,
1911+bis, 1912+bis, 1913,
1914, 1986+bis, 1987+bis,

1988, 1989, 1990*,
INGUJ149P200–210

Spigno S. Giacomo

N44°32’29.15",
E008°21’00.58"

A roadcut and ad ja cent slope. A few
metres-thick sec tion of mudstones and

siltstones with a few in ter ca la tions of fine
muddy sand stone

Curvolithus isp.,

Planolites isp.

1729*, 1730, 1731+bis,
1763+bis, 1947, 1948+bis,

1952, 1953, 1962+bis

Lesche

N44°30’29.28",
E008°25’19.32"

19 m thick sec tion in a nat u ral scarp on a
meadow (Fig. 2). Marly mudstones with

sparse in ter ca la tions of thin siltstones and
mudstones.

Thalassinoides isp.,

Planolites isp.,

Trichichnus isp.,

Ophiomorpha isp.,

Curvolithus isp.,

 cf. Gyrochorte isp.,

Scolicia isp., 

Teredolites isp.

1738, 1739+bis, 2044+bis,
2045, 2047, 2061, 2062,

INGUJ149P212–221, 223,
224

Fraschetto-Sbernera 2 

N44°30’45.59"
E008°25’43.63"

Low es carp ments and a slope along a dirt
road, 8 m of marly mudstone with sparse in -

ter ca la tion of sandy siltstones and sand -
stones.

Thalassinoides isp. 1557

Giuliani-Bissi

N44°31’37.80"
E008°23’31.51"

A small ex po sure of a hard sand stone bed in 
marly mudstones along a dirt road. 1544

Gallareto-Valla

N44°30’45.94"
E008°21’06.81"

A small ex po sure of marly mudstones. 1638

* – Bormida Mu seum

T a  b l e  1

Lo cal i ties, their lo ca tion and spec i mens of Helicodromites he lix isp. nov. from them

Fig. 2. Main ex po sures stud ied

A – Lesche; B – Spigno Borroti; mea sure ment stick 1 m long
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can be con sid ered as a di ag nos tic fea ture at the ichnospecies
level. How ever, doubts about the ge om e try pre vent the for mal
in clu sion of Augerinoichnus in Helicodromites.

Helicodromites he lix isp. nov.
(Figs. 3–9)

D e r  i  v a  t i o n  o f  n a m e. – From Latin he lix, from An -
cient Greek elix (he lix), mean ing some thing twisted or spi ral.

D i a g n o s i s. – Hor i zon tal, non-me an der ing he li cal, cy -
lin dri cal bur row in which the dis tance be tween the whorls is
mostly smaller than the di am e ter of the cyl in der. The di am e ter
of the he lix lu men is ap prox i mately equal to that of the cyl in der.
The num ber of whorls is usu ally less than ten. 

H o l o t y p e  a n d  p a r a t y p e s. – The holotype is
specimen 1729 from Spigno S. Giacomo housed in the Bormida
Mu seum, N of Savona, Liguria, It aly (Fig. 4A). Paratype 1 –
INGUJ149P14 (Fig. 4B), Lesche. Paratype 2 –
INGUJ149P212, Lesche (Fig. 4C). Paratype 3, spec i men 1902,
Spigno Borroti (Fig. 4D). Paratype 4, 1909, Spigno Borroti
(Fig. 4E). Paratype 5, INGUJ149P210, Spigno Borroti (Fig. 4F).

O t h e r  m a t e r i a l. – 36 spec i mens at the Crocefieschi
Mu seum near Genova in It aly (four-digit num bers), 2 spec i -
mens at the Bormida Mu seum (four digit num bers), and 20
spec i mens at the 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 (in -
sti tu tional ab bre vi a tion and pre fix INGUJ149P; Ta ble 1).

D e s c r i p t i o n. – Hor i zon tal or subhorizontal, he li cal,
cy lin dri cal struc ture, which was ob served mainly on the part ing
sur faces of mudstone or siltstone. Usu ally only half or less,
rarely more than half of the struc ture, is vis i ble along its gen eral
course. The cyl in der is 1.7–5.5 mm, mostly 2.5–5 mm, in di am -
e ter (mean 3.1 mm; n = 40). The num ber of ob served whorls
ranges from 2 to 12 (mean 6, n = 33). The whorls in the main
part of the bur row, no more than nine, are reg u lar and tightly
spaced. The dis tance be tween the whorls is al most al ways less
than a milli metre, very rarely more than 1 mm, but less than
1.5 mm, so less than the di am e ter of the cyl in der. At the ends of
the more com pletely pre served traces, one or a few whorls be -
came less reg u lar, partly straight ened, usu ally nar rower and
less tightly spaced. The di am e ter of the reg u lar whorls is
3.8–10.1 mm, mainly 4–8 mm (mean 6 mm, n = 40). The trace
fos sil is 8–46 mm long (mean 20.9 mm, n = 34). The di am e ter of 
the less reg u lar whorls is the same as that of the reg u lar one.
The di am e ter of the cyl in der shows a good cor re la tion with the
di am e ter of the reg u lar whorls (cor re la tion co ef fi cient r = 0.67,
co ef fi cient of de ter mi na tion r2 = 0.45). The cor re la tion of the di -
am e ter of cyl in der with its to tal length or the num ber of whorls is
poor (r = 0.14 and r = 0.18, re spec tively). 

The gen eral course of the trace fos sil is mostly straight.
How ever, some spec i mens are slightly curved or dis play a
sharp turn of up to 55°. The whorls are nearly per pen dic u lar to
the axis of the trace fos sil, but in some spec i mens the whorls
are in clined as much as 65° to the axis. The morphometric pa -
ram e ters are sta ble within a given spec i men. How ever, the di -
am e ter of the whorls can ap pear to grad u ally di min ish in one di -
rec tion in spec i mens where the part ing sur face in ter sects the
trace fos sil subparallel to the bur row axis, and the trace fos sil
emerges more from one side than the other. In some in com -
plete spec i mens, only casts of the he li cal struc ture are vis i ble,
and these are coun ter parts of full-re liefs of the trace fos sil. 

This trace fos sil is prob a bly branched, but the branch ing
point it self has not been de tected. If so, the branches run at an
acute or right an gle. 

The ter mi na tions of the he lix are mostly in vis i ble be cause 
they are hid den in the sur round ing rock or the spec i mens are
bro ken. Only in some spec i mens are frag ments of the ter mi -
na tions vis i ble as cyl in ders of the same di am e ter and pres er -
va tion, but show ing a course de flected from the last whorl tra -
jec tory, run ning side ways or soon dis ap pear ing. Some of the
ter mi nat ing tun nels are branched. A spec i men was pol ished
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Fig. 3. Lithological col umn of the Lesche sec tion with
in di ca tion of trace fos sils and body fos sils
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Fig. 4. Types of Helicodromites he lix isp. nov.

A  – the holotype, spec i men 1729, Spigno S. Giacomo, Bormida Mu seum; B – paratype 1, INGUJ149P14, Lesche; C – paratype 2,
INGUJ149P212, Lesche; D – paratype 3, spec i men 1902, Spigno Borroti; E – paratype 4, 1909, Spigno Borroti; F – paratype 5,

INGUJ149P210, Spigno Borroti
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Fig. 5. Other spec i mens of Helicodromites he lix isp. nov.

A  – INGUJ149P218, Lesche; B – INGUJ149P217, Lesche; C – field pho to graph of spec i men 2062, Lesche; D – field pho to graph of
spec i men 2061, Lesche; E – spec i men 1904, Spigno Borroti; F – side view, INGUJ149P205, Spigno Borroti; G – side view, field

pho to graph; H, I – side and bot tom view, re spec tively, spec i men 1914, Spigno Borroti; J – spec i men 1910, Spigno Borroti



se ri ally to fol low the ter mi na tion; the re sult cor rob o rates the
pre vi ous ob ser va tions. In one case, the tun nel emerges from
the whorl.

The sur face of the trace is mostly smooth, but some spec i -
mens show some per pen dic u lar, ir reg u lar, nar row, faint ribs. In
sev eral spec i mens, the sur face is cov ered with brown ish waxy
ma te rial, which ad heres to the casts of full-re liefs. The con tent
of the main el e ments sug gests that the ma te rial is com posed of
clay min er als.

Thin sec tions made along the bur row show that the fill is the
same as in the sur round ing rock. How ever, the fill be comes
finer and richer in clay min er als close to the mar gin of the bur -
row in a zone that is 0.1–0.2 mm wide. 

R e  m a r k s. – The mor phol ogy of the Helicodromites he -
lix fits the di ag no sis of Helicodromites, but its morphometric pa -
ram e ters dif fer dis tinctly from those of H. mobilis (Fig. 10), es -
pe cially in the pro por tions of the di am e ter of the cyl in der to the
lu men en cir cled by whorls, and the pro por tions be tween the di -
am e ter of the cyl in der and the dis tance be tween whorls. These
pa ram e ters are close to 1:1 in H. he lix but much smaller in H.
mobilis (Fig. 11). The ter mi na tions of H. he lix and H. mobilis
(see com ments to the lat ter) show com mon fea tures. They are
sim ple or branched pro lon ga tions of the less reg u lar whorls.
The num ber of whorls in H. he lix (no more than ten) is dis tinctly
lower than in some Pa leo zoic rep re sen ta tives of Helicodro -
mites (see: Other rep re sen ta tives of Helicodromites). The fin ing 
of ma te rial close to the wall in H. he lix (Fig. 7B, C) may be an ef -
fect of the ad he sion of the finer ma te rial to the lin ing, which may
have been cov ered with mu cus. 

Helicodromites mobilis Berger, 1957
(Fig. 12A)

*1957 Helicodromites mobilis – Berger, p. 539, fig. 1. [Cop ied in
Häntzschel, 1975, p. W67, fig. 41.2.]
1966 Spiralieger Teil des Gangsystems von Notomastus –
Hertweck and Reineck, fig. 7. [Cop ied in Reineck et al., 1967,
pl. 6, fig. 12.]
1992 Helicodromites isp. – Rindsberg, p. 51, fig. 3E, pl. 6D.
1999 Helicodromites – Baldwin and McCave, p. 380, fig. 7A, B.
2003 Helicodromites mobilis Berger, 1957 – p. 74, pl. 8, fig. 5,
pl. 11, fig. 4.
2005 Helicodromites mobilis – Vliet, p. 40, mid dle fig. in p. 40.
2008 Helicodromites mobilis Berger, 1957 – Carmona et al., p.
101, figs. 4.4, 4.5, 7.2.
?2013 Helicodromites isp. – Jurkowska  and Uchman, p. 620,
text-fig. 6G.
non 2014 cf. Helicodromites mobilis – Knaust et al., fig. 10G.
2016 Helicodromites isp. – Buatois et al., fig. 9.29c.
non 2020 Helicodromites mobilis [or Helicodromites] – Shillito
and Davies, p. 1957, fig. 15e.

D i a g n o s i s. – Hor i zon tal, non-me an der ing he li cal, cy -
lin dri cal bur row in which the dis tance be tween the whorls is
mostly larger than the di am e ter of the cyl in der. The he lix lu men
is sig nif i cantly larger than the di am e ter of the cyl in der. The num -
ber of whorls is usu ally less than ten.

R e  m a r k s. – Helicodromites mobilis was orig i nally de -
scribed from the Oligocene (Rupelian) off shore mudstones of
Bayern, Ger many (Berger, 1957). It oc curs also in deep-wa ter
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Fig. 6. Ad di tional spec i mens of Helicodromites he lix isp. nov.

A – spec i men 1913, Spigno Borroti; B – spec i men 1912, Spigno Borroti; C – spec i men 1739, Lesche; D, E – spec i men 2045, de tails 2
and 1, re spec tively, Lesche
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Fig. 7. Thin sec tion and SEM im ages of Helicodromites he lix isp. nov.

A, B – hor i zon tal thin sec tions through the whorls; C, D – de tails of B. Note con cen tra tion of fin est ma te rial on mar gins of the whorls; E – SEM
im age of the whorl (left and cen tral part of the pho to graph) plung ing into the rock. The whorl is cov ered with brown ish waxy ma te rial; F – SEM

im age of the brown ish sub stance on the whorl sur face, which shows a flakey struc ture

Fig. 8. Dis persed en ergy spec trum of waxy ma te rial on the sur face of Helicodromites he lix isp. nov.
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Fig. 9. Model of Helicodromites he lix isp. nov.

Fig. 10. Width of the trace ver sus thick ness of the whorl of Helicodromites he lix isp. nov. and other hor i zon tal he li cal trace fos sils

Fig. 11. Com par i son of ba sic morphometric pa ram e ters of
Helicodromites he lix isp. nov. and H. mobilis Berger



Campanian de pos its of west ern Ger many (Kappel, 2003). Re -
cent oc cur rences are known from the North Sea at a depth of
31 m (Hertweck and Reineck, 1966), the Gulf of Mex ico at a
depth of 90–200 m in clayey silt sed i ment from the outer shelf
(Hill, 1985, his trace A), and the west ern North At lan tic at a
depth of 4750 m (Baldwin and McCave, 1999). Rindsberg
(1992) de scribed Helicodromites in the cen tral ba sin (his
midbay) Ho lo cene fa cies of an es tu ary. Carmona et al. (2008)
and Buatois and Mángano (2011) re corded Helicodromites
from the Mio cene of the lower shoreface and off shore tran si tion
set tings of Patagonia. Ferruginization is me di ated by mi crobes
and is re lated to a high con tent of or ganic mat ter, an oxia, and
the for ma tion of py rite, which is ox i dized by weath er ing (Kappel, 
2003). 

Helicodromites tortilis (Ksi¹¿kiewicz, 1970)
(Fig. 12B)

1961 Helicorhaphe (n.f.) – Ksi¹¿kiewicz, 885, pl. 2, fig. 3.
*1970 Helicorhaphe tortilis ichnosp. n. – Ksi¹¿kiewicz, p. 286,
fig. 1t.
1975 Helicorhaphe tortilis Ksi¹¿kiewicz – Häntzschel, p. W70,
fig. 43.4.
1977 Helicorhaphe tortilis Ksi¹¿kiewicz – Ksi¹¿kiewicz, p. 116,
pl. 11, fig. 10.
non 1981 Helicorhaphe – Tanaka and Sumi, pl. 6, fig. 1.
non 1989 Helicorhaphe meandriformis sp. n. – Plièka and
Koklusová, p. 113, text-fig. 2, pl. 64, fig. 2.
non 1995 Helicorhaphe tortilis Ksi¹¿kiewicz – Crimes and Mc -
Call, p. 236, fig. 3a. [H. cf. mobilis in the pres ent pa per.]
1996 Helicorhaphe crimesi n. ichnosp. – Kozur et al., p. 136, fig. 
38/2.
1988 Helicorhaphe tortilis Ksi¹¿kiewicz – Uchman, p. 173, fig.
78.
?2000 Helicorhaphe isp. – B¹k et al., p. 24, fig. 15b, c.
non? 2003 Helicorhaphe tortilis Ksi¹¿kiewicz – Kappel, p. 76,
pl. 8, fig. 3.
2007 Helicorhaphe tortilis Ksi¹¿kiewicz – Uchman, p. 230, pl. 3, 
fig. 13. 
2008 Helicorhaphe isp. – López Cabrera et al., p. 382, fig, 3.10.

D i a g n o s i s. – Very small, hor i zon tal, non-me an der ing
he li cal, cy lin dri cal bur row, in which the dis tance be tween the
whorls is mostly smaller than the di am e ter of the cyl in der. The
he lix lu men is ap prox i mately equal to the di am e ter of the cyl in -
der. The num ber of whorls is com monly more than ten.

R e  m a r k s. – Helicorhaphe was first de scribed by
Ksi¹¿kiewicz (1961) as a new form but with out any spe cies, so
as a nomen nudum. This was cor rected by Ksi¹¿kiewicz (1970)
by dis tin guish ing its ichnospecies. How ever, the mor pho log i cal
fea tures of this trace fos sil fall into the di ag no sis of
Helicodromites. Trans fer to this ichnogenus does not dis al low
con sid er ation of H. tortilis as a graphoglyptid, be cause
graphoglyptids are an in for mal group that em braces small, “pat -
terned” trace fos sils, usu ally pre served as hypichnial semire -
liefs (Seilacher, 1977).

Helicorhaphe crimesi Kozur et al., 1996 from the Perm ian
flysch of Sic ily falls into the di ag no sis and morphometric pa ram -
e ters of H. tortilis. There fore, it is con sid ered as a ju nior syn -
onym of H. tortilis. Helicorhaphe meandriformis Plièka and
Koklusová, 1989 be longs nei ther to Helicodromites Berger nor
to Helicorhaphe Ksi¹¿kiewicz (see Other hor i zon tal he li cal
trace fos sils). 
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Fig. 12. Some he li cal or al leg edly he li cal trace fos sils

A – Helicolithus mobilis Berger, INGUJ168P6, Mio cene, Mut Ba sin,
Tur key; B – Helicodromites tortilis (Ksi¹¿kiewicz, 1970), the
holotype, UJ TF 277, Beloveža Beds, Eocene, Lipnica Ma³a,
Carpathians, Po land; C – Helicorhaphe meandriformis Plièka and
Koklusová, 1989, holotype, G23137 in the Moravské zemské mu -
seum, Geologicko-paleontologické oddìlení in Moravec, Czech Re -
pub lic, Paleocene flysch in the Carpathians, Czech Re pub lic
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Crimes and Mc Call (1995) de scribed Helicodromites de ter -
mined as Helicorhaphe tortilis Ksi¹¿kiewicz from the lower-mid -
dle Mio cene of Iran. This is a hypichnial semirelief com posed of
16 bars, ~2 mm wide and 10 mm long, sug gest ing a he li cal pat -
tern. The dis tance be tween bars is more or less equal to the
width of the bars. This trace fos sil be longs to Helicodromites,
but is much larger than H. tortilis. There fore, it is rather H. cf.
mobilis be cause of its size, though the num ber of whorls is
larger and the dis tance be tween them is smaller.

H. tortilis is con sid ered to be the bur row of a polychaete
(Ksi¹¿kiewicz, 1977).

OTHER REPRESENTATIVES 
OF HELICODROMITES

Helicodromites aff. mobilis, de scribed by Poschmann
(2015) from storm-in flu enced shal low-ma rine De vo nian de pos -
its in west ern Ger many, be longs to this ichnogenus. It is sim i lar
to H. he lix be cause the dis tance be tween its whorls is gen er ally
smaller than the di am e ter of the cyl in der. Nev er the less, it
shows a much larger num ber of whorls, usu ally a dozen, and
com monly more than twenty. More over, the di am e ter of the cyl -
in der and the width of the trace are larger than in H. he lix and
the whorls are com monly tan gen tial to the bur row axis. It de -
serves a new ichnospecies. 

Narbonne (1984) de scribed Helicodromites with out
ichnospecies des ig na tion from intertidal and shal low subtidal
Up per Si lu rian car bon ates in Arc tic Can ada. This trace fos sil
looks like a strongly stretched H. mobilis (~8 wide, di am e ter of
tube ~5 mm) but it can not be as cribed to this ichnospecies, be -
cause the coils are dis tinctly tan gen tially ar ranged to the bur row 
axis; this fea ture is ab sent in H. mobilis. 

Suarez de Centi et al. (1989) de scribed Helicodromites
from shal low-ma rine Si lu rian shelf de pos its in north ern Spain,
whose cyl in der is 1–2 mm in di am e ter and width ~6 mm, with
the dis tance be tween the whorls close to the di am e ter of the
cyl in der. The whorls are dis tinctly tan gen tially ar ranged to the
bur row axis. It is much smaller than the other Pa leo zoic traces
con sid ered in this sec tion.

Helicodromites isp. from the Or do vi cian of Bul garia is pre -
served on the bed ding sur face as bars that are ~4 mm wide and 
~4 mm apart. The trace is ~10 mm wide. In one spec i men, the
bars are per pen dic u lar to the bur row axis, but strongly oblique
in the sec ond spec i men (Yanev et al., 2000; AceÔolaza and
Yanev, 2001). It is sim i lar to H. aff. mobilis de scribed by
Poschmann (2015).

A short, twisted cy lin dri cal struc ture from shal low-ma rine
clastic de pos its of the Si lu rian (or Or do vi cian?) Tumblagooda
Sand stone in Aus tra lia (Shillito and Davies, 2020), de ter mined
in con sis tently as Helicodromites mobilis or Helicodromites isp.,
cer tainly does not be long to H. mobilis, and it is un cer tain
whether it rep re sents some he li cal trace fos sil. 

OTHER HORIZONTAL HELICAL TRACE FOSSILS

Helicoichnus Yang in Yang et al., 1982, typ i fied by
Helicoichnus cylindricum Yang in Yang et al. (1982: fig. 2, pl. 1,
fig. 2) from the Mid dle Ju ras sic of Ti bet, was de clared to be a
he li cal trace fos sil. Judg ing from a line draw ing and a pho to -
graph in the orig i nal pa per, it shows per pen dic u lar to oblique
annulation rather than he li cal turns. 

Parahelicorhaphe Yang in Yang et al. (1982), typ i fied by P.
bangonghuensis Yang in Yang et al. (1982), from the Mid dle
Ju ras sic of Ti bet, is also con sid ered here, but its sug gested he -

li cal mor phol ogy is ques tion able. Doubts are strength ened by
its de scrip tion in Yang et al. (2004), where “par al lel annulated
striae on the sur face” are noted. 

Helicorhaphe meandriformis Plièka and Koklusová, 1989
from the Paleocene flysch of the Carpathians, Czech Re pub lic
(Fig. 12C), rep re sents an other ichnogenus, prob a bly Desmo -
grapton Fuchs, 1895, be cause it shows pro lon ga tion of the bars 
in the me an der ing rows and some bridges be tween them. They
are poorly pre served, though show im por tant ev i dence of more
com plex ge om e try than a sim ple he li cal tun nel.

Megagyrolithes ardescensis Gaillard, 1980, is a huge he li -
cal struc ture, 30 cm in di am e ter and 1.5 m long, from
Valanginian hemipelagic de pos its of France as cribed to crus ta -
ceans. How ever, Hoareau et al. (2009) sug gested that con cre -
tions may have formed around he li cal bur rows. Sim i larly,
Dinocochlea ingens Wood ward, 1922 from the Valanginian of
the UK, a huge, hor i zon tal, cork screw-shaped enig matic struc -
ture, was re cently con sid ered to be a con cre tion nu cle ated
around a bur row re sem bling Helicodromites (Tay lor and
Sendino, 2011). The au thors cited in di cated that Helicodro -
mites might be a ju nior syn onym of Dinocochlea if their in ter pre -
ta tion is cor rect, but the mor phol ogy of the orig i nal bur row re -
mains only a mat ter of sup po si tion. 

DISCUSSION

PRODUCER

Helicodromites mobilis is in ter preted as a feed ing struc ture
of the etho log i cal cat e gory fodinichnia (Carmona et al., 2008;
Buatois et al., 2016), pro duced in the deep tier (Carmona et al.,
2008) in ox y gen ated sed i ments (Kappel, 2003). The size dif fer -
ences within Helicodromites mobilis may be ex plained by the
ontogenetic growth of the pro ducer, as sug gested by Carmona
et al. (2008) on the ba sis of the sta ble re la tion of the dis tance
be tween whorls to the di am e ter of the cyl in der.

Hertweck and Reineck (1966) rec og nized that re cent
Helicodromites (in cluded in H. mobilis in this pa per) from the
North Sea is pro duced by the capitellid polychaete Notomastus. 
Reineck et al. (1967) ob served these spi ral traces 12 cm be low
the sea floor. They are con nected to the sur face by two steep,
lo cally branched tun nels, which con tinue from the ends of the
spi ral; some spi rals are con nected di rectly to the shal lower
U-shaped bur rows of Echiurus echiurus (Pallas), which, in turn,
were con nected to the sea floor (Hertweck, 1970). Capitellid
poly chaetes (43 gen era) are wide spread bur row ers in a wide
range of depths, es pe cially in or ganic-rich sed i ments; among
them, Notomastus ac counts for 40 spe cies (Hernández-
Alcántara et al., 2022).

Hauck et al. (2009), Dashtgart and Gingras (2012) and
Poschmann (2015) con sid ered that Helicodromites can also be
pro duced by the enteropneust Saccoglossus kowalevskii,
which pro duces vari ably ori ented (mostly ver ti cal to oblique) he -
li cal bur rows in intertidal and subtidal brack ish de pos its
(Gingras et al., 1999, 2008). Nev er the less, fos sil Helicodromi -
tes does not show vari able ori en ta tion but is hor i zon tal or
subhorizontal. There fore, capitellid poly chaetes rep re sented by 
Notomastus are more re li able can di dates for the tracemaker of
Helicodromites. Tak ing into ac count the same bur row ar chi tec -
ture of H. mobilis and H. he lix, the lat ter is prob a bly pro duced by 
capitellid poly chaetes.

Holo thu rians can pro duce he li cal fe cal strings (e.g., Heezen 
and Hollister, 1971). How ever, the branched ter mi na tions in
Helicodromites he lix, es pe cially those that are ver ti cally to
obliquely ori ented or branched, show that this is a bur row. It is
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ex tremely un likely that long ter mi na tions of fe cal strings could
re main in such a po si tion for a long enough time to be pre served 
in the fos sil state. Short, tightly spaced he li cal struc tures can
also be vis i ble in cop ro lites of fishes (Müller, 1971b; Rummy et
al., 2021), but they show at least one spin dle ter mi na tion.

Hor i zon tal he li cal bur rows can also be pro duced in con ti -
nen tal de pos its. Müller (1967, 1971a) de scribed them from
sand dunes on the Black Sea coast (Bul garia) and on the Bal tic
Sea coast (Ger many), where they were pro duced shal lowly un -
der the sur face, prob a bly by ar thro pods or myria pods. He com -
pared them to Helicorhaphe. 

FUNCTION

The pro duc tion of a hor i zon tal he li cal bur row must have
some spe cial func tion con sid er ing that the ter mi na tions are not
he li cal. In ves ti ga tions on Notomastus latericus Sars from a
brack ish la goon in south ern It aly show that its sed i ment re work -
ing is in sig nif i cant (Giangrande et al., 2001). The an i mal works

head-down, so its feed ing ac tiv ity is ex pected in the he li cal part
of the bur row. Com monly, Helicodromites mobilis is ferru -
ginized, which sug gests a strong geo chem i cal gra di ent. Kappel 
(2003) re garded that ferruginization is re lated to the ox y gen a -
tion of py rite and is microbially me di ated. In deed, the main part
of the bur rows of some spe cies of Notomastus are sur rounded
by anoxic sed i ment and con tain an in creased con tent of mi -
crobes (Stew ard et al., 1996). There fore, it can be as sumed
that the he li cal whorls cause an in crease in length and space
along a cer tain level in the sed i ment, which is ap pro pri ate for
feed ing on mi crobes. Pos si bly, the mi crobes liv ing in the bur row 
ben e fit from the chem i cal gra di ent be tween the oxic and anoxic
en vi ron ment. If so, then Helicodromites is a chemichnion.

ENVIRONMENT

Fos sil Helicodromites mobilis is known mostly from
fine-grained off shore and deeper de pos its and the re cent ex -
am ples from depths of 31 m (Hertweck and Reineck, 1966) to
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Fig. 13. Trace fos sils co-oc cur ring with Helicodromites he lix isp. nov. in the Molare For ma tion at Lesche

A – Curvolithus isp.; B – Gyrochorte isp.; C – Ophiomorpha isp.; D – Planolites isp.; E – Scolicia prisca; F – Spongeliomorpha isp.; G –
Thalassinoides isp.
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4750 m (Baldwin and McCave, 1999). The depth may be even
shal lower be cause Notomastus latericus, the pro ducer of
Helicodromites mobilis, can live in brack ish la goons at a depth
of only 0.5 m (Giangrande et al., 2001; see also Rindsberg,
1992). This cor rob o rates the opin ion by Buatois and Mángano
(2011) that Helicodromites (rep re sented mostly by H. mobilis)

oc curs in sed i ments de pos ited at dif fer ent depths. How ever, it
tends to be more fre quent in off shore and deeper fine-grained
de pos its. 

Helicodromites tortilis is known only from deep-sea turbiditic 
de pos its (Ksi¹¿kiewicz, 1977, and pa pers in its syn on ymy). It
was pro duced in mud, but is pre served on sand stone beds
(Ksi¹¿kiewicz, 1977). The Pa leo zoic forms de scribed in “Other
rep re sen ta tives of Helicodromites” oc cur in shal low-ma rine de -
pos its.

Helicodromites he lix oc curs in the Molare For ma tion, which
was de pos ited as a fan-delta sys tem (e.g., Gelati et al., 1996;
Gelati and Gnaccolini, 2003). The de pos its con tain ing H. he lix
are dom i nated by mud and silt and can be con sid ered as dis tal
fan-delta fa cies in an off shore or deeper set ting. In such set -
tings, el e ments of the im pov er ished Nereites ichnofacies can
oc cur, while more prox i mal, subaquaeous parts usu ally con tain
el e ments of the im pov er ished Skolithos, Cruziana, and
Zoophycos ichnofacies (Hovikoski et al., 2019). Trace fos sils
as so ci ated with H. he lix in clude Curvolithus (Fig. 13A), Gyro -
chorte isp. (Fig. 13B), Ophiomorpha isp. (Fig. 13C), Planolites
isp. (Fig. 13D), Scolicia prisca (Fig. 13E), Spongeliomorpha isp. 
(Fig. 13F) and Thalassinoides isp. (Fig. 13G). This trace fos sil
as sem blage re sem bles rather the im pov er ished Cruziana
ichnofacies. The abun dance of plant de bris (Fig. 14) shows a
strong in flu ence of ma te rial sup ply from the land. The oc cur -
rence of Curvolithus is char ac ter is tic of fan-delta fa cies
(Curvolithus ichnofacies of Lockley et al., 1987; Hovikoski et al., 
2019). There fore, it seems that the de pos its of the sec tions in -
ves ti gated rep re sent off shore depths. 

CONCLUSIONS

The ma rine trace fos sil Helicodromites Berger, 1957 in -
cludes H. mobilis Berger, 1957, H. tortilis (Ksi¹¿kiewicz, 1970),
H. he lix isp. nov., and some un named Pa leo zoic ichnospecies
forms. All are hor i zon tal, non-me an der ing he li cal deep-tier bur -
rows con nected to the seafloor by sim ple or branched shafts.
They dif fer in the num ber of whorls and the pro por tions be tween 
the di am e ter of the bur row and the he li cal whorls, and they oc -
cupy a con fined range of sizes. H. mobilis oc curs at dif fer ent
depths, mostly in fine-grained de pos its. H. tortilis is known only
from deep-sea turbiditic de pos its and H. he lix only from off shore 
fan-delta de pos its.
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