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SKOLITHOS IN THE LOWER CAMBRIAN ANTIETAM FORMATION AT 

SOUTH MOUNTAIN, PENNSYLVANIA 

Marcus M. Key, Jr., 
Department of Earth Sciences, Dickinson College, Carlisle, PA 17013, key@dickinson.edu 

The naming of Skolithos 

Skolithos	 is	 one	 of	 the	 best	 known,	 globally	 distributed	 trace	 fossils,	 but	 it	was	 first	
described	from	south	central	Pennsylvania.	 	It	was	originally	defined	as	an	ichnogenus	by	
Samuel	Stehman	Haldeman	in	1840.		He	grew	up	in	Bainbridge,	PA,	15	km	upstream	from	
Chickies	Rock	where	he	studied	Skolithos.	 	In	the	middle	of	the	Susquehanna	River	across	
from	Bainbridge	 today	 is	 Haldeman	 Island	which	was	 named	 for	 him.	 	 Haldeman	was	 a	
Dickinson	College	 student	 from	 the	 class	 of	 1831.	 	 After	 college	 he	worked	 in	 his	 family	
sawmill	and	iron	forge,	but	he	was	drawn	to	be	a	naturalist.	 	He	even	corresponded	with	
Charles	 Darwin.	 	 In	 1836,	 Henry	 Darwin	 Rogers,	 a	 former	 professor	 of	 Haldeman’s	 at	
Dickinson,	asked	him	to	take	over	the	geology	 field	operations	 in	New	Jersey	that	Rogers	
had	 to	 abandon	 on	 his	 being	 appointed	 the	 state	 geologist	 of	 Pennsylvania.	 	 Haldeman	
served	in	New	Jersey	for	one	year	and,	in	1837,	came	back	to	Pennsylvania	to	assist	on	the	
state	 survey	here.	 	 It	was	 then	 that	he	 lived	 at	 the	north	 end	of	Chickies	Rock	where	he	
excavated	a	Native	American	archeological	site	and	described	Skolithos	(Dickinson	College	
Archives,	2005;	Haldeman	Mansion	Preservation	Society,	2011;	Scharnberger	et	al.,	2014).		
Soon	 after	 Haldeman’s	 1840	 publication,	 there	 was	 confusion	 over	 the	 spelling	 of	 the	
genus.	 	 A	 GeoRef	 search	 on	 6	 May	 2014	 returned	 the	 following	 number	 of	 hits	 for	 the	
various	spellings	of	Skolithos	 (999):	Scolithus	 (38),	Skolithus	 (6),	and	Scolithos	 (4).	 	Based	
on	 the	 taxonomic	 nomenclatural	 principle	 of	 priority,	 the	 proper	 spelling	 is	 Skolithos	
(Häntzschel,	1975;	Scharnberger	et	al.,	2014)	which	is	used	here.	

Skolithos morphology 

Skolithos	 is	one	of	the	simplest	trace	fossils.	 	 It	normally	consists	of	a	single,	vertical,	
long,	thin,	unbranched,	straight	cylinder,	with	or	without	a	funnel	top,	that	is	perpendicular	
to	 bedding	 and	never	 crosses	 adjacent	 tubes	 (Haldeman,	 1840;	Hallam	and	 Swett,	 1966;	
Alpert,	1974;	Häntzschel,	1975;	Schlirf	and	Uchman,	2005).		Less	commonly	they	are	sub‐
cylindrical	or	prismatic	when	in	contact,	inclined	to	bedding,	slightly	curved,	but	these	may	
simply	 be	 artifacts	 of	 tectonic	 deformation	 (see	 below).	 	 The	 burrow	 walls	 can	 be	
distinct/lined	or	indistinct/unlined,	rough	or	smooth,	and	possibly	annulated.		Skolithos	is	
so	distinct	that	it	has	even	furnished	the	name	of	a	formal	stratigraphic	unit	(i.e.,	Skolithos	
Sandstone	of	the	Lower	Cambrian	of	Sweden	(Häntzschel,	1975)).			
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The	 tubes	 are	 typically	 filled	 with	 non‐laminated,	 finer‐grained	 sediment	 which	 are	
casts	of	the	original	burrow	(Alpert,	1974;	Goodwin	and	Anderson,	1974;	Häntzschel,	1975;	
Schlirf	and	Uchman,	2005).		The	vertical	continuity	of	the	tubes	as	well	as	the	textural	and	
compositional	 differences	 between	 the	 cast	 and	 the	 surrounding	 matrix	 suggests	 there	
originally	 was	 a	 permanent	 mucous‐cemented	 burrow	 (Goodwin	 and	 Anderson,	 1974).		
They	 occasionally	 weather	 out	 so	 the	 tubes	 become	 free	 from	 their	 surrounding	matrix	
(Howell,	 1943).	 	 This	 has	 been	 attributed	 to	 slightly	 reduced	 sericite	 content	 in	 the	
sediment	 infilling	 relative	 to	 the	 rock	 matrix	 (Hallam	 and	 Swett,	 1966).	 	 Wise	 (2010)	
attributed	 this	 at	 Chickies	 Rock	 to	 sericite	 micro‐slickenlines	 “coating”	 the	 tubes	 in	 the	
plane	of	cleavage.	

Funnel‐topped	 (a.k.a.,	 trumpet	 pipe)	 forms	 were	 originally	 assigned	 to	 a	 different	
ichnogenus,	Monocraterion	(Torell,	1870;	Westergård,	1931).		More	recently	as	part	of	the	
single	organism	hypothesis,	Monocraterion	has	been	interpreted	as	simply	the	completely	
preserved	top	of	the	Skolithos	 tube	(Howell,	1943;	Hallam	and	Swett,	1966;	Goodwin	and	
Anderson,	 1974;	 Barwis,	 1985;	 Schlirf	 and	 Uchman,	 2005).	 	 Environments	 with	 lower	
sedimentation	 rates	 and	more	 frequent	 scour	 generally	 only	 preserve	 the	 bottom	 of	 the	
burrow	 (i.e.,	 Skolithos),	 whereas	 environments	with	 higher	 sedimentation	 rates	 and	 less	
frequent	 scour	 generally	 preserve	 the	 entire	 burrow	 (i.e.,	 Monocraterion)	 (Hallam	 and	
Swett,	 1966;	 Goodwin	 and	 Anderson,	 1974;	 Bromley,	 1990).	 	 Deep	 permanent	 vertical	
burrows	 dominate	 shallow	water	 environments	 for	 two	 reasons.	 	 First,	 they	 protect	 the	
animal	from	desiccation	and	fluctuating	water	temperatures	and	salinities	(Rhoads,	1967;	
Crimes,	1975).	 	Second,	they	provide	protection	from	erosion	in	environments	with	rapid	
shifts	 in	 the	 vertical	 position	 of	 the	 sediment‐water	 interface	 (Seilacher,	 1967).	 	 Deep,	
permanent,	vertical	burrows	are	characteristic	of	Seilacher’s	(1967)	classic	shallow	water	
Skolithos	 ichnofacies.	 	 An	 ichnofacies	 is	 a	 sedimentary	 deposit	 defined	 by	 the	 preserved	
patterns	(i.e.,	trace	fossils)	of	the	organisms	that	lived	there	(Miller,	2007).	

Maximum	 Skolithos	 tube	 lengths	 are	 typically	 reported	 in	 the	 1‐2	 m	 range	 (Alpert,	
1974;	 Goodwin	 and	 Anderson,	 1974;	 Schlirf	 and	 Uchman,	 2005),	 but	 this	 is	 hard	 to	
measure	to	due	erosional	truncation	of	the	tube	tops.		Skolithos	tube	diameters	range	from	
1‐30	 mm	 (Alpert,	 1974;	 Häntzschel,	 1975;	 Schlirf	 and	 Uchman,	 2005).	 	 The	 larger	
diameters	reflect	the	apertural	upper	Monocraterion	end	of	the	tube.		Most	diameters	in	the	
local	 Cambrian	 quartzites	 are	 2‐6	mm	 (Goodwin	 and	 Anderson,	 1974;	 Gourley	 and	 Key,	
1996;	Key,	2014).		

What made the Skolithos trace fossil? 

Polychaete	annelids	living	today	in	shallow	marine	environments	produce	permanent	
mucous‐lined	 dwellings	 that	 are	Monocraterion‐Skolithos	 shaped	 as	 the	 animal	 feeds	 on	
suspended	 food	 particles	 above	 or	 on	 the	 sediment‐water	 interface	 (Schäfer,	 1972).		
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Skolithos,	 like	 their	 modern	 analog	 polychaetes,	 are	 opportunistic	 colonizers	 following	
storm	 depopulation	 (Vossler	 and	 Pemberton,	 1988).	 	 But	 this	 isn’t	 the	 only	 possible	
candidate	for	the	Skolithos	trace	maker.	 	Hypotheses	for	the	agent	responsible	for	making	
the	 Skolithos	 trace	 were	 initially	 wide	 ranging,	 including	 plants,	 sponges,	 annelids,	
brachiopods,	 and	 phoronids	 (Häntzschel,	 1975)	 or	 even	 inorganic	 (Högbom,	 1915;	
Hofmann,	1971).	 	Though	most	Skolithos	are	marine,	some	are	terrestrial,	and	those	have	
been	 attributed	 to	 insects,	 spiders,	 or	 plants	 (Schlirf	 and	 Uchman,	 2005;	 Gregory	 et	 al.,	
2006;	Netto,	 2007).	 	Marine	 forms	 are	 now	 thought	 to	 have	been	made	by	 a	 burrowing,	
soft‐bodied,	 worm‐like	 polychaete	 annelid	 or	 phoronid	 lophophorate	 (Alpert,	 1974;	
Pemberton	and	Frey,	1984;	Barwis,	1985;	Skoog	et	al.,	1994;	Schlirf	 and	Uchman,	2005).		
Regardless	 of	what	made	 the	Skolithos	 trace,	 it	 is	 important	 the	 keep	 in	mind	 that	 trace	
fossil	 taxa	are	defined	on	 their	morphology,	 regardless	of	 their	origin	 (Häntzschel,	1975;	
Miller,	2007),	 so	different	 trace‐makers	may	produce	 identical	 structures	when	behaving	
similarly	 (Bromley,	 1990).	 	 With	 a	 stratigraphic	 range	 spanning	 the	 Phanerozoic	 (see	
below),	 numerous	 different	 animals	 are	 undoubtedly	 responsible	 for	 making	 Skolithos,	
especially	considering	they	form	in	both	marine	and	terrestrial	environments.	

Skolithos geographic and stratigraphic range 

Skolithos	 is	 globally	 distributed	 (Alpert,	 1974;	 Häntzschel,	 1975;	 Behrensmeyer	 and	
Turner,	2013).		Though	Skolithos	has	a	stratigraphic	range	from	the	Ediacaran	to	Recent,	it	
is	 most	 common	 in	 the	 Paleozoic	 (Alpert,	 1974;	 Häntzschel,	 1975;	 Fillion	 and	 Pickerill,	
1990;	 Droser,	 1991;	 Ekdale	 and	 Lewis,	 1991;	 Crimes,	 1994;	 Behrensmeyer	 and	 Turner,	
2013).	 	 As	 a	 result	 of	 its	 >600	 Myr	 stratigraphic	 range,	 Skolithos	 is	 useless	 as	 a	
biostratigraphic	 index	 fossil.	 	Regardless,	 the	relative	abundance	of	Skolithos	 can	be	used	
for	lithostratigraphic	correlation.		They	have	been	used	for	understanding	the	stratigraphy	
of	and	exploring	 for	Cambro‐Ordovician	petroleum	reservoirs	 in	North	Africa,	 the	Middle	
East,	and	Australia	(McIlroy	and	Garton,	2004).	

Skolithos	are	especially	common	in	Cambrian	sedimentary	rocks,	even	after	correcting	for	
relative	geologic	map	area	and	period	durations	(Figure	1).		During	the	Early	Cambrian	an	
abrupt	 increase	 in	 the	 diversity	 of	 bioturbators	 as	 well	 as	 the	 degree	 and	 depth	 of	
bioturbation	occurred	 in	conjunction	with	 the	rapid	radiation	of	metazoans	(McMenamin	
and	 Schulte‐McMenamin,	 1990;	 McIlroy	 and	 Logan,	 1999).	 	 This	 has	 been	 termed	 the	
Cambrian	Substrate	Revolution	(Bottjer	et	al.,	2000).		Major	components	of	this	ecological	
revolution	include	the	first	appearance	of	vertical	burrows	and	the	development	of	tiered	
endobenthic	communities	(McIlroy	and	Logan,	1999).		This	may	have	been	associated	with	
the	extraordinarily	large	amounts	of	sand	on	Cambrian	continental	shelves	due	to	the	lack	
of	 land	 plants	 before	 the	 Ordovician	 that	 favored	 the	 development	 of	 extensive	 coastal	
subaerial	dune	fields	and	braided	fluvial	systems	(MacNaughton	et	al.,	1997;	Desjardins	et	al.,	2010).	
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Transgressive	episodes	in	the	Early	Cambrian	contributed	to	the	flux	of	sediment	from	the	
coast	 to	 the	 shelf	 by	 flooding	 and	 ravinement	 of	 preexisting	 sandy	 coastal	 deposits	

(Simpson	 and	 Eriksson,	 1990;	
Desjardins	 et	 al.,	 2010).	 	 The	
post‐Cambrian	 decrease	 in	
Skolithos	has	been	attributed	to	a	
temporal	 decrease	 in	 nearshore	
sandstones	 as	 well	 as	 the	 Great	
Ordovician	 Biodiversification	
event.	 	 This	 event	 involved	 a	
radiation	 in	 the	 biodiversity	 of	
predators	 and	 an	 increase	 in	
competition	 for	 infaunal	
ecospace	 previously	 dominated	
by	 the	 Skolithos	 tracemakers	
(Bottjer	 et	 al.,	 2000;	 Droser,	
1991;	McIlroy	 and	Garton,	 2004;	
Webby	et	al.,	2004;	Desjardins	et	
al.,	2010)	including	the	advent	of	
“biological	 bulldozers”	 (Thayer,	
1979).	

	

In	Pennsylvania,	Skolithos	has	long	been	known	from	numerous	Cambrian	formations	
(Table	1).		It	has	also	been	reported	in	the	Silurian	Tuscarora	Formation	(Cotter,	1982,	
1983;	Droser	and	Bottjer,	1989;	Sanabria	and	Thompson,	1997)	and	the	Devonian	Catskill	
Formation	(Bridge	and	Droser,	1985).		Further	south	in	Maryland	and	Virginia,	it	occurs	in	

the	Antietam	(Howell,	1943;	Simpson	and	Sundberg,	1987;	Simpson	and	Eriksson,	1990;	

Simpson,	1991;	Skoog	et	al.,	1994)	and	Harpers	(Brezinski,	2004).		In	the	southern	

Appalachians,	Skolithos	is	found	in	the	Chilhowee’s	Weisner	and	Wilson	Ridge	Formations,	
the	latter	correlative	with	the	Antietam	(Tull	et	al.,	2010)	as	well	as	the	Hampton	

(stratigraphic	equivalent	of	the	Harpers	Formation)	and	Erwin	(stratigraphic	equivalent	of	

the	Antietam)	Formations	(Simpson	and	Sundberg,	1987;	Simpson	and	Eriksson,	1990;	
Smoot	and	Southworth,	2014).	
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Table 1. Published reports of Skolithos trace fossils in Cambrian formations of Pennsylvania 

Stratigraphic Formation  Reference(s)

Weverton	 Smoot	and	Southworth,	2014	

Chickies	 Haldeman,	1840;	Hunt,	1878;	Stose	and	Jonas,	1939;	
Howell,	1943;	Wise,	1960,	2010;	Goodwin	and	
Anderson,	1974;	Kauffman,	1999;	Scharnberger	et	al.,	
2014	

Harpers	 Stose,	1906,	1909;	Freedman,	1967;	Fauth,	1968;	Root,	
1968;	Key,	1991;	Gourley	and	Key,	1996	

Antietam	 Stose,	1906,	1909;	Howell,	1945;	Freedman,	1967,	
1968;	Fauth,	1968;	Root,	1968;	Key,	1991;	Key	and	
Sims,	1991;	Sevon	and	Van	Scyoc,	1991;	Kauffman,	
1999	

Hardyston	which	is	
stratigraphically	equivalent	to	
the	Antietam	(Berg	et	al.,	1983)	

Leidy,	1882;	Lyman,	1909;	Howell,	1943,	1944;	Aaron,	
1969;	Kauffman,	1999;	Simpson	et	al.,	2002	

Setters	which	is	
stratigraphically	equivalent	to	
the	Chilhowee	Group	(Berg	et	
al.,	1983)	

Rand,	1900	

Potsdam	 Hunt,	1878;	Bjerstedt	and	Erickson,	1989	

	

Deformed Skolithos 

Cylindrical	Skolithos	tubes	have	long	been	used	to	calculate	strain	(Wise,	1960,	2010;	
Brace,	 1961;	 Sylvester	 and	Christie,	 1968;	McLeish,	 1971;	Wilkinson	 et	 al.,	1975;	Allison,	
1979).	 	 Deformation	 of	Skolithos	 burrows	 has	 been	 noted	 in	 Cambrian	 quartzites	 locally	
(Key	 and	 Sims,	 1991;	 Gourley	 and	 Key,	 1996;	 Wise,	 1960,	 2010;	 Key,	 2014).	 	 This	 is	
typically	reflected	by	the	normally	circular	transverse	cross‐sectional	shape	of	the	burrow	
being	distorted	into	an	ellipse	(Häntzschel,	1975).		Wise	(2010)	attributed	this	in	the	Blue	
Ridge	 anticlinorium	 to	 layer‐parallel	 shortening	 that	 flattened	 the	 Skolithos	 tubes	 in	 the	
plane	of	cleavage	resulting	from	the	Appalachian	orogenies,	especially	the	Alleghanian.		Key	
(2014)	measured	 the	 long	 (L)	 and	 short	 (W)	 axes	 of	 Skolithos	 tubes	 from	 the	 Antietam	
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Formation	near	Shippensburg	and	calculated	the	L/W	(i.e.,	Rf	strain)	ratio	as	1.9.	 	This	 is	
more	than	the	1.6	that	Key	and	Sims	(1991)	measured	in	the	Antietam	Formation	exposed	
in	 the	 Mt.	 Holly	 Pennsy	 Supply	 quarry	 as	 well	 as	 the	 1.3	 value	 reported	 by	 Kilby	 and	
Connors	(2002)	 in	the	Antietam	of	Virginia.	 	Gourley	and	Key	(1996)	measured	the	same	
ratio	 in	 the	 underlying	Montalto	Member	 of	 the	Harpers	 Formation	 outcropping	 at	 Pole	
Steeple	and	reported	a	ratio	of	1.5.	 	Skolithos	 tubes	can	also	refract	 into	a	sigmoid	shape	
along	with	cleavage	in	response	to	flexural	slip	(Allison,	1979;	Wise,	2010).		This	has	been	
reported	 elsewhere	 in	 a	 Devonian	 Skolithos‐bearing	 quartzite	 (Richter,	 1920)	 and	 the	
Antietam	Quartzite	at	Bender’s	quarry	(Freedman,	1967,	1968),	now	Pennsy	Supply’s	Mt.	
Holly	quarry	(Key	and	Sims,	1991).	

Skolithos tube spacing 

Much	 research	 has	 been	 done	 on	 the	 spacing	 of	 Skolithos	 tubes	 as	 a	
paleoenvironmental	indicator.		This	is	because	the	preserved	burrow	density	on	a	bedding	
plane	 is	 more	 closely	 related	 (i.e.,	 inversely)	 to	 sedimentation	 rate	 than	 original	 animal	
density	 (Desjardins	 et	 al.,	 2010).	 	 Skolithos	 spacing	 is	 a	 function	 of	 both	 original	 animal	
density	 and	 contemporaneity	 of	 the	 burrows.	 	 The	 former	 is	 controlled	 by	 size	 of	 the	
animal’s	 food‐catching	 apparatus	 and	 the	 current	 velocity‐regulated	 food	 density	 (Dodd	
and	Stanton,	1981).	 	The	 latter	 is	 controlled	by	 the	 time	available	 for	 colonization	of	 the	

substrate,	sedimentation	rate,	and	
burrow	 depth.	 	 Because	 all	
burrows	 are	 equally	 preservable,	
contemporaneity	 is	 virtually	
impossible	 to	 determine	 in	 the	
rock	 record	 (Figure	 2)	 (Frey	 and	
Seilacher,	 1980).	 	 That	 is	 one	
reason	why	Skolithos	densities	are	
at	 least	 one	 order	 of	 magnitude	
greater	 in	 fossils	 than	with	extant	
organisms	(Skoog	et	al.,	1994).	 	In	
addition	to	spacing,	work	has	been	
done	 on	 random	 versus	 clustered	
packing	of	Skolithos	 (e.g.,	Skoog	et	
al.,	1994;	Gourley	and	Key,	1996).	
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Skolithos ichnofabric indices 

Droser	and	Bottjer	(1989)	developed	a	Skolithos	ichnofabric	index	that	ranges	from	1	
(Skolithos	absent)	to	5	(complete	bioturbation	of	the	original	bedding	by	Skolithos)	(Figure	
3A).	 	 Sandstone	with	a	higher	density	of	Skolithos	 is	 called	piperock.	 	The	 term	piperock	
was	coined	by	Peach	and	Horne	(1884)	to	describe	the	dense	assemblage	of	Skolithos	in	the	
so‐named	 Pipe	 Rock	 Member	 of	 the	 Lower	 Cambrian	 Eriboll	 Sandstone	 of	 Scotland	
(McIlroy	and	Garton,	2004;	Netto,	2007).		Piperock	has	an	ichnofabric	index	of	3‐5	(Droser	
and	Bottjer,	1989;	Droser,	1991).	 	This	can	produce	a	type	of	biostratification	in	response	
to	non‐bioturbated	strata	alternating	with	piperock	(Figure	3B).	

	

A B
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Depositional environment of shallow marine Skolithos 

Unlike	 conventional	 body	 fossils	 which	 are	 typically	 preserved	 in	 time	 averaged	
death	assemblages	which	may	be	 far	 from	where	 the	organism	 lived,	 trace	 fossils	are	
preserved	 in	 situ	 as	 they	 cannot	 normally	 be	 transported	 without	 being	 destroyed	
(Häntzschel,	1975;	Bromley,	1990;	Miller,	2007).		This	is	why	they	are	effective	tools	for	
interpreting	 depositional	 environments.	 	 Though	 Skolithos	 also	 occurs	 in	 a	 variety	 of	
terrestrial	 (Netto,	 2007),	 subtidal	 shelf	 (Vossler	 and	 Pemberton,	 1988),	 and	 deep	
marine	 environments	 (Ekdale,	 1977),	 here	we	 focus	 on	 the	more	 ubiquitous	 shallow	
marine	Skolithos.	 	Seilacher	(1967)	originally	named	his	shallowest	marine	ichnofacies	
after	Skolithos	 for	the	littoral	environment	with	frequent	sediment	transport	and	little	
net	deposition	due	to	episodic	erosion	and	deposition.		Based	on	characteristics	of	the	
surrounding	sediment	and	sedimentary	structures,	shallow	marine	Skolithos	have	been	
interpreted	 to	 form	 in	 a	 variety	 of	 high	 energy,	 mature,	 siliciclastic,	 nearshore	
environments	 including	tidal	 flats,	 tidal	channels,	beach	shorefaces,	and	offshore	sand	
bars	(Frey	and	Pemberton,	1985;	Simpson	and	Eriksson,	1990;	Droser,	1991;	Skoog	et	
al.,	 1994).	 	Skolithos	 achieves	 its	 greatest	 density	 in	 conditions	with	more	 consistent,	
higher	 velocity,	wave/tidal	 currents	 near	 the	 low	 tide	 line,	whereas	Monocraterion	 is	
most	 common	where	 there	 are	 inconsistent,	 lower	 velocity,	wave/tidal	 currents	 near	
the	high	tide	line	(Goodwin	and	Anderson,	1974).			Skolithos	densities	are	highest	near	
the	 low	 tide	 line	 due	 the	 longer	 duration	 and	 more	 favorable	 submerged	 feeding	
conditions.	
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