
Annales Societatis Geologorum Poloniae (2015), vol. 85: 427–432. doi: http://dx.doi.org/10.14241/asgp.2015.018

CYLINDRICHNUS CONCENTRICUS TOOTS IN HOWARD, 1966
(TRACE FOS SIL) IN ITS TYPE LO CAL ITY, UP PER CRETACEOUS,

WY O MING 

Allan A. EKDALE & Sherie C. HAR DING

De part ment of Ge ol ogy and Geo phys ics, Uni ver sity of Utah, Room 383 FASB, 115 South 1460 East, Salt Lake City,
UT 84112-0102, USA; e-mail: a.ekdale@utah.edu

Ekdale, A. A. & Har ding, S. C., 2015. Cylindrichnus concentricus Toots in Howard, 1966 (trace fos sil) in its type
lo cal ity, Up per Cre ta ceous, Wy o ming. Annales Societatis Geologorum Poloniae, 85: 427–432.

Ab stract: Cylindrichnus concentricus is a wide spread trace fos sil in shal low ma rine sed i men tary rocks of Me so -
zoic and Ce no zoic age. This pa per clar i fies the ichnotaxonomy of C. concentricus by of fer ing an emended di ag no - 
sis of the ichnogenus and a new di ag no sis of the ichnospecies. The broad, bow-shaped ar chi tec ture of C. concen-
tricus with two open ings at the sed i ment sur face sug gests that the trace maker was ei ther a fil ter-feed ing an i mal
that cap tured sus pended food par ti cles from the wa ter col umn or else a sur face de posit feeder that em ployed ten -
ta cles or an eversible phar ynx to col lect nu tri tious sed i ment from the sur face around one or both of the bur row
open ings. Al though C. concentricus has been re ported in a va ri ety of dif fer ent sed i men tary en vi ron ments around
the world, in its type lo cal ity in the Cre ta ceous of Wy o ming the trace fos sil is found in low-di ver sity or mono-
ichnospecific beds that ex hibit hummocky cross strat i fi ca tion. This oc cur rence sug gests the bur rower’s tol er ance
(or per haps pref er ence) for an ep i sodic high-en ergy hy dro dy namic en vi ron ment re lated to ma jor storms.
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IN TRO DUC TION

The trace fos sil Cylindrichnus concentricus is wide -
spread in shal low ma rine sed i men tary rocks of Me so zoic
and Ce no zoic age around the world (Toots, 1962; Howard,
1966; Noda, 1984; Frey & Howard, 1985), and it has cap -
tured the in ter est of in ter na tional re search ers be cause of its
palaeoenvironmental and palaeoecologic sig nif i cance (Frey 
& Howard, 1990; Goldring, 1996; G³uszek, 1998; Nara &
Ekdale, 2006; Belaústegui & Gibert, 2009, 2013; Ekdale &
Har ding, 2011). It is a trace fos sil that some times is mis-
iden ti fied, due in part to ma jor con fu sion re gard ing its
ichnotax on omy, and pos si bly also be cause its type lo cal ity
and type spec i mens are not eas ily avail able to re search ers.
This pa per clar i fies the twists and turns of the ichnotaxo-
nomic his tory of C. concentricus and elab o rates on the na -
ture of its oc cur rence in its type lo cal ity in south east ern Wy -
o ming, U.S.A. 

GEO LOG I CAL SET TING

Cylindrichnus concentricus is a gently curved, slightly
con i cal bur row with a con cen tri cally lined sed i ment fill.
The traces are prev a lent in sand stone in a low, discontinu-

ous roadcut along U.S. High way 30 east of the town of Rock
River in Al bany County, Wy o ming (Fig. 1), from which type
spec i mens of the ichnospecies were col lected. C. concentri-
cus is abun dant in large rounded sand stone con cre tions of the 
Up per Cre ta ceous Rock River For ma tion, Mesaverde Group
(Ekdale & Har ding, 2011). The out crop ex poses the mid dle
concretionary zone of the Rock River For ma tion, which was
mapped by Gill et al. (1970), who found that it is mainly con -
fined to the Laramie Ba sin in south east ern Wy o ming. The for -
ma tion con sists of fossiliferous ma rine siliciclastic de pos its
with a max i mum thick ness of ap prox i mately 475 m within the
shal low ma rine palaeoenvironment of the Cretaceous West -
ern In te rior Sea way. To the east the for ma tion grades into the
deeper ma rine Pi erre Shale, and to the west it intertongues
with nonmarine rock units. The for ma tion over lies the Steele
Shale and lies be neath the Pine Ridge Sand stone (Gill et al.,
1970).

The Rock River For ma tion con sists of weakly cemen-
ted, fine-grained sand stone that is highly weath ered, but
large brown sand stone con cre tions re main as rem nants in
low ridges in the out crop (Gill et al., 1970). Cylindrichnus
concentricus is abun dant in sev eral of these large con cre -
tions at the type lo cal ity. Hummocky cross strat i fi ca tion and 
pos si ble swaley cross strat i fi ca tion can be ob served in the
sand stone con cre tions. This is at trib uted to os cil lat ing cur -



rents as so ci ated with storms, which sug gests a shoreface se- 
dimentary en vi ron ment (Dumas and Ar nott, 2006). C. con-
centricus also has been re ported as a com mon trace fos sil in
hummocky cross strat i fied sand stone in the Up per Cretace-
ous of Utah (Frey, 1990). Thus, ep i sodic storm ac tiv ity may
de fine the pre ferred depositional en vi ron ment of C. concen- 
tricus in its type lo cal ity.

Ma rine in ver te brate body fos sils, al though abun dant at
sev eral lev els within the Rock River For ma tion (Stanton &
Knowlton, 1897; Toots, 1962), are rare to ab sent at the C.
concentricus type lo cal ity. In the same for ma tion, but at dif -
fer ent strati graphic lev els from the C. concentricus oc cur -
rences, Toots (1962) re ported a di verse as so ci a tion of fully

ma rine body fos sils, in clud ing serpulid annelids (Serpula
markmani Henderson), bryo zoans (Dysenoetopora demissa
and Conopeum ramosum Toots and Cut ler), bi valves (Pinna,
Inoceramus, Pteria, Ostrea, Trigonia, Pecten, Modiolus, La-
ternula, Cymella, Cardium, Legumen and Crenella), cepha -
lo pods (Baculites, Oxybeloceras and Didymoceras), sclerac-
tinian cor als (Microbacia americana Meek and Hayden) and
un iden ti fied shark teeth. It seems that the C. concentricus
producers thrived in dif fer ent en vi ron men tal con di tions than
the ben thic com mu nity that is rep re sented by the highly diver-
se as sem blage of body fos sils in other parts of the for ma tion.

ICHNOTAXONOMIC NOTE

Cylindrichnus concentricus was de scribed ini tially (and 
in for mally) as a “new form” by Hein rich Toots (1962, p. 65) 
in his un pub lished mas ter’s the sis at the Uni ver sity of Wy o -
ming as he con ducted palaeoecologic stud ies of the Up per
Cre ta ceous Mesaverde For ma tion in the Laramie Ba sin in
south ern Wy o ming. Toots accessioned a hand sam ple
(#A11975) (Fig 2.) and a thin sec tion (#A11977) (Fig. 3A),
which he named C. concentricus, in the Ge ol ogy and Geo -
phys ics De part ment fos sil col lec tions at the Uni ver sity of
Wy o ming in Laramie, Wy o ming. In his the sis, he noted the
ex act lo ca tion of the out crop from which those spec i mens
were col lected as a roadcut along U.S. High way 30 in Al -
bany County, Wy o ming.

Sub se quently, wide spread out crop oc cur rences of Cy-
lindrichnus in the Up per Cre ta ceous of cen tral Utah were
re ported by James Howard (1966), who ac cepted Toots’
ichnogeneric name for the trace fos sil with out emend ing or
ex pand ing on Toots’ de scrip tion of it and with out des ig nat -
ing any curated spec i mens of the trace fos sil from Utah. 

Frey and Howard (1985) at tempted to cod ify the de -
scrip tion of Cylindrichnus concentricus by pub lish ing a for -
mal di ag no sis of the ichnogenus, but they ne glected to of fer
a di ag no sis for the ichnospecies. They des ig nated Toots’
orig i nal spec i mens from Wy o ming as the holotype (hand
spec i men, #A11975) and paratype (thin sec tion, #A11977)
for C. concentricus. This has caused sig nif i cant con fu sion
for ichnologists, be cause the holotype from Wy o ming does
not con tain the com plete trace fos sil, and the ichnogeneric
di ag no sis writ ten by Frey and Howard (1985) ap par ently
was based on their ob ser va tions of in com plete ex am ples of
the trace fos sil seen in the field in Utah rather in the Wy o -
ming type lo cal ity.

At the time when Frey and Howard (1985) for mal ized
the name and ichnogeneric de scrip tion of Cylindrichnus
concentricus, they re garded it as the same, at least in part, as 
the trace fos sil Anemonichnus Cham ber lain and Clark,
1973, in the Car bon if er ous of Utah. They fur ther sug gested
that C. concentricus in the Cre ta ceous of Utah closely re -
sem bles the “small basal stem” of the trace fos sil Rosselia
socialis Dahmer, 1937. How ever, in stead of rec om mend ing
that C. concentricus be des ig nated as a ju nior syn onym of R. 
socialis, Frey and Howard (1985) ar gued that both trace
fos sil names should be re tained. While that may seem con -
fus ing, it prob a bly was rea son able, since it was un cer tain
that the Utah spec i mens of C. concentricus ac tu ally were
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Fig. 1. Type lo cal ity (as ter isks) of Cylindrichnus concentricus
along U.S. High way 30 in Al bany County, south ern Wy o ming,
west ern United States. A. Map of the United States show ing lo ca -
tion of the type lo cal ity in Wy o ming. B. Map de tail. C. Out crop
view. Note sand stone con cre tions of the trace fos sil-bear ing strata.



ex actly the same as the Wy o ming spec i mens. Frey and Ho-
ward (1985) dis tin guished C. concentricus from Rosselia by 
its lack of the bul bous form that typ i fies the up per part of
Rosselia, and dis tin guished it from Skolithos by its con cen -
tri cally lined fill that is ab sent from Skolithos.

Nara and Ekdale (2006) ex am ined nu mer ous oc cur -
rences of C. concentricus in the Utah out crops that were stu- 
died by Frey and Howard (1985), and they noted that the
characteristic con cen tric, cone-in-cone ar range ment of the
C. concentricus laminae dif fers from the ir reg u larly con cen -
tric laminae in Rosselia, so they too ar gued that the ichno-
ge nus Cylindrichnus should be re tained as dis tinct from Ro- 
sselia.

Goldring (1996) ex am ined sim i lar trace fos sils in the
Cretaceous of Eng land, and he opined that the ichnotaxon
Cylindrichnus concentricus should be con sid ered as a no-
men dubium. Sub se quently, Belaústegui and Gibert (2009,
2013; Belaústegui et al., 2011) de scribed the well-dis played 
Cylindrichnus ichnofabric in the Mid dle Mio cene of north -
east ern Spain. Based on a de tailed func tional anal y sis of the
bur row mor phol ogy and sed i ment infill, they ar gued per -
sua sively that Cylindrichnus concentricus should be re -
tained as a valid ichnogenus and ichnospecies.

In 2010, the au thors of this pres ent pa per ex am ined the
holotype and paratype of Toots’ (1962) Cylindrichnus con-
centricus in the col lec tions at the Uni ver sity of Wy o ming
and also ex am ined abun dant com plete (or nearly com plete)
topotype spec i mens ex posed in out crop at the type lo cal ity
in Al bany County, Wy o ming. On the ba sis of those ex am i -
na tions, the au thors of fer here an emended ichnogeneric di -
ag no sis of Cylindrichnus Frey and Howard 1985 and a new
ichnospecific di ag no sis of C. concentricus. In or der to
avoid un nec es sary con fu sion in the sci en tific lit er a ture, the
au thors ad vo cate re ten tion of Toots’ orig i nal name, Cylin-
drichnus concentricus, for the trace fos sil. 

 SYS TEM ATIC ICHNOLOGY

Ichnogenus Cylindrichnus Toots in Howard, 1966
Figs 2, 3

Emended di ag no sis: Gently curved, un branched, slightly con i cal, 
down ward ta per ing bur rows, nearly cir cu lar in cross-sec tion with
con cen tri cally lined sed i ment fill (mod i fied af ter Frey and Ho-
ward, 1985, p. 375).
Type ichnospecies: Cylindrichnus concentricus Toots, 1962 in
Howard, 1966.
Re marks: The bur rows typ i cally are pre served in full re lief as
endichnia within sand stone or calcarenite. Al though pre dom i -
nantly ori ented ver ti cally or subvertically, the bur row typ i cally
curves down wards to a subhorizontal or hor i zon tal ori en ta tion.
The con cen tric lin ings ap par ently orig i nated as bur row lumens
rather than as col lapse fea tures.

Cylindrichnus concentricus Toots in Howard, 1966
Figs 2, 3

1962 Cylindrichnus concentricus ichnosp. nov. – Toots, p.
94, pl. 5–7.

* v 1966 Cylindrichnus concentricus Toots, 1962 – Howard, p. 
44, fig. 10.

1985 Cylindrichnus concentricus Toots, 1962 – Frey and
Howard, p. 378, figs 8-1, 9.

1990 Cylindrichnus concentricus Toots, 1962 – Frey and
Howard, p. 814, figs 17-1, 19-3.

2009 Cylindrichnus concentricus Toots, 1962 – Belaúste-
gui and Gibert, p. 99, figs 2–4.

2011 Cylindrichnus concentricus Toots, 1962 – Ekdale and 
Har ding, p. 130, figs 1, 2.

2013 Cylindrichnus concentricus Toots, 1962 – Belaúste-
gui and Gibert, p. 121, figs 3–5.

Ma te rial and types: The holotype (A11975) and one paratype
(thin sec tion; A11977) at Uni ver sity of Wy o ming. Seven topotype
spec i mens (UUIC 3197, 3198, 3199, 3200, 3201, 3202 and 3248)
at Uni ver sity of Utah. Mul ti ple spec i mens in the out crop at the
type lo cal ity. The holotype (spec i men #A11975) is a small hand
spec i men con tain ing frag ments of sev eral dif fer ent C. concentri-
cus bur rows (Figs 2, 3B), and the paratype (spec i men #A11977) is
a thin sec tion (plus chip) that was cut trans versely across one bur -
row to il lus trate the con cen tric lin ing (Fig. 3A). The holotype and
paratype were col lected by Toots, and both now re side in the
palaeontological col lec tions of the Ge ol ogy and Geo phys ics De -
part ment, Uni ver sity of Wy o ming, Laramie, Wy o ming.
Emended di ag no sis: Cylindrichnus form ing a broadly ar cu ate
“U” shape, lon ger than deep, with ver ti cal to slightly in clined,
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Fig. 2. Close-up pho tos of holotype of Cylindrichnus concen-
tricus, de scribed by Toots, 1962. A. View of en tire holotype. B.
Con cen tric lin ing in side the bur row is clearly vis i ble. C. Sed i ment
fill ing the core of the bur row.



down ward ta per ing, side shafts con nected be low by a long, more
nar row, bow-shaped, hor i zon tal tun nel; con cen tri cally lined throu- 
ghout.
De scrip tion: “U”-shaped bur row is up to 15 cm deep and 50 cm
long; bur row di am e ter ranges from 0.8 to 2.0 cm (Fig. 4).
Type lo cal ity: The type lo cal ity is in Al bany County, south east ern 
Wy o ming, sit u ated 3 to 4 miles (ap prox i mately 4 to 6 km) east of
Rock River on U.S. High way 30 (Fig. 1). C. concentricus are prev -
a lent in a low, dis con tin u ous roadcut on the north side of the high -
way (also known as “The Lin coln High way”) (Fig. 1A, B). Map
co or di nates are the mid dle of Sec tion 10, T20N, R76W, on the
Rock River 7.5 min ute quad ran gle map. Geo graphic co or di nates
(lat i tude and lon gi tude) are 41°43¢N and 105°54¢W.

Type for ma tion: Rock River For ma tion, Mesaverde Group.
Strati graphic age: Campanian, Up per Cre ta ceous.
Re marks: Be cause the holotype of C. concentricus is a par tial
spec i men, topotype spec i mens ex posed in out crop at the type lo -
cal ity must be ob served in or der to see the en tire ge om e try of the
com plete bur row. In ad di tion to its oc cur rence in the type lo cal ity
in Wy o ming (see also Ekdale and Har ding, 2011), Cylindrichnus
concentricus has been re ported else where in the west ern United
States, es pe cially in the Book Cliffs and Wasatch Pla teau of cen -
tral Utah (Howard, 1966; Frey and Howard, 1985, 1990; Nara and
Ekdale, 2006). At the ichnogeneric level, Cylindrichnus has been
rec og nized world wide, such as in Eng land (Goldring, 1996; Gold-
ring et al., 2002) and Ja pan (Nara and Ekdale, 2006), and at the
ichnospecific level, Cylindrichnus concentricus has been rec og -
nized in north east ern Spain (Belaústigui and Gibert, 2009, 2013).
Some work ers have de scribed other dif fer ent ichnospecies of the
ichnogenus Cylindrichnus, in clud ing C. elongatus Noda, 1984, C.
pustulosus Frey and Bromley, 1985, C. errans D’Alessandro and
Bromley, 1986, C. operosus Or³owski, 1989, C. candelabrus G³u-
szek, 1998, and C. he lix Gibert et al., 2006, none of which have
ever been re ported in the west ern United States. Be cause those
sub se quent de scrip tions post-date the orig i nal de scrip tions of C.
concentricus, it is ap pro pri ate that C. concentricus be re garded as
the type ichnospecies of the ichnogenus. No at tempt is made here
to eval u ate the dis tinc tion and va lid ity of those other ichnospecies
of Cylindrichnus.

CYLINDRICHNUS CONCENTRICUS 
IN ITS TYPE LO CAL ITY

At its type lo cal ity, Cylindrichnus concentricus is the
dom i nant ichnospecies, and it is lo cally very abun dant, ex -
hib it ing an ichnofabric in dex (ii) rang ing from 1 to 3. The
bur rows are well pre served, but of ten in com plete, in these
rocks. They oc cur in var i ous ori en ta tions – hor i zon tally,
obliquely, and ver ti cally. Hor i zon tal bur rows are seen most
com monly, with fairly straight tun nels that are curved up -
ward at both ends to form a con cave-up, ar cu ate shape.
Some of the hor i zon tal parts of the bur row are half a metre
(or more) long (Fig. 5). Di ag o nal and subvertical bur row

430 A. A. EKDALE & S. C. HAR DING

Fig. 3. Type spec i mens of Cylindrichnus concentricus. A. Thin 
sec tion of paratype (A11977). B. Close-up view of a por tion of the
holotype (A11975). Note con cen tric mud lin ings in the cross-sec -
tional view.

Fig. 4. Idealized form of Cylindrichnus concentricus. The up -
per ends of the ver ti cal bur row shafts ap par ently were trun cated
erosionally by storm events. Note hummocky and swaley cross
strat i fi ca tion in the host sub strate.

Fig. 5. Cylindrichnus concentricus tun nels in plan view in out -
crop, show ing the hor i zon tal lower parts of the ar cu ate, bow-shaped
bur rows.



shafts also oc cur, which are gen er ally shorter (5 to 15 cm
long; Fig. 6). Cross cut ting of one bur row by an other is
com mon (Fig. 7), al though the tun nels re main sol i tary and
un branched. There is no bun dling of nu mer ous tubes, as is
seen in Schaubcylindrichnus (Nara, 2006), which is a com -
mon trace fos sil in other Up per Cre ta ceous sand stone de -
pos its in the West ern In te rior Sea way, but not seen at the C.
concentricus type lo cal ity. The most prom i nent char ac ter is -
tic of C. concentricus is its con cen tric lin ings, which tes tify
to mul ti ple (up to 4) lin ings, which are cir cu lar or subcircu-
lar in trans verse sec tion. The bur row en tries are nar row,
down ward ta per ing, slightly curved cones with con cen tric
wall lin ings. Al though the com plete bur row usu ally can not
be seen, the abun dant par tial bur rows ob served in the rocks
give a clear im pres sion that the en tire struc ture has a broad,
shal low, bow shape (Fig. 4).

The holotype of Cylindrichnus concentricus is a small,
in com plete piece of what was a much larger trace fos sil, and 
the paratype is a thin sec tion of a trans verse cut through one
bur row show ing the con cen tric laminae in side the bur row.
Even though only small por tions of com plete bur rows are
pres ent in the holotype, the con cen tric in ter nal struc ture is
readily ob serv able.

PALAEOETHOLOGICAL
AND PALAEO ECO LOGI CAL

IN TER PRE TA TIONS

Nara and Ekdale (2006) dis cussed the pos si ble ethol ogy 
re spon si ble for the con struc tion of Cylindrichnus concentri- 
cus in Up per Cre ta ceous ex po sures in Utah, and they com -
pared morphologic de tails of the bur row with those seen in
the sim i lar trace fos sils, Rosselia socialis and Schaubcylin-
drichnus cor onus, with which C. concentricus co-oc curs in
some places. All three trace fos sils have ob serv able mor-
phologic dif fer ences, but all three most likely were con-
structed for a sim i lar pur pose by some type of infaunal
worm, per haps a bur row ing polychaete annelid or entero-
pneust of un cer tain iden tity (Nara, 1995, 2006). The bow-
shaped ar chi tec ture of C. concentricus with two open ings at
the sed i ment sur face, as can be seen in the Wy o ming type
lo cal ity, sug gests ei ther a fil ter-feed ing an i mal that cap tured 
sus pended food par ti cles from the wa ter col umn or else a
surface de posit feeder that em ployed ten ta cles (as in a tere-
bellid polychaete) or an eversible phar ynx (as in an arenico-
lid polychaete) to col lect nu tri tious sed i ment from the sur -
face around one or both of the bur row open ings. The con -
cen tric fill of C. concentricus sug gests that the oc cu pant fre -
quently went up and down in side its bur row dur ing its nor -
mal ac tiv i ties. The lack of a spreite, as one would see in
Diplocraterion or Rhizocorallium, in di cates that the oc cu -
pant was not de posit-feed ing in a pro gres sively down ward
di rec tion in the sed i ment.

The palaeo eco logi cal in ter pre ta tion and palaeoenviron- 
men tal range of Cylindrichnus concentricus sug gest that the 
trace mak ers were op por tu nis tic or gan isms liv ing in a lower
shoreface or off shore set ting in the broad epicontinental
sea way of the Up per Cre ta ceous in Wy o ming and Utah. In
sev eral of the Utah oc cur rences, C. concentricus com monly

is found in a high-di ver sity trace fos sil as sem blage along -
side Schaubcylindrichnus, Chondrites and other fully ma -
rine ichnogenera. In both Utah and the Wy o ming type lo cal -
ity, it also is found in low-di ver sity or monoichnospecific
beds that ex hibit hummocky cross strat i fi ca tion, thus
suggesting the bur rower’s tol er ance (or per haps even pref er -
ence) for an ep i sodic high-en ergy hy dro dy namic en vi ron -
ment, pre sum ably re lated to ma jor storms. It is hoped that this 
de scrip tion of C. concentricus in its type lo cal ity will gen er -
ate fur ther study into its pre ferred en vi ron ment of or i gin.

CON CLU SIONS

Re gard less of its con fus ing ichnotaxonomic his tory,
Cylindrichnus concentricus is rec og nized as a valid ichno-
ge nus and ichnospecies, and it should be re tained as an
ichnotaxon that is dis tinct from Rosselia socialis. Its most
di ag nos tic char ac ter is tics in clude the con cen tric sed i ment
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Fig. 6. Cylindrichnus concentricus in ver ti cal view in out crop.
Note the mul ti ple ori en ta tions of var i ous por tions of bur rows.
Lumpy weath er ing sur face of the out crop should not be mis iden ti -
fied as pel lets in side the bur row or in the host sed i ment.

Fig. 7. Plan view of mul ti ple cross-cut ting Cylindrichnus con-
centricus. Con cen tric lin ing in side the bur rows is ev i dent in var i -
ous cross-sec tional views.



fill and the broad, ar cu ate, nearly flat-bot tom, bow shape
with steeply in clined, ta per ing limbs. C. concentricus is by
far the most prom i nent ichnospecies at its type lo cal ity in
Wy o ming, and so its oc cur rence there may be de scribed as a 
Cylindrichnus ichnofabric.

Ac knowl edge ments

We thank Don ald Boyd, Jordi Maria de Gibert (de ceased),
Zain Belaústegui, Masakazu Nara and Al fred Uchman for shar ing
their co gent in sights about Cylindrichnus with us. This re search
was sup ported by grants from the Pe tro leum Re search Fund of the
Amer i can Chem i cal So ci ety, the Sed i men tary Ge ol ogy and Paleo-
bi ol ogy Pro gram of the Na tional Sci ence Foun da tion, and the Gulf 
Coast As so ci a tion of Geo log i cal So ci et ies.

REF ER ENCES

Belaústegui, Z. & Gibert, J. M., de, 2009. Cylindrichnus ichno-
fab ric from the Mio cene of the Tarragona coast (Catalonia,
Spain). Palaeolusitania, 1: 97–104.– [In Cata lan, with Eng -
lish sum mary.] 

Belaústegui, Z. & Gibert, J. M., de, 2013. Bow-shaped, con cen tri -
cally lam i nated polychaete bur rows: a Cylindrichnus concen-
tricus ichnofabric from the Mio cene of Tarragona, NE Spain.
Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy, 381–
382: 119–127. 

Belaústegui, Z., Gibert, J. M., de, Domènech, R. Muñiz, F. &
Martinell, J., 2011. Taphonomy and palaeoenvironmental set -
ting of ce ta cean re mains from the Mid dle Mio cene of Tarra-
gona (NE Spain). Geobios, 44: 19–31. [In Span ish, with Eng -
lish sum mary.]

Cham ber lain, C. K. & Clark, D. L., 1973. Trace fos sils and cono -
donts as ev i dence for deep-wa ter de pos its in the Oquirrh Ba -
sin of cen tral Utah. Jour nal of Pa le on tol ogy, 47: 663–682.

Dahmer, G., 1937. Lebensspuren aus dem Taunusquarzit und den
Siegener Schichten (Unterdevon). Preussischen Geologi-
schen Landesanstalt zu Berlin, Jahrbuch 1936. 57: 523–539. 

D’Alessandro, A. & Bromley, R. G., 1986. Trace fos sils in Pleis to -
cene sandy de pos its from Gravina area, south ern It aly. Rivista 
Italiana de Palaeontologia e Stratigrafia, 92: 67–102.

Dumas, S. & Ar nott, R. W. C., 2006. Or i gin of hummocky and
swaley cross-strat i fi ca tion: the con trol ling in flu ence of uni di -
rec tional cur rent strength and aggradation rate. Ge ol ogy, 34:
1073–1076.

Ekdale, A. A. & Har ding, S. C., 2011. Ichnologic sig nif i cance of
the Up per Cre ta ceous trace fos sil Cylindrichnus concentricus
Toots 1962 in its type lo cal ity, south ern Wy o ming, USA.
Elev enth In ter na tional Ichnofabric Work shop, Ab stracts. Co-
lunga, Spain, pp. 129–130.

Frey, R. W. 1990. Trace fos sils and hummocky cross-strat i fi ca -
tion, Up per Cre ta ceous of Utah. Palaios, 5: 203–218.

Frey, R. W. & Bromley, R. G., 1985. Ichnology of Amer i can
chalks: the Selma Group (Up per Cre ta ceous), west ern Al a -
bama. Ca na dian Jour nal of Earth Sci ences, 22: 801–828.

Frey, R. W. & Howard, J. D., 1985. Trace fos sils from the Pan ther
Mem ber, Star Point For ma tion (Up per Cre ta ceous), Coal
Creek Can yon, Utah. Jour nal of Pa le on tol ogy, 59: 370–404. 

Frey, R. W. & Howard, J. D., 1990. Trace fos sils and depositional
se quences in a clastic shelf set ting, Up per Cre ta ceous of Utah. 
Jour nal of Pa le on tol ogy, 64: 803–820. 

Gibert, J. M., de, Netto, R. G., Tognoli, F. M. W. & Grangeiro, M.
E., 2006. Commensal worm traces and pos si ble ju ve nile tha-
lassinidean bur rows as so ci ated with Ophiomorpha nodosa,
Pleis to cene, south ern Brazil. Palaeo ge ogra phy, Palaeoclima- 
tology, Palaeo ec ol ogy, 230: 70–84.

Gill, R., Mere wether, E. A. & Cobban, W. A., 1970. Stra tig ra phy
and no men cla ture of some Up per Cre ta ceous and Lower Ter -
tiary Rocks in south-cen tral Wy o ming. U. S. Geo log i cal Sur -
vey Pro fes sional Pa per 667, 53 pp. 

G³uszek, A., 1998. Trace fos sils from Late Car bon if er ous storm
de pos its, Up per Silesia coal ba sin, Po land. Acta Palaeonoto-
logica Polonica, 43: 517–546.

Goldring, R., 1996. The sedimentological sig nif i cance of con cen -
tri cally lam i nated bur rows from Lower Cre ta ceous Ca-bento-
nites, Oxfordshire. Jour nal of the Geo log i cal So ci ety, 153:
253–263.

Goldring, R., Gruszczyñski, M. & Gatt, P. A., 2002. A bow-form
bur row and its sedimentological and palaeo eco logi cal sig nif i -
cance. Palaios, 17: 622–630.

Howard, J. D., 1966. Char ac ter is tic trace fos sils in Up per Cre ta -
ceous sand stones of the Book Cliffs and Wasatch Pla teau. Utah 
Geo log i cal and Min er al og i cal Sur vey Bul le tin, 80: 35–53.

Nara, M., 1995. Rosselia socialis: a dwell ing struc ture of a prob a -
ble terebellid polychaete. Lethaia, 28: 171–178.

Nara, M., 2006. Re ap praisal of Schaubcylindrichnus: a prob a ble
dwell ing/feed ing struc ture of a sol i tary fun nel feeder. Palaeo-
ge og ra phy, Palaeoclimatology, Palaeo ec ol ogy, 240: 439– 452.

Nara, M. & Ekdale, A. A., 2006. Paleoecological re con struc tion of 
Cylindrichnus concentricus in the Cre ta ceous West ern In te -
rior Sea way of the Book Cliffs, Utah. Geo log i cal So ci ety of
Amer ica, An nual Meet ing Ab stracts, Phil a del phia, Penn syl -
va nia, p. 476.

Noda, H., 1984. Cy lin dri cal struc ture from the Plio cene Iioka For -
ma tion in Chiba Pre fec ture, cen tral part of Ja pan. An nual Re -
port of the In sti tute of Geoscience, Uni ver sity of Tsukuba, 10:
102–105. 

Or³owski, S., 1989. Trace fos sils in the Lower Cam brian se quence
in the Œwiêtokrzyskie Moun tains, cen tral Po land. Acta Pala-
eontologica Polonica, 34: 211–231.

Stanton, F. H. & Knowlton, T. W., 1897. Stra tig ra phy and pa le on -
tol ogy of the Laramie and re lated for ma tions in Wy o ming.
Geo log i cal So ci ety of Amer ica Bul le tin, 8: 127–156.

Toots, H., 1962. Paleoecological Stud ies of the Mesaverde For -
ma tion in the Laramie Ba sin. Un pub lished Mas ter of Arts
The sis, Uni ver sity of Wy o ming, Laramie, Wy o ming, 112 pp. 

432 A. A. EKDALE & S. C. HAR DING


