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Abstract 

'4 netv Silurian (lower Ludlow) biota [rom the Eramosa Dolostone in southern 

Bruce P e n i n s h  providcs an unusual window into the diverse. but normal1 y poorl y 

p r c w n  s d  biota in a very s h a i l o ~  water marine environment. The florri consists of 

ho ih d a s y  ladalean and non-dasycladalean thallophytic algac. an important but rarel? 

prcscn.cd cornponent of an. marine paleoecosystcm. The faunrt contains phy l locarid 

mistriceans. and several so fi- bodird and lightly sclerotized arthro pods and worms 

sinii lx tu  the ulder Brandon Bridge (Llandovery ) faunn of U'isconsin. including an 

rtrthropod of unccrtain affinity with a pair of largc grasping antcrior appendaycs. .-llso 

prcsciit ~vitliin this biota arc. brachiopods. crphalopuds. gii~tropod~. trilobites. 

clicliccratcs. sponges. and conularids. In contrast to thc L\Ïsçonsin huna. therc is dso 

a signitiçcint cchinodertn huna. including ophiuroids and Icpidocciitrid ccliinoids 

( pcrhrips the oldest cc hi noids yet found in Canada). 

I'hc biotü occurs within c e p  thinly 1aminatr.d. lipht to v e p  dark hroun. 

pctr«lifkrous dolostones downslope from a siighr palco-topogrriphic hiyh produccd h! 

p m h  rrclk within the underlying Arnabel Formation. Cnlcitic hunal elcments arc 

\cry poorly presrn-rd and normally decalcified. though thc echinodrrrn and trilubite 

iiinttxiiil is artiçulatsd. Chitinous organisms are prrsened as rhin tilms. somrtimcs 

secondarily rnincralized. blany of the orpnisms are representcd by carcasses. the 

xticulilteci p hy llocarids having intact jau- elements. The faunri is mostl y 

autoclithonous. as the very large number of echinoids are al1 prrsen-ed in l i t 2  position 

with oral surfaces orisnted downvard. 



.-\lm rzamined in this study is the regional gcology. stratigraphy and 

sedimentoloev - - of the Eramosa as it relates to the bioia. ~ising a varietu of techniques 

incliiding the use ofGround Penetrating Radar to image the subsurface. 

lic.),\vords: Silurian. lagerstattrn. Eramosa. phosphatizrition. taphonomy. dasyclad. 

;il y x .  acml. anhropod. phy llocarid. tic hinoid. GPR. ground peneirnting radar 
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Introduction 

The fossil record is the onlp mcans by \ihich u e  can understand mhat lifi on 

carth \\as likr bcfore man's recorded history. Cnfonunately. rhc fossil record is highly 

hiascd to\\nrds orpûnisms with minrrnlized skclt.t»ns. and skcws oiir piciurc of the 

p s t .  The bulk ol'thc tnie biotiç diwrsity of the p s t  is hidden tiom uur i icw. Thnt 

hi35 not on& becornes more intense thc farther brick in tims ont. look';. but dso varies 

signitictintly hetwcn difirent types of environnicnts. The ixry-shallow niarine 

cnt ironnient is onc «f the most dil'ticiilt to p r t x n . c  Jiic to high \ w . c .  cnrrgies during 

clcpositioii. ticqcient reworking bu biologicnl ;inJ ph>sicnl processes. Jiriycnetic 

d t c r : ~ i ~ n  and. oftcn wmplete rernoval h) erosion. 

The Palcomic hüs  in panicular sufkrrtd tiom cstremr hins ~iittiin ttir Iiissil 

record. .-\ i-cr! k\r. h;~n.sc.n*tr~-L~r,qer.s~cit~e~~ (sensu Seilachcr 1070) have giwn ils 

glir1ipsc.s into the tnis di~ersity of the L o w r  Palcozoic. thosr hcing the Crirnhriiin 

h r g c s s  Shitlc of British Columbia. the L-ouw Devonian F?i~~n~.ti~~ti/zi~l/l .r.  and 

I>t.nns>-lvnnian Slnzon Creek biota. Most reccntl y. t~vo new esceptionall~ presened 

biotas 1im.c bwn dtiscnbed from the Silurian. l iom the Brandon Bridge of Wisconsin 

('rlikulic. Briygs and Klucssendorf 1985a. 1985b) and the Gaspon Dolomite of 

ws t e rn  New York State (LoDuca 1995). Kiuessendorf ( 1994) and LoDuca ( 1995) 

o hsr neci thnt thess and other Silurian k-onsenwi- L~lgersiiitce were prrdictablr in 

nature. O C C U ~ ~ ~  undcr similar paleoenvironmental conditions and otien containing 

similar hiotiç components. This study ad& a new Silurian K ~ ~ t ~ s r ~ ~ c i r - L t ~ g e r - ~ t ~ i t f e  with 

ri much highcr di\ srsity than those previously discovered and. using a 



mu1 t idisci plinary approac h. wi ll attempt to ascertain uhether the pnleoen~~ironmentciI 

and pnicoccolo~ical katurcs of the Eramosa are consistent with their model. 

Study Area and Methods 

fhis study concentrates on the Silurian rocks of the Eramosn Formarion 

csposcd in the Southem Bmce Peninsula region of Ontario. Crinada ( Figure 1 ). Most 

~ittcntion is focuscd upon the exposures in the Wiarton Quanies o f  0xr .n  Sound 

Lcdgcrock Ltd. Othcr outcrops examinrd during the course of this study indude the 

rocks ol'i\\u ~ t h c r  nenrby quarrirs. Ebel Qiiarrics and Gcorgian Bay Marhlt. & Stone. 

tlic Sliiiciou Lakc quarries of Ouen Sound Lsdgcrock Ltd. and esposiircs just w s t  of 

()\w11 Soiincl and at Rockpon. 

I'lic \\'inrton Quanies of Owen Sound Ledyerock Ltd. lie on the nonh iind 

wiith si Je Driicc C'oiinty (Oliphant) Road Il. about 4 km w s t  ot' th?.  h nonh ot' 

\kminrt«n ( I T î I  484850E.'4955 150N: NTS Capc Crokcr Sheet 4 I A 14 1. Dolustoncs 

~ i i t l i i n  thesc quarries rire escavated hy hünd using Inrgc s a w  of mrious types. 

cciretiill>. lifted out and. depending upon its ultimiitr use. sithrr used as is. split hy 

hnnd or slabhcd hy saws. Tbe tinril product is tised ris ornamental stonc. tloor des. 

ilagging stone. facing Stone. and other finished and untinished stone for a variet!. of 

purposes. Escalating demand for hiph quality building stone at this îàcility results in 

rapid changes in quam. configuration. thus exact locations of representative sections 

u r y  . 

Estriisive sampling u-as conductsd wiihin the main fossil deposi t w e r  

swsral summers. Lightçr sampling and reconnaissance over the entire area of the 







qucirry cxposures was carried out rrpeatedly ovcr several years as nrw material \vas 

iinço\.rred bu ongoing qua- operations. Ground Penctrating Radar v;as used in an 

~ittcnipt to image the subsurt'xr stratigraphy within the two primary quarrics and 

dong tlic roüd betu-ren thcm. In the Iab. samples wrre photographed using 3 variet' 

of  iccliniqucs. including low angle lighting and submersion wi thin ethy i alçohol. in 

ordcr to record friint structures and images throush calcitic (and othcir) çoatings. 

Fossil qwçiincns from this study ivill b r  repositrd cit the Royal Ontario Museum. 

hronto. L':~nah 

General Geologic Setting 

[luring tlic Siluricin. the rüçonic Orogrny was undenvay. and resultnnt crustd 

tliickcning Id t o  isostatic subsidence of the eiistern niargin of thcl Nonh Amcricrin 

u n i o n .  1-hc ;\pplilacliinn Basin formed aver the do\vnHtxed areri adjacent to tlic 

T'xunic lIoiintains. The "peripheral bulgc" or "forebulge" formed as the Findlny: 

:\lgoriqiiin . k ç h  imrnediütel. rûst of the Appalachian basin. The Eramosa Dolustonti 

acis Jcpositcd diiring the sari' Lnte Silurian (Early Ludlow) in a broad band 

csrcnding across the :lppaIachian Foreland Basin. over the Findlay/Algonquin Arch 

and into the M ç h i p n  Basin. The present day outcrops extend across wstern New 

York Stats and southern Ontario. The Wiarton area lies on the rastern edge of the 

Michigan Basin near the northwestem flank of the Algonquin Arch (Figure 2 ) .  

During this timc. the reg ion \vas dominated by a fairly shallow water 

carbonate platfonn with low clastic input. The nearest shoreline lay an unknown 

distance to the north. but the erosion of al1 Silurian rocks nonh of the Bruce Pt-ninsula 

obscures its position. Howewr. the Canadian Shield does not apprar to have hem 







3 nxijiir source of sediment durine most of the Silurian. Simiiarly. within the 

.AppaIaçhinn Bnsin. most clastic sedimentation came not from the inkrred nort hem 

shorelinc. but tioni thc Tnconic Orogrnic belt to the east. Zenger ( 1965) siiggcsted 

11iat sr \  cr:iI tenipornlly and areolly rcstricted inçreases in clastic inpiit into the still 

dominant 1'. c;irhonritt. shel f could probahly bt. attributed to srdiment coniing Srom the 

nimlicrn 1:inclniass. and contributine tu thc sandy Pcnlield facies ncar Rochester. and 

thc incrcised clnstiç somponent of ihe Dccew. Vinemount and Errimosn. 

Niinicrous smrill pntch rccls dc\~loped on thc shtillov. ciirh«nlitc. hank of the 

I3rucc rcgiw. hiii on moving southwt.st\tard tourirds thc büsin ccnttr. w t t x  dcpth 

incrcascd ~ind \lie carbonale biink p a w  \\.a> to dceper cnrbonatc sedimcnts and Irirgcr. 

Icss niinicroiis patch rwh. Dceper into the bnsin. tlic paich r d  bclt y w c  \La> to thc 

p i n r i ~ l c  rc.c!'loric (Snnfurd 1969. Gill 1085 1. u tiiçh in turn passcd into the dccp 

hnsin. SiihsiJcncc rates n u e  highcst towrirds the centcr of ilic hasin. producin, 0 , ~ w a t  

t1iickncssc.s of altcmriting carhonate and el-nporitc rocks. but decrcasrd to\iards the 

iiiorc stahlc tcctonic "hinge" o f  thc shüllou shel t'surrounding the basin tihrre 

ilt.position;il thickncsses uere much Irss. When sca lewl dropped Selow the lewl of 

niiich of'ilic hüsin-encircling platform. salinity of the Michigan basin incrensed 

su t'ticic.nrl y tlirough evaporation to deposit gypsum and salt. Subsequent sea level 

rise( s > tlooded the piatform. enabling sufficient watrr r s c h a n l r .  to again Icad to 

carbonate dcposition within the basin. 

During the Silurian. the study aren w s  approximately 10 degrers south of the 

cquator. n-ith 'lonh .Amerka rotated clockwise cipproximately 45 dcgrers ( Van der 

1-00 1988 > relative to its presrnt orientation. .At this latitude. global air circulaiion 



patterns would have a major easterly wind direction. translating to a northenstrriy 

direction in the present-day continental contiguration. Using bioherm morpholog? 

and stroniatoporoid growth patterns in the Lockpon Group. Crowlcy ( 1973 ) 

contirmcd ri roughly nonheastcrly uind direction. In the st~idy rireci. thesr winds 

~ioulci h a ~ c  bcen hlowing from offshore. touards the basin ccnter. rsstilting in a lack 

oi' significünt storm surgr. Thc restrictcd amount of fetch in siiçh a sliallow. ncnr- 

shore setiing \wuid have zven limited hir-wnthrr  w v e  activiiy i Invin 1965 ). and 

rcsdt in  3 L txy Iowr'n~rgy cnvironmcnt. 

The nnme "Errimosa beds" ~vas  lirst proposrd by HÏlliams ( 101 5 )  tUr tlis thin- 

hcddcd h r k  g r q  or choçolatc-hrow bitiiniinous dolostoncs comprising the "top of 

tlic i-ockpon mcrnber of the Niagara formation". exposeci dong tlic bnnks of thc 

I'ramusn River between Rockwood and Guelph. Ontario. Since thrit timc. the 

Eramosn ha5 sern û. variety ot'stratigraphic interpretations. most of M hiçh 

concentratcd on the rocks on the eastern tlank of the Algonquin Arch in the Niagara 

rsgion of Ontario and western New York Statr: (summarized in Figure 3 ). Shaw 

( 1937) de tined the Eramosa as the entire succession be twrn  the Guelph Dolomite 

and the Gosport Membrr of the Lockport Dolomite. gave it formational stritus. and 

subdividrd i t  into an upper Speedwell Xfernher and a loiver .Ancaster mcmber. 

Cumings ( 1 939 i assigned the Eramosa to the uppemost member of the Loçkport 

Dolomite. underlain by the Suspension Bridge Member (named therein) and overlain 



I;igiirc -3. Stratigraphie tiomcnclattire tOr the Silurilin Lockport Circiup of wsi r rn  N c u  

York ; i d  soiithcrn Ontario. 
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by thc Guelph. Ho\vcIl and Sanford ( 1947) stated that the Errimosa blember overlitts 

the Cioat island kfemher and is owrlain by the Oak Orçhard Mcmher I hoth tttrms 

introduccd b>* them ). 

Bolton ( 1953. 1957) includd the bituminous dolomites of Williams ( 19 15 ), 

md.  continuhg the correlation ricross the Algonquin Arch. thc thin. non-bituniinous 

hcds ot or ncar the top of the Amabcl Formation (laterril eqiiiwlt.nt of the Lockport 

Forrn3iion) in his Ernmosa Alemhrr. Zengcr ( 1965) plaçcd the Erümosa as (i rnembcr 

O t' thc I.oç kpon Formation. overliiin by rhr Oak Orchnrd Dolon~itr. and estendrd it 

m l y  3s t:rlr cmt âs tllc T~na\vandri-Lockport areri of Neu York. Riçkard's ( 1 975 ) 

c«rrcloiiim chûrt eletnted the L.ockport to group-levd silitus and the Lknmosa 

i)olornitc tu 3 tomrition-lewl unit iindt'rlain by [he C i w t  tsland Dolumitc and 

o\crl;iin h! thc Guelph Dolornitc. 

Bolton ( 1957) correctly uhscrvcd that thin-bcddcd. hituminous dolostones 

wcur iit Ji t'krcnt Ievels at di fkrcnt Incalities ni thin the often othcnt isc monotonous 

..\ni;ihel t« Guelph dolosione scquencr and that the? grade lattxnlly into massive 

biohcrms. t-rom this. he concluded thrit "the Eramosa in the nonhcm part of the 

Ontario Peninsula at Ieast. is a particular facies direclly associcited with the 

dci\dopmcnt of bioherms in the U'iarton mrmber". Liberty ( 1966) and Liberty and 

thIton ( 1971 ) again emphasized their belirf that the Eramosa Mernbrr tvas "not a 

consistent unit at the top of the Lockport. but rather is inter-reet'al betivern Lockpon 

hioherms". This confusion betwen o ftrn temporal lv recumnt 1 ithofacies and the 

i o m d  strritiyaphic "formation" as a continuous. rnnppable unit bounded by traceable 

siirfaces. has hampered clcar stratigraphie interpretrition of man)- of the carbonate 



units within the Silurian of Ontario and New York Stnte. miiny of which are poorly 

tbssiliferous because of intense dolornitization. ;\lthough plricin- the Eramosa 

Itcrnhcr at the base of thc Guelph Ionnation nther thün the top 01' the 

.ktiabcl. Lockport. Winder and Sanford ( 1971). .-Irmstrong ( 1988. 1993 ). i\rmstrong 

and Xlcndow ( 1985). and Armstrong and Goodman ( 1990) ( i l1  continued to Jescribr 

:i discontinuous interreshl " Eramosa facies". 

Brett et al. ( 1995) formally rcvisrd the l o w r  and rniddlt. Siluririn strütigrûphic 

nmicncloture for ws t r rn  New York State. includiy the laierd equiwlents of the 

rocks dcrilt with in this studp. Within that rrpon. Drctt ci al. îbminlizcd tlic tilevaiion 

of iIis I.ockport to group-lwel status. tlie cltxation of the Ernmosa ri) ti~mation-levcl 

siiiiiis ( rtxiftirming the hnnks of the Eramosü K i w r  hetueen Rock\vooJ and Ci~iclph. 

Ontxio. 3s the type locality as originally defincd by Willianis 191  5 1. and attcmptcd to 

rcso lw the man? correlation problems causcd by the near cxçlusiw reliance ot'past 

\iiu-kr.rs on the identitication of ri liihology-bascd "Erarnosa hcics". BliseJ o n  

Iiiliostrrttigraphic evidrnce. the- sliou-ed that Zenger's ( 19h5) " t.ramosat' (and 

continiicd hy  Rickard 1975) was in fact a mcmhcr of the Goüt Island Formation 

i n hich theu nümed the Vinemount Mçmber). and thnt the loiver portion of Zcngrr's 

i 1% Oak Orchard and Rickard's ( 1975) Guelph correlated with the Eramosa type 

scct ion. 

The age of the Eramosa Formation is not clear. but evidencr suggests a Latr 

\Vcniock or Earl y Ludlow agr. Berry and Boucot ( 1970) assign it ri Ludlovian aye. 

LoDuca and Brett ( 199 1 ) suggest an Early Ludlow age for the l o w r  member of the 



underlying Goat Island Formation. but the graptolite data they use are somewhnt 

uncertain ( LoDuca. pcrs. comm. 2000). Ii1sftiit.r ( 1W ). using conodont data. 

~issigned ri U'enlock age to the Eramosa. but i t  ma!- bt: that his "Erümosa" snmplcs 

çmic from the upper mrmbrr of the undrrlying Goat [sland formation (which had 

hcen impropcirly dcsignatrd as Eramosa by Zengcr ). Csing the sanie conodont 

data. Brett ct al ( 1095). assicn - (i Ludlow agr. to the Erlimosa. Resiimpling bascd on the 

n w  lu re~iscd  stratigraphy again suggested n Homerian ( liite Lknlock ) tige I Kleffncr. 

pcrs. cointn. 1000). olthough therr is still a large nmount ot' unccnainty ivith 

inicrprcting a conodont tàuna thilt is dominntcd by long-rmging and endemic specics. 

C'muiont somplss tükcn from thc Eramosa in the Driice Peninsuln rcgiiin haw thiis- 

thr r e \u l cd  only non-diagnostic cones (If)-rno. p u s .  mmm. 20001. Within tlic 

I I ~ ~ L T . Y ~ ~ ~ L J  Jcscribd in tliis stucly . t hr corn ples dasys lad al ga Pdnrtrtopl1y~w.s i u s  

jiliind. I'lir only «thrr  occurrence of Prilrn~irup~.crr.v is \vithiri the htotol Brds d r h ~  

C'~cch Republic (Boucek 19-12). This unit is Li'cnlock in ngc. biit so little is knoun 

;ihout the temporal distribution of non-calcitkd düsylads (bccniise the? arc. so nrel) 

presen-cd). that their dating potential is unknown. Conilicting conodont data and the 

absence of diagnostic graptoloid graptolites in the Eramosa mean that the ilnit can 

onlu tic nssigned a Late Wenlock-Early Ludlow a-<: 

The Eramosa Formation in the southem Bruce region 

Previous intsrpretations of the Guelph Formation i u-liich included the 

Eranlosa as a mernber) in the Bruce Peninsula divided the rocks into three main 



lithofacies: a biohermal facies which is present throughoiit the thickncss of both the 

Ernrnosri and Guelph. a lowrr bituminous inter-biohermril unit ( the classic 

"Eramosa"). and an upper non-biohermal Guelph unit (Liberty and Bolton 1971: 

.-\rmstrong and bleadows 1988). The biohennal hcies crin bt: obscn-ed üt numerous 

locations throirghoiit the outcrop bzlt throughout the rcgion (Figure 4): however. due 

to thr discontiniious nature of oiitcrops. destruction of possibly diagnostic h s s i l s  b>- 

intense dolomitization. recumng trrnporally and latrrlill!- discontinuous litliologics. 

2nd the highly undulatop nature of the rd-intenerf  topogrriphics. n-orliers haw 

dien been uncible to assign speci tic bioherms to any of the .+\rnabci. Eramosa. or 

( i u ~ l p h  Formations. The palco-topography. and thus sedimentaiion patterns. during 

Er:iniosn dcposition ~ 3 s  strongly nffrcted by enrlicr Amahcl hiohcrms. man). of 

u hicti werc prohahly the sitc of continucd patch rrcf dt.~.cl»pm~.nt throiighoiit the 

dcposition of the Erarnoso. and possibly into the Guelph (Figiire 5 1. Variation from 

outcrop to oiitcrop. and the cornpies interplay of sedimentniion patterns br.tu.ccn the 

nurnerous reefs < both active and trmporririly subaerial. inactive esamples) and 

i ntcrree f rcgions miikes a composite stratipraphic section reprcsenting the Eramosa 

impossible. 

One of the larger rrefs esposed in section can be seen in a roadcut nt the 

intersection of Highwa); 6/10 and Grey Road 1 S nt Rockford (Figure 6 ) .  .-\lthough this 

example is probably upper Amabel. it is represcntative of the type of reefmorphology 

cornmon throughout the Amabel. Eramosa and Guelph sequences. Within this 

particular esposure. dolomitization is less intense than in most other esampies. and 

thus the nature of the reef-structure can be observed. The reefcore consists of a 



Fi y lire 4. Giiclph. Emniosa and .Amahel Formaiion litho facies distritiiition on the 

I3rucc Pcninsi~lü. (modi t ird aticr Armstrong and (iliidnion 1990 i 
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massive coral-stromatoporoid frarnework ( Figure 7a). often with rathcr large. hroken 

and ovcrturned coral heads. The reef tlanks consist of beddrd crinoidal p ins tones  

t Figure 7b). A n  esample of an ~indrrlying reef u-ith only the top sxhumed cûn hc recn 

just w s t  of O w n  Sound. appro.uimatt.ly a kilometer north of the intersection of 

kligliu-a>. 6;2 1 and tlighway 6/70 ( Figure S ). 

To tlic north of the study area. niirnrrous distinct rrrf "ridges". on the order ol' 

1 O in \\-ide and I O 0  m Ions. occur within the Erürnosa. rhesr have. in places. hern 

csliiinir.d Iiy crosion and are clearly visible on both nrriril photogriiphs ( Figure 9. 

inierstxtiun ut' t [igln~ny 6 and Albsmarle Section Road 5 )  and 1 :50.000 scalri 

topopniphic nitips. I ' h q  trend nonhwest-southeast (glacial crosion katures in rhs 

rcgion trend northcast-sou:h\vest) and çontinuc south into the s t u d  tircia. If s h i i l l o ~  

cnoiigh. thcsc closely packed ridycs ivoiild havc senu i  to grccitl>. reduce w t c r  h n  

hctnccii the niiniemus interreef lagoons during the Silurian. 

I'hc O w n  Sound Ledgerock Ltd. Wirinon Quarry lies dmost rntirrly nithin 

ilic Errirnosa Formation (Figure 5 ) .  Though no une location csposes the entirc 

Erûmosa. a s imp l ikd  composite section (Figure 10) has an total npproximütr 

thickness of 15 metrrs. The Erarnosa - Amabel contact is not rxposrd in the arra. The 

Guelph - Eramosa contact shows 3 rnarked change from very dark brown. Iinr- 

craincd. Iaminated dolostone to a coarse grainrd. light tan. relatiwly porous. hlocky 
L 

Jolostonr. Previous workrs  have siibdivided the section into one Guelph unit and 

four distinctive Eramosa subunits (lithofacies as described by Armstrong ( 1988): 

.-\rmstrong B Xleadows ( 1988): and Armstrong & Goodman ( I W O ) .  
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Guclph Dolostont. 

"Giiclph Formation Cpper Unit" of i-\rmstrong - moderate to thiçk heddd ( I O  to 

30 cm ) l ight tan to brown. fine- to medium-cpstalline dolostone: sparsely to 

iniidrratcly bssilikrous: fossils are gencrally moldic echinodrrm fragments. 

hrachiopods. corals. bqozonns. stromatoporoids ( - 3 rnittcrs 1. L o w r  contact 

gaclntional o w r  seiwal ccntimetcrs into dark. Iriminatd ddostonc. 

Er:inios;i Dolostont. 

lnterbcdded Unit - dark prey-brown to blûck. laninateil & unlaminaicd bituminous 

dolostones intcrbedded uith iinlmin;itcd anci tes-biturninws beds: nrxiutss 

and cstensiw shcrt-like masses of chert sccn: partiçularly prominent in <i 1èw 

ihin intcnds \rithin ihr upper part of the subunit: diwrsc tbssil content (-7-9 

nxtcrs 

JIiddlc Unit - un1rimin;ited. rnediiim-bcddcd. tan-coloured dulostones ( - 1-2 

meters. tliinner on the wst side of the quûrp. but appmntly thickeniny to the 

C N )  

"41arhlet' Unit - dark. iarninated. moderatrly bituminous dolostones: some 

esposures towards south of qua? show developmrnt of stromatolitic ( LLH) 

beds and fcnestral textures in I o w r  meter (-3.5 metres) 

Büsnl Unit - unlaminated. medium-bedded. tan coloured dolostones. calcite M e d  

ti-xtures (-3 metres) 

The lower contact of the Ermosa Dolostone with the Amabel is not exposed 

a n y  here n ithin the quames. 



Esposures in  the Lcdgerock q i i m i r s  property occur in three main areas. The 

main pit soutli o t' Oliphant Road is the largest rxposure rireally. and exposes rocks 

î'rorn the L L H  bed at the base of the "Xlarble" Unit (seen nhen w tc r  in the pit is low) 

iip t» [tic basal 2.5 meters of the Intrrbcdded Unit. Much of the estraurdinary huna 

collcçied tbr this study occurs in the base of the Interbedded Unit. In~mediately nonh 

of Oliplirint Rond. dong an acccss road. is a smaller pit rsposing apprinimatrly 3.5 

nictcrs irithin the Interbeddrd LJnit. A t  the end of the 600 m long acccss rorid. a third 

pit esposcs the ipper one-mrter of the Intrrbeddrd Unit and tipprosimatril~ 3 rnrters 

of the ovci.l!.i ng Guelph Formation. The contact brtwwn the dnrk Im-ninatcd 

dolostones ol' the Errimosn. and the massiw. tan. sugrin dolostonc O!' thc Guelph 

appclirs to he gradation4 over st.verril ccntimctcrs. 

Local microstratigaphy by the use of Ground Penetrating radar 

Dur: [O the very irregular paleo-topogrriphy. the local strata is highly 

undulatory and variable over distance. making the tracing of brds brtwtrn the three 

pit ssposures impossible. UnderIying reef ridges (some of s-hich may have rven been 

subnerinlly esposed periodically during the Silurian) and onlapping stvcilr beds extend 

out into the lagoons. Planar and continuous bedding surfaces change in srdimentan.. 

t'riunnl and taphonomic chanctrristics over on1 y tens of mrtres. In an rittempt to link 

the sections esposcd in the three Wianon pits. Ground Penetrating Radar (GPR) \vas 

used to image the subsurface. 



An carly attempt at resolving the stratigraphy of carbonates using GPR (Pratt 

;ind Mial1 1093) met with limited sucçess. chictly becausr: prcvious GPR studies 

cyuipnicnt w r e  carried out by lcss sensitive or sophisticrited equipment. Cienerally. 

rhc use of  GPR to resolvc hedrock stratigraphy in this manner is an untrisd and novsl 

tccliniquc.. GPR tcnds to have rathrr shallow penrtration in most t y e s  of bcdrock. 

and thus perceived to be not vrry useful for stratigraphic probkms. GPR has most 

olicn hwn used to resolve stratigraphic relationships in unconsolidnred sediments 

\i hcrc t h t x  are greot differcnces in subsurt:xr composition. .-1s the stiidy are3 

ciirisists of an dl-dolostone stratigraphy . exprctations wcre not greiit. 

Ground penetrating radar exploits the wave propagation char;ictt.ristics «F 

clcc troniapnetic tirlds. and in many respects rcsembles more comrnonl y used seisrnic 

rc tlcction trc hniques. The frequrncics ussd in GPR arc rniiçh hiphcr than uscd in 

scismic studies. and thus the resoliirion is much higher. iilthouyh pcnctr:itiun is 

rr.l:iti\-cly shallow. Typically frequencies from 50 to 1 O00 Ml l~ art. uscd. enablinz - 

rcsolu~ions of trns O C  rnetrrs to trns o~centimetrrs. The rquipmcnt uses a dipolc 

antcnnri. Ts (the transmitter) and RU (the receiver). both identical and 

interchangeable. The electrical conducti~ity of the host mûtrrial controls dcpth of 

penctration. Depth penetration also decreliscs with highttr frequencies. The EX1 wave 

is both rctlectrd md refracted by changes in rlectrical character betn-ern the reflector 

and the surrounding host materid. Even very minor changes in material composition 

or wütsr content givr rise to changes in clcctromagnctic impedancr \\hich. in tum. 

cause radar reflections. Data are concened from analog to digital and srored on a 

Inptop. Modem GPR equipment permits the operator to watch as data are coilectrd. 



cnciblinp decisions to be made in the field. an advantare not normally cinjoyed in 

gcophysicd data coilection. For a more comprchensive introduction to the principles 

hehinci GPR. set. a rsview article by Annan and Davis ( 1997). 

The GPR eyuipmrnt used in this study was a PulseEKKO 100. produced by 

Scnsors 'Y: Software Inc. (Figure 1 1 ). Threr mns wre completed around the Wiarton 

qii;trrir.s of Owen Sound Lcdgrrock. Run 1 \vas a IOOm line prrpendicular to siope in 

tlic nortliern pit. Run 2 was a 5OOm line dong the north pit access road. and Run 3 

\ u s  a 33m line next to a topographic high on the nortli side of the south (main) pit 

( I'ig.irc 12). ;\ Cornmon hlid Point suri-ey \vas pcrtormcd ot thc location of Run 1 to 

xqiiirc wlwity vs depth data. For the main nins. data points w r c  25 cm npiiri. and 

iIic opercitiny frequency was 1100 X l i - b .  The !opographic profile of the riin paihs werc 

w r w >  cd using (i bubbls letel. so that elrvation corrections could bt. made to the 

w r i o n  profile. Data processing \vas perfoned by J. tlopc iising seisniic anûlysis 

tcchniqiies - filtering. hEC gain processing. and topographic çorrecrion. Migration 

rin:tlysis lias nlso prrformed. honever it had nry  ligible rt'fcçt o n  the data. 

The results rxceedrd rxpectaiions. Prnetrûtion drptli w s  greriicr tlinn 

miicipated. reachinp 12 to 18 metrrs. and was limited only by the time window 

se1ectt.d during program setup. .A greater depth of penrtration could have brrn 

possible with a longer tirne window. Numerous prominrnt horizontal rrflectors tracrd 

quite ciearly across the sarnple sections likely represent variations in w t e r  content 

(and hence elcctromagnetic impedance) within the rock. Watrr content. being a p r o y  

tor porosity. probabiy retlects the lithologic alternation beiwern fine grtined 











Inminnted dolostone. and more poroiis. thick-hedded dolostone beds generated during 

Storm events. Vertical joints c m  also be picked out using siackcd hyperbolic 

rctlcctions. 

Riin 1 shows a 100 mrter transect extending tiom an present da? elevated 

ridgc. clou n ri decreasing slope to almost horizontal bcdding ( Figure 1 3 ). Bedding 

icnds to ttiin do~i-nslope in the upper portions of the section. uliilc bcds in the drcpcr 

ticilfof ihc section appcar to abut 3 large. unbsddcd structure I Figure 14). 

IIxiniinrttion of the upper 3 mcters. which are c'rposed irithin the pit w l l .  show thrit 

[lit. rhinning beds are gradsd debris H o w  containinp corûls. hrrichiopods and rip-up 

c h s i s  liom the undrrlying Iaminated bsds ( Figurc l 5 ). The large ninssive structure is 

likcly 3 buricd rcef ridgs thai. oncc subrnergcd by rising ssn Ic\d. hcconic ri site of 

rcjiivcnsted rcef gronth. The main portion of the reet'wos rcrnowd by reccnt erosion. 

Ica\ ing the tlankins beds as a ridge. .A largc displaccd block ;ipprosirnatcly l ' ' t m by 

5 ni in s i x .  cipparrntly dislodgsd tiom thc reef core and çontaining intergrou-n and 

uricntd çorals and stromotoporoids. lies within the lowrmost Guelph brds. widencc 

o f  [lie prescnct: of an actively growing rref adjacent to the priisent-dny esposure. 

Run 2 is a 500 meter long section dong the road connecting the two pits nonh 

o t' Oliphmt Road (Figure 16). The brdding in the south\iestem hûlf o f  the section 

tends to be horizontal and fairly consistent in thiclinrss. In sevenl places. beddins is 

drapcd o w r  structures which appear to originatr below the visible section. and ma! 

reprrsent palrotopography of the original sea Iloor. Bedding begins to slope up and 

ihicken towrds  the northeastem part of the section as one approachrs the possible 
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reef structure descrihed earlier. Numernus joints. only some of which have becn 

tr:ict.d. cire \ isiblr dong  the section. This long section ûlso enables the stratigraphy of 

the w o  qiiarriss to be correlated (Figure 17). 

Run 3 is O 3 . 5  meter transect on the northcm marsin of the main pit south of 

(Iliphant Road ( Figure 1 8). Part of the L~igwWïfle biota lies adjacent to n topographie 

r iw.  iiyainst whic h the uppmnost beds çnn h r  seen pinçhing out. Chfonunmly this 

risc nns buried by a thick berm (required bu the Ontario Pits and Quamies . k t  to 

surroiind thc propcn!). The location of this transat just wcst of the berm was çhosrn 

in  iin cittcnipi to imrigc thc edgr. of this structure. L~nfortunately data ncqiiisition in this 

run  w i s  cstrcmcly poor. possihly due to rxcsssivc wnter. and nothin? uscful can bc 

sccn in thc rçsillting s ~ ç t i ~ n .  

O n  the wholc. GPR imaging of the study area proved qiiite succcssful. 11 ith 

csccllcnt depth penetrrttion and surprisinglp high bed resolution. Strritiprriphic 

changes owr boih venical and horizontal distance indicrite the presencc of 3 

pnlcotopography rrprrstinting multiple adjacent lagoons separated by small nscs. 

somc of \\ hich w r e  probably rcrfs. others bcing older lithiticci srdirnents draped ovsr 

hiirisd rcrfs lower in the section. '&;hile many Silurian Kon.~emat-Lïr~t.r.~r~irtt'~~ have 

hccn postiilated to have been deposited in a lagoonal srtting and oftttn associated with 

ncarby rcr tS ( Kluessendorf 1991. LoDuca 19%). this is perhaps the first direct 

evidrnce for such a paleogeopphic sening. Debris tlo\vs at the top of the Ernmosa. 

describcd beIow in more detail. indicate that some of these rises w r e  the site of 

cictke rerf grouth. Wirh further section mns perpendicular to each other. a threr 

dimsnsional image of the local stratigraphy to a depth of 10 mrters could be 
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prodiiccd. Furthcnnore. using the GPR data to select optimum sites. drilling ivith core 

rccovep is hcing planncd for the propcrty. Lking core as a reference. specitic 

litholog)- types c m  br nssipnrd to individual reflectors and traccd across the q u n y  

propcrty . 

flic sucçr.ss of this new technique shows the usrtfulnr.ss of GPR. not only in 

thc imnging of ncar surface reefs. but also the resolution of cornplex sniall-scale 

stratigrîpliiç katurcs that ors  not in regions with con~cnicntlp ssposcd sections. or in 

dii~iciisions othcr thon what is visible. enabling resrarchers to "crrate their o w  

r d c u i " .  From ü commercial viewpoint. this technique also has provrn qiiite useful. 

I:inislicd-sii~nr. qunrrics such as Owen Sound Ledgerock requiri: specitic stonc t!.pr.s. 

and iiiit;)cusscd escxating of poorly brdded rock is ri signi tlcant irastr ot'resources. 

( ;PR irnoying hris shou-n which ûrens haw suitable rock. and nt uhat depth. Naturai 

joints and licictiirt.~ ;ire uscd to aid the excavation process. and thesr also c m  be 

Iocattxi iising ihr. GPR data. 



Litholoov L w  and Sedimentology 

Deposition and Diagenesis 

Hic Eraniosa is composed chiefly of fine-grainrd dolostones that vrir). in 

~u tu rc  f i c m  rlic mcdium hrown-colord. ver! regularly Iriminated "Mrirhlt. M t " .  to 

iIic h r k .  organic rich lominatrd dolostones intrrbedded with lighter. non-lnminated 

dolostimcs O t'ihe " lnterbeddd Unir". Pmiçularly rvithin the Interbcdded L'nit. tlic 

liiliolog ;iltcm;iics hetuwn diirk laminatcd heds and liyhtrr non-larninatrd hrds (it a 

mi. Jccinictcr and rnctcr sçük (Figure 19 a. h). Thc Erümosa is also characterized h!. 

its tiigh pl-r«hitunicn content I TOC of 0.04-1.W i - ru-oro. 1985. çitzd in .-Irrnstrimg 

ancl (ioodninii 1 980 1. Al though the Eramosa hns been identi tied as a potentiül source 

rock t i ~ r  Michigan Rasin hydrocarhons. TOC'S in csposed units herr are hrlow 

cstractrihlc linlits. 

Local tupoyraphic highs (as obsened both in outcrop and in the GPR sun-e-) 

w r c .  at ur>.ing timrs. complcttely submcrgrd (ovrrlying beds are continous. though 

ma'. s l i o ~  somr thinnine) and map have bern prriodically subarrially sxposed. xith 

the o\.t.rlying strata onlripping onto a corrosion surface (Figure 20). The intenening 

lagoons w r e  periodically isolated from the open sea during low sea stands (possibly 

correspondhg to pcriods of salt deposition within the basin). as evidencrd by rhr 

prcsence of knrstic surfaces (Figure 2 1 ). syn-sedirnentnry reticulate salt structures 

( Figure 17 ab). and mudcracks (Figure 23). 























The ongin of dolostone is  an oftrn-drhated prohlern. and the ansiver. 

porticiiliirl!- h r  the Eramosa. is probably a variety of sources. Numerous patch rcefs 

tliroughoiit thc arca. somct of which w r e  likely actively prowing. can produce 

c:irhimatc silt b) the physical breûkdown of the skeletons of organisms siich as corals. 

siroiii;ittipor~>ids. crinoids and brachiopods. This müy Iiccount for some of the 

carboiiatc hroiiylit in during stonns and deposited as carbonate silt. Thr breakdoirn of 

tlic shclcrons oFcdcarrous algae. cornmon ivitliin modem shsllow w t e r  carbonate 

CIIL ir~~iimcnts. cm  provide large nmounts of carbonate. Both ihsse sources supply 

calcitc. rtitlicr tlicn dolomite. Dolomitization can occur by waporitive rctlus of 

niarini: \vtitcrs ( DeKcycs et al. 1965. Blatt ct cil. 1980) during times of low sca Icvcls 

;iiitl suhocriül c.sposiire. The higher porosity of somc of the dolostone beds. and the 

ci!licdr;il mtiirc ot'dolomite grains as stxn in thin section. ma). be evidcncc h r  the 

con\ crsion ot'cnlcits and riragonitr to dolomite. Dolomitization also resultd in vu&- 

priducing Jissolution of fossils. Later striges of diagctncsis produced fracture-tilling 

clilcirc dcposiiion. 

I ligh pcrcentagrs of dolomite within modem marine carbonate environmcnts 

c m  he Jcpositcd dircctl> as detritd grains ( Al-Bnkri et al. 1984). Subaerinl ssposure 

u f  pre-csisting dolostones within and adjacent to the study area (the dominant 

litliolog!. throughout the repion) could provide a source for thesr detrital grains. 

Carbonate \tas nlso possibly deposited directly as an a l p l  or cyanobûcterial 

precipitntc. Carbonate laminae of the "Mmble" Unit grade directly into laterally- 

linked hernisphericril (LLH)  stromatolites (Figure 2-1). These small domal structures 







iippenr to have intergrown directly with (now dissolved) gypsum crytrils of a fsw 

iiiillinictcrs in s i x .  The salinitp of the lagoon at that timr ma'. have been high enough 

h r  dolomite to prccipitritr dircctly. 

Nature of Laminations 

rhrougliout the unit thrrr is ample ci-idence of sediment-laden miçrobial 

n i m .  Spcctaciilnr "çrinklrd" brds i Figure 25 ) chüractrristic of the cohesiw properties 

o f  niicrtihi;ill) bound sedimsnts ( Schicher 1099) appcar to represent the disturbance 

o f  t t~c  ~ippcnnost. non-lithi ticd la!.crs « t'microhial mats by ivciws. Frügmcnted and 

rcdcpo.;itcil Inminric.. otirn with an owrlying l a y r  of carbonate mud ( Figure 26 

rcprcscnt tlic distiirbance of partiallp litlii tid mats durin, storm cwnts. 

UÏthin thc "klarble" Unit. spacing of lxninoc can be quite rcgulnr ( Figure 

17ai. wgpcsting thüt Jeposition ot'crirbonnts was controlled bu the dail! mctnbolic 

x t i i - i t )  d t h c  microbiril mats. Some of the Iaminae within the Intrrbedded Unit show 

A clcar. rcpctiti~-c variation in lamina rhicknncss (Figure 27b) resernbling neap to 

spring iidal variations in sedimentation (Feldman et al. 1993). This would suggest thrit 

ihesc latter Inminations were produced by the tidal transport of detrital carbonate 

grains. rnther than direct precipitation. with the organic-rich cap of rach lamination 

produccd b!- microbiril colonization of the nrw surface. 

Lnniinae can be nccentuated by low amplitude stylolite formation during 

burial and compaction. 















E w n t  beds 

Nunierous buff-colored. carbonate silt beds of vc i~ ing  thickness occur 

tliroiiylioiit the section. The? range l iom ont: to 70 çms in thickncss. and sornetirnes 

c m  hc' I T ~ C C L I  Iatcrnily into sewrril beds. Sornr. show evidence of Iiomogenization by 

hioturh~ition. though hurrowiny rnrcly prnetratcs into the underl! ing Iûminated 

.;cJiiiicnts. Tlicse rcprescnt storm t.\xnt heds. the merging of hcds representing 

:ini;ilgaii;ition diiring rnuliiplc. storm cvcnts. 

In conirrist to surrounding dark. Iriminatrd dolostones. tliesc srdirnrnis ~vould 

Ii;n c hccn os!ynritcd during siispension by storm W V ~ S .  rcsuliing in the 

dccoriiposiiion u t'orgcinic mliitrr k t  itliin the original sediment hy hüctrrinl action and. 

Iicncc its liglitsr color. Ont. paniculür ewnt hed uithin the soutli qiiam contains 

s t rumrcs tlint rcscmhle collapscd wids ( Figure ?Sn) u ith hcd-wriace ruptures 

i Figiirr. 1S h 1. This may rcpresent storm ritdeposition of panicularly organic-ric h 

.;cJinir.nt. cit1t.r which decomposition of the organics producd enough pas to forrn 

huhhlcs siitlicient to burst through the srdiment surface. .-\ tinc-grainsd lining of the 

c0IIapscI1 structure is consistent with that caused bp particle settling nithin the gas 

w i d  and subsequent rupture obsrn-ed during organic-drcciy experirnrnts (Zangcrl 

FI71 ). 

In the uppermost part of the Eramosa within the study area. stom-yenerated 

debris t l c i w  dsscribed sarlier ( from 10 to 30 cm in thickness) contain material carrîed 

liom a necirbu potch rerf (Figure 15). LMike those of the lower Erarnosa. tliese 







gradcd cwnt bzds contain much fossil material. including coral. brachiopod. and 

crinoid Jcbris ( Figure 29). Unfossilizrd coral skcletons. particulnrly living coral. have 

3 iiiiicli leu er dcnsity than 1iihitit.d material. and behaw h>~drodynnrniçcill~. l i  ke 

pxticlcs ot'a muçh smaller size whcn rnowd. hencr somc of the coral material lies 

ci~nspiciioiisl!. liigli in the gradcd hed. Bstwen thcsc Iürgsr debris Ilows. srnallrr 

cwnts prodiiced carbonate silt beds ol'only (i ft.w niillimeters in thickness. and u-hich 

gciiil! covcrcd and smothered a dasyclrid algal comrnunity. 

.+ln iiniisual bed tracrable lbr some distance in the soiith qiiürry sho\vs highly 

contuncd heds and ball-and-pillon- striictiircs. somctinics with st.c»ndary chcn 

Ibrn~iition Jcwlopcd nround particulürly tight "knois" (Figure 10). This r n q  reprrsent 

soli-scrfinicnt dcbrmütion trigyered bu n seisrniç event. The rcgion docs have sewral 

t.~iiilis. wmc u f  \r hich arc still iiçt i1.c ioda:. Onc such kiiilt. thc Clnrendun-La!-ndon 

striiciiirc \icst o f  Roçhcster. W. has 3 w-tical rlisplacrnicnt of several hundrcd kc t  

anri s h o w  txidencr ol'mcwment during Silurinn tinies. 

Thin. often fairly continuous chert beds occur periodically through the 

Interhedded C'nit. particularly in the lower several meten. The brds often grade 

horizontal ly frorn nodular zones to shrrt-like masses ( Figures 3 I a.b illustrate the 

same hed over ii distance of 5 meters). The rdges of chert nodules often cut across 

Inminntions. 'mesr beds are O ften associated u-ith surfaces containing orirnted 















cephalopods (Figure 3 1 b). and rh>-nchonellid shell bcds (Figure 32 ri ) .  The chert 

presen-es tlir only uncomprrssed hrachiopods (Figure 32 b j within the Enimosa. 

indicriting very ccirly silicilication. 

Dietrich ct. cil. ( 1963 1 çoncluded through petrologic studies that silica coiild btt 

prcçipitntcd hoth bc t'ore and during lithi lication and dolomitizütion. Siever ( \%2) 

.;iigycstcd. bastid on espcrimrntnl data. that adsorption oforpnnic rnnttrr i whrther 

originnll) depositcd or producrd as the mrtribolic products of bacteria) onto 

\L Iiiclici-cr siliccous orgcinisnis u-ere present nould slow dissdurion of cimorphous 

silica. u hcrcas ihc siliccous organisms in the surroundin- arcas itithout orgünic 

d w r h ü t t . ~  u«iild hc l i r e  i o  dissolve. .A concentration grcidient ol'dissolvcd silica 

wiilil tic sct up. mnking possihle diffusion from the surroundinps into the sitc whcre 

org:inic: rmterial \wuid çontintic to irnmobilizc the silicn h~ prodiicing insoluble 

orcaniç silicri c«mplcxrs. Decornposition of thc organic müttcr prodiiccs CO:. I«u.t.rs 

p t 1 and diss«li.es carbonari: at the reaction site. i\ hiçh ditliiscs in the opposite 

di rcction. prcc i pitnting in void spacr. The procrss continiies. n ith crtrbonatc 

dissu11 ing and silica precipitüting rit the site until the orgrinic matter \vas siihcr 

completsl~. osidizcd b'. bnçteria or cornplesed wvith silica. or until the bacterial 

;içiivity that prclduced the CO? ceased. 

Uïthin the contest of the Eramosa chert brds. i t  would srrm that the ptesence 

of deniosponges in the Ion-er Interbcdded Unit would br a source of original 

amorphous silica. and the vaping organic content of individuül lnminaç and of the 

carbonate silt trmpestites would produce gradients of variable oryanic dscay rates. 



The hurial of dense shsll heds would provide particularly high arnounts of decaying 

orprinic motter within thin. 'et continuous layers just bslow tlic scdimcnt-water 

interface. \VIicre c h u t  is only sparin@y present. i t is oltcn concentratrd within 

rirtiç i11ntc.d rtiynchoncllid shrlls alonr. turthcr i llustrating tlie precipitaiion of si l iça at 

sptxi tic sites of organic decay. 







The Biota 

Thc hiota recovered from the stuciy area is uniisually diverse. although it 

slio\is qiiitr a varid distribution ovcr the thickness of the Eramosa. The "basal unit" 

is uncsposcd \vithin the yuarry property. but a single hloçk (ris (i lest sample) lifted 

tioin thc h c l o ~  the LLH stromatolite bcd during qi inm-  opcrations. üppcnrs io he 

r lc\  nid o f  an). trace or hocl! fossils. The "htarhlr unit".  r.stt.nsiwly quarrid in tlit. 

.;«iitIi pit and the base of the esposed section. is an unlbssiiikroils al@ Inminatcd 

Jolostunt.. Nu miicrofossi t s have bwn rccovercd fiom t hesc rocks. I'htt ;ibscnct. t' 

c w n  trricc fossils within this srquence supgests that a lnck of body fossils is likel?. not 

rncrcly a tnphonomic nnifrict. but thnt the stromatoliiic Iügoon wûs perhaps ioo hostile 

tbr rnctiizoan lire. 

Thc "Middle unit" contains few fossils. but rare orthoconic cephalopods do 

oçclir. On the rare occasion. when more than one is encountered. the cephalopods are 

usuolly riligneci. indicating that empty shells were likely washcd into the lagoon by 

\ ~ 3 ~ e  or currcnt action. Trace fossils are fairly common on some bedding surfaces. 

and mriinly represcnt Cltomlrirrs- and Pki~~oiirrs-type traces. .A few rare plant fossils 

w r r  also found. The complete bioturbation of some othenvise unfossili ferous 

tcrnpirsti te event beds indicatss activity by macro-organisms. 



The uppttr "interbeddrd unit" is. in places. very fossiliferous. and contains 

most of thc fossi l material recovered during this study. Fossil distri but ion nithin this 

unit is not Iiornogrntious. howrver. The unlaminated tsrnpestitrs tend io be 

iinfossilit'crous. with most fossils oecurring x i th in  the dark. tinrlp laminatrd 

dr)lostoncs. Fossil niateriai tends to occur in low to tnsdiirm densities. scattcred on 

hedding suri3cr.s. I ligh density shrll brds. mostly composed of rliynchonellid 

hrdiiopuds. occur only rarely. and even thesc shotc. relativrly littlr rvidence of 

rcvmking. 

On ii sniiill scnlr. thrse fossilikrous hedding planes arc irrepdarly clisrrihutcd 

tlirouglioiit thc scction w c r y  0.5 to 2 centimetcrs. intersperscd wiihin otlicn~isc. 

poorly fossilifcrous to unfossilifrrous dolostone. The boumbiist colonization ol'tlic 

scdimcnt surtaces is oRrn by nrar-monotupic populations. the colonizer chnnging 

i iom hcdding plane to bedding plane. Whilr thc most common çolonizcrs iwt .  

rli) nçlioncllids. there are also bedding surfacrs dominatcd by eithrti drisycld dg3t'. 

pclrc) pods. gcistropods. echinoids. ophiuroids. crinoids. sponpes. phyllocarids. or 

.Y~v+prilifc.s tuht's. 

O n  a 1oryt.r scale. faunal compositicn changes significantly owr the ihicknrss 

or the Interbedded CTnit. The lower meter of this sequence shows a progressive 

inçrense in diwrsity. prirticularly in those groups of organisms more cornrnonly 

associatrd u-ith normal marine conditions (e.g. brachiopods. crinoids. trilobites 1. 

Ttiin. light-cdored b d s  representing probable tempestites are common. and occur 

c w r y  fcw crntimtiters. Xbove this are several meters of fairly Iithologically 

monotonous. vsc unfossiliferous. dark. laminated dolostone containing rare 



ccphalupods and eup-pterid fragments. The next few meters in the sequencs arc not 

wll-esposed anywhere on the propert).. but the uppcr rncter of the Eramosa (which 

çan he sccn in the northemmost pit) contains nltemating storm-cierivcd debris tlows 

cind dark. iriminatrd dolostonrs. The organic-rich. laminateci dolostonrs contain an 

nutoclithonous community ofdasyclad nlgae and articulateci scolecodont 

nssrmhlagcs. \r hile the light tan. yraded debris flows contain an allochthonous reel 

community consisting of facositids. brachiopods. and crinoidal dcbris. The uppcr 

surfnçc »font!  dehris flow scems io have bern colonized by large n~irnbcrs of the 

h r x  hiopod 11 'hi/ ficlrlellri. 

Flora 

Hic niricrdlon of nny marine environment is a major cornpunent ol'ihc 

ccihgic diwrsity. and signiticant element of an? eçospstem. Wnrm tcrnpcratc and 

tropical corists (rcprcsenting a varictty of sub-cnvironments) dl have h m  600 to Y00 

spccics among 200 to 300 genern of srawerds (Lüning 1990). The scvcral groups of 

calcarcous alyüe have a reasonable fossil record. alihough the fragile nature of non- 

çnlcareoiis tliallophytic algae ("senwerds") normally makes thcir preservation 

vinually impossible. Amone saan t  rnulticellular a l o .  onlp approximately I OOb of 

henthic hrms are calcified (Taylor and Taylor 1993). Hence the paleontologic record 

contains wp. little information conceming this very important aspect of cornmunit>- 

structure. 



Early workers recognized that paleo-environments must certainly have 

containcd a marine tlora. and described many ichnotossils. animal rrrnains. and even 

:~hi»tic structurrs as plant remains ("fucoids"). A s  a dreper undcirstanding ot' fossil 

przsen.ation \\as reached. manu of those samr workrrs believed thcit algal material 

couid not possihlp be presend in the marine environment. and prileontology entered 

a long prriod of "tlora denial" where virtuall!, nothing \vas assigneci plant ciflinities. 

Ironicall y. nian! tossils assigned to groups likr the graptolites. including =enrira that 

Iind hcsn originnlly described as plant and Iüttx rnoved to o t h r r  groups (eg .  Boutek 

1957 1. arc in fnct cigain recognizrd as fossil plants ( LoDuca 1990. 1.oDuc.n anci Brctt 

1 c197 ). 

in mudcm shallow Liater environments. algae clin be rcsponsiblt. Ior 

siiyilic:int hiomass prodiiction. Thc deüth and decomposition ot'this m,îterinl c m  

contrihiitc Iürgc amounts of organic mattc'r to thc scdiment. contribute io iinosic 

crmditions hoth above and belon+ the sediment-wter intsrfacc. and th~is hate 3 

trcnicndous affect on the character of sediment deposits. This "invisible" component 

o t' the pnleoc»mmunity may f o n  locally apprecicible prrcrntages of orpnic  müttrr in 

petrolcum source rocks (Dix 1990). and may be responsible for much of the organic 

content of the Jark Eramosa sediments. 

Throughout the Eramosa in the study area. there is ample evidrncc of 

microtlora in the form of cynobacterial tllrns and stromatolitic structures. and one of 

tlir distinctive characteristics of the Eraniosa Logrrstiiire is the presrn-arion of a 

di verse m x r o  tlora- 



Non-dasyclad Algae 

Man\ different Forms of thallophytic algar were recovered (Figure 33 ): these 

inçliidc both hranched and unbranchcd foliose forms. stick4 kci foms. bushy forms. 

r:idid I;)rms. and tangled mats of filamentous algae. Veq, little crin lx donc. howver. 

m i s  classi fy ing these nlgac. Modem high-level classitication of al gae is bnsed on 

iinprcscn-ablc. cellular-lcvcl chmctrrs.  a primary one being the t>-pr: of chlorophyll 

prcseni. ecisily visible in a living esample as color. tlcnçr: the dgnl divisions "Red 

. . \ lyc" ( Khodophyta). "Brown Algne" ( Phüeophyta). "Circcn Algcir" (Chlorophyta,. 

cic. Conipl kat ing ihis is the tendsnc y towards conwrgent g r o s  rnorphol«gies u ithin 

nian! of the yroups. While sornt: morphologies ma? be more commonly associated 

u itli p;iniçular ~i lgnl  divisions. menninghl ûssignmrnt cnnnot hs madc nith an) 

dcgrcc oI' ccrtriinty. 

Sc\.cral unbrrinched foliose t o m s  (Figure 33. ri-ç) show a sirnplc rlongüied. 

hlndc \rit11 n rnediün linr on a stalk of vaping Irnpth. and a  smcill. simple holdfast. 

.-\nion- thc Inrger hranched forms. one sprcimen bifurcates symmctricrilly thrce times 

( Fi piire 33 .  1'1. resembling what is cal icd "Cj~ondritrs" rersw . "C %ondrirer" wrsw 

closcly restmbles ihe modem chloroph~te Cudiiim (Order Caulerpalcs) and ma?. in 

lact. he a green alga. though similar morphologies also occur in estant brown and rrd 

nlgnc ( LoDuca 1995 ). .-\nober l a y e  fom has a main stalk resernbling the Silurian 

plant Hosrbtdku (Figure 33. d). The stalks on the Erarnosa specimrn terminate in 

nurncrous. fine ramifications. a tèature not obsen-ed in previous Hosrt~vlh 







specimcns. indicnting little transport. Banks ( 1968) regardrd Hosfinefln cis a primitive 

\-asç~illir land plant and. if tme. it probably colonizrd the srnaIl. rxposed topogrnphic 

I~iglis dottcd amongst the Ernmosa lagoons. The rernaining t'orms of algm found 

\\ itliin the biota. but deeing classification as dasyclads. show morphologies that are 

coninion rimongsr rnanp of the algai divisions. but which çannot be ascribed to any 

pnniciilrir group. l'hcse include mats of long. tangled. tilamentuus rilgat.. and several 

circular forms of small. benthic algüe a-ith radially-arrangd c u w d  or brrinching 

ii1;lnwnts cituchrd to a central point or stalk (Figurc 33. c ) .  

Ihc Dns)dadales. an order within the Green X l y e  (Chlor«ph>.ta). is unusud 

ntnong the alpar. in ihat it hos many unique rnorphological charxicristics. cnciblinp 

t:isonomic iissignment io he made. Coenocytic i single-ceilcd I. Das).cladalt.s c m  

rcach up to 100 mm in lengtli. are highly differentiotrd. and prodiicr spccies-specitk 

pattcrns rit distinct sites (Berger and Kaever 1992). 

.-It kast two f o m s  of algae u-ith clearly dasycliid affiliation were found within 

the Errimosa Lqersfüttr. Several specimens of Pulm~itop~+ci<s were recovrred 

i Figure 34. a.b). This cornplex. highly branched p u s  has pre\.iously only bern 

descri brd from the Wenlock-agrd Moto! Beds of the Czech Republic ( Bouf ek 1% 1 ). 

Originally described as an alga. i t  was later redescribed as a graptolitc ( BouCek 1957). 







I t  çonsists of a thicker crntrn! axis approximately I mm in width. dong which are 

attnchcd sccondary ramifications averaging 0.2 mm in width and up to 25 mm in 

Iengtli a w y  from the growing apex and considerably shortrr near to the apex. The 

scçondnrp ramifications then givr n s r  to numrrous 1 .j mm long tertiary iaterals. 

vihich in tum cm be bifurcated (Figure 34 c). :\rrangement of the seconda- and 

ieniary laterals is not rntirely clttar. but ii apperirs to be aspondyl (i.c an irreguliir 

ii~tliçhrncnt pattern ) rather then euspondyl (whorls). No reproductiw structures w r c  

t h s e n u i  on any of the specimcns. nor can the original Icngth of the prima? asis be 

dctcrmined.. 

T h c  sccond hm of dasylad alga w s  sufticirntly wll prcscn-cd. and found in 

sulticicntly large nurnbers sho\ving different gro~vth stages to hc formally describcd 

h c l l w  as n new genus and species. 

Thc dasylad alga Wi~irtondl~r nirhhinuplionr n. gcn. n. sp. is presrnrd in 0.1 

to 1 .O mm thick. dark. orpanic-rich. sholy laminae btitwrn 1 to 15 mm thick. lighi- 

colored. organic poor. carbonate silt beds. The dork beds are devoid of trace fossils. 

but contain numerous scolecodonts (both aniculated and disarticulated jaw elements). 

h i n t  impressions of dccalcified brachiopods. and includr a mixture of intact and 

fragmenta- alga specimens. the latter typically consisting of dissociated laterals and 

dcnuded main ases. The rarying levrl of articulation of the remains. combinrd with 

the sedirnentological aspects of the beds. suggest a scenario in which standing crops 



of nlgae. in v a ~ i n g  stages of their life cycle and established in a normally low eners? 

sctting. w r e  subjectcd to b i e f  episodes of violent agitation as the result of s tom 

activit) . Somr spccimrns olalgae experienced immediate storm-induced obrution 

iind w r r :  presm-ed intact. whereas others were buricd only after prolonged esposurr 

ra \i.ai-e agitation following uprooting and suspension in the water column. and rire 

conscqucntly much more tiagmrntary in nature. Large numbrrs of deciduous laterrils 

slicd during Wiwtunellrr's normal lire cycle also çontri bute t» the voliirne o t' 

lingmentary ninterial. Return to low energy. low osygen conditions following stomi 

cvents tlien insured that the rniombed biota rrmaincd free of s c a ~  engers. 

Like othrtr material of noncalcilied dasyçladrilsrin algae k n o w  in [lie fossil 

record (cg. Banks 1968. 1.oDiica 1990. Kenrick and Li IOW ). specimrns of 

l *iwtoud/~i  nirhhiilopl~oro arc prescnui as blac k carhonnceiws residucs. thtir carhon 

coiiiposi tion being çontirmcd bu r lcctron miçroprobr anal>-sis. in man' of thc rilga- 

benring laniinar. Il'iwtonell~i is presenrd as a thin cnrhon ti lm. Howewr compact ion 

within some bcds appcar to have been minimal. possibly due to cnrly lithiticaiion. and 

specimens conscquently show kiimensionality. In some sprcimens. organic content 

scems to have bcen so high within the bed that srcondap- carbon has hsen deposited 

ûs n çoating ont0 the fossil materiai. 

SYSTEb1.4TIC PALFONTOLOGY 

Order DASYCLADALES Pascher. 193 1 

Family TRIPLOPORELLACE.-\E Pia 1920 (nomen transiaturn Berger and Kaever 1992) 



Tribe IJTERIEAE (sensu Bassouilet et al .. 1979) 

Bir~,iptosis.- Thallus cylindrical. wi th or wi thout annulation: distinct separation 

and alternation of strrilr and fertile w-ticils: position of the fertile organs within the 

r:imiticciiions indeterminate. (Translated from the original French.) 

Disc~iis.c.io~~.- Thrcr of the five families of Das)~clndalcs. namely 

Tri plo porc l lacerte. Dasycladaceae. and .Acetûbulrtri iaccati. contain trisa with two types 

o f  I:iternls. .-\niong Triploporellaceae. such a trait çhnrriçttxizes two tribes. 

C! lindroporellcac and Ckrieae. these bcing disting~~ished one tiom the oiher bv the 

\r-horl positionhg of the different Iûteral types: toyt'tht'r in the samr nhorl in 

C>.lindroporcllcoe: sqregatcd into altemating nhorls in the Utrricne. [n thc Famil' 

Dasy1ad;icenr Iüternls of tao types occur only u-ithin ihc gcnus ( j m ~ p o i i ~ i .  H m .  

sets o f  5 - I O long strrilc laterals aitemûtr witli sets composcd of an approsirnûtrly 

eqiiril numbcr of slion sterilc laterals. Finally. in thc das!.cladalran Fnrnily 

.~\cctahulariacecie. al1 tribcts are characterized by tuo  types u f  latenls. but insteûd of 

being inflated at just thrir distal ends. as is the case in the othrr examples considrrçd. 

the fcrtilc laterals are inflated dong most of their length (instrad ofjust  the distal 

ends) thereby forming verticils with a distinctive cuplike (umbrellophore) 

rnorphology that semes tu define the family. The nrw senus IlÏmonrlZrr brars 

laterals nith a morpholog and arrangement in precise accordance with the Cteriaea 

body plan. and on that basis is assigned to this tribe. lt7trrloneila extends the range of 

the I'teriene bv over 250 million years. from the Cretnceous back to the Silurian. 



Genus WIARTO&ELLA new genus 

T i y w  .sp~-iu.s.- Il'i~irronell~r rtuhhinopl~orri nrw species. by mono ty py . 

Bkigw.sis.- Noncalcified thallus comprisin- a narrow. cylindrical main mis 

witli unhrnnçhed lntrrals in whorls (euspondyl). Laterals of two typcs: ( I ) hnir-like 

iviili tüpcrcd ends (trichophore). and ( 2 )  cylindricûl with büll-shaped teminations 

r pliloiophorc). Verticils of sach lateral type altemate d o n g  the main auis. 

/3yriob)q..- In rekritncr to the geographic origin of the material. 

Di.wr.s.sion.- The ï r ibe Literiiiea includes. as wcll. the gcnera L-tcri~i and 

. h g i o ~ ~ ( n ~ l l ~ i .  IFimo~irll~i difkrs  from Lierici in the unbranched forrn of its kn ik  

lntcrcils. and from ..fi~giopurella in the shape of its fertile latrrnls. thesr being much 

Icss intliitcd distdly and having relatively much longer tubular "bases". Il%~rror~rllo 

ditTers from both genera in its complete lack of calcification. 

WIARTONELLA WBBINOPHORA new species 

Ditrg>~osis.- .As for the pnus. by monotypy. 

Description.- Thallus noncaicitied. 23-40 mm long and 4-7 mm \vide. with 

unhrrinchrd laterals in verticils (euspondyl). Main a i s  narrow. approsimatcly 0.15 



mm \vide. cy lindrical. without signi ticant change of diamrter at verticil junctions: 

;~pcx hliint. Laterals of two types: phloiophore and irichophore. Trichophore latsrals 

longer than phloiophore types. 3-5 mm long and 0.05 mm wide. Phloiophore laterals 

1 2- 1.5 iiini long. each comprising a cylindrical shaft 0.06 mm widr and an intlated 

sphcrisal terminütion 0.1 mm in diamctcr. Latrrals srgregated hy type into altrmating 

w-ticils dong niost of the lrngth of the main mis. these spaced ripproximat~ly 0.15 

nim iipnrt (Figure 35. a). Rhizoid globose. appro.uimatcly 0.35 mm in diamriet. 

1. tyrnolop>.- I'he trivial n m e  refers to the conspicuously intlated terminations 

OI' ttic phloiopliorc laterals. 

7 : i p ~ s . -  llolotypt. Figure 35. b: paratypes Figure 35 c-e. 

l'ipc locdi~ . . -  Wiarton quarry of O\vm Sound Lcdgerock Ltd.. uest 01' U'ixton. 

Oiitxio. .-\ppn>simatt.ly 1 meter below upper contact of the Eramosa Dolostonc. 

Di.scirssiort.- :\lthough no reproductive bodies (cysts or gamrtangia) ha\-e been 

obscn-cd in thr phloiphore laterals of IV. nirbhinoplioru. such structures have bren 

obsened in similarly shaped iaterals of other dasycladaleans ( tg . .  TripIoporeIlci. 

Barrittolo 1982). Thus. the phloiophore laterals of this specicts are intsrpreted hy 

analogy as gamctophores: the lack of obsrn-ed reproductive bodirs is attributed to 

prescnritionûl limitations. 



('. P x i t y c  wi th  no phloiophorc loterds: x 5.8. 

1). I'aratyx. u i t h hll! dr.w lopcd pliloioptiore Ilitcrals. trichophore Iriicrals 

hcconiing Jeciduous: s 7.5. 

1:. I'arat) pt.. ml) piiloiophorc latcrüls Idi: s 2.5. 

1:. P m t y  pc. phluiophore laternls becoming decidiious. Ircivinp ht. hind 

cicnudcd central sttilk: s 8.5. 





By iitilizing 3 number of complete specimens presened in various striges of 

growili. it  has heen possible to reconstruct a h i r l y  complets picture of the ontogeny 

of II: ~t~hhiriopl~oi-ri.  outlinrd as foliows. The carliest stages of thallus growth 

prod~iccd onl >- verticils of short. sterile. trichophorr latrrals ( Figure 35. b. lower part 

ofspcciiiicni. rhis \vas thrn hllowed by "typical" yrowth consistiny oh-erticils of 

sttxilc trichphore Intcrals alternating with \-enicils of phloiophore fenilt. latcrals 

i Fiytirc 75 .  h. rcrnainder ofsptximen). The former concealrd and perhüps protectcd 

thc inter\ cning wnicils of fertile laterrils and were retaincd until final growth height 

n as ;icllic\ cd. \\ hercupon the? became deciduous ( Figure 35. d 1. Ieaving the thallus 

coniposcd I:irgc.l\. of u horls of mature krtile laterrils ( Figure 35. c ). Ewntulil l~. the 

îCrtilc Intcriils d s o  becarne deciduous (Figure 35. t). Ienving behind ri dcnudtxl main 

rixi.;. In ;ipp;irent çontrrist to the preceding. sorne sprcirnrns of Il: mhhita~pl ioro  o t' 

miiiirc Iicight appear to lack fertile laterals (Figure 35. c). .A possible t.spl:inntion h r  

t li is irict!. hc tbund in the ontogeny of the extant daspcladalean .-lc~.ïrrhtllwici 

~ t c ~ v ~ r h t i l ~ r i i t m .  Cnder natural growing conditions. the rhizoid of this speciss producrs 

thülli rviili only wgatative (sterile) laterals dunng the summer months of the tirst two 

CTOM ing scasons. with reduction to the rhizoidal base occumng during the intttn-tininy 
L 

u-inters. 1 t is only during the third prowing srason that a thallus is producrd x i t h  

knilt: Iatcrals (van den Hoek et al. 1995). IV. nribhinophora may have possesscd ri 

sirnilx life cycle. The possibility that thesr sterile forms instead reprexnt a phase of 

oniogcn) which was then irnmediately followed by a phase of Fertile verticil 

production through second- o u t g o w h s  of the ce11 wall is considered highly 



unlikcly. as vcrticils in al1 living Dasycladales are only produced at the ~ rowing  tip of 

[lie mis: in calcified forms. such seconda? vcrticils. sven if possible from a 

tiiorpllogcnesis standpoint. rvould be blocked tiom development by the çaicareous 

co;it, 

..\nion! estant Dasycladafes. the morpholog of if*i<ir~onr/ki rrsc.niblr.s that of 

f l < i & ~ . o r : i . i l ~ ~ .  In h<r- .conne.  as in If'iwto~ielltr. verticils of inflated fertile laterals 

;iltcrntitc \\ith w-ticils of narrow strnle liiterds alon$ the Iengih of the mis. The 

I;iicrals of H ~ r i ~ . ~ . o r ~ w c  (both sterilc and fertile). however. branch. and the fertile 

I;i~cr;ils I;mn ciiplike (~irnhrellophore) wrticils. although this lartcr kature is mainly a 

consqiicncc of the Iritcrals of Hdj~cotytr  being intlated dong most of their Icnpth. 

insicd ot' jw nt the terminal end ris in I~I~rrtonelltr. and thus docs not present as great 

;i Ji ili.rc.ncc ;is might Iirsc nppear. 

Ilic trcrncnclous rnngc r.xtt.nsion of the Cterieae tliai resulis from the 

;issignnicnt II'. mrhhiwphortr to this tribc begs the question of whether this. instead. 

niiglit represent a case of convergent evolution among t ~ o  only distantly relatttd 

groiips. \!'cri: it  not for the recrnt discovèry of ri numbrr of othrr morphoiogically 

"rici~.~inct.ü' dasycladalsan taxa from the Lower Paleozoic (LoDucri 1990. LoDucund 

E3rctt 1997. Kendrick and Li 1998. LoDuca et al. 1999) such an alternative 

esplnnrttion ï\-ould be difficult to refute. Howevrr. these new taxa clearly indicate that 

considerahle morphological innovation among Dasycladales had bren achieved by 

the end of the Early Devonian. including al1 types of reproduction (endosporatc. 

cladosporate. choristosporate and umbrellosporate). Therefore. the most parsirnonious 

csplnnniion is that al1 of the major dasycladalean clades can be traccd back io the 



t.iirly Paleozoic. and that the picture of dasycladalran evolution developed pnor to the 

discoieq- of  these taxa. The picture lias heen further clouded and distortcd by the fact 

t h t  [ I I C  ;ir~cçstral taxa of man).. if not al]. of the major düsylrida1t.m clades lacked 

c:ilci t7c;ition. 

Fnuna 

Pori fera 

\ i* i th in  thc r d  facies of th<: Eramosa Formation and owrlying Guelph. 

-troiii;~iopi)n,ids ;ire an impurtant clement in framen-ork building. Bolton ( l X 7 )  

irlcriii iics c ' l~it l troif icty~n and Str*o~rrcrropr~r<r ris occurring a i th in  the squencc. 

I 'ni i~rt i innicl>.  dolomitization usually destroys any identifying featurcs. Wiihin the 

siid> arcci. drhris tlons at the top of the section in the nonhernmost pit contoin vrry  

poiirl> prestm rd  possible stromatoporoids. 

..\lth«ugh siliceous sponge spicules are often cited as 3 silica source for chen 

i tliin sed imcnts. there O ften is no direct fossil evidence for the prrsrnce of 

Jcmosponges wi thin ri fauna. particularly w i  thin dolomitized facies. Within the 

Wiarton L~igersriirre. o single bedding plane contains numerous articulated disk- 

shapt'd demosponges with ver); long. apparently oxeote spicules (Figure 36). possibly 

belongin- to the Choiidae. The 1 cm disks occur on the samr bedding plane as 

di! nchonellid brachiopods. While the brachiopods appear to have been dissolved 







hchre compact ion and lithi fication ( thus are represented hy shal low. indistinct 

inipressions 1. the sponges appcnr as molds panially lined with htr-stage calcite 

Jnize. flis original silicrous composition of the skcletal matrriül cnabled them to 

siirviw the r.nrl>. diagenctic procrsses that des t royi  al1 calcitic skrletal matcriai. 

.-\lier litliiticntion of the sedimrnt. the siliceous spicules were dissolwd. leaving only 

t oiif spacc'. 

Worm Phyla 

:\liliouph there cire more worm phyla than al1 0tht.r multiçrllular ph+ 

c w i l i  iiccl. th is group « f orgrinisms has perhaps the worst piilcontological record. 

Mlicn liorrn tbssils are hund in csçcptionally prcsm*c'd hiinas. preswwtion is riirt.1) 

:i~ir'q~i:~tc' to identif) diagnostic chüractcristics. partiçularly nnterior structures. thougb 

;i f k  groiips such ris the polychrietcs do have more obvious katures that can aid in 

idcnti ticrition. 

Yumerous specimens of the problernatic phosphatic \ i~~rm'? tube Serpdifrs 

ocçur on somr bedding surfaces. Some specimens show multiple Srrpdires tubes 

rittxlicd io sach other ( Figure 37 a). 

Srvera! long. annulated worms were recovered (Figure 37 b.c). Athough 

cinttricir drtails are not presened. and parapodia and setar ûpperir to be absent. their 

o w r d  1 morphology resembles that of Protoscoiex and Ptrkrroscoir.r. Sirnilar wortns 

iiaw been found in ather Silurian Li~gersrürre (most recently blikulic et al. 1983. 

LoDuca and Brett 1997). and have in the p s t  been variously assigned to eithrr the 







Oligoçtmta or Hinidinsa. Conway Morris et al. ( 1982) indicate that such assignment 

is tciiuous nt b a t  considering the state ot'presrnntion in even the best tossil 

cxaniplcs: instend. thesc i'ossils mûy represent sither group. or an rntirely ncw group. 

Scvcral csnmples of a w p  large (iip to 9 cm). segmented organisrn (Figure 37 

d ) itirit rippt'ars 10 CIOSCIY rsscmblr .\ fi*o.scole.r. desçrihed from the Cambrian Ernu 

Bay Shals b! Glritssncr ( 1 W l  I. \vas rccowred. . \ ! \ n w ) l e x  rittaincd similar sizes and 

shou s ;in intcrnally similar style of segmentation. The most striking sirnilarity is the 

prcscncc of Iiigfily unusiial setac. a hich Glaessner ( IL)79) dt.sçrihr.s as "uncornmonly 

n i i w i w .  smwrli. gentl) cuned. nith hlunt  distal ends. about 3-6 mm long and 0.1 

nirii tliick. and presencd as calcium phosphate". Glriessncr goes on to sa'. that the 

wt:tc ;Ire iinlikt. 311) ihing sccn in living or fc~ssil onnclid woms but ihat there is somc 

rt'scni blancc n ith Echiurri s c t x  

Ilic I'01~~cI1âctù are pcrhaps the mmost rcadily idcntiliahle group of uoms. and 

SC\ eriil zsrinip1r.s occur n irhin the Eramosa Lige/*.stritc. In thc laminateci sediments 

hctricen dchris t low at the top of the Eramosa section. and rissociatcd with the nell 

prcwn cd al ya IIïcirrorwllci. wrre found nurnerous articulûted scolccodont 

( pol>chactt: jnw assemblages. With the exception of a single spttcimrn round with 

the t'riint uutline of a long. sinuous body leading away from the jaw assemblage. the 

j;w assernblirs show no evidence of the remaindrr of the animal. The presence of 

thcse articulatrd elements. h o w w r .  indicate that the w o n s  w r e  probably buried 

c i l i w  nith the algae. 

UÏthin the L<~ger.srcirrr bcds of the lower Intttrbedded Unit uere found 

csrimples of another polychaete with very long setae (Figure 37 s). A single specimen 



presrn-es the outlinr of the polychaetr body ( Figiire 3 7 0. but in most specimens only 

the setae are prescncd. oiitlining the gencrnl shape of a 1.5 to 2 cm in ferred body. 

The body s h o w  ri broad-handed segmentation that corresponds preciselç u i t h  

positioning of the setne bundles. and of the darksr head region. No jaws are visible. 

I'hc SCIX are short anteriorly (approx. 1.5 mm). tind lengthcn mrtrkedly postttriorly 

(iip to 1 cm in Icngth). Onc specimrn (Figure X I  is coiled sucfi that the setnr hundlcs 

arc sepriratcd and clcarl> visible dong the outer side. The "v-shnped" positioning o f  

sc tx  hundlcs indicatcs that the orgnnisni had birnmous parcipodia. This organism 

closely rr.st.rnb1c.s Rliqd7i~lioplioru.s from iIic P e n n s y l ~  nnian Esses ( Xlazon Crcck) 

tiiiina of nonhern Illinois. Thompson ( 1979) assigned Rhiipltirliophorrrs to the 

polyçlinctc tlimily .-Impliinomidne. and obsrnxd thüt the Esscx occurrence LUS the 

onl! Palcwoic record of r l i ~  famil!'. I'he Erriniosa f&yr.st<itte estcnds that record into 

thc Siluriün. Tlicst. body-tùssils. along with a Wenluck ~~olcanoclastic drposit t i c m  

England (Uriggs et al. 1996). represent the only occurrances \cithin a 110 million y a r  

cap in ihr. fossil record of pol~çliaetcis. from the Camhriün Burgess S h n k  tu Dcvonian 
L 

l Irr~i.vr.iic*ksliic~i,r. 

Cnidaria 

U'i thin the L~igersrdrre beds occur sevcral hint disk- and ring-shaped 

structures. some of which show indistinct radial structures. Though it is tempting to 

ûscribe thesi: to cnidarian medusae. thcir poor prrsrnation prevents the exclusion of 

cither possible affinities. including algal structures. 

Conularids are hirly common within the lower interbcdded Unit. particularly 

nithin the Llrgcstiifte beds. and their presewation is grnerally good (Figure 38 







n ). Nme of the specimens presenre soft tissue. 

The debris tlows at the top of the Erarnosa contain the tabulate F~i ins i re .~  and 

tlic small rugosan Enrrrolcisnra. .-\II appsar to have been transportsd in from a reef 

conimunit)- not rrprescnted within the prcsrnt-da- outcrops. though transport distance 

does not appsiir to he si-niticant (Figure 19) .  The high position of Fciiwsires 

spccimens ivithin the drbris flow would suggest that the)- represent low densir)- 

particles (and thus hehavc hydrodyamically likc particles of a much srnalier s i x  i. 

and w r t .  cithu lking specimens or tirshly ki1lr.d çorals. 

Bryozoa 

Rryozoci üre gcnerally absent tiom the Eramosa. although within the lowcst 

ponion of the Ciiiclph Formation owrlying the Ernmosa in the northt.mmost pit. large 

numhers of'hroken trepostomc bryozoans f~mn ri probable storm-derivcd bed. The 

sugûry. rc'crytüllized nature of the lowrr Giielph does not presrne fossiis vrry w l l .  

anci tlir imall twiggy bryozorins arc recrystnlliztid. partially dissolwd. and the 

resultcint pore spacr partially occupird by bitumen. 

Brachiopoda 

Brachiopods are cornmon in the biota. though their diversity is rery low. The 

inarticulate brachiopod Orhicirloitleu occurs throughout the l o w r  Interbedded Unit. 



and due to its originally phosphatic composition. is generally wll prescrved (Figure 

35 b). 

Large numhttrs of rhync honellid brrichiopods ucciir throuphoiit the lowcr one- 

third of ihc lntrrheddrd Unit. and to a Iesser estant within the upper one-third. These 

hrnçhiopods tire usurilly presened as tàint. barcly identifiable impressions (Figure 38 

dl. indicating that the shtlls w r e  probably dissolwd bet'ori: cornpoçtion and 

lithiticiition. Whrrc ciirly chen fornation has occurrcd. shrlls can be rciütiwl>- wll 

prcscn cd ( Figure 31 b). 

l .tqir'w~i<i (Figure 38 c i  occurs rarel- within the Interbedded bit. Within thc 

Jchris t1ov.s at the top of the unit. and within thc irnniedicitel~. «wrl> ing basal 

( i  lie1 ph. a morc diverse al lochtlionous rcctil tauna inçludos I l  %i~/irId.~l/~r ancl 

Eo.vpJ>i).~/Lv-. 

Bivalves are generrilly rare in the Eramosa fauna. though a single bedding 

surficc within the l owr  Interbedded Unit contains numerous disarticulated x h . e s  of 

a single specics (Figure 39 a). The rarity of bivalves may bc panly ri taphonomic 

phenornenon. in  normal marine environments. calcitic skeletons are well presend. 

whereas aragonitic material ofien is not. The Eramosû Dolostone has a pour record of 

presen-ing calcitic material. and it would therefore b r  rven lrss likely to presen.r 

aragonite. Howver. the presence of similarly rninrralized gastropods and 







cephalopods would suggest that taphonomy is not the principal reason for the near 

total absence of bivalves. The- were probably rare in the community to begin with. 

Rivalves conimonly have an inhunal life habit and the anosic Iûgoonal scdiments 

\vould haw prtxcntsd their colonization. 

Gestropoda 

.-\ltliough gristropods are uncornmon and v r n  poorly prcscrwd. scwral I«w 

spircd iind high-spirttd vrtrieties occur. oftm barcl! disccmnble on thc hcdding 

siirliice. Rxcl!-. thcrc ma? br: heddins surtRccs wiih a Inrpc numher ot'individuciis. 

~is~ially doniinritcd by single spccies (Figure 39 b). Thest. ma-- tirivc h w n  cilgai niat 

prwcrs. Müt grazing gnstropods in modcrn environrnrnts h c n  have largc boom-and 

hiist popii1;itions loften dictatsd by tluctuations in salinity) in mono-spccitic 

wnii~iiinitic.~ ( Bathurst 197 i ). 

Ceplialopoda 

Likr othrr molluscs within the biota. cephalopods are. as a rule. poorly 

p r e s c n d .  though their larger size makes them easirr to recognize. Silicification 

somctimr.~ presrn+es portions of the shell. commonly the siphuncle (Figure 40 a) .  The 

ml!. fossils gsncrriily recovered bp quany workers are onhocones such as 

Dcri~..soiioc*~.rtrs. because of thrir large s i x  (up  to half a meter or more in Icngth) and 

highly visi bls nature. Other genera occumng within the Eramosa include 







(;ri.sorlocercis. ki'onoceras (Figure 40 b). and brevicones such as .-lmphi~~~rrocrrcis. 

Onhuçoniç shrlls are often current-aligned ( Figure 3 1 b). sometimss tiagmentaq-. 

and \vert: probably w s h r d  into the lagoons. 

U'i t hin most Palcozoic faunas. arthropods are nomiil 1 y rcprtxntr.d bj- t hc 

t ica~ il! sclerotized mcmbsrs of the Trilobita. Though it is alnnys  issun nid rhat other 

mliropod roi ips  çomprised important portions of any cornmuni tj-. ihcy gcncral l y are 

poiirl!. reprcscntcd or. more commonly. not present nt d l .  ['race tbssils of unccrtiiin 

origin soiiictimt.~ çontim the presence ot'this iinseen h i ina .  

U'iiliin [lit. Errimosct Lq~rrsr~rrr .  this hunal prittrm hüs bccn rewrscd. O r g ü n i s m s  

u iili clilcitic skcletal material. such as trilobites. are decalcihi .  \\hile lightly 

sc lerot izcd xthropods nnd other so ft-bodied organisms ( incliiding worms ) are 

prcscn cd hy the replacement of tissue with cdcium phosphate (as contirmcd by 

microprohc linnlysis). Thc gut tract is presrncd in some specimens as w l l .  Among 

ihc phosphatized organisms are several problematic orgnnisms of ~incrrtain at'fmity. 

Trilobita 

Trilobites occur infrequently within the biota and includr Drzlmwiîrs 

i pbacopid. Figure 4 I a). 3 ceratareinid (lichid. Figure 4 1 b 1. a calyrnenid ( Figure 4 1 c ) 

and an rtncrinurid (Figure Il dl. Disaniculated sclerites and articularrd specimens 







al i ke are generall y presemed as faint impressions. making more accuraie 

idcntificntion difficult to impossible. Articulated individuals probobly rcpresent 

carcasses (ratlier thcn molt enscmblcs) buried by storm ewnts. Thesc ma- have bcrn 

killsd xhen sncountering inhospitable anosic bottom waters and suhsqucntly buried 

hy scdinientation. or srnothsrrd by (i storm rvent. 

Whilc calymenids as a group have a wide distribution. theu tcnd to hc. hcies- 

rcstrictcd at the generic- and fmily-level (Thomas 1979 1. Lrnfonun:itcly such 

trisonomic identification is not possible ivith the very poorly prcscrwd Eramosa 

spccinicns. Ccratarginids (such as T)-o~*hwirs and .-l c ~ u ~ i i ~ o p ~ : y c  ) and rncrinuri Js 

wrnm«nl> oçcur in Silurian shalloiv-watrr carbonate cnvironments (Thomas 1979. 

Jlikiiliç 198 1. hlikulic and Watkins 1981 1. The ubiquitoiis pliltçopid L)trlni<r>iirc.s 

ocçiirs in a i  cstreniely widc variety 01' 1:xies and watcr depths throuplioiit the 

Siluririn (Tliomiis 1979. Tetreriult 1994). 

The largest organisms to occur within the Eramosa L~igersrctrl~. are the 

eup-pterids. and were likely the top of the food chain within the lagoons. -4lthough 

r.xcct.dingly rare. thry are (dong with l ase  crphalopods) one ofthe few fossils that 

y u a q .  workers tend to notice. Ovrr decades of hand-quarrying in the cirea. the many 

qiiarries have produced less thrn a dozen specimens. Occumng within the Ermosa 

Lire c tri~iia~.so»~u ( Figure 42 a). Ezq-pterzrs ( Fisure -12 b). and a stylonurid ( possibly 







Kokomoptertrs. Figure 43 c. d). Preservation is nomally very poor. Cornplste 

spccirnrns have thus fnr not been recovered in situ (workrrs normally tind them nlicr 

rock hns bcen removed from the quarry and panially proçesscd). so there has becn 

soms question as to where in the section the euq-pterids originated. During the course 

01' tiddwork. fragments of C'trcinusonitr ( walking and suimming nppendapss) and 

Etri-p/erzi.s (telson) were recovered from the relatively unhssilili.rous middle 

Intcrhedded Unit: a lithology that is similar to that ofthe cornpletc specimsns. 

Appcndages possibly belonging to ri stylonurid wçre retrirwd from the upprrmost 

I ntcrhcdded Unit. 

Rarrr yct than the eurypterids. scorpions d s o  ocçur within the biota (Figure 

43 :O. Foiind ~vithin marine sediments. though thsir stratigraphiç «rigin is unccrtain. 

tIic ncw gsncrn bear anütomicâl kütures that sugpcst scorpions ma)- have already 

n~o\.cd onto land (Waddington and Jeram 1997). This. in çombinüiion with the 

prcscnçc of ri possible land plant within the biota ( Hostincll~r ). ma? indicatr that the 

loçd iopographic highs may not have been l i  Mess when subrieridl y esposeci. 

..\ probable xiphosure very similar to the xiphosure tiiund in the Waukesha 

biotci < hlikulic et al. 1983 a. b) occurs within the Ltigerstiirfe beds of the lower 

tnterbedded Unit. One specimrn preserves the ventral surface of the prosoma and a 

portion of the post-abdominal segments (Figure 43 b). and has an outline reminiscent 

of the upper Silurian genera Psrirtlo~~isclrs and Birnciiu (which may be synonymous. 

Rolfe and Beckett 1984). A second specimen prescn-es the prosomal appendages. al1 

of u hich appear to terminate in çhelat: (Figure 43 cd) .  







The most comrnon iirthropods in the biota are the phyllocarid crustacrans 

( ' c~n~t i r~r~m~i .~  ( Figure 44 ii ) and Cirpoccrris ( Figure 44 b ). The most visible fraturt. 

Ji fkrcntiating the two penera is the lcngth of the terminal spine ( referred to as the 

tclson or st' Ir). ~r -hue  ('eruriocciri.~ has an rtxtrrmt.ly long telson. whik the iclson of 

10rt and approximately the same Icngth ns thc fiirca (or "stylets" ). 

haw been numerous Silurian ph? llocnr id taxi dsscribed. Rot fe ( 1 969) 

"pcnd inp rcvision". lJnder his çlassi fication. the spccinittns rckred to as C;ic.ocm-i.s 

ticrci n ~vriulcl be s! nonymous \i ith C7~rirtiocwri.v. 

LVi 1 l iams ( 1 9 1 5 )  drscri bcd the nrw euryptrrid species Ettsm+cr<.s l o g m ~  from 

thc type Eramosa locality nerir Guelph. Thouyh the present whereabouts of the type 

spccimcns are unknonn. the illustrated material rtppears to be fragments of 

C'rrcrrim.<rris (tclson and mnndiblrs). Collecting at the locality produced phyllocarid 

mandiblrs and other disarticulated remains. Pending the collrction of better material 

from the Eramosa type section. it is possible that the long-trlsoned Crrnriocaris from 

t hr Enmosa of the Wiarton a r a  is the sarnr species as the fragments Williams 

i m propttrl y assigned to the eurypterid p u s  Ezrsar~*ics. and thus should probably be 

redcscribed and refered to as Cercitiocctris hgoni (Williams). 



Figiirc 44. Pli!- l ioçnrid mistaceans liom the l o w r  1 ntcrheddsd Unit of the Errirnosri 

1-'orrii;iiiun. AI I photographeci under ethünol. 

. \ .  c '~wr io~-m. i s  sp.. with rnnndihle and hini  tclopod prescrved: s 2.1. 

11. ( ' qwct i r i s  .;p.. uith longitiidinnl thorncic musclcs rind partiiil pleopods 

prcwr~.cd: s 3.7. 

C. ( iv*~rrioc-lri-i.r sp.. prescn-ing. mandihlc. rintcrior head rcgim. and anicnna 





The Eramosa phyllocarids occur primarily within the lower Interbrddçd C'nit. 

and show varying dcgrees of presemation. Bedding surfaces containing only 

ciisarticulatcd (and often current-aligned) phy llocarid telsons are common. Within the 

louer two rnctt'rs of' the Interbedded Unit. orticulated individuals are common. 

presen-iny the abdomenal and caudal segments and carapace. rhese often have intact 

j m  clem~'nts (rnrindiblrs) and probably represent carcasses rather then esuviae.. 

K i t h i n  the phosphotized faunn of the Lïlgersfiirrc beds. pressmation of the 

thoracic scgrnents is cornmon I Figure 44 b. e). sometimes with longitudinal muscle 

fibers (Figure 44 dl. and possible shon thoracic pleopod and long. narrow abdomenal 

tc.lopods rippendoges. One specimsn prcssnres the anterior-most head segments. jaw. 

anci the bases of the antttnno and antennule < Figure 44 c ). These structures compare 

quitc t'worcibly \i ith tliose obst.n.ed by Rolk  ( 1962) in C'er<itioc.~rris popilio. 

Thougti most spccimens are prescnwî in a normal outstretched position. somc 

indi! idiials havc a distinctivsly Jisplaccd carapace I Figure 44 e). Thesr ma! reprrsent 

indit-idiials which tirid partially decayed and wrrc displaccd bu gentle currents hcforc 

burial. or ma) represent a rigor rnorfis position causcd by çontracting muscles. 

Mthough thc individual in Figure 44 e contains a sediment gui f i l1 and therefore is a 

cxçass. other specimcns do not and may represent sxuviae in a "post-ecdysis" 

position. 

Large leperditid ostracods up to a centimeter in size occur ivithin the 

Intrrbcdded Unit. howver the! tend to bc poorly prrsewrd and difficult to identifi. 



Problematic Arthropoda 

Prescn-cd wi thin the phosphatized Eramosa hgrrstdrre are several organisms 

u hose ailinities rire iinccrrtain. Some are clearly arthropodan in nature. thouph in 

d i e r s  i t  is dil'ticult to distinguish bctween arthropodan-type or worm-type 

morphologies. chietly because of thsir relativelp poor presewlition. Despite the 

difficiilty in assignins these organisms. it is noneihrlrss useful to note their presence. 

3s thcy rcprr'seut an important portion of the community that normaily is nrvcr 

prcsemed. Somr  have brcn found in other tàunas (particularly the Brandon Bridge 

L<igoï.rdr~l i .  and varioiisl y ascribed to di t'fcrent yroups. 

The mosr cornnion of r l i w  problrmütic organisms is a 1-7 cm sc.grnc.ntt.d 

orynisin with a postcriorly tapering body and a rclatively Inrge. triitngulnr tail or 

tclson ( Figure 45 a. h 1. The head region appears to have numcrous smril l nppcndages. 

and projections from trunk segments may or ma)- n«t rcpresent appendagcs. Fht. most 

visible and oi'tcn only clear anatomical tèaturr is a suies o f  dark. rrctangulor. pnircd 

structures that begin nerir. or just behind. the head reyion. one pair p u  segment. and 

beçomr progressively smallrr in s i x  posteriorly. It is unclrar tvhether these structures 

represeni an interna1 or extemai part of its anatomy. The organism may be ri 

crustacran. and \vas an important pan of the community within the lo~vermost. lctss 

diverse Lqrrîrtirre beds in the l o w r  1 nterbeddrd C M .  being outnumbercd only by 

phyllocarid crustaceans. 

A rarcr organisrn C within the lower Interbeddsd Unit is a relatively large 

rinhropod with large grasping head apprndages (Figure 45 c 1. This organism is ver'. 







simiiar to one found within the Brandon Bridge Lqgerstiitrr drscribed by blikulic ct 

31. i 1985 a. b). and squivocally assignrd to the branchiopod or remipede crustaceans. 

.Y tliough the Rctmipedia have grasping head appendagrs ( muc h srnaller in size then 

the Errimosa and Brandon Bridge organisrns) and a non-rrgionalizrd trunk (Schram 

1 98 6 ). manu othcr arthropod groups have evolwd similar raptonal appcndages. 

Witli«ut hwcr sprçirnens that clearly show other head apprndnges and their relative 

positions and the structure of an); trunk appendnges. a definitive assignment is not 

possihk. Tlic Eramosa spscirnens diffcr from the older (Llandovep ) Brandon Bridge 

.;pccinicns in hüving a srnaller htrad region and a trunk which tapers less posteriori>. 

.-Ilso lbiind within the L~rgrsrdrte of the lowsr [ntrrbeddd Cnit is 3 rclativcly 

conimon. 2-4 cm segmented organism with no clcar hrrid region p r c s c n d  (Figure 45 

d 1. I'hc in iitc organism has approsimately 12 or i 3 dorsal segments. and iiiteriil 

strwturcs thn t  rnay rrpressnt extensions of the prirnriry tergites. or separate structures. 

Ilit. organism m a )  or rnay not b r  a crustacean. A single spscimen uith a ditlkrent 

presenniion style (Figure 45 e) may represent the s m s  orpnisrn. though this 

specirnen appears to dispiay polychaete-like featurrs. with lateral projections possibly 

çorrcsponding to paired parapodia. 

.-! single specirnen found xithin the l o w r  Lqqerstdle beds is a lateral \ isw of 

a segmrnted organism with a large head region. scvrral head appendagrs. an 

iindifferentiotrd tmnk. and tapered tail or trlson (Figure 45 fl. This specimen has 

some similarities to several organisrns already describeci from dorsal v i e w  only (the 

xiphosure. Figure 43 b-d. and possible crustacean. Figure 45 a.b ). or ma)- rttpresent 

another organism entirelp. 



One of the most spectacular organisms found within the Eramosa Lc~qrrstiirre. 

and nnothtx slrrnent comrnon betwren the Eramosa and Brandon Bridge faunas. is a 

>-6 cm. man?-lsgged. organisrn (Fig 46 a-0. Dcscribed here bccause of the 

ni! riiipodan arthropod assignment made by blikulic ci al. ( 1985 a. b). such 

~issignmcnt is far from unequiwcal based on the specimens cit hand. The record of 

Si 1 tirian ni yriapods is wry sparse and poorl y undsrstood ( Amond 1985 1. Thc 

oryrinisni is sqmented. wiih an articulating annulation brtween cach segment. 

i mpl? in- (t sti ffened. arthropod-li kr integument. One spec imrn presen.rs 3 srcondary 

scyi~lentütion. itnnulation or omamentation (Fig 16 r). Ench segment h e m  a pair of 

;ippcndngcs. ver? tIiick at the base aiid tapering distal ly. The appendages of the 

Ifranios~i specimtms s h o ~  no evidencr of segmentation. but rarher appeür îlesiblt. and 

~iniiiiliitcd (Fiy 46 b). much as is prrsent in the Lobopodia. One spccimcn (Fig 46 b )  

slioa.s cviclcncc. O t' pst-mortem contraction of the rippendages. The style 01' 

prcst.n.ntion viiries tiom specimen to specimcn. possiblv indiçciting that 

niincralizrition occured at different stages of decumposition. and illiistrates the 

Jcformation of a possibiy flexible intrgumiint ( Fig 46 t).  Som<: specimrns ( Fip 16 a. 

c > sliow \i hat appear to be paired terminal claws. a frature more consistent Ir ith 

lobopods (Hou and Bergstr6m 1995) then mpriapods. though this may be a 

preszn-ation artifact. If this organism is a lobopod. a twon which is generally 

helittwd. through paleontological evidencc (Dzik and Krumbirgel 198% Hou and 

Brrgstrom 1995) and molecular sequencr analysis (.Aguinaldo et al. 1997). to have 

nut been ancestral to the arthropods (and myriapods in particular). thrn thesr 

organisms could not possiblp have given rise to terrestrial myriapods. 







Echinoderrnata 

Crinaidea 

Criniiids are rare. thouyh present within the biota. A kit- rare beds of tangled 

mit.; of crinoid stems (somrtinies partially silicified) and disarticulritsd columnals are 

Liittid. iIiough the stolks rire quite thin ( I to 2 mm). and rrpresent srnaIl specirs. 

Scwral aniculated crowns were rccoverrd. completely decnlçi tied. indicnting that 

i I i q  w r c  not transporteci far. if at all. Positive identitication is impossiblr. due to the 

piior prcscn.ation. iilthough one specimen represents an inüdunate. and n second 

i I:igilrc 47 3 )  is 3 pinniilated camerate . 

Ophiiiroidra 

. \ single bedding surface in the lower Interbedded Unit yielded large numbers 

of  ophiiiroids (associated with rhynchonellid bnchipods and the trilobite Dtilmonirrs) 

(Figurc -17 c ). Occumng in densitirs of approsirnotely 10 per square meter. the 

ophiiiroids are presemed as faint rnolds. some of which contain small amounts of 

biturncn (Figure 47 b). Recrystallization is such that the plate arrangement cannot be 

discernrd. but they compare favorably with the gross morphology of the middle 

Silurinn ophiuroid Proraster. Most inditiduals are of approximately the samr size. 

and ma>- rcpresent a single generation. 







Echinoidea 

()ne of the rnost intrresting occurrences within the Eramosa Lupersfiilte is 

ii single hcdJing surface with a monospecitic colonization ol'cchinoids ( Figure 48 a). 

L i ' i t l i  a Jcnsity approiiching 100 individuals prr square metcr. all the echinoids within 

tliis hcd surFxi: art: prescrvcd in living position as shallo\v dcprcssions in the 

~indc.rl> ing scdimrnt. .As nith so man). of the other fossil oçcurrciices within the 

I , L ~ L J I - ~ ~ L ~ I ~ L J .  rnost of the individuals are of a sirnilar size and probably rrpresent a 

singlc ycncrntion. Of thc hundreds of specimens collected. e w r y  specimcin without 

csccption l ins îbund with the ventrd side down. The? have al1 becn decalçitied. uith 

on l )  iIic indistinct impression of t he Aristotlc's lantern and pcrignathiç girdle ( Figure 

48 h ). Some specinicns presen-c. a hint imprcssion of the nrnbulacrül and 

intcrrimbt11;icrnl plates. 

Puor plate fusion. which was common to dl Silurian diinoids. has rcsti1ic.d in 

;i mtlier pcr\.risi\.e taphonomic signature. In rnost tigured specimcns tliroughout the 

Iitcr:~tiir~. i lwe  is evidencr. often quite strong. of post-mortrm or dcposiiional 

distortion. if not fragmentation. F w  presrrve the original. presumably spherical. 

sliapc. rhis deposit is unusual taphonomically in that the lower 10 to 20 percent of the 

cchinoid is prescrved as a shallow 3-dimensional bowl set into a I cm thick 

ternpcstitr. Litholog above and below this lighter dolostonc bed is n dark. lamincitttd 

shnly dolostone. Sometimes part of the rchinoid test a b o ~ e  the rim of the depression 

is presencd and has been tlattened d o w  onto the surrounding sediment. often 







cciusing the amhulacra to "unzip" (Figure 18 c).  

of somc of the specimens contains only a partia 

The inside surface of the depression 

.1 sediment t i l l .  

Ficiire 19 proposes a possible sequence of rvents to acçount for the 

tilplion«ni>. oi' this occurrence. The lagoon began as an ano'tic environment. 

dcpo.;itiiig cl:irl<. laminüted sediment. .-1 minor storm deposited a thin bed of carbonate 

silt md  tcniporarily oxypenatd the lagoon. Algar tlourished in thc w r m .  nutrisnt- 

rich lagoon. ciitracting the ki-eding rchinoids. As  the dgüs began tiutrif>.ing the 

1;igiwn. an usyclinc h m r d  just abovc the scdiment. Virtually siniiiltaneously. due tu 

cliangcs in tIic \vater chemistry. the echinoids died in place. and the carbonate-silt bed 

litliificrl. prcscning their l o w r  surf'aces. The portions of the echinoid tcsts thot w r e  

:ibin c thc osyclinc disintrgrated. the poorly fused plates disoniculating and 

w;iiicrinp. uh ik  the portion ht .10~ the ox>dinrl rernained intact long rnough. 

possi h l )  \i it l i  thc help of a cyanohacterial film. to be biiricd hy sediment. Ver! sarly 

liiliitiç~ition ot'tht. silt bed is tiirther cvidençed by the presencr of a Iantsm in al1 

.;pccimciis despite the cornpletc disintrgration of the upper S O 0 h  of the test. the lantern 

ct1Cçti\dy hting cemented into place before dccay of the connectivr tissue. 

T'risimomic Position 

The early Paleozoic record of the Echinoidea is sparse. and there is little with 

\i hic h to compare the nrw discovery. The earliest "echinoids" are Middle Ordovician 

in rige helonging to the Bothnocidarids. Mile superficially restmbling echinoids in 

nature. hothriocidarids lack many îèatures common to echinoids. and thus ma- be a 

stem to holothurians. rather then echinoids (Smith 1984). This leaves the 







Iepidoçentrids as the carliest group of true echinoids. with a record beginning in the 

I .ppt'r Ordoviçian. Lspidocentrids. as currently drtined. are a heterogrneous r o u p  of 

;dl iliosc echinoids whost: onlp comnion feature is thot they Iaçk any of the more 

;idwmxi charncterist ics of later groups and inchide the ancestors to several latrr 

lincages (Smith 1984). The only descendant group with a Siliirian record is the 

cchinoc>.st itids. 

Thc Li'inrton echinoids art. characterized bu narrwv. hiscrid ambulacra and at 

niinimum n sis-. pcrhnps sewn-colurnn interarnbulaçral rcgion. Thry most closely 

rcscnihlc Ko~hj~i.ko~*i~I~rri.? silirrica Jackson 19 12. .Mthough Jackson makes reference 

t u  ilic modern ccliinoid Ch/to-i.s in the naming of his new gcnus. the senus bears little 

rcsciiihl:incc to thc tnie çidxids and is phylogenctiçdly rntlier rernoved from thnt 

l inciigc. i l  lustaitiny ihc. danger of inçorporating nomendaruri: from other temporally 

distmt irisa into thc nnming of new taxa. 

Thc i> pt. specirs of Ko~ii>ickociduric. K. cwttecrlri Dollo and Buissert 1 888. 

iicciirs in the Mississippiûn and is based on a fragment of a test and isolatsd plates 

iliot ucre ncver tigiired in the original description. and that "considering the geai  

c hangr. tliat occurrcd in rchinoid morphology betwrn the Siluian and blississippian. 

it is iinlikely that the two forrns are congrneric" (Kirr 1965). I t  is likely. therefore. 

bût K. rihricci is a new genus. Unfonunateiy the repository of the only specimen of 

A-. silirrico is currently unknown. Watkins and Kuglitsch ( 1997) recovered small 

cçhinoid spinrs from a lower Silunan silicified fauna (Bumt Bluff Group of the 

western Michigan Basin). but taonomic work on such fragrnentary material is not 

possi hle. 



Ewlutionliry and Ecologic Importance 

The low prrsrrvrition potrntial of rchinoids most crrtainly has had an effrct 

o n  the sprirst. Paleozoic fossil record of tliesr organisms. Smith ( 1984) proposes that 

ilic principal cause of the Ion- specics diiwsity \vas probably that Palrozoic echinoids 

sinipl) ne\ er adapted to n wide voriety of habitats compüred with those in nhich post- 

1'31cozc)ic ccliinoids arc tound. Smith tiirther stotes ihnt "throughout the Pdtiozoic. 

cchinoids secm to have bccn hroadly restricted to quiet. off-shore habitats." The 

prcrcnt ncn Ljiscovery i t ~ u l d  swm to countcr both those statcments. and su&, J'JCS ts 

xmilicr p s i  hle reason tbr their absence liom the paleontologic record. If early 

I';ilcoï«ic cchinoids w r c  lit ing in nrar-intertidül environmcnts. thcir prcscn.<ition 

pcitcntial nould bc nqliyihlc considering the particulrirly fiagile nature of 

IcpiJoccntrids. ;incl thc low probahly ofpresen.inp the ver).-nrarshore environment 

hcc;iiisc oI' rciwrking hy ~\n\.r.s. or storms. Looking 31 modern reef and nrrir-reef 

cnvisonmcnts ~vithin the Bahamas. Greenstein ( 1993) obssn-cd that the distributions 

o f  rcgulür cchinoids t u  hich have far brtttir plate fusion thon Paleozoic echinoids) 

w r c  not retleçted in subfossil drposits in thosc sarne cnvironments. unlike the 

burrowing irrcgular echinoids: thus their life habits contributed to a strong 

taphonomic bias agûinst their presrn-arion. Experimental studies on the decay and 

disintegration of modem echinoids by Kidwell and Baumiller (1990) show that 

disintegration of tests (drspite good plate fusion) can begin within days of the 

organism's drriih. and predictions made from their study indicate that high 

tcmperatures and water depths l rss than 20 rneters (which would be characteristic of 



the Eramosa lagoons) contribute to the worst possible preservation potentinl. 

Fun hermore. the tendency O C  nrx-s  hore carbonate environments in the 1owr.r 

I>alcozoic to undergo severe dolomitization would lirnit prescnation potentiel evcn 

n111rc'. 

Chordata 

One o f  tlic smallrst. yrt most intrigiiinp orpanisms from the Eramosa biota is a 

1.5 to 2 cm scgmrnted. worrn-like animai (Figure 50 a. b). The orpûnisrn has 3 clearly 

iJcnii ti~ihlc. cnlürgcd ticad region somen hnt tricinguliir in protilc. and. on some 

.;ptxinicns. 3 visihle giit. f f t h m  were no further discrmable features. the orgiinism 

ciiuld ht. c lassi tied 3s an errant polyçhüeir. Close cscimination revrds that the 

qmcnta t ion  appcars to have a zigzag pattern similür io ihc myomercs uf modem 

. Impliit~xirs :ind tlic C'rimbriün Pik~rici of th<: Burgess Shalc. and a thin linenr structure 

running the Icngth ot'thc organism nbove the git-trace mny be interpreted cis a 

notwhord. It  n-ould sccm possible. ihrn. ihat ihis orpanism wlis a crphal«cii«rdate. 

Al tlioiigh ih r  Burgess has grncrall y bcrn thought to represent a deep-water facies. 

Pikrrilr is quite rare in ihc drtposit. and today. .-f mphioxtrs lives in very shlillow cortstni 

vaters. 

Trace Fossils 

Though bioturbation is rare throughout the section. bedding planes u-ithin the 

l o w r  Interbedded Unit c m  contain enormous numbers of Plrinolites-type burrows. 







These usuülly consist of long. sinuous. horizontal burrows of varying sizes. rangin- 

fiom a kw millimetcrs up to 3 cm in width (Figure 5 1 a). and nrver penrtrciting \.en 

clccply into the sediment. The burrows un ihese bedding surfaces otien are of the same 

s i x .  n - i t l i  s i x  viiping tiom surfax to surface. Rarcly. branching burrows do occur 

and. in onc particulnr bedding surface. can rcach a fairlu large s i x  (Figure 5 1 h).  

Onc pnrtiç~ilnr type of burrou- cornmon on some hedding surtàces is un 

prel iously dcscribcd burrow in bcing unusiiüll~~ slion and strnipht. and oticn 

stio\\iny olniost angulx tapering rit both cnds (Figure 52 a b ) .  Anothcr unusual 

ikè the 

fcaturc sonictinic.; seen un thsse burrow is a wry narrow single. rarcl!- double. 

groo\,c. Ic:idiny up to the larger burrow. ['he s i ~ e  of the main portion of the burrow 

\ nrics h m  I O  to 25 mm in nidth. h u ~  like prc\ ioiisly dcscrihd biirrow. hurrow size 

o n  an' porticiilür scirhcc tends to ht. rclaiiwly çimsistcnt. 

The short. strnipht nature O l' thcsr biirrows combined with the iinusuül. 

nnrro\i groovc. is inconsistent with anp structurcs thrit would be cspccted h m  the 

norinril hurrou. i ng hehavior of a worm. Ph~ilocarids are quitc commonly Iound 

throiighoiit the Interbedded Unit. and i t  is known that modem phyilocarids burrow in 

scdimcnt < Vmnit t r  et al 1997). though as much smaller organisms. Recrnt nebaliid 

phyllocarids c m  burrow complstrly into the sediment with relative case. Figure 5 3  

illustrates how CL.rrrtiocuris couul producr the traces obsened nithin the Eramosa. 

M x t  of thc digginy activitp was done u-ith the sturdv antennae. with the plcopods 

uscd tor pushing back loose sedirnent and possibly assisting in tonvard rnowmrnt. 

Once the tilonyated carapace of Crrariocr~ris had begun making the groove-shaped 

furrow. it would have been more eftlcicnt to continue in a straight line. 















fliniigh Paleozoic phyllocarids had generally large and massive mandibles. 

this does no[ ncccssrtrily indicate carnivorous habits ( Rolk 1969. Schrarn 1986). 

I,lodr.rn ph). llocarids ( kptostracrins) lack massive jrin S. and derive n portion of their 

dict by tiltcr-kcding using the thorricopod srtas. Certrtiocciri.s ma- have been too 

I q c  to k c d  niicrophngously. but interprctation is hampcred b)  the fact thüt hurrows 

pmsihly construcid bu such a large crustacean have newr bern prr\.iously tbund in 

~iscociation with deposits containing their riçtual fossils ( R o k  and Bcclictt 1984). 

larger ( '~wrtiorïrris w r e  probably mxrophapous. and ma) hlivc k d  o n  larprrr pieces 

ol'dctritus. Roi ft. aiid Beckctt ( 1984) sugpest that thr. ~ibsencc. ol'any rnptoriril limhs 

indicntcs 11131 ( 'pr~~[iocwi.s \\as not an actiw prrd;it«r. and its drtritus tkcdinp habit is 

c idrn icr i  hy scdimcnt p a ç k d  gut intills (Figiirc 44 e , .  



Paleoecology 

U'hik the diwrsity of thc Erarnosa biota as Jcscribed ahove is quite hiph. the 

distribution of orgonisms throughout the section is not unifom. rind varies as a result 

of h o  tli ccolog) ( original populations ) and taphonorny . 

Ilie loivcrmost Ernrnosü esposed in the study area. the "Marhle" l M. 

consisis of il stromatolitic. non-fossi liî'erous tàcics. The Inck of an); fossil fni, '7rnt'nts 

and tracts probnbly indicates that there uvre no other orgnnims inlinhitiny thc Iügoon 

:it tlic tinic'. As one riscs in the section thrvugh the hliddlc L'nit and into tl i t .  

Intcrhc&icd I 'nit. slight changes in w t c r  dcpth resultcd in intr.rmitient :icc~.ss t» 

niirniiil niarinc w t c r s  and thercfim licyiient and rnpid changes in tempcrrttiire. 

0.i) gcn and salinitu. This produces population boom-bust dSects on a hcd-by-bcd 

hasis. cimmiunity composition often changiny each tirne. t lowvcr.  somc 

gcncrdizritions can be made. 

.A trace fossil association is the t h  svidence of animal I i k  tc? enter the 

lagoons. consisting of bedding planes with Iürgr numbers of smrill or large horizontal 

P1molifr.s-type and Chontirites-type ferding burrows. Thrse burrou-rd surfaces occur 

with the wcnt beds of the Middle Unit. m d  probably represrnt hricf pulses of normal. 

or near-normal salinity waters brought into the lagoons during storms. 

At the base of the Interbedded Unit. the tirst Lugersf<itie beds occur. 

consisting principly of a phyilocand association containing se\.rral types of soti- 

hodicd organisms. the most common of which is the possible crusracean in Figure 45 



n and b. :\lso within this zone is a single bedding surface containing a monotypic 

conimunity of schinoids. 

The nest meier of the lntrrbedded Unit consists primririly of a rhynchonellid- 

phyllocarid association. Man), bedding surfaces within this scqucnçe contain onl). 

pli>llocxids. only rhynchonellids (sometimes in the form of siirll heds. Figure 32 a). 

or hoth. Ocçurriny h m  also are rare trilobites. and a single hrdding surîhcr. populated 

h) opliiiiruids (Figure 47 c). These surfaces. like most fossil beds. cire cornmunitirs 

tliiit I i n w  gone through thc " taphonom ic fiitt.r". resulting in tIic prcscn.ation ot' 

urgnnisrns with robust esoskeletons. Through this sequence. I iowwr.  are numerous 

l .~ rpwr~m beds containing most o t' the soft-hodicd organisnis rr.c«~ ered during ihis 

.;ilid!-. Oiic largc bcdding surfacc (npprouimately 1.2 by 1.2 mctcrs recovercct tiom 

hi.; wqiicncc contnined on averüyt. 50- 100 rhynchonsllids (ihcir poor prrsen.otion 

iii~ikcs i t  ditficult to ÿssess tthat i s  and isn'i a hraçhiopod 1. 80 ph! llucarids. Y 

pal) cliacics (Figure 37 c.0. 8 problcmatic cnistacea i Figurc 45 dl. and single 

txiniplcs ot'othcr organisms (the "remipede" crustaccm and an cinnelid. among 

oihers) pcr square meter. This ~robably more nccuratciy rcprcscnts the composition of 

ihc conimunity at the timr. I t  should bc noted that Iarger phvllocarids are slightly 

wcr-rrprcsented because their size rrsults in csposure of individuais one Inmina 

above and brlow the surface actually k i n g  counted. Most of the phyllocarids on this 

surface. h o w w r .  are quite srnaIl and not representrd at al1 in the non-L~~qrrsr~irrr 

b d s .  

Risinp up through the lower meter and into the second meter of the 

1ntsrbt.ddt.d LTnit. rhynchonellid brachiopods becorne more common. as do trilobites. 



u hile phyllocarids become mucfi rarer. This change is renl. and pmhahly represents 

more normal manne waters affecting the lagoons. although the lack of an? 

I.~~gerivrtrne beds prevents speculation on thc changes to the soft-hodied portion of the 

çonim~inity. The prescnce of bedding planes with horizontal b u r r o w  indiçatrs that 

t hcrc crrtainly \vas an unprrsen.ed fraction of the communi ty . 

.Ahove the rhynchonellid-phy llocarid association is a reciirrcncr of the tract. 

fossil assoc int ion. ivi th bedding planes co\.errd ivi t h horizontal PImiolire.~-type traces 

i Figire 5 1 a h ) .  For the nest srveral mctsrs of section abow tliis is a hirly 

~inI;~ssilili.rous scquence of Iaminated dolostones containin- rare ccplialopods and 

ciiryptcrids. The ccphalopods were likel>- irnnspont.d in by ciirrents. The ruryptcrids 

Lire so cscccdingly rare that the! also may rcpresent indi\iduals rhnt w r e  hrotiyht in 

i ilioiiyh still living) or w r e  mer+ part of n spiirse thilna. I t mrty thcrclore hc 

inoppropriate to assign this as a eurypterid association. sinçe many riip pterid huniis 

nimiciI l!  h c n ~  very Io\\ density populations. 

In the uppennost metrr or two of the lnterhedded C h i t  occurs a thallopliytic 

algii-scolecodont association. dominated bu the dasycladacran green d g a  

I l ï ~ . t o ~ i e l l ~ r .  Though only their jaws are presened. the numerous aniculated rlements 

indicate thnt the scolscodont polychartes must have bern fairly common and 

~iutoclithonous. Rhynchoneilid brachiopods are also a minor part of the fauna. 

The last major community. the rref association. is only represented by 

cillochthonous material brought into the outcrop area by stoml-generated debns tloivs 

and consists of Fui.ositrs corals and unidentitiable crinoid and brac hiopod debris. 



General Taphonomy 

Due to the great variation in bath environmental conditions and in comrnunity 

structure within the Erarnosa lagoons. the taphonomic nature of the fossil beds also 

\.arir.s gcatly. The Eramosa contains bot h concentration- < " C o ~ ~ . n ~ - t r r "  ) and 

consc.rvation-tupt:ti-te ( " Ko'ort.si.nnt"' Logmriirrrrr dcposits. the Iormer represented hy 

srorm-n-innou-cd brac hiopod shell beds and the latter by the so ti-bodied faunü of 

pnrticdar intercst to this repon. 

\tan). of the organisms presened \ri thin the Eramosa L<rgC.ersrtirre nppcar to 

lin\.r. btxn buricd rapiclly bu sediment. though the scdimcnt 1ayc.r is not always ihick. 

Suçh ohrution of the sa-lloor comrnunity could smoiher smnllcr orgonisms. hiit 

\uniIJ srcm iinlikely to be suffiçient to kil l  Iargrr organisms. The dxk.  organic-rich 

nrit tire ut' t liese /S.trger.stdtfe beds would suggest rinosin below t hc sellirncnt uater 

'won inicrfncc. Disturbance of sediment during a Storm could elkctively poison the la, 

çonirnunity. burying i t  undrr a thin Iayer of sedirncnt as i t  ssttled out oisuspension. 

IAhc sometirncis twisted body positions of organisms (such as some phy llocxids 1 

suggcsts such currcnt action could occur during thesr burial cwnts. Conversely. othcr 

beds siich as the echinoid c o m u n i t y  suggest that death occured instantanrously 

ncross the sea floor. but without any disturbancc whatsoever. cvidenced by the life- 

position (oral sidc down) of 100% of 100's of specimens (and the rolling of a 

sphericnl organism would seem to be easily done). These community-kills may have 

hem caused by the isolation of the lagoon fiom normal marine waters and a 

siihsequeni w t e r  tsmperature increase. or by a the changing watrr çhemistry initiatsd 



by resulting algal blooms. The ver). high organic content of the sediment. probahly a 

rrsult of high algal productivitg (Dix 1990). produced rapid anoxic conditions below 

the sediment mte r  interface. and dunng periods of poor w t e r  circulation the 

os>d ine  may have penodically risen above the sediment s~irfacr killing an> 

orgmisms that w r e  trapped in. or enterçd into t h  zone. 

The importance ofanouia in the prescrvation ol'cucrptional biotas is clrar. as 

c.\.idenced hy the presencr of anoxic conditions in many Lqqer.si<itte>l (Srilaclicr et al. 

1985. .t\llison 1988b). .-\nosic sediments will. most importantly. prewnt hiotiirhation 

and the conscyucnt disturbancc of a decaying burird crircass. Hoivever .-Illison 

t 1048n) determincd t.xperimrntally thrit anosia donc is not responsibk kir ilic 

prcsrnnticin of soli-ports. and that dccay occurs quitr efictively under mosic 

conditions, 

Within the upper thnliophytic-alga Erarnosn L~qersrurre. the tlorri is 

carhonizcd. nie rhin shnlci Iriminac that presene this material is cstremrl? high in 

carbon content. and burird by thick carbonate dcbris Ilous. The 3-dimensiunal nature 

of man? o t' the Il'iwto)lrllu specimrns suggesis that very crirly cemcntation ui' the 

sedinicnt occured. effectiwl- selilhg the alga before decomposition could oçcur. 

Orgiinic diagrncsis. particularly in the presence of clays. can assist in the preswvntion 

of structural tissues such as plant and animal cuticlrs (Butterfield 1990). Animal 

tissue. hou-ever. \vas not presen-ed. as evidenccd by the numrrous aniculated 

polychaete (scolecodont) jaivs. These woms w r e  clenrly present and caught up the 

:he obnition event. although the in-rifii jaw elernents uere preserved xithout an)- 

evidence of the organisms body. 



Within the lower phyllocarid-dominated Lc~~erstiitre. the soft-bodied faunri is 

prcsen-cd as phosphate thin-films. hencc a di ffcrent process must be responsible. 

Rriggs et al. ( 1993 ) showed experimentally how phosphate could be deposiird u-ithin 

the hodies of decaying organisms by bacteria. Such prrcipitation c m  preserve tine 

d~tiiils. as sern in the Eocene Messel Lagerstatte from Gemany ( Wuttkr 1983) and 

ihc C'retaccous Saninna Formation of Brazil (hlartill 1958). For phosphatization to 

oçciir. riitc of burial should be low and organic content high (.Allison 1988b). hlgd 

production and decay within the lagoons could providc a source of e'tcess phosphate. 

Iidping to initiate the procrss. Bacterially sraliny the oryrinism and its immrdiüte 

surroiindi ngs is important for the process to proçeed rûpidi y enough to precipitatc 

p hospliütt. hehrt: thc organism Jecriys ( Briggs et al. 1993 ). Within ihr Ercimosii. thcri: 

is aiiiplc c~idcncr: tor cynobacterinl tilms coating the lagoon tloors. muçh ris thosc 

sccn in the Sotnhofen (Barthcl et 31. 1978. Seiiachcr ct  al. 1985 1. and this could have 

Ittçilitatcd ihc initiation O F  multiple nucleation sites for the phosphate mincrciliztiiion 

of  man) carcasses over an entirr btidding surface. n i e  locrillp low-pH conditions 

rcquircd hr the production of phosphate would he nrutralized by an? carbonate 

csoskcleton (dissolving the calcite in the process). perhaps rxplaining why soR tissue 

is not prcscned in trilobites and molluscs present on these samr bedding planes. 

Thcse taxa appear to have undergone dissolution prior to sedimrnt lithification. as 

the? arc presen-rd as faint impressions. and not casts. Somc rchinodrrm matcrial 

(rnostly crinoid columnals). on the othcr hand is presen-ed as molds. and thus hod 

undergone dissolution after lithi fication had occurred. 



i%r the soft-tissue of an organism to be preserved. the process must occur verq- 

quiçkl' ovcr days or weeks. -et the fossils are preserved as thin films. Even at high 

rates ofsedinientation. which is cenainly not the case in the Eramosa. i t  would take 

dccridcs to acçurnulatr a sediment load high enough to begin compaction of an 

iinl iihi tied sediment ( Weller 1959). and thcre is rvidence for carly cementrition 

ttirougtiout the Ehmosa. Zangerl ( 197 1 ) suggrsts that flattcning of tossils occurs os 

r l i ~  colhpsr: o t' n i d  spricr left behind a f~s r  the decomposition of the orgünism. An! 

disscminatrd phosphate u-ould then bc tlûttened dong the plant. of compaction. the 

tliickness of ttic pliosphate bcing determined b); how much had been produccd het;>re 

corn pletc dccri! o t' thc carcass. 

Lcrger-stn'tten Classification and Corn parisons to other 

Exceptional Biotas 

..\s u n  hc seen obove. the Eramosa nctuali); presenes three different types of 

Lri,gcr.strrttr)~. ..\ phyllocarid-dominaied biota in the lower Intctrbeddçd Unit. a 

eup  pterid biota in the middle Interbedded Unit. and a dasyclad-algal-domina1ed biota 

in the i1ppç.r Interbeddrd L'nit. Kluessendorf ( 1994) statistically separated Silurian 

Lqersriirter~ into ttvo pi-im-; groups: ruryptend-phyllocarid-dominatrd ( EP) biotas 

a n d  dcndroid-graptolite-characterized (DG) biotas. LoDuca ( 1995) added a third 

Lligrrstiittr t g e .  the thalloph~ic-alga-dominated (TA) bioia. 



The EP biotas. occurring mostly in the Late Silurian. show a high degree of 

similarit- ( Klusssendorf 1994). Diversity is generally quite low aiid consists nlrnost 

csc lusiwly of iinhropods ( mostl y eury pterids. though phy llocarids and ostrncods also 

comnionly occur. and rare scorpions have bsen found). The Erarnosa eiiryptcrid fauna 

is c.zct.t.ding1y sparse. but it consists of at least thrse ruryptrrid g r n r n  and possiblp 

trio scorpions. and tits well within the EP çlnssitication. E P  biotas occiir widcly. 

pan icul:irl> ciround t ht. Michigan Basin. and have been studisd h r  some time beçause 

of thcir ratlier spcctacular Iossils (especiaily the Upprr Silurian Bcrtie Dolostones in 

Kcstcrn NCW York. cg. Clarke and Ruedernann 19 12. O'Connrll 1') 16). Srilricher et 

;il. ( 1 985 ) contendcd that the extrnordinary hyiroy raphic. sedimentaiional and car1 y 

diqcnc  tic conditions rquired io preserve a Fos.sil-Eii)tt.se~~c~~- L L I , Y ~ I . . Y I ~ ~ I I C '  wcrc suc h 

iliiit r k i r  ocçiirrcncr could be prcdicted. S pcçi tically. Kluessendorf ( IO95 notes that 

the position 01' EP biotas in hypersalins peritidal cnvironmrnts surrounding rhe 

cvtiparitic Michigan Basin makes them highly prediçtablci. In fact. tlic position of the 

U7i:irton L q o - s t r i f r r  tits within a gap in the prcdicted geographic belt. 

The If *itrrîottelkr L~igerstütte of the Eramosa liken isc lits v e n  n e Il into the 

7'A hioici catepory. Thallophitic-alga-dominated biotas as dctinrd by LoDuca ( 1 993 ) 

ma' çontain hoth dasycladalean and non-dûsyAadalean alga and worm ph? la. in 

addition to a more diverse. normal-marine faiina then EP biotas. including dendroid 

graptolites. hrachiopods. molluscs and corais. The .\lrtliwegmptirs epibolr of the 

Gnspon Formation in western New York ( LoDuca 1990. i 995. LoDuca and Brett 

1997) is an example o f a  TA biota. The Eramosa TA biota has more diverse nlgal 

tlom prcsened. and includes worms. bnchiopods and rnolluscs. although thctre is a 



notable absence of dendroid graptolites. generally a major componeni of other T.4 

hiotüs. Thc proximity of the Erarnosa TA biota to a nrarby rerf (rcpresentcd by 

rilluçhthonous coral c id crinoid matenal) confirms ii possible relationship to thesc 

t! pes ot' hunas. however they are not a noticable component of the aiitochthonous 

Ernrnosa r.-\ community, 

The third Eramosa Lqyersrdrc biota is more difticult to clrissif).. The DG 

hiota. ns detined by Kluesscndorf 1 1991). contains n more diverse. normal marine 

t h m  thnn EP biotas. but is generrilly dominatrd by dendroid graptolites - ;in dement 

tlirit is çomplctrl y lacking from al1 of the Erarnosa L~iprsttirren. Ph>.ll«carids. a major 

cornpontml ut'the Fauna. arc generally associatrd with EP hiotas. uhile the 

ph! Iloçarid-rhynchonrllid association is cleürly not. ihough they mny also occiir as a 

iriinor coniponcnt of DG biotas. Esamples of DG biotas include th<: Brandon Bridgc 

o f  wiithcrn Wisconsin (dzscnbed bu XIikulic et ni. 1985 a.b) and the Ltxthnylus 

Slidc o r  nonhcrn Illinois (described by WlIer 1 925. Roy and Croneis l 93  1 .  

[.«wnstüm 1948). dl of which includt: dendroid graptolites as pan of the fauna. With 

tliis cscc.ption. however. there are several unique organisms comrnon to the Brandon 

Bridge and Eramosa. drspite their different ages. of late Llandowry and Exly 

L.udlow rrspectively. This would seem to suggest a close ccological relationship 

between the two biotas. Kluessendorf ( 1994) also placed the iUississine\va Shale 

Lqe>i;i~irrr of northem Indiana (drscribed by Erdtmann and Prezbindowski 1974) as 

a. DG biota. though LoDuca and Brett ( 1997) suggest that the presence of 

dasycl3dalean aigri would more properly indicate a TA-t~pe biota. 



Paleoenvironmental Interpretation 

I'lic Ernmosa is interpreted as beiny deposited on a widr carbonate plntform 

o n  the margin of the Michigan basin. Major biohrrmal devslopmrnt during deposition 

o f  the iindcrlying Xmabel formed a partial barricr s! stem. riffecting open circulation 

diiring Eriiniosa dcposition. The plathrm was dotted with often subaerially exposed 

Iow topugrapliic ~ S C S  forrned by the burial of underlying patch reets. u hiçh. during 

tinics of normal marine salinity and higher srü lewls. w r e  somctirncs the site of 

;ictiw rcefgrowth. Between the topographie highs w r c  shallow lagoans which 

pcriodiçûll) wcre cut off from open marinc circulation. and. in tlic imrrn. tropical 

cl inlate. ma! ha1.e csperienccd u ildly fluctuating salinities. 

During the deposition of thc loivermost Eramosa (the "Mnrblc" Vnit l. w t e r  

s i l i n i t y  \iris high. making the lagoons rnther inhospitable to al1 nietrizoan lik. This 

ma) I in\x hern n time of basin-wide incrcrised salinitics when sa1 t dcposiis were 

forniing in the Michigan Basin. Cyanobacterial mats formrd within the la, ooons. 

dircctly prrcipitating y e n v  rvenly-laminated stromatolitic carbonates that undenvent 

rcipid lithitication. Storrns would disturb only the uppemost still-king mats. crrating 

crinkled features and thin laminae-breccias. Sediment transport \vas probably minimal 

during this period of lowered sea levçl as each lagoon would act JS its o w  ssdiment 

trap. 

.As normal salinity began retuming to the lagoons. cither as n result of a slight 

sca Iewl rise or a basin-wide change in salinity. shallon- burrowrs mowd in and 

bcgnn disturbing the mats. Lithification ma!. not haw been as rapid. pro\ iding a mnre 



transportable source of carbonate sedimrnt. Also. i f  sea levrl brgan to risc. fetch 

nould bc incrcased and thus also storm uave amplitudes. cnabling the transport of 

carbonate silt and rnud betu-een Iiigoons. producing the thickcr event beds of the 

I3;iniosri Middle L M .  

During deposition of the Interbedded Unit. circulation patterns in the la, (loons 

wuld  rcipidly alternate bstwern open and restrictrd. controllctd bp minor changes in 

scli Icwl. When circulation [vas good. normal marine orpanisms would populate the 

wiliiiicnt surhcr. for a short tirne. OAen these populations would be monospeci tic. 

~ i n d  dctcrmintxi bu n-atcr drpth. temperature. and osygenrition of riny particulor 

1:igoun. or even "u-ho pot therc îirst" as possiblp determincd by n sptxies' brccding 

cyAc. Storms would periodically smother bottom çommunities. :\ny slight drop in 

w 3  Icw1 iwuI11 C U ~  off wvüter circulation to some lagoons. aller u hich ismprrnturc 

\ioiilil risc. stagnation and excessive algal productiviiy ~ w u l d  dccreasc os) -en Irwls. 

ritid c . w  cntuall y salinity would incretisc. killing tlie normal-marine thunri. 

Scdinicntation during these tirnes would produce nlgol !aminae devoid CI t' 

C1oon. macrolossils. until the next sea level rise brought normal-marine waters to the la, 

During lote Erarnosa times. sea level rose more signiticantly. tlooding the 

aposed  topographie rises and bringing more consistent normal-marine conditions. 

Rcef grotvth became more common on rises within the study area. and dasyclad algae 

colonixd the interreef lagoons. The abundance of dasycladalean algae within the 

biotn indicatrs a ciear. shallow (almost certainly less than 30 m and more probably 

lcss than I O m). low rnergp manne setting ( Elliott. 1968: Berger and K x v r r .  1992). 

BJ- Guelph tirnes. water depth had increased significantly. c honging the nature of 



wiitcr circulation. and sedirnentary and ecologic patterns. While prrcisc dating OF the 

Friimosn has thus far not bren possible. the Iithologic evidence corresponds well with 

3 ylohd eustatic sea b e l  rise in the Early Ludlow reponed by Johnson and 

1 lc Kcrrow ( IC)9 1 ). 

i t hüs bern sugyrsted ( Kluessendorf 1994. LoDuca 1995. LoDuca and Brett 

lW7> thnt North .-lmerican Silunnn b n s e r i t r t - L ~ ~ g e r . s t ~ i t t ~ n  have several 

choraçterisiics in sommon. They arc relatively shallo\v. rcstricted. Iow-oxygen. 

nicirinc carbonate environments. involve obrution. occur in prosimity to rcefs ( living 

or huried). and «tien occur at the beginning of a marine transgession. thus rnakinr 

tlicin prcdiciabk in nütiire. The Ermosa Lqq~r.srrirfe>l ülso tits within this pattern. 

The proposed irregular and restricted nature of thc carbonate platform diirinp 

[fr;irnosn times is similar to that which has been proposcd tor thc Jurassic Solnhoî'cn 

lirncstont. of southem Grrmany (Bnnhrl et al. 1978). Two cornpethg throrirs have 

hcsn proposeci t« esplai n Solnhofen carbonate cic position. Bürthel ( 1 970. 1 Y 7 1  ) 

hclic.\ cd that r d - d r r i w d  allochthonous carbonate srdimrnt brcame suspendrd in the 

\intcr coliirnn during storm cvents. washed over coral patch rcefs and tlooded into the 

snlt-sirrititkd lagoons. settling out aftewards. Keupp ( 1977a.b. as translateci in 

l3;irtht.l et al. 1978) believed that the Solnhofen was an riutochthonous carbonate 

depositrd by cyanobactena living in the salt-stratified lagoons. Barthel's ar, wement 

against Krupp's mode1 was the lack of irregular and wrinkled surlàces within the 

Solnho fen commonly associated with algal/cyanobacterial drposition of carbonate: a 

tCatiirc that is pervasive throughout the Erarnosa's "Marblc" Unit. 



Tlir llpper Triassic Steinplatte reef cornplex of Austna. although much more 

ertensivs in thicknrss and areal extent. also provides a good environmental pardlel to 

the Errimosa. Squences of intertidal laminar algal stromatolites. with alpl-crust 

intritçlast cimpl»merritcs and cvidencing frequent subaeriül csposure. w r e  deposited 

w c r  ;I wide carbonate platforni bstween barrisr recfs ( Pillar 198 I ). 

Summary (including General Comments on Konservcrt- 

[ t  is thc nature of the tossil record that we musi view the h i s t o i  of ancimi Mc 

iliroiigli ihc hiylil>. biasing triphonomic filter. In most cases. riny study of 

pdci>conirnunitics must ncccssarily br: restrictrd to thot portion which hûs n 

prc.sc.nritilc skclcton. Stanton ( 1976) mumeratcd the preswable vcrsus total t'riunrt 

coniposiiion 01' the shailow Southrm Crilifomia shrlf and found that 70 io 9096 of the 

t i i i nn  Iitid ni) chance of being preserved under normal circurnstances ( Figure 5-0. The 

mnrinc tlorn MS not cxamined in that study. yet it represcnts mother major 

wmponcnt  of the marine community just as important as the fauna. ?et with vinualiy 

no chance ofpreservation. This must certainly have been truc throughout a11 of 

ceologic tirne. Most phyla have a low probability of appearing in the fossil record. 
C 

.-ln) paleoccologic study. whether it  be an analysis of an ancient community. or the 

cliangr in palttocornrnunities dirough timr is therefore tlawed and incomplete. For 

esampie. the absence of anp preserved flora means that the entire autotrophic tisr 







(11 i t h  the exception of diatoms. perhaps) is missing frorn any paleocommunity 

:inal!.sis. h d  the characteristics of the living environment - slich as ve~etated patchrs 

S .  opcn iiiiid hottorn cannot be deterrninrd. The loss of eniire phyla from the fossil 

record ANS riny rinalysis of morphological disparity through tirnr. studics of 

CI uliitioti;ir> i trisonomic and ecologic ) rates. species diversities ( 1 ~  hich then ritkcts 

cstinct icm studics ). inter-tasa associations rlnd interactions, etc. 

K o ~ ~ . ~ o * ~ ~ ~ i r - ~ ~ ~ g t ' r . s t ~ i f r c ~ r t  giw us ri rarc. though still nevrr prrfect. winclow into 

ilic niissiny cuniponcnt of palr.ocornrnunitirs. Thrre are few examples through the 

I o\rcr Pdwzoic. and indude the Cambriün Burgess Shalc. the Lower Dcvonim 

i l l~~ l .~r . l r c .k . \ I r i~>fë~ . .  and the Psnnsyivanian Mazon Crcck hiota. 

[iic I h m s ü  1.ügcrstatie is esccptional in a variet!. of n a y .  The i-CF near 

horc. slial low-i~ ütcr cornmunit).. so close t« the plrinc of erosioddcposition 

i ~cditncntotiimd hase Icvr.1). is an environment thüt is rarely preserved. even il'it 

didn't rcprcxnt ;i L~i,q~r.srtitie. This cornmunit). ma? haw bren common. perhaps 

doni i nrin t. arotind the shorelines of most Silurian carbonate basins. Amonp the other 

Siluricin / . q ~ ~ r s d i e .  ihc Eramosa is more diverse then either the Brandon Bridge and 

Chsport hiutüs. possibiy representing rither a more cornple!e taphonomic virw. or an 

original 1y more di\ crse community . U'hile Lagrrs~iisfr deposits have often bren 

icwd in the past as possibly unique communities. and therefore perhaps less 

imponlint. ihcr strong similarities to other Si Iurian Lngersriirre of different agcs would 

seem it indicütc that the community was not unique to panicular location o r  time. 

Organisrns such as the clawed arthropod (the "rernipede"). possibly common in this 

type of en\ ironment dunng the Silurian as s h o w  by its presence in several Silurian 



I.+yi-sriiîrrn. show how an entire ecolo~icnl tier r possible top-tier predritor in this 

case) çan hs missiny from the fossil record. 

Furthcr w r k  on the Etamosa L~lgersriirfe ivould inc lude a more detai led 

rcizimoinic mnlysis of this highly diwrse tauna. including the compnrison of  Eramosa 

t a u  to siiriil;ir taxa tound in other Siluritin Lryer.stdtrtt. and Iiow the Ernrnosa taxa fit 

into ihc c\.oluiionary and eçolopic histoq o h  number of poorly understood groups. 

C'ontinuing ticldwork \vil1 also likelp rrvccil more nrw material. since püst tieldwork 

F L I ~ ~ C ' S ~ S  t h t  ~ h r  top of the sample rarefaciion c u n r  has not k e n  rrriched. Chernical 

;in:il! sis o f  i!ic fossils rtithin the Lagrrstiitte. hryond the very basic tests perfonned 

d tiri iip this stiidy. m q  rweal funher insiy hts into the presenation of t.sçeptiono1 

Iiiotm. Fiirilicr yccipliysiçal ~vork çould rei.eal a detailcd kiimcnsional picturc of the 

lagoonLi1 iopogrnphy. and drill curing proposcd bu Owcn Sound 1.cdgcrock Inc. could 

tic prccisc litholoijes to the GPR sections. L-astly. a more detnilsd esamination of the 

vast ~liinlhcr 01' micro- and macro-lithalopic and scdimen~ologic katurcs of the 

Erarnosü Formation could revrnl tùnhcr insights into the nature ot'ihc vep-nerir- 

.; horc. cnrbonatt. tmvironment. 

Tlic study of such esceptionally prrservrd biotas. when using an 

interdisçiplinarp approach. can shed liyht not only on their individiial 

polt.or.nvirc-mment and ecology. but contribute to our understanding of ancient 

conirniinitics and processes through rime. 
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