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ABSTRACT:

Stachacz, M., Uchman, A., Jaglarz, P., Abu Hamad, A., Al-Hejoj, I. and Al-Mashakbeh, H. 2024. Variability of 
Middle Triassic vermicular limestone ichnofabrics: the Anisian Hisban Formation in Jordan. Acta Geologica 
Polonica, 74 (3), e22.

The strongly bioturbated Middle Triassic (Anisian) limestones, referred to as vermicular limestone, are the 
dominant lithology of the Hisban Formation in Jordan. This limestone exhibits the monotonous Oravaichnium–
Planolites ichnofabrics, which are known and common in the northern Peri-Tethys and the Germanic Basin. The 
most abundant and widespread trace fossil here is Oravaichnium carinatum, which is produced by bivalves. 
Specimens of O. carinatum from the Hisban Formation are typically strongly elongated in the vertical axis and 
have a smooth surface, whereas specimens from the Germanic Basin mainly have a pear-shaped cross-section. 
Nevertheless, both morphologies and transitional morphotypes between these ichnospecies are present in both 
areas. The difficulty in distinguishing between Oravaichnium and Planolites causes the intense bioturbation 
by bivalves to be underestimated. The wide occurrence of the Oravaichnium ichnofabric in the northern and 
southern Peri-Tethys suggests that small burrowing bivalves played a significant role in the colonization and 
infaunalization during the long-term recovery of the benthos after the Permian–Triassic crisis. They experienced 
intense development during the Middle Triassic, when they were responsible for extensive bioturbation.

Key words: Trace fossils;  Bivalve burrows; Bioturbation; Colonization; Tethys; Permian–
Triassic recovery; Jordan.

INTRODUCTION

The vermicular limestones are a characteristic fa-
cies of the Tethyan and Peri-Tethyan Middle Triassic 
carbonate platforms, especially in the Anisian. They 
are distinguished by their typical monotonous ich-
nofabrics dominated by simple burrows, which are 
readily visible in the field. The relatively low di-
versity of trace fossils contributing to the ichnofab-
rics is related to severe environmental conditions, 

mainly hypersalinity and low oxygenation (Jaglarz 
and Uchman 2010). Nevertheless, it appears that the 
composition of the ichnofabric is not uniform and 
varies from region to region. In some areas, sim-
ple burrows dominated by Planolites and referred 
to as “worms” prevail, e.g., in the Tatra Mountains 
in Poland (Jaglarz and Uchman 2010) or the Catalan 
Basin (Mercedes-Martín and Buatois 2021), but in 
other areas, Balanoglossites (produced probably by 
enteropneusts or annelids) or Protovirgularia (pro-
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duced by bivalves or arthropods) are the dominant 
ichnotaxa, e.g., in Sardinia in Italy (Knaust and 
Costamagna 2010). This suggests that it is possible 
to separate different types of vermicular limestones 
on the basis of their ichnofabrics. At present, this can 
be demonstrated only for some places/areas, because 
most occurrences of vermicular limestones require 
new investigation, which includes analysis of their 
ichnofabrics.

In this paper, the vermicular limestones of the 
southern Peri-Tethys, Hisban Formation in Jordan are 
presented. They show an ichnofabric dominated by 
Oravaichnium, which is produced by bivalves. Such 
an ichnofabric has not previously been described, but 
interestingly, it is also present in the northern Peri-
Tethys in some parts of the Muschelkalk Basin in 
Poland, Germany, and France.

GEOLOGICAL SETTING

Triassic of Jordan

The Permian–Triassic strata of Jordan are about 
1000 m thick, of which about 600 m are exposed be-
tween Wadi Mujib in the south and Wadi Zarqa in the 
north. The nine formations distinguished by Bandel 
and Khoury (1981) are well recognizable in the field 
by their top and basal surfaces, with only the top of the 
Um Tina and Mukheiris formations and the base of 
the Abu Ruweis Formation not exposed. A three-part 
Triassic, as known from the classic German Basin, 
with Buntsandstein, Muschelkalk, and Keuper, is 
also found in Jordan, although details are different. 
The lower portions with the Ma’in, Dardur and the 
Ain Musa formations could be considered equivalent 
to the Buntsandstein, with a predominance of red-
dish quartz sandstone. The Hisban, Mukheiris and 
Iraq Al-Amir formations are predominantly marine, 
as is the Muschelkalk, and yield mainly limestones, 
even though near-terrestrial conditions occur, includ-
ing plant-bearing horizons. The Um Tina and Abu 
Ruweis formations are bedded, fine grained clastic 
deposits, usually deposited in more or less saline con-
ditions, and deviate most from the Keuper, which 
contains many sandy units in the German Basin. 
However, generally, these southern Tethyan deposits 
of a shallow sea, possibly wide open to the ocean, 
are rather similar to the northern deposits of a shal-
low sea in Central Europe that have quite restricted 
connections to the Tethys Ocean (Szulc 2000). They 
can be also seen in southern Israel, in the Mohilla 
Formation. This may indicate that the accessibility of 

the open ocean to this Near East Triassic basin was 
also not as open as thought, and there were lands to 
the north that separated the basin from the ocean.

Between the Late Permian and the Late Triassic, 
Gondwana continued to drift northward as an inte-
gral part of Pangea. According to Schandelmeier et 
al. (1997), Jordan has moved from latitude 20°S in 
the Late Permian across the equator to about 8°N 
in the Late Triassic. Accordingly, Jordan was lo-
cated near the equator during the deposition of the 
limestones of the Hisban Formation, which were de-
posited in a sedimentary basin located across the 
Eastern Mediterranean region from NW Egypt to SE 
Turkey (Text-fig. 1A). The basin was developed in 
the Late Triassic and Early Jurassic as the result of 
the breaking-up of the Gondwana palaeocontinent, 
which caused the separation of the Apulia block from 
the Afro-Arabian Plate (Dercourt et al. 1986; May 
1990). During the Triassic, the eastern part of the 
Apulia block diverged from Arabia, causing a re-
gional extension, leading to the formation of a failed 
rift or aulacogen (McBride et al. 1990), and the de-
velopment of a basin in the northern part of Jordan 
and adjacent parts of Syria (Bandel and Khoury 1981; 

Text-fig. 1. Locality maps. A. General location of the studied area 
(asterisk). B. Geology of the Wadi-Hisban area (after Shawabkeh, 

2001).
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Shinaq 1996). The rifting was initiated in the Middle 
Anisian (May 1990; Shinaq 1996). This basin is con-
sidered to be an embayment of the Neotethys (May 
1990), the axis of which in the Middle Triassic had an 
orientation NW-SE, and sediments generally become 
thinner to the SE (Shinaq 1996).

The Hisban Formation and the studied section

The Hisban Formation belongs to the Ramtha 
Group, which encompasses all the Triassic deposits 
of Jordan (Shinaq 1996). This formation is lithostrati-
graphically equivalent to the Rà af Formation that 
is exposed in the Negev of Israel (Weissbrod 1969; 
Bandel and Khoury 1981; Bandel and Waksmundzki 
1985), the lower part of the Geli Khana Formation 
in northern Iraq, and the Kurra Chine Formation in 
Syria and Iraq (see Shinaq 1996).

The name of the Hisban Formation (Abu Hamad 
2004) derives from Wadi Hisban (Text-fig. 1A, B), 
where outcrops of the Triassic rocks were found and 
described in an unpublished report by Wetzel (1947). 
It was known as the Hisban Limestone (Wetzel and 
Morton 1959), the Lower Wadi Hisban Sandstone, 
“Muschelkalk” and Sandy Marl (Bender 1968), and 
the Hisban Limestone Formation (Basha 1981). The 
Hisban Formation is exposed along the northeast-
ern shore of the Dead Sea from Wadi Nakhla in the 
south to Wadi Hisban in the north (NE corner of the 
Dead Sea) and then further north in Wadi Abu Oneiz 
(12 km west of the town of Naur, Text-fig. 1). It has 
also been encountered in wells in the NW and NE 
of Jordan. Makhlouf (1998) reported that the section 
of this formation in Wadi Hisban, with an average 
thickness of 30 m, is incomplete. Therefore, he pro-
posed a new type section in Wadi Nakhla, which is 
35 m thick. However, Sadeddin (1998), Shawabekeh 
(1998) and NSJC (2000) still considered the Wadi 
Hisban section as the type section of their “Hisban 
Limestone Formation”. In Wadi Dardur, the Hisban 
Formation is 35 m thick (Bandel and Khoury 1981) 
as confirmed by Andrews et al. (1992), Makhlouf et 
al. (1996), Shawabekeh (1998), Makhlouf (1999) and 
NCJSC (2000).

In Wadi Hisban, the base of the Hisban Formation 
is not exposed, and the top is truncated by an un-
conformity at the base of the Cretaceous deposits. 
About 20 km south in the Wadi Nakhla, a complete 
section is well exposed, which conformably overlies 
the Ain Musa Formation and underlies the Mukheiris 
Formation. The base and top of the Hisban Formation 
can also be seen in Wadi Mukheiris and Wadi Dardur, 
where the base is marked by a sharp contact between 

the green-grey marlstone-siltstone of the Ain Musa 
Formation and the massive limestone of the basal 
unit of the Hisban Formation. Limestone-to-marl and 
sandy marl intercalations at the top of the Hisban 
Formation transit rapidly into the cross-bedded sand-
stones at the base of the Mukheiris Formation. This 
boundary is well exposed in Wadi Mukheiris.

The Hisban Formation represents a “pre-rift” 
stage of the basin development (Shinaq 1996). As ex-
posed in Wadi Hisban and Wadi Dardur, it is consid-
ered to be shallow marine, but located relatively far 
from shore (Bandel and Khoury 1981). This has also 
been suggested by Sadeddin (1998) and Shawabekeh 
(1998) and similar conditions were reported from 
wells drilled in northern Jordan (e.g., the NH-2 well). 
Makhlouf (1999) suggested subtidal conditions for 
the lower part of the formation, which changed to 
intertidal up the section.

Primarily, the Hisban Formation has been dated to 
the middle Late Triassic on the basis of bivalves, gastro-
pods, and ammonites (Cox 1924, 1932; Wagner 1934). 
Wetzel and Morton (1959) suggested an Anisian to 
early Ladinian age, and Parnes (1975) an early Anisian 
age. Based on conodonts and holothurian sclerites, 
Sadeddin (1992, 1998) assigned an early–late Anisian 
age. The Hisban Formation as exposed in Wadi Abu 
Oneiz was assigned to the middle Anisian (Pelsonian), 
based on conodonts (Abu Hamad 1994). Based on pal-
ynomorphs, Abu Hamad (2004) and Bandel and Abu 
Hamad (2013) related the Hisban Formation to the 
palynomorph Aratrisporites saturnii Zone of the late 
Anisian (late Pelsonian–Illyrian).

In the present study, a 30 m-thick section of the 
Hisban Formation in Wadi Hisban is presented, where 
it forms limestone cliffs (Text-figs 2, 3). The location 
of the studied section is shown on the geological map 
of the study area (Text-fig. 4). In the lower part of 
the section, grey, wavy-bedded dolomitic limestone 
beds, up to 20 cm thick, are present. The section con-
sists predominantly of vermicular limestones (their 
name comes from well-visible and dense bioturbation 
structures; cf. Bandel and Khoury 1981). The vermic-
ular limestones are composed of medium- to very 
thick bedded, grey to light brown, nodular, fossilif-
erous, stylolitic mudstones/wackstones and yellow-
ish marly calcisiltites with wavy bedding. They are 
commonly highly porous. Marly calcisiltites contain 
quartz grains and iron (hydro-) oxides. The rocks 
are yellowish to reddish weathered. The vermicular 
limestones are interbedded with thin intercalations 
of siltstones, marlstones, and very thinly laminated 
mudstones, marked in the morphology of the cliffs 
by gentle slope escarpments. They contain fossils of 
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bivalves, including oysters, as well as brachiopods 
and crinoids.

TRACE FOSSILS AND ICHNOFABRICS

The trace fossils and ichnofabrics from the ver-
micular limestones were studied in the field and 
photographically documented. Several samples were 
taken for more detailed studies in the laboratory, and 
some of these are housed in the Institute of Geological 
Sciences of the Jagiellonian University in Kraków.

Description of trace fossils

Oravaichnium carinatum Stachacz, Knaust and 
Matysik, 2022

(Text-figs 3E, G, 4B–E)

DESCRIPTION: Hypichnial, straight, curved or 
slightly winding horizontal, slightly oblique or arcu-
ate, wall-like ridges, 3–6 mm wide, 3–20 mm high, 
or endichnial burrows with an irregular, angular, ca-
rinate or wedge-shaped cross section. The shape and 
width vary in individual burrows, but most specimens 

Text-fig. 2. Lithostratigraphic log of the studied section (based on the field wok in 2020). Scyt. – Scythian.
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Text-fig. 3. Field photos of the vermicular limestone of the Hisban Formation. A–C. Weathered vertical walls showing dense Planolites–
Oravaichnium ichnofabric. D–G. Bedding plane view of bioturbated limestone beds on the upper; Or – Oravaichnium carinatum, Pl – Planolites 

beverleyensis.
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Text-fig. 4. Oravaichnium and Planolites from the Hisban Formation. A. Polished vertical slab showing Planolites–Oravaichnium ichnofabric. 
B. Oravaichnium carinatum (Or) and Planolites beverleyensis in a bioturbated limestone bed. C. Oravaichnium carinatum (arrowed), lower 
bedding plane. D. Oravaichnium carinatum – transitional form to O. hrabei (Or) and Planolites beverleyensis (Pl) in a bioturbated limestone 

bed; faecal pellets (light, circular to oval spots) are visible. E. Cross sections of Oravaichnium carinatum extracted from marly matrix.
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show wedge-shaped, downward tapering cross-sec-
tions. The fill of the burrow is massive, occasionally 
with scattered, ellipsoidal faecal pellets cf. Coprulus 
oblongus Mayer, 1952. The pellets are micritic, lighter 
in colour than the burrow fill, ca. 0.3 mm in diameter 
and ca. 0.5 mm long (Text-fig. 4B, D, E).

REMARKS: Oravaichnium carinatum is the main 
component of the ichnoassemblage in the Hisban 
Formation. Some specimens resemble Planolites bev-
erleyensis (Billings, 1862), but the latter differs by 
its having a circular or semi-circular cross-section. 
Oravaichnium is interpreted as a bivalve trace fossil 
(Uchman et al. 2011). Oravaichnium carinatum dif-
fers from O. hrabei Plička and Uhrová, 1990, by hav-
ing a carinate instead of a sub-rectangular cross-sec-
tion (Stachacz et al. 2022; see also Uchman et al. 
2011). The precise distinction between them requires 
measuring the width of the burrow at 1/3 and 2/3 of 
its height. The ratio of these parameters for O. cari-
natum from the Germanic Basin is 0.73–0.93, while 
that for O. hrabei is approximately 1 (Stachacz et al. 
2022). However, transitional forms between these two 
ichnospecies are present. Among specimens from the 
Hisban Formation, burrows with a strongly elongated 
wedge shape with straight and smooth margins dom-
inate, whereas specimens from the Germanic Basin 
mainly have a pear-shaped cross-section (Stachacz 
et al. 2022). In this stage of recognition, both mor-
photypes fall under the ichnospecies O. carinatum. 
Oravaichnium oualimehadjensis Naimi and Cherif, 
2021, has a similar, but more rounded cross-section, 
a strongly winding course, and a very large termina-
tion. According to the diagnosis and illustrations of 
that ichnospecies, it can be considered a transitional 
trace from Oravaichnium to Lockeia (cf. Stachacz et 
al. 2022).

Planolites beverleyensis (Billings, 1862)
(Text-figs 3D, F, 4A, B, D)

DESCRIPTION: Hypichnial, horizontal, straight 
or curved, smooth ridge, or endichnial cylindrical 
burrows, circular or elliptical in cross-section. The 
observed burrows are 5–20 mm wide and at least up 
to 10 cm long, with massive filling, which is usually 
darker than the host rock.

REMARKS: Some specimens are similar to 
Palaeophycus tubularis Hall, 1847, because of in-
distinct colour differences between the infill and 
host rock. Planolites beverleyensis is also similar to 
poorly preserved Oravaichnium carinatum, if it is 

observed only on the bedding plane. Planolites is a 
deposit feeding structure produced by variable or-
ganisms (e.g., Pemberton and Frey 1982; Fillion and 
Pickerill 1990).

Palaeophycus tubularis Hall, 1847
(Text-fig. 5A, B)

DESCRIPTION: Hypichnial, straight, occasionally 
branched convex ridge or endichnial cylindrical bur-
rows, 5–10 mm wide and up to at least 200 mm long, 
circular to oval in cross section. It has a distinct to 
indistinct, smooth wall and is filled with the same 
material as the host rock.

REMARKS: The illustrated specimens partly have 
a relatively thick wall and resemble Palaeophycus 
heberti (Text-fig. 5B, right). Some specimens are 
difficult to differentiate from small specimens of 
Planolites beverleyensis due to the visibility of the 
wall. Palaeophycus is interpreted as a burrow pro-
duced by carnivores or deposit feeding vermiform 
organisms (e.g., Pemberton and Frey 1982; Fillion 
and Pickerill 1990).

Thalassinoides suevicus (Rieth, 1932)
(Text-fig. 5C, D)

DESCRIPTION: A three-dimensional complex bur-
row system composed of horizontal, Y-shaped bran-
ched tunnels. The burrow tunnels are circular or 
ir re gular in cross section and filled with the same sub-
strate as the host deposit. The width of the tunnels is 
approximately 8–10 mm.

REMARKS: Thalassinoides is a dwelling and feed-
ing structure produced mainly by decapod crusta-
ceans, foremost in shallow marine deposits (e.g., 
Fürsich 1973; Frey et al. 1978, 1984; Ekdale 1992; 
Bromley 1996; Schlirf 2000).

Rhizocorallium commune Schmid, 1876
(Text-fig. 5E)

DESCRIPTION: Endichnial, horizontal, essentially 
U-shaped, rarely irregular burrow with a distinct 
marginal tube forming limbs and spreite between 
them. The marginal tube is 15–25 mm wide, the 
whole structure is 60–80 mm wide and about 100 
mm long. Some fragmentarily preserved burrows are 
represented only by portions of the marginal tubes 
that are occasionally flattened with lobate surfaces 
(Text-fig. 5A).
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REMARKS: The described trace fossil is poorly pre-
served and occurs in strongly bioturbated beds. The 
portions are represented by a flat, lobate marginal 
tube resembling Curvolithus isp. Rhizocorallium is 
produced by suspension feeders (only short oblique, 
retrusive forms) or deposit feeders, mostly crusta-
ceans (Fürsich 1974; Schlirf 2000) or annelids (Knaust 
2013), mainly in shallow marine and marginal marine 
deposits (e.g., Farrow 1966; Hakes 1976; Knaust 2013).

Ichnofabrics

The vermicular limestones of the Hisban Formation 
show 2–6 cm-thick intervals of deposits bioturbated 
in 10–60% (ichnofabric index ii = 3–4, according to 
the scale of Droser and Bottjer 1986; see also Knaust 
2012, 2021), alternating with deposits bioturbated in 
60–100% (ii = 5–6). Rarely, unbioturbated, isolated 
layers, up to 2 cm thick, are visible. They show many 
types of undulated or horizontal, irregular burrow 
fillings, which form the characteristic vermiform 
pattern. Most of the burrows belong to Oravaichnium 
carinatum, with a changing but always subordinate 
contribution of Planolites (see Text-figs 3D–G, 4A). 
This is a feature of the Oravaichnium ichnofabric 
sensu Stachacz and Matysik (2020), which is mostly 

visible in vertical sections of polished slabs and 
weathered surfaces as irregular, sub-rectangular or 
wedge-shaped polygons, or sub-cylindrical spots. In 
bedding plane views, it is visible mostly as horizon-
tal ridges. Moreover, the relatively uncommon trace 
fossils Planolites beverleyensis and Palaeophycus 
tubularis, plus rarely flattened Rhizocorallium com-
mune occur (Text-figs 3–5). Variable proportions of 
Planolites/Oravaichnium in the bioturbated packages 
can also be observed, but in most cases, the bivalve 
burrow Oravaichnium predominates.

DISCUSSION

The Middle Triassic vermicular limestones oc-
cur widespread in the Western Tethys region, both 
on its northern and southern margins (Text-fig. 6). 
Baud (1976) described the Triassic trace fossils from 
the vermicular limestones of the Briançonnais Zone 
in the Western Alps, and mentioned occurrences 
of this type of facies in Turkey, Iran and Pakistan. 
Similar bioturbated limestones were also recog-
nized in the Northern Calcareous Alps (Rüffer and 
Bechstädt 1998) and the Southern Alps (Maurer and 
Schlager 2003). Kotański (1986) reported similar fa-

Text-fig. 5. Trace fossils of the Hisban Formation. A, B. Palaeophycus tubularis (Pa) associated with Oravaichnium carinatum (Or) and unde-
termined burrows (?). C, D. Thalassinoides suevicus. E. Rhizocorallium commune.
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cies from southern Spain (see also Mercedes-Martín 
and Buatois 2021), Morocco, Sicily and Calabria, 
southern Italy, and Kotański et al. (2004) mentioned 
Anisian vermicular limestones from Algeria. Similar 
facies were also recognized in the Anisian succes-
sion from south Israel (Korngreen and Bialik 2015). 
Lower and Middle Triassic bioturbated limestones 
were described from the Hungarian Carpathians 
(Hips 1998; Török 1998). Such limestones were de-
scribed in detail from the Middle Triassic succession 
in the Carpathians, in the Polish part of the Tatra Mts. 
(Jaglarz and Uchman 2010; Rychliński and Uchman 
2010) and the Malé Karpaty (Šimo 2005). Strongly 
bioturbated calcilutites of the Muschelkalk in the 
Germanic Basin in Upper Silesia, Poland, also contain 
vermicular limestones (Stachacz and Matysik 2020; 
Stachacz et al. 2022). So far, the discussed vermic-
ular limestones in Jordan are the southeastern-most 
occurrence of this facies. The Oravaichnium ichno-
fabric was recognized here, in which Oravaichnium 

prevails and co-occurs with Planolites, sometimes it 
being difficult to distinguish between them.

This mass development of small burrowing bi-
valves, possibly nuculids, occurred here during the 
prolonged recovery of benthic populations after the 
Permian–Triassic mass extinction and was preceded 
by the rapid development of polychaetes, responsible 
for the formation of the Rhizocorallium ichnofabric 
(Stachacz and Matysik 2020). A similar record of 
benthic development during the Triassic recovery, 
but slightly diachronically and usually with poorly 
recognized bivalve bioturbation, is observed in many 
places worldwide (e.g., Chen and Benton 2012; Luo et 
al. 2017; Feng et al. 2017, 2018).

Thick packages of the vermicular limestones of 
the Hisban Formation show the Oravaichnium ich-
nofabric. This suggests that foremost small bivalves 
and [to] lesser degree vermiform organisms, presum-
ably polychaetes, bioturbated the sediment effec-
tively during ca. 2 ma (approximate length of the late 

Text-fig. 6. Occurrences of the vermicular limestones (simplified palaeogeographical map for the Ladinian, after Scotese 2013; NW Peri-Tethys 
range during the Anisian after Szulc 2000). 1: Jordan, this study, 2: Tatricum Basin, Tatra Mts., Poland (Jaglarz and Uchman 2010), 3: Catalan 
Basin, Betic Cordillera, S Spain (Kotański 1986; Mercedes-Martín and Buatois 2021), 4: Sephardic Domain, Corsica-Sardinia Block, Sardinia, 
Italy (Knaust and Costamagna 2012), 5: Germanic Basin, Silesia, Poland (Stachacz and Matysik 2020; Stachacz et al. 2022), 6: Germanic Basin, 
Thuringia, Germany (Stachacz et al. 2022), 7: Germanic Basin, France (Stachacz et al. 2022), 8: Dolomites, S Alps, Italy (Baud 1976; Maurer 
and Schlager 2003), 9: WN Calcareous Alps, E Alps, Austria (Rüffer and Bechstädt 1998), Middle Prealps, W Alps, W Switzerland and Chablais, 
France (Baud 1976), 10: Turkey (Baud, 1976), 11: Moro Mts., Iran (Abbassi et al. 2015), 12: Pakistan (Baud 1976), 13: Rif Mts., N Morocco 
(Kotański 1986), 14: Sicily, Italy (Kotański 1986), 15: Calabria, S Italy (Kotański 1986), 16: Greater Kabylia, Algeria (Kotański et al. 2004), 17: 
Levant Basin, Israel (Korngreen and Bialik 2015), 18: Silicicum Domain, W Carpathians, N Hungary (Hips 1998), Mecsek and Villány Mts., 

W Carpathians, S Hungary (Török 1998), 19: Tatricum Domain, Malé Karpaty, W Carpathians, Slovakia (Michalík et al. 1992; Šimo 2005).
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Pelsonian–Illyrian). The less bioturbated horizons rep-
resent rapidly deposited event beds, probably tempes-
tites (Text-fig. 2A, C), which the burrowing benthos 
did not have time to bioturbate. The low abundance 
of Rhizocorallium is puzzling, considering that this 
ichnotaxon occurs abundantly in the Middle Triassic 
rocks worldwide (e.g., Knaust 2013). According to 
Stachacz and Matysik (2020) and Stachacz (2023), 
the significant development of the bivalves forming 
Oravaichnium occurred after an earlier explosion of 
polychaetes producing Rhizocorallium. Nevertheless, 
according to these authors, both of these ichnogenera 
coexisted in many sections of the Germanic Basin. 
The scarcity of Rhizocorallium is also a feature of the 
Anisian vermicular limestone of the Tatra Mountains 
in Poland, where hypersaline conditions are recognized 
(Jaglarz and Uchman 2010; Rychliński and Uchman 
2010). Stachacz (2023) noted that Rhizocorallium in 
the Muschelkalk-Keuper transition in Upper Silesia, 
Poland, appeared when the salinity potentially in-
creased from oligohaline to polyhaline conditions (see 
Pawlak et al. 2022) and rapid, significant changes in 
salinity took place during bioturbation. It is not ex-
cluded that the environment of the Hisban Formation 
was also influenced by increased salinity.

The absence or rarity of large Rhizocorallium may 
also mean that the Hisban Formation population has 
not yet recovered since the end-Permian–Triassic ex-
tinction level (stage 4 of Twitchett 2006) (Feng et al. 
2017, 2018). Otherwise, this may be the result of a 
slightly deeper environment (cf. Knaust 2013). A dif-
ferent situation was observed by Stachacz and Matysik 
(2020) in the Polish Muschelkalk, where the presence 
of large and abundant Rhizocorallium is interpreted as 
the penultimate stage of recovery (before the middle to 
late Pelsonian), and generally occurred before the great 
bivalve infaunalization and Oravaichnium ichnofabric 
formation. The Triassic of Sardinia, which contains 
numerous bivalve burrows as well as Rhizocorallium 
(Knaust and Costamagna 2012), shows a slightly later 
recovery that took place in the Anisian.

The ichnological record in the Hisban Formation 
exhibits particularly close similarities to the Triassic 
of the Germanic Basin from the territory of Poland 
and Germany, i.e., in the other, northern Peri-Tethys. 
This shows that burrows of bivalves are much more 
common and widespread in the Middle Triassic than 
previously thought. The small bivalves, most likely 
nuculids, played a significant role in bioturbation and 
infaunalization of the Middle Triassic, and it should be 
recognized as one of the most important stages of the 
Triassic ichnocoenosis evolution. Further studies of 
the Triassic vermicular limestones may test this idea.

CONCLUSIONS

The Anisian Hisban Formation in Jordan (south-
ern Peri-Tethys) is formed of a moderately to strongly 
bioturbated (10–100% of bioturbated deposit) ver-
micular limestone facies, which shows the monoto-
nous Oravaichnium–Planolites ichnofabric.

Oravaichnium carinatum is the most common 
trace fossil in the formation, and it is responsible for 
strong bioturbation, as is similarly the case in some 
areas of the northern Peri-Tethys and the Germanic 
Basin, with only small morphological differences.

Oravaichnium carinatum from the Hisban Forma-
tion is typically smooth and strongly elongated in the 
vertical axis, whereas specimens from the Germanic 
Basin mainly have a pear-shaped cross-section. 
Nevertheless, transitional morphotypes between 
them are present in both areas.

The dominance of the Oravaichnium ichnofabric 
in the northern and southern Peri-Tethys suggests 
that small burrowing bivalves played a significant 
role in the long-term recovery of the benthos after the 
Permian–Triassic crisis and were responsible for the 
infaunalization and its extensive bioturbation during 
the Middle Triassic.
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