
Annales Societatis Geologorum Poloniae (2014), vol. 84: 249–257.

PALAEOENVIRONMENTAL IM PLI CA TIONS OF MID DLE JU RAS SIC 
TRACE FOS SILS FROM THE JAISALMER FOR MA TION, IN DIA,

WITH EM PHA SIS ON THE ICHNOGENUS ASTERIACITES
LUMBRICALIS VON SCHLOTHEIM, 1820

Shweta S. GURAV, Kantimati G. KULKARNI, Amruta R. PARANJAPE & Vidyadhar D. BORKAR

Ge ol ogy and Palae on tol ogy Group, Agharkar Re search In sti tute, G.G. Agarkar Road, Pune 411 004, In dia;
e-mails:shwtgrv@gmail.com, kantimatik@gmail.com, am ri ta.paranjpe@gmail.com, vidyadharborkar@ya hoo.co.in

Gurav, S. S., Kulkarni, K. G., Paranjape, A. R. & Borkar, V. D., 2014. Palaeoenvironmental im pli ca tions of Mid dle
Ju ras sic trace fos sils from the Jaisalmer For ma tion, In dia, with em pha sis on the ichnogenus Asteriacites lumbricalis
von Schlotheim, 1820. Annales Societatis Geologorum Poloniae, 84: 249–257.

Ab stract: The Hamira Mem ber (Bathonian) of the Jaisalmer For ma tion re cords the first ma rine trans gres sion
within the Jaisalmer Ba sin. It also con tains the ichnogenus Asteriacites von Schlotheim, 1820, as doc u mented here 
for the first time. This was used to re fine in ter pre ta tions of the palaeoenvironment. Crowded ophiuroid rest ing
traces, Asteriacites lumbricalis, oc cur in a silty lime stone unit 1 m thick. This is pre ceded by a monospecific
as sem blage of Diplocraterion parallelum to wards the base of this unit, while to wards the top there is an as sem -
blage, com pris ing Gyrochorte comosa, Protovirgularia rugosa, Rhizocorallium com mune and Rosselia socialis.
Colo nis ation by the Asteriacites trace mak ers oc curred in a shal low-wa ter, mar ginal-ma rine, nor mal-sa lin ity, fully 
ox y gen ated, high-en ergy set ting with steady rates of sed i men ta tion. From an ichnological per spec tive, the se -
quence in ves ti gated shows a shift in en vi ron men tal con di tions from the mid dle shoreface to the off shore tran si tion
zone. Ad dress ing the Asteriacites/Heliophycus no men cla tor ial di lemma, Knaust (2012) sug gested that the ge neric
des ig na tion Asteriacites should be re tained. His view was found to be ap pro pri ate and sup ported to avoid fur ther
con fu sion.
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IN TRO DUC TION

The Jaisalmer Ba sin, sit u ated in the north west ern part of
the In dian Craton (Fig. 1), is also re ferred to as the West ern
Rajasthan Shelf (Das Gupta, 1975). It is a north ward-slop ing
shelf ba sin (Pandey et al., 2009), and com prises sed i ments
rang ing from Me so zoic to Palaeogene in age. The Ju ras sic
rocks of the Jaisalmer Ba sin are lithostratigraphically des ig -
nated as the Lathi, Jaisalmer, Baisakhi, and Bhadasar for ma -
tions, rang ing in age from Li assic to Tithonian (Das Gupta,
1975). The rocks of the Jaisalmer For ma tion rep re sent the
first ma rine Me so zoic trans gres sion in this part of In dia. This
for ma tion is di vided into the Hamira, Joyan, Fort, Bada Bagh
and Kuldhar mem bers (Das Gupta, 1975).

The star-shaped trace fos sil Asteriacites de scribed here
was dis cov ered in the mixed siliciclastic and car bon ate sed i -
ments of the Hamira Mem ber (Bathonian), ex posed in a sec -
tion about 1 km south-south west of Suleiman Pir (Fig. 1).
The lower beds of the Hamira Mem ber are well ex posed at
this lo ca tion. Though Das Gupta (1975) had men tioned the

con tact be tween the Hamira Mem ber of the Jaisalmer For -
ma tion and the un der ly ing Lathi For ma tion as interfinge-
ring, re cent stud ies sug gest that this con tact is marked by a
dis con ti nu ity that rep re sents a se quence bound ary. The sili-
ciclastic-car bon ate suc ces sion of the Hamira Mem ber be -
longs to the transgressive sys tems tract, with the limesto-
nes at the top of the mem ber rep re sent ing the max i mum
flood ing zone (Agarwal et al., 2014). 

A 1-m-thick silty lime stone unit in the Hamira Mem ber
of the Jaisalmer For ma tion dis plays an in ter est ing
suc ces sion of ichnoassemblages. To wards the base of this
unit there is a monospecific as sem blage of Diplocraterion
parallelum. The mid dle part ex hib its a pro lific de vel op ment 
of Asteriacites lumbricalis. An ichnoassemblage of
Gyrochorte comosa, Protovirgularia rugosa, Rhizocorallium
com mune and Rosselia socialis oc curs to wards the top. It
was re al ized that such a suc ces sion of ichnoassemblages
would prove use ful in re fin ing the palaeoevironments.



More over, the ex ten sive de vel op ment of A. lumbricalis was
of spe cial in ter est. An en quiry into the sys tem at ics of the
star-shaped traces re vealed that there is a de bate over the
no men cla ture. It was im per a tive to see if the trace fos sils
oc cur ring in this unit could as sist in re solv ing the
con tro versy. The out come of these stud ies is pre sented in
this pa per.

The spec i mens de scribed have been placed in the fos sil
re pos i tory of the Agharkar Re search In sti tute (for merly the
MACS Re search In sti tute), Pune, bear ing the ac ro nym
MACS G (Maharashtra As so ci a tion for the Cul ti va tion of
Sci ence, Ge ol ogy) and reg is tra tion num bers 5206 to 5228.
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Fig. 1. Map of study area. A. Geo log i cal map, lo ca tion in di cated by as ter isk. B. Lo ca tion map, out crop in di cated by as ter isk.



GEO LOG I CAL SET TING

In the sec tion near Suleiman Pir (26°50'33.90"N, 70°57'
59.90"E), the base is marked by a ferruginous, fossiliferous
sand stone (0.3 m thick) with Rhizocorallium and Chondrites. 
This bed is over lain by white to grey, fri a ble sand stone (1 m
thick), fol lowed by a ferruginous, fossiliferous sand stone
with Rhizocorallium and Chondrites (1.30 m thick) and a
1-m-thick, flaggy, brown me dium-grained silty lime stone,
rich in trace fos sils. Its base is marked by Diplocraterion pa-
rallelum Torell, 1870, fol lowed by Asteriacites lumbricalis
von Schlotheim, 1820; Protovirgularia isp., Lockeia
siliquaria James, 1879 and ?Sagittichnus isp. in the mid dle
and Gyrochorte comosa Heer, 1865, Protovirgularia rugosa
(Miller and Dyer, 1878), Rhizocorallium com mune Schmid,
1876 and Rosselia socialis Dahmer, 1937 to wards the top.
The con tact be tween the un der ly ing ferruginous, fossilife-
rous lime stone and the brown-col oured, silty lime stone is
sharp. To wards the top of the sec tion, the li thol ogy is car -
bon ate-dom i nated con sist ing of lime stone 2.08 m thick. The 
lower part (0.4 m) of this lime stone is mas sive, me dium- to
coarse grained and con tains Planolites. The mid dle part
(1.20 m) is me dium-grained, dis plays hummocky cross-
strat i fi ca tion, lo cally flaser bed ding, flame struc tures and

lacks biogenic struc tures. The top (0.48 m) of this lime stone 
unit is coarse-grained and de void of ichnofossils.

SYS TEM ATIC ICHNOLOGY

Ichnogenus Asteriacites von Schlotheim, 1820
Type ichnospecies: Asteriacites lumbricalis von Schlotheim, 1820.

Asteriacites lumbricalis von Schlotheim, 1820
Fig. 3A–N

*1820 Asteriacites lumbricalis – von Schlotheim, p. 324.
1953 Asteriacites lumbricalis von Schlotheim – Seilacher, p.

94, figs 2–3, pls 7–9.
1968 Asteriacites lumbricalis von Schlotheim – Häntzschel

and Reineck, p. 20, pl. 16, fig. 1.
1970 Asteriacites lumbricalis von Schlotheim – Osgood, p.

312.
1975 Asteriacites von Schlotheim – Häntzschel, p. W42–43,

fig. 26 (4).
1990 A. lumbricalis von Schlotheim, 1820 – Mikuláš, p. 134,

fig. 2.
1992 A. lumbricalis von Schlotheim, 1820 – Mikuláš, p. 35,

pl. X, fig. 1, pl. XII, figs 3, 4; pl. XIV, fig. 4.
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Fig. 2. Lith o logic log of the ex po sure stud ied.
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1999 Asteriacites lumbricalis von Schlotheim – Mángano,
Buatois, West and Ma ples, p. 19–24, figs 3–4.

2000 Asteriacites lumbricalis von Schlotheim – Wil son and
Rigby, p. 46–47, fig. 3.

2002 Asteriacites lumbricalis von Schlotheim – Mángano,
Buatois, West and Ma ples, p. 25, 27, fig. 25F.

2004 Asteriacites lumbricalis von Schlotheim – Bell, p.
56–57, figs 4–5.

2004 Asteriacites – Pruss and Bottjer, p. 554, fig. 5B.
2010 Asteriacites lumbricalis von Schlotheim – Bernardi,

Petti and Avanzini, p. 187–190, fig. 2.
2011 Asteriacites lumbricalis – Bernardi and Avanzini, p.

187–190, fig. 2.
2012 Heliophycus seilacheri Schlirf – Schlirf, p. 185–198,

figs 5–7.
2013 Heliophycus isp. – Paranjape, Kulkarni and Gurav, p.

1360–1361, pl. 1a.
For ref er ences be tween 1820 to 1953 see Seilacher (1953).

Ma te rial: Nine teen slabs con tain ing 145 spec i mens. Sev eral seen
in the field.
Plesiotypes: MACS G 5206A and B, 5207A to D, 5208A, 5209,
5210A and B, 5211A to F, 5212A and B, 5213A and B, 5214A and 
B, 5215A to D, 5216A and B, 5217A to D, 5218A, 5219A and B,
5220A to C, 5221A and B, 5222A, 5223A and 5224A to E.
Di ag no sis: ‘Stellate trace fos sils in the form of as ter oid or ophiu-
roid echinoderms; of ten but not al ways with trans versely sculp -
tured arms’ (Wil son and Rigby, 2000).
De scrip tion: Star-shaped trace with five rays, pre served in both
con vex hyporelief and con cave epirelief. To tal di am e ter of the
traces ranges from 23–53 mm (arm tip to arm tip). The cen tral por -
tion is poorly pre served in most spec i mens, but in many it is cir cu -
lar or star-shaped (Fig. 3B, F–H) with a di am e ter of 12–25 mm.
Six im pres sions show a prom i nent cen tral de pres sion ex hib it ing
pentamerous sym me try with par tially pre served arms (Fig. 3F).
Arms are 20–35 mm in length, straight to curved; elon gated-tri an -
gu lar, broad at the base and ta per ing out wards (Fig. 3B, E, F).
Length of the arms in an in di vid ual trace is vari able. Width of the
arms at the base is 2–6 mm. Or na men ta tion on the arms con sists of
weakly de fined del i cate trans verse striae (Fig. 3E). Clus ters of
four to five traces are seen on the slabs col lected. Over print ing of
arms in traces points to hor i zon tal move ment (Fig. 3D) of the cre -
ator and the dis turbed bed laminae sup ports an up ward mo tion and
ver ti cal rep e ti tion (Fig. 3I) of the trace.
Re marks: Among the 145 star-shaped traces stud ied here, 120 are 
pre served in neg a tive epirelief. Di ag nos tic fea tures of the spec i -
mens (af ter Seilacher, 1953) in clude a star-like shape, 4 to 5 rel a -
tively nar row rays, orig i nat ing from a cen tral struc ture and tape-
ring to wards the tip. The spec i mens are larger than those de scribed 
by Mángano et al. (2002), Wil son and Rigby (2000) and Bernardi
et al. (2010) with re gard to to tal di am e ter of the trace, size of the
cen tral part, and arm length.
 A. lumbricalis is in ter preted as a rest ing trace (cubichnion) of
bur row ing ophiuroids. Though no ophiuroid body fos sils were re -

cov ered, the mor pho log i cal char ac ters, es pe cially the slen der arms 
help in as sign ing these spec i mens to A. lumbricalis. One of the
spec i mens de scribed (MACS 5206 C; Fig. 3G), dis plays a con cave 
cen tral por tion with sharply out lined, pentamerous sym me try and
the ab sence of arms, prob a bly an out come of poor pres er va tion.
 Six trace fos sils show well-de fined im pres sions of the cen tral
disc with partly pre served shal low traces of the arms, but with out
the arm tips. Such mor phol ogy is in dic a tive of the trace maker in
the life po si tion (Fig. 3F), as ar gued by Mángano et al. (1999), the
par tially pre served arms in di cat ing the sweep ing ac tion of tube
feet. Over print ing of the arms is in dic a tive of hor i zon tal move -
ments (Fig. 3C). Ver ti cal move ment is ev i dent from ophiuroid
traces pre served on both sides of a bed (MACS G 5215, Fig. 3K,
L).The dis turbed bed lamina (MACS G 5215; Fig. 3M, N) also
sup ports up ward move ment by the trace pro ducer. Dis cuss ing the
be hav iour of the Asteriacites pro ducer, Mángano et al. (1999) sug -
gested that hor i zon tal rep e ti tion doc u ments dif fer ent ac com mo da -
tion po si tions in the search for new ar eas for hid ing or rest ing,
whereas the ver ti cal struc tures prob a bly in di cate es cape.
 Ophiuroids are well adapted to a wide va ri ety of di ets, in clud ing
both macrophagy as well as microphagy (Fell, 1966; Mángano et
al., 1999). Yokoyama and Amaral (2008) ob served that al though
ophiuroids are om niv o rous, al gae con sti tute their sta ple food. The
spec i mens stud ied are closely as so ci ated with the bi valve trace,
Protovirgularia (Fig. 4C, D), Lockeia (Fig. 3K) and ?Sagittichnus. 
Though the size of Protovirgularia var ies greatly, the pos si bil ity
of pre da tion on smaller bi valves by the ophiuroid trace maker can -
not be ruled out. 

Ichnogenus Diplocraterion Torell, 1870
Diplocraterion parallelum Torell, 1870

Fig. 3A, B

Ma te rial: Two slabs con tain ing 193specimens.
Fig ured spec i men num bers: MACS G 5227, MACS G 5228.
De scrip tion: Endichnial, U-shaped tubes with spreite, per pen dic -
u lar to bed ding plane. Bur row di am e ter ranges from 1–2 mm; dis -
tance be tween two arms ranges from 1–1.5 mm; spreite in cip i ent,
for the most part weakly pre served, but uni di rec tional. Limbs par -
al lel to each other. Bur row depth var ies from 15–30 mm. On the
up per bed ding plane, ap pear as pair of cir cu lar pits.
Re marks: Though the mor pho log i cal char ac ters are sim i lar to the
type ma te rial de scribed by Fürsich (1974), the Jaisalmer spec i -
mens are much smaller than the type ma te rial de scribed from the
Cam brian of Swe den (Westerg¯rd, 1931). 

Ichnogenus Gyrochorte Heer, 1865
Gyrochorte comosa Heer, 1865

Ma te rial: Sev eral trace fos sils seen in the field.
De scrip tion: Hor i zon tal, bilobate trail, mostly pre served as pos i -
tive epirelief. It shows two con vex lobes with me dian groove.
Trail is 2–5 mm wide; char ac ter is tic plait-like struc ture poorly pre -
served. Cross overs are com mon.
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Fig. 3. Asteriacites lumbricalis oc cur ring in the Hamira Mem ber, Jaisalmer For ma tion, Rajasthan. A. Con vex hyporelief MACS G
5206A and B. Note five arms with arm tip and poorly pre served cen tral part. B. Con cave epirelief, MACS G 5207A to D, show ing traces
of hor i zon tal re lo ca tion. C. Con vex hyporelief , MACS G 5208A. Note the over lap ping arms. D. MACS G 5209, show ing weak or na men -
ta tion on arms, con vex hyporelief. E. Con cave epirelief, MACS G 5210A and B. Note ta per ing arms. F. Con cave epirelief, MACS G 5211 
A to F, with deep cen tral part and ab sence of arm tip, in di cat ing that trace maker was in life po si tion. G. Con cave epirelief, MACS G
5206C, show ing deep cen tral part. H. Con cave epirelief, MACS G 5213A and B. Note deep, star-shaped cen tral part. I. Con vex
hyporelief, MACS G 5212A and B. J. MACS G 5217, con cave epirelief. K. A. lumbricalis and Lockeia in con cave epirelief, MACS G
5217. White ar row in di cates po si tion of ophiuroid trace, black ar row in di cates Lockeia. L. Re verse side of the slab in K, show ing bed ding
plane view. Ar rows in di cate equiv a lent po si tion of ophiuroid trace. M. A. lumbricalis on the sole of the bed, MACS G 5217. Note dis -
turbed lamina and pres ence of cen tral disc which marks ver ti cal rep e ti tion. N. Line draw ing of A. lumbricalis from M.



Re marks: The ver ti cal di men sion of the trail is not mea sured as
only the pos i tive epireliefs are pres ent. Gyrochorte is in ter preted
as a struc ture cre ated by worm-like de posit-feeder which com -
monly oc curred in a shal low, nearshore ma rine en vi ron ment in
sandy fa cies. They are a typ i cal com po nent of the Cruziana ichno-
fa cies. This ichnogenus ranges in age from Lower Or do vi cian to
Plio cene, but is abun dant in the Ju ras sic and Cre ta ceous (Gibert
and Benner, 2002).

Ichnogenus Lockeia James, 1879
Lockeia siliquaria James, 1879

Fig. 3K

Ma te rial: One spec i men.
Plesiotype: MACS G 5217
De scrip tion: Con vex, hypichnial, al mond shape, elon gated struc -
tures. Broadly sym met ri cal and ta per ing to blunt ter mi na tions at
both ends. Cen tral me dian crest not pre served; sides are smooth.
The length of trace is 16 mm, width is 10 mm and height is 3 mm.
Re marks: Mángano et al (2002) in ter preted Lockeia siliquaria as
domichnia (dwell ing struc tures). Ear lier L. siliquaria was in ter -
preted as rest ing struc ture (cubichnion) of a wedge-footed bi valve
by Seilacher (1953), Osgood (1970) and Seilacher and Seilacher
(1994). The spec i men de scribed here is sim i lar to those fig ured by
Paranjape et al. (2013, pl. 2, fig. b) from the Bada Bagh Mem ber
of Jaisalmer For ma tion. The old est re cord of this ichnogenus is
from the Late Cam brian/Early Or do vi cian and ranges up to the
Pleis to cene (Mángano et al., 2002). This trace fos sil is re ported
from a wide range of en vi ron ments, rang ing from con ti nen tal,

tidal-flat,, shal low ma rine and mar ginal ma rine to deep ma rine
(Mángano et al., 2002). 

Ichnogenus Protovirgularia Mc Coy, 1850
Protovirgularia rugosa (Miller and Dyer, 1878)

Fig. 3C

Ma te rial: One spec i men.
Plesiotype: MACS G 5226.
De scrip tion: Straight to slightly curved, un branched, hypichnial
ridges with chev ron mark ings. The ridges are short, emerg ing
from par tially pre served Lockeia. The chev ron mark ings are bi lat -
er ally sym met ri cal, ar cu ate in ap pear ance, and closely spaced,
giv ing rise to wrin kles. Ob served length is 60 mm. 
Re marks: Though the Protovirgularia and the as so ci ated Lockeia
show low re lief, the di ag nos tic mor pho log i cal char ac ters of P.
rugosa are clearly dis cern ible, per mit ting iden ti fi ca tion. This as so -
ci a tion of chev ron struc tures with Lockeia is con sid ered as the
work of a cleft-footed bi valve (Seilacher and Seilacher, 1994;
Mángano et al., 1998).

Protovirgularia isp.
Fig. 4D

Ma te rial: One spec i men.
Plesiotypes: MACS G 5208B.
De scrip tion: Straight, un branched, hypichnial ridges with deeply
im pressed, closely spaced, par tially pre served chev ron ribs. Ob -
served length is 100 mm.
Re marks: As the struc ture is par tially pre served, ichnospecific as -
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Fig. 4. As so ci ated ichnofauna oc cur ring in the Hamira Mem ber, Jaisalmer For ma tion, Rajasthan. A. Diplocraterion parallelum, up per
bed ding plane view, MACS G 5227; note the abun dance. B. D. parallelum seen in ver ti cal plane, MACS G 5228. Note U-shaped bur row
with spreite pre served at places. C. Protovirgularia rugosa, MACS G 5226, show ing paired chev ron shaped mark ings in hyporelief. D.
Par tially pre served Protovirgularia in hyporelief, MACS G 5208B. E. Rosselia socialis, MACS G 5225A and B, ver ti cal sec tion. F. R.
socialis, MACS G 5225A and B, bed ding plane view.



sess ment is not pos si ble. How ever, the spec i men com pares fa vour -
ably with the ter mi nol ogy de scribed by Mc Coy (1950) for the
ichnogenus Protovirgularia. 

Ichnogenus Rhizocorallium Zenker, 1836
Rhizocorallium com mune Schmid, 1876

Ma te rial: Sev eral trace fos sils seen in the field.
De scrip tion: Short, straight, hor i zon tal to subhorizontal, unbran-
ched, U-shaped spreite tun nel. Spreite retrusive. Limbs are 7–8
mm wide, length of tun nel is 50–65 mm, spreite struc ture mostly is 
eroded away.
Re marks: Knaust (2013) re vised this ichnogenus on the ba sis of
14 mor pho log i cal char ac ters along with their tran si tional ichno-
taxa, ethol ogy, and ichnofacies, re tain ing only two ichnospecies R. 
com mune and R. jenense. On the ba sis of mor pho log i cal char ac -
ters, such as hor i zon tal, U-shaped, short, un branched tun nels and
iso lated ap pear ance, the spec i mens here are iden ti fied as R.
comune. Deca pod crus ta ceans, annelids and may flies are three
pos si ble pro duc ers of this struc ture. Tak ing into con sid er ation
worms as the prob a ble pro ducer R. com mune is now con sid ered to
show a com bined sus pen sion- and de posit-feed ing ac tiv ity (Knaust,
2013). R. com mune is also a com po nent of the trace fos sil as sem -
blage of the Cruziana ichnofacies.

Ichnogenus Rosselia Dahmer, 1937
Rosselia socialis Dahmer, 1937

Fig. 3E, F

Ma te rial: One slab con tain ing two spec i mens. Sev eral seen in the
field.
Plesiotypes: MACS G 5225A and B
De scrip tion: Ver ti cal to slightly in clined, straight, cy lin dri cal
tube. Fill con sists of cir cu lar, con cen tric laminae of mud or silt,
vis i ble as con cen tric rings on bed ding plane. En tire struc ture is
10–15 mm in di am e ter; max i mum depth ob served is 65 mm. Cen -
tral tube is ver ti cal, smooth and walled. It is 4–7 mm in di am e ter.
Re marks: The spec i mens de scribed here are mostly fun nel- shaped
and sur rounded by mud laminae. The fun nel-like shape is re sult of
ero sion of the up per part of the spin dle shape mor phol ogy (Nara,
1995). To date, no spe cific trace maker has been as signed to R.
socialis. Many au thors have pro posed sea anem o nes (Curran and
Frey, 1975), Terebellidae (Nara, 1995; Uchman and Krenmayr,
1995; Schlirf et al., 2002; Schlirf, 2003) as prob a ble pro duc ers.

Ichnogenus Sagittichnus Seilacher, 1953
?Sagittichnus isp.

Ma te rial: Sev eral seen on three slabs.
Plesiotypes: MACS G 5209, MACS G 5214, MACS G 5223.
De scrip tion: Hypichnial, con vex, tri an gu lar struc tures, 1–3 mm
long and 1 mm wide. Very few spec i mens ex hibit di ag nos tic ar -
row head shape.
Re marks: These struc tures ex hibit mor pho log i cal char ac ters,
such as tri an gu lar shape, but the di ag nos tic ar row head shape was
ob served in very few; as such, they can not be as signed to any
ichnospecies. The ab sence of ar row head shape may be due to ero -
sion of orig i nal struc ture. 

DIS CUS SION 

Tax on omy of star-shaped rest ing traces

By long tra di tion, the star-shaped rest ing traces descri-
bed were named Asteriacites von Schlotheim, 1820, which
is the old est avail able name for a trace fos sil (Knaust, 2012). 

Un for tu nately, Schlotheim’s de scrip tion re mains un clear as
to whether Asteriacites is a trace fos sil or a body fos sil; nor
does it seem to have a holotype. For that rea son, Schlirf
(2012) re gards A. lumbricalis as nomen dubium and rec om -
mends us age of its ju nior syn onym Heliophycus Miller and
Dyer, 1878. Un for tu nately, the ichnogenus Heliophycus is
hardly known and its val i da tion over Asteriacites would
lead to ichnotaxonomical in sta bil ity. To avoid such a sit u a -
tion, the au thors here fol low the sug ges tion of Knaust
(2012) and re gard A. lumbricalis as a valid ichnotaxon, un til 
that is sue has been re solved com pletely.

Im pli ca tions of A. lumbricalis

Asteriacites lumbricalis is con sid ered as a trace fos sil,
found in mar ginal-ma rine, shal low wa ters (Mángano et al.,
1999; Bernardi et al., 2010). In the pres ent study, the abun -
dance of Asteriacites found in the silty lime stone bed is
more than 100 in di vid u als per m2. Their oc cur rence in such
large num bers is in dic a tive of abun dant avail abil ity of food
(Aronson, 1989).This is also ev i dent from the di verse, as so -
ci ated trace-fos sil as sem blage, such as Gyrochorte, Proto-
virgularia (Fig. 4C, D), Rhizocorallium and Rosselia (Fig.
4A, B), be long ing to the Cruziana ichnofacies (Fig. 2).
Such a di verse ichnoassemblage in di cates nor mal sa lin ity
and fully ox y gen ated con di tions. It does not only in di cate
the avail abil ity of abun dant food, but also op ti mum con di -
tions for a va ri ety of or gan isms.

Con sid er ing other fac tors re spon si ble for such a large
num ber of in di vid u als, lack of pre da tion ap pears to be the
dom i nant rea son. In Re cent coastal set tings around the Brit -
ish Isles, Aronson (1989) ob served that dense ag gre ga tions
of ophiuroids are due to in sig nif i cant pre da tion. Sub se quent 
stud ies (Aronson, 1992) re vealed that beds with ophiuroids
are found in high-cur rent ar eas with out much sed i men ta -
tion. He was also of the opin ion that high cur rents are es sen -
tial to meet the food de mands of the large num ber of in di -
vid u als, whereas ex ces sive sed i men ta tion would af fect the
feed ing mech a nism of the ophiuroids, even tu ally smoth er -
ing them. Stat ing a dif fer ent per spec tive, Warner (1971) be -
lieved that ag gre ga tion is a strat egy which helps them in in -
creas ing shear stress and fa cil i tat ing sed i men ta tion; this not
only gives sta bil ity to the seafloor, but also in creases food
sup ply. More over, Goldring and Stephenson (1972) in ter -
preted that if ophiuroids oc cur in small groups, rather than
as a com mu nity, they ei ther get trans ported for short dis -
tances or are bur ied in the life po si tion. Thus, the abun dance 
of Asteriacites in the Hamira sec tion in di cates abun dant
avail abil ity of food, brought in by strong cur rents, nor mal
ox y gen and sa lin ity con di tions, and steady rates of sed i men -
ta tion.

Palaeoenvironmental in ter pre ta tions
of the Suleiman Pir sec tion

Shift in en vi ron men tal con di tions is in di cated mark edly 
by the changes in the ichnoassemblage, both in ichnofacies
as well as in ichnodiversity. The monospecific ichnoassem-
blage of Diplocraterion parallelum (Fig. 4E, F) be low the
Asteriacites-bear ing silty lime stone in di cates the Skolithos
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ichnofacies. Oc cur rence of these U-shaped bur rows in di -
cates an up per- to mid dle-shoreface en vi ron ment with mod -
er ate to high en ergy con di tions. Wa ter with rel a tively strong 
cur rents, ir reg u lar rates of sed i men ta tion and a high flux of
food par ti cles is con du cive to the oc cur rence of sus pen sion
feed ers. Gingras et al. (2011) also re garded the abun dance
of per ma nent U-shaped bur rows and ver ti cal tubes as in dic -
a tive of shal low-ma rine ar eas with shift ing sandy substra-
tes, mod er ate- to high-en ergy con di tions and food in sus pen -
sion. Thus, the monospecific ichnofauna com pris ing
Diplocraterion in di cates colo nis ation by a K-strat e gist (Bua-
tois and Mángano, 2011) above the fair-weather wave base.

In con trast, the bed with Asteriacites, along with
Protovirgularia, Lockeia and ?Sagittichnus, re placed to -
wards top by Gyrochorte, Protovirgularia, Rhizocorallium
and Rosselia, marks the tran si tion to an ar che typal
Cruziana ichnofacies. This sug gests a po si tion just be low
the fair-weather wave base (Buatois and Mángano, 2011).

In con clu sion, the de po si tion of the silty lime stone dis -
cussed here re cords a shift from the mid dle shoreface to the
off shore tran si tion zone, im ply ing grad ual deep en ing.
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