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in exposure of the shelr edge .wb)ch was, during stage I, the site of muddy .sands 

and thin algal mat deposition. Grainstone/packstone clasts in Oed 12 show 

complicated patterns of voids which may be solutioa caYities forml'd during 

subaer.ial exposure. Formation of a shallow barrier would �h�~�n�:�e� rcsqltl'll. Bed l ·t-. . . 
type marginal buildup facit>S del'eloped in the shallow well al'rat('d watt>r in front 

o£ the barrier from whera. it gradually build out seaward and �c�a�.�H�~�l�·�d� �s�t�e�~ �· �p�e�n�i� n g or 

the slope which resulted in formation of a coarse peri-pbtform tal11s ohs_PrvPd in 

calcirudite clasis or Bed U. Tb4' sheltered environment bPtwet•n a barrit>r formed 

by the rclict shelf edge (lower Bed 11 time) anJ a rl'cbl bdt at the n'fow shelf edgP 

allowed depositjon:. of spon giostrorne algal bindstone and bedded mudstone (JL')) in 

the protected tlackreef area. The �s�~�e�e�p�~�r� slope in front of thl' buildups pre\'l•ntt>d 

lumpy wackesttnes from forming on the uppN. slope which w:1s now byp:1...;.;ed by 

' ·sediment or a'OWl'd only short term dcpositi?n followed by • flnshing• . ThP 

observed �f�a�c�i�e�s�1�c�h�~�n�g�e�s� thus seem to �r�~�c�o�r�d� �t�r�a�~�s�i�t�i�o�n� from a mor•.• �~�h�·�p�o�~�i�t�i�o�n�a�l� 
m:ngin to a bypass margin. 

10.3. Bed 14 Lithofacies 

10.3.1. Introduetion 

Ded 14 is the megaconglomerate with the largest clasts anrl the hight>st amount 

of oldN chsts. This rr;:ationship implies that the horizon �r �e�c�o �r�d �~� failure of an 

entire segment of �t�h�~� margin possibly in response to seismicity. Th" ex:1ct 

stratigraphic position of Bed J.1 with respect to the phtform is difficult to 

el'aluate because fossil data are sparse. The information present suggests that 

implacemcnt of Bed 14 was lime equivalent to the uppermost Agua.thtma 

Formation. ' 

FiH different lithofacies haYe been distinguished among forPil?;n 

contemporaneous clasts from Bed 14. Clast counts (Fig. llkl) indicate that 

�m�~�i�v�e� wac.kestont>S and boundstones represent the most abundant lithologiPs 

followed by grainstones, rt!dstones and lumpy mudstones in descending order. 
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\' crtic~l facies relationships within the time range of Bed 13 cannot be 

distinguished in Bed 14 based on conodont data or lithologies. Lithologies as old 

as Tremadoc or 'even upper Cambrian have been found among the older foreign 

rla.sts. 

10.3.2. Lateral racies relationships 

All of the forei:;n ront~>mporaneous lithologies show intergradational 

relationships eXC'('pt for t:le rare lumpy mudstones, which \\:ere dE.>rived from a 

f:J.ci!'s b<'lt or th<'ir own. The calcirudites ocrasionallv co-occur interbedded with . . -
rna-"s1ve wickestones and grainstoncs. rbe remaining three lithologies 

f warkeston('s, boundstones and grn.in:>tones) can be found together within the 

S:lOI(' houldN. 

10.3.3. Role of organisms 

TIH• :.hundance and variety of algae in . the cJa.,ts ind icates that they represent 

:.n important component of the .shelr margin facies where 'they obviously found 

favourable growth conditions during Bed 13-time. The dominant genera are 

(,'in ·anel/a, Epiphyton , R~nalcis and llalvsi.s. The large boundstone clasts :where 

thl'y occur in growth position were lithified before transport occured. The algae 

were apparently capable with help of early cementation (indicated by nature of 

some cements) to form large buildups. 
,. 

Spongrs 

Abundant sponges occur m som~ of the boundstones preser:ved in life position . 

Some are similar in shape to the archaeoscypbid ~ponges found in Be~ . 10 but 

tt•present a dif(erent species. A ':'ariety of morphologies occurs (i.e. cup-shaped, 

rod-shaped and sheet-like ~ponges) which aided in formation of the builaups. 

,. 
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Tubular organisms 

In some of the large boulders at Lower lle:1d .these <>nigmatir organisms form 

intertwining networks intercalated with algal dominated sectors. Tht•y comprise 

30-·IOCO of the framework builders i~ these rocks and were quite impor*ant :1.'1 

'""constituents of the buildups'. ~o sign of compaction of th~ir tub(•s is ''isible aud 

they probably possessed cakiried stable wall!1 capable of withstanding prcsstm• 

and probably forming small • reds • . 

Piiirhrilami11a-like organism 

These large -heads with ' lamellar layeted walls are numerically not import ant 

components of the buildup facies . 

. Arthrop-ods 

' Trilobites are abundant inhabitants of the algal mounds. Lijije .. conodonts frc>rn 

the large boulders at Lo~·er Hc:td trilobites are similar to tau fonnd in the dt>t'p 

subtidal deposits of the Middle Table Head Formation. Trilo-~rte a..-sembb~/'" ;lf r• 

typical for platform edge ~nd deeper water environments (Appendix 10). 

Brq<'hio;Jds 

· Like spec1es and genera .from clasts in Elcd l~ the brachiopods in . Bed 1-l arf' 

indicative of the Orlhidiella Zone 3nd typical or the def'p subtidal environnwnt. 

\1olluscs 

~1acluritid gastropods are abuod3nt components of the boundstones in B(~d II. 

Coiled and orthocone nautiloids are also uhi!')uitous . 

• 

I . 

I 
·' ... 

.. 

' 
'\ 

' > 



10.3·.4. Synthesis and' model 

The relative lowering or sea level that began in upper B('d 11-timl.' (cquinlt-nt to . . 
lower Aguathuna.Fm.) continued during deposition or B'-'d 13 and. i~ 1.n; prr~~t'd tn 

the peritidal cycles of the Aguathuna Formation on the ~h.elf. 
' · 

'The sHelf edge built out scaw:nds continuing a trend bt'gun in uppt-r Bt•ll 11-
. . 

time ·in. response to the rcl;ttive sea lcHl fall (Fig. 10-·l) . Largr boulder~ of 

boundstone !:'Xposed in Bed H at Lower Head illustrate the remain~ of an ~lwlf 

cdg~· at le:l.St , tens of me tel'S in height. The shelr edge was const ru<'ted or carly 
. ' 

lithified algal-sponge- •tubule• reefs (8.3), shelr-edgc sands (U .~) and . skeletal 

muds (8.2). Greate;t abunda'nce or ~he reef racit'S at ),ower Head suggcsls th~l­
boulders here are derived from the largest buildups ~hich declinrd in size and 

a • I • 

volume further south (i .e. Cow Head 'Peninsub.) . Slope scdimrnts found in tht• 
' L~bster Cove allocl)thonous terraine are interpreted as lateral l.'quinlrnts of the 

Cow Head Group and show no major conglomerates with clasts o(redal f:lciPs or 

other evidence of large upsl'ope buildups suggt>sting, that thr n•r fs, ind{~~·d , 

represent a local facies possibly restricted to a pr;omonlory ( hmrs f'l al., in press) . 

.-\t the toe of the ~sc:irpment peri-platform taluis accumulatcll, prcscrvrd i n clasts 

of coarse calcirudite (B.4). Further down slope peri-platform oozl's with occa.sional 

cong1omcrate lense5 a ccumulated (B. B). The lower slope (Dcd 13) is r 0mposPd in 

the lower part dom inantly of calcarenite, in the upper part of parted :~.nd ribhCJn 

limestone, The abundance of lime sands and ffi('ga conglomcratl's on the low!'r 

slope is typical for bypass slopes (Read, 1982~: Sc:Hcity of coarse debris on thl' · 

upp.Jf slope supports the interpretation th_at the margin wa..<; a. hypa.c;s rather than 

a.nraccrctionary slope. The limestone dominated facies is dist:J.lly rr.pl:l.ced hy r ed 

and green shales. 
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\ ,. 
Figure 10-4: 

. c 
Reconstruction of the shelf margin 

during Bed 13-time 

' . 
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Chapter _11 

SUMMARY AND CONCLUSJONS 

11.1. Summary 

11.1.1. .Introduetion and geol?gieal setting 
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Horks or the CHG represent a fragment of the con~inental slope of the Cambro­

Ordo,·iri:tn Iapetus Ocean. This allochthonous sequence · bas been transported 
. . 

westwards some 200km to lie directly on equivalent autochthonous car~onate 

pia t form stut:t . . The bedded slope sequence of dominantly limestone and shale is ., ' 

punctu:J.ted by three megaconglomerate horizons (beds 10, 12, 14) in the Arenig 

part of the succt'ssion. The clasts and boulders found in these conglomerates are 
~ I 

dt•rintHrom "different sources _but mostly from t?e shelfbreak and upper slope 

'whic-h· is not preserved _ elsewhere. The megaco?glome-rates are_ found in the 

linw!'tone dominated section of the CHG---and were investigated at Lower Head, 

('ow llt>ad. Peni"nsula and on Stearing Island. The_se deposits are regarded as . 

·proxim:JI slope sediments in contrast to the shale dominated sections to the south­

<'!l~t (St. Pau_ls Inlet,- ~tartin Point, Western Brook Pond, 9reen Point) w~ich are 

r<'g;Jtded 3s their distal equivalents (Jam.es and Stevens, 1986). 
. ' ' 

11.1.2. Conodont taxonomy 
\ : · . .-

Over 1::!000 conodonts were recovered (rom 256 samples taken from clasts and 

matrix of the lTiree mega<'onglomerate horizons. Taxonomic study of selected 

sp..,cil's which were found to provide new information to Lower Ordov..,U:.i.an 
I 

. . I 
<'onodont paleontology was employed. One new genus (Tezania) was defined as a 

repbc('ment ror the oldet . name Micro:arkodina ?.' Several o,ew species were 



/ 
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recognized (e.g. Texania heligma}· an~ a few were redefined (e.g. OiModus­

elongalus _Lindstrom). Taxonomic treatment ptoceeded all other conod'ont studies 

aoo enabled a clearer recognition of the distribution or the species round as well 

as cOI'relation to other localities . . 

ll.l.3. Conodont biostratigraphy 

The- conodonts recovered from shelf edge derived lithologies en:tblcd· correht ion 

with faunas from the shelf and lower slope. Lower slope successions have been 

investigated in terms of graptolites (~Villiams and Stevens, in press}, conodonts 

( Johnston-;1687) and trilobites (Kindle and Whittington, 1958). Shelf strata of the 

St George Gwup were studied by Knight nnd James (in pu•ss), Stou.gt', ( Hl8~; 

conodonts), Stouge a_nd Doyee ( 1983; conodonts and trilobites) and Wiliiams et ttL 

(1087, grapte>lites .and trilobites) among others. CQlllParison or all data suggest 

that the lower part of Bed g with Paroistodus proteus co~:rel~tes to the upper 

Boat Harbour Formation (below the pebble bed), a short intt-rval ncar the middiP 

of Bed g with Acodus de/latus to the uppermos~ Boat Har.bour Formation and thl' . . . . . 
rest of Bed 9 and Bed 10 bearing Prioniodus (Prioniodu.'J) ele~an.'l to the- )owN 

and middle Catoche Formation (Fauna E). Lower B~d ll belong~ - to-~ thr• 

13altoscandian' Oepikodus et·ae Zone and "probably ·corrcla.tes to the upp.er middle 

and uppN Catoche Formation (Fauna E). The .upper ,art of Bed 11, Red 12 :m(l 

lower Ded 13 are difficult to correlate to Baltoscandia because ot the lack of 

:'\orth Atlantic zone ;"vssils. The fauna is instead dominated by Periorion 

aculealus The inter\'al probably includes the Baltoniodus nat·i.'J • f'aroi,.~todu .~ 

originalis zones and is equivalent to t-he upper Catoche and lower Aguathuna .. 
: formations on the shelf. The middle and upper piut of Bed 13 and Bed I -1 are 

still dominated by P. aculeatus but the pres('nce or other taxa sug,ge~ts correlation 

with the . Alicro::arkodina flabelrum and possibly ~he lower Eoplacognnthwd 

ratiatfi'ttT='tone in ,Baltoscandia. 

.• 
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11.1.4. Conodont paleoecology 

Four difrerent conodont biofacies can "be recognized (rom cl~ts in the · three 
. ·, 

m('gaconglomerates. Rare old dast.s in Bed 10 yield Paroistodus numarcuatus 

· and DrepanoiSfodus fnconstans and are · assign_ed to a Drepanoistodus • 

Paroistodus Biofacies. Most of the remaining clasts yield a fauna dominated by 

Pritmiodus (P.] marginalis n.sp. together with the distincive form Texani'Cl sp. 
. . 

nff. T. ·aden tala (~1cT~lYish) and is named the Prioniodus • Texania Biofacies. 

Bed 12 nlso yields an older and a younger biofacies: The fauna in the older clasts 

1s dominated by Prioniodus (Oepikodus} et•ae and Periodon flabellum 

(Prioniodus • Periodon Biofacies); the younger fauna yiel4s abundant P. 

aculealus accompanied by Texania. heli9ma n:sp. (Periodon - Texania· Bi~Cacies) . 
Clasts in Bed 14 comprise the P.eriodon - Parapanderodus 'Biofacies after the 

dominant species P. aculeatus and the characteristic form P. arwatus Stouge. 

Comparison or the shelfedgefupper slop!'! faunas to those found on the loY.-t>r 

slope s~owed that both environments are similar with respect to the dominating 

speci~s .but differ in accessory faunal elE"mE"nts.' An exception is the Prioniodlis • 

--·-fua n ia iliof:rcit"s----uf Bed- 10 _·which - -ic:--h-i'O"hlv-·..,,.rt .... rnt-r-- -!'rl~H~-fHt-·!'H'i>--\-r·.--··-----• 

distinct from slope- faunas with regard to the dominating species but share som(:' of-

. t h<' :H'CPssory l'lemPnts. :\figratioris of faunas from slqpe to shelr and vice versa 

are probably t('l:lted to se~levet cha.ng('S on the- shelf. This can be demonstrated 

. by the ~~~~~ount of ~fidcontinent (=shelf-f species ·versus i\orth Atlantic (=slope-) . 
sp<·cies in the shclfedge derived clasts. Regr('Ssions art> reflected in a high<-'r 

-
proportion of ~lidcon tinent specit>S at the shelfbreak (Prioniodus - Texania and 

/'criQdtm ~ Parapar~derodu~ Biof~t'ics); transgressions result in a larger component 

or :'\orth :\ t )antic species ( Prioniodus - Periodon Biofacies) . 
1 

' 
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11.1.6. Co.nglomerate sedlmentolou 
. , 

• 1 

The . ~arbona.te ~lasts in the megaconglomE.'rat~s w~re studied by visual 

examination and description of the various lithologit>s and by point~ounting th-e 

different types. recogniz-ed using · a lOcm spaced grid. About 500 thin section 

samples were taken and studied petrographically with a microscope. The clasts 

and boulders in ' the- conglomerates were subdivided according to their origin and · 
/ . 

:.ge into (A · hologi('s, ~B) foreign lithologies and (C) older clasts. Local · .. 
lithologies ·a e interpreted as be_ing derived from within or close to the depositional 

t or the bedded . lower slope Sttdiments of the CIIG and a.re 

pl'nE.'COD mporanOOUS to the frnmediatcJy underlying Ocd; foreign lithologies art• 

·· also penecontemporaneous. to the underlying bed, but come from outside or the 

d('positional en,·iroriment, mostly from the uppN slope and shelfbreak. r:uely from . . . 

the shelf; old~r cla.sts comprise local 3.5 well as foreign lithologies, but are older _ 

th-an the immediately underlying bedded strata . . Study of the clast~ in distal a.o;; 

well as proxima~ Arenig conglomerates sho\'YS that _both contain similar typ1•s or 

clasts but different 'ratios or foreign and local clasts 1nd matrix . Foreign clasts arc 

_· concentrated in proximal conglomerates, local cla...;ts in distal conglomt>rates. Tht• 
----------;--~---=----:-----·-;--~-'---:---~ - -·--··----- ·- -

lateral change in . dast composition sugg<'sls that either the · debris flows are 

different or the same flow changed its compositi<;m /pn . its way downslope. Thi• 

presence of _ similar old fortign lithologies ill/Proximal_ as W(•li as distal 

conglomerates suggests, however, that both dr/w from the same so.urce and arc 

depostts of the same flow (except for Bed 10 which-appears lobe the result of a . 1 . .. 
series or smaller events). Ol~_ftly deformed clasts found in lle_d 14 suggest that 

older megaconglomeratcs \i;e,.ui incorpora.tcd into this yo11nger debris flow. 
/' ., . a. 

· \' ertically the megiconglomc ... rale horizons increase in thickness and size of cla..c;ts. 
·---- -

------------
--~._ 

c . 

I 
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· 11.1.6. Clast lithofacies 

. In tht; old~t of the three Arenig mega.coriglomerates, Bed 10, .~ dirrerent types 

of local clasts can be distinguished .• These are: parted and ribbon limes_tone, 

calcarenite, conglomerate, .dolostone and chert. These are similar in composition 

to sediment of the underlying Bed 0. Fortoign penecontemporaneous clasts are 

subdivided into siX . differtont lithologies: massiYe (unbedded) wackestone, . a)ga} 

sponge bQitndstonr>, bedded grainstone, calcirudite, lumpy wackestone and 

mudstone. The lumpy wackestone lithologies are rare and reprt>seot tht> oldest 

fades as indicated by conodont data. Clasts of massive wackestone are most 

:1bund:wt . They arc composed of muds and peloids derived from the alga 

Girt•artella together with other microbioclastic debris (e.g. sponge spicules, shell 

fragm«.>nls of trilobites, brachiopods, cephalopods. and minor echinoderms). Clasts 

are intersected by ~diment-filled fractures ·and silica-lined, fibrous calcite-rilll'd 

voids. The sediments are interpreted as upper slope and shelfedge mud deposits or 

mounds stabilized by algal" growth . Organic buildup r:1cies is represented by 
c 

bounds! ones formed by Girt'ane//a-str-omatolites and clusters together · with 

archaroscyphid and 
- ~ 

. ' 
other lithistid . and . hexactinellid sponges. Calcirudites 

repres('nl mound talus sediments. The rare bedded ·grainstones are interpreted as 
.r-\ . 

intNmound and m'Ound Oank sediment. Lumpy.mudstones finally represent~ peri-

platr?rm ooze d<'posited bn the deep. upper slope: Old clasts are rare in Bed 10 

and arc repr<'srnted by Epiphyton boundstone. oolite and c~karenite. clasts. 

Local clasts in -Bed 12 are similar in ·composition to those in ·Bed 10. Foreign 

. peilccontemporaneO'Us clasts were subdivided int.o ~even - different litholagies: B. l 

~la.."sive · warkestone . intl'rcalat~d \i.· ith massive to bedded . muddy grainstone.· This 

fades .. is usually intensively reworked and shows discontinuity surfaces. It is 

intc~preted as representin~ ;helfedge sands and · upper slope muds. Among the 

boundstoncs. (B.2) two different types are distinguis~ed: an: . older light grey 
- . 

boundstone dominated by the ·algae Renalcis, Epiphyton a~d Girvanella, and a 

youngeor br.o'"·n boun{tstone .with a similar algal nora, but _i~ addition, sponges and· • · 

enigmatic organisms which . are similar to those in boundstont>S ·or Bed 14. 

' 

( 
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Calcirudites (B.3) are rarer in Bed 12 than they are in Bed to, ·but ~aldruditC's of 
,, 

Bed 12~~ a di~tinctive lithology and are ~mmon in Bed 14. They are also 

in~erpreted as talus sediments and/or foreslope breccias. Lumpy dolomitic 

wackestones {B.4) are equivaiE.'nt in age to lower DE.'d 11 and are composed or. 

skeletal mud intercalatE.'d with dolomitic argillaroous parting matrri:il. This fnri('s 

is interpreted as an upper 

wackf?Stones (B.5) correlate 

mudsto"oes, · packst?ncs, arid 

slope deposit. In contrast hedd('d mud~tones to . . 
to upper Dcd 11. Th('y arc rubbly . to bt•ddt·d 

wackestones with locally prc:>ern•d f!.'ncstrat•, 

a:nastomosing tubes and spongiomorpb fabric. They arc iritNpn•ted is shallow 

water deposits. Clasts with shelC-derived conodont faunas are rare in fled 12 nn(l 

are grainstones (B.6), Lumpy mudstones are similar to tho~e in B<'d 10 and art• 

interpreted as peri-platform ooze. Old clasts ~re similar to those found in B<>d _lo 
,-..___,.-

but with the addition or clasts of Bed 9-age the latter. being a wn.chstone with 

d!scontinuity surfaces (C.l) and a calcirudite (CA). 

Bed 14 differs from the older megaconglometate~ m yielding more old c\:t.o;ts 

which " are sometimes difficult to distinuish from the penecontemporaneous 

lithologies. Lower slope lithologies Include soft deformed clasts of ribbon limestone 

(A.l), calcarenite (:\ .2);7onglomerate (A.J), dolomit~ (AA) and Chert ·(A.!>). 

Foreign clasts: are dominantly boundstone composed of Epiphyton and Girt•anella 
. . . . . 

accompanied ~y oth'{l' ~lgae, enigmatic tubular organisms and ,spong('s (fLiJ. 

They probably formed reef~like buildups along the shelfedgc and were lithithiriPd 

early. ':fhe boundstones are ~sociated with packstone and wackc5tone (0.3), 
' )> 

·abundant grainstone (B.4) and coarse calcirudite (D.2) wit~ angular early lith ified 

lithocl~ts. Rare are shelf-deriv~d· grainstones with a conodont_ fauna-correlative to 

the upper Aguatbuna Formation (B.i) and _rafts of peri-platform oou (B.6 ). Olr~. 

clast are common !n Bed 14 and they comprise foreign and local lithologies a.sold 

as upper Cambrian in age. Shelf derived old clasts are more common in Bed l ·t 

than in the .older megaconglomerates, -"" 

. ·-
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11.2. Condt,teions 

Conclusions on evolution of the shelf margin can · be drawn from the combining 

condont biofacies and carbonate lithofacies data. 

11.2.1. Bed 10 

The shelf margin as it existed during Bed U-time is interpreted to ha\·e been 

rimmed by mud mounds (drmed by accumulations of the alga Girt;anella an.d 
. . 

Jit.histid sponges. The mounds wer~ situated in moderately deep water within the 

photic zone (indicated by algal growth) but not significantly influenced by wave 

:t<'tion (indicated by lack or energy indicators such .as grainstoncs) (Fig. 11-1) 'It . 
Lithification of the mounds 'r surricienlty delayed · to allow intensive 

bioturbation and for~ation of flanking calciru<Htes with soft-deformed lithoclasts 

but was early enough to allow transport or large undeformed angular clasts with · 

c:tlcite-Cilled stro~atactoid voids in the Bed 10 debris flows. The mounds attaine~ • 

some relief ~bove the sea floor as indicated by the presence of abundant coarse 

talus scdiml'nts (cakirudites)._ The mounds at the shelfedge are inhabited by a 

conodont Jauna that is quiet distinct fro'm those or the I()Wer slope and the shelr 

. with rt>spect to the do~inating species. It is termed the Pri'oniodus - Tez:ania 

Riof:\cies and is ,_characterized by e'ndemic species (PrionioCJus marginalis and 

Te.ca11ia sp. af(. T. adenlat~) together ~ith ~orth Atlantic f~rms ~nd a relatively 

l:irge number or \f,idcontinent species. 

Dowr:tslopt> the mound facies graded into peri-platform ooze -which is commonly . 

de\'oid of conodonts. Clasts oUbis facies are rare, but their usually soft deformed 

· natiJri> suggl'SIS that they disintegrated during transport. LOcal clasts· rewprked 

fFom the lower . slope _are relatively . abundant in proximal _ facies of Bed' 10 

(compared to lat_er megaconglomera.tes). Sedimentation on the lower slope (Bed !J 
w:u; characterized by sediment derived from the marginal buildups. This is 

indicated by the abundance or algal-derived sedimentary particles such as algal 

pt>loids, lumps, r.afts, filaments and . muds · (Co_niglio ·and James, lQ85). Slope 

. • 
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in.sta.bility is indicated by the presence of welded conglom~ra.te3 on St~uing Island 

and abundant ·~inor coriglomerates near the top oJ Bed 0. ]ht-se closely spact•tl 

debris flows are referred to a5 the Bed IO.complex (James and Ste\·ens: 1.086). 0111 

clasts are rare in these conglomerate-s sugg<'Sting that no deE.'p 'er(>sion occurrl'd , 

( o~served down-cutting is minor)' ,rior were major fault scarp·s prl'st>nt. 

Th<> adjacent penecontemporaneous shelf succession is· rcprl'sentcd ·by lh l' lower· 

middle Cato~be Formation, a sequence of domil)antly subtidl.l carbona.tcs. · Thr . . 
abundance of · muddy sediments in the middle Catoe he Form:ltion suggests th:tt 

low energy cou,.ditions prev.a.iled on the shelf, eithN . because of rda.tivcly d eep 

water or because a · rimmed shelr margin developed during this tim<' whir h . 
protected tt.e S~elf interior from wave aclion.._~e lac~ of exchange bc twt•('n O~H' D 

ocean conodont faunas and those of the shelf platform indira.t<'s, however, tha.t 
. . 

the water was not deep ?r cold enough to allow for migrations of :--;orth Atlantir 

elements onto the platform . .FurtheriTl()re th:..Eumb<''r or Midcontin<'nt sp('Ci<'s !\I 

the shelf edge i~rly high (compared to later tim~s) suggrsting th:1t conditions 

were favourable Cor these shallow water elements. The presence or a rimmrd 

pla.tfqrm as suggested by James et al. (in press) is indicat<'d by the faunal cvidenr t• 

' with ,sh~rp distinction or sbeiC-, mound- and lower slope faunas . The nature (Jr 
the mud mounds, however, suggests that they were d<'positE'd in fairly de<'p watP.r 

and tbat they did not ba.Ye a wave . resistant indurated surfac('. SedimPnts 

indicating wave action such as grainstones which are fo und in yo ung<'r sh <'l f<'dgr~ . ~ . 

facies are scarce in Bed 10. It is therefor-e questionable wether or not the mounds 

were capable of forming ·a s ignificant rim at -the shelfedge. · Prob~bly a . ..._. . 

combination or deep shclfmargin buildups and deep water on the shelf accounts 

· for the low energy conditions on the shelf. 
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11.2.2. Bed 12.- - .. 
'.The. Hth,ological and faunal co,mpos~tioh o(sb~fedge and UPP.e~ slope derived 

~ . . . . 

cl~ts changes drastically with t~e . <mset or Bed - 11 -deposition. 5low · an<l . 

conde~sed d.eposi"tion .beginning alrea~y during upper Bed 0-time .. is indicated by. 
the presence of· old clasts with .dis~ontiouity st,~rfaces yielding frioniodus (P.) ·. 

. _.JII. • ' . ... . . . 

ele!Jans in Bed 12. This trend is also visible In the silicification of the su;rac~s o't 
Bed lO and deposition of_ bhck shah~' and pliopb~rite in lower Bed 11. The slo\\-ed 

.. . . .; 

deposition may be ~the result of terminatl~n of the build tip facies at the shell 
' ' ' 

margin which c_ontributed large amounts of sediment· t'o the lower slope. It is ' 
. ·~ - . 

probably the response to deepening of the wat~ _at the shelfedge which led to 

drowning of the algal mound~ and their retrea~sh_elfwards (Fig. 11-l). The nqw 

open margin 'became the site or deposi1ion or muddy shelf edge sands interbedded 

with burrowed' muds recording _nuctuating energy conditions. Muddy grainstones 

grade int~ graiq,stones interbedded with lumpy wackestone and finally into lumpy" . ~ 
wackestone and mudstone downslope. The Prioniodus - Texania _Biofacies or Bed · 

10 is replaced by a fauna clearly domiqated by North Atlantic species, notably' 

Prio11iridus (Oepikodus} et·ae. -This period of time probably correlates to the upper 

C:1toche Formation on . the shelf, an interval of sedimentation that records the 

ch ::wg~ from dl'epest -submergence to g~adua) shallowing towards the top· of the 

formation. 

The_ c_last litholog_~es and conodont faunas -indicate that .1be formation of mud. 

mounds at the shelfedge had almost completely ceased and lumpy wackestones 

then charactrriz"ed much or the upper slope. Buildup faci~ on a minor scale exist . . 
and contain ,a larger variety of different algae · (i.e. Renaleis, Epiphyton) in . 

additiOn io those from Bed 10 (Gin·anella); the stromatactoid fabrics 

characteristic or the Bed 10 mud mounds decrease greatly in abundance. 

Over the course or Bed 11 depo§ition the Prioniodus - Periodon Biofacies is 

replaced by a younger Periodon - Te:rania .Biofacies, "probably the expression of . \ -
shallowing recorded in the lower Aguathuna' Formation. This fauna is dominated 

·. 

-- \ 

· . 

. •· 

. ' 
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~ . . 

by Periodon-m:uleatus_.but cont;~.ins .:a relativ~ly large n'uii:ioe·r -Qf ~lid~tine~t . 

_rau~al ~lem.ents whiCh probably inov~d· t~ward. the shelrcqge indicll.ting a biofacit"S 

f~ shift occurrin~ .with . the regressi~n. Shallowing. ~ also expressed in the rl'-.. . Gl . • 

~stablisbme~t :Or sbelfedge · buildups du-ring upper ~d 11-time recorded in .. " . ,. · . . '-

. · bounds~one clasts of Bed 12:· This ~o~ger buildup _facies bas similarities to that 

or Bed 14 with i high diver~ity o! different algat>, spong~ and cnigmtll'ic 

Qrganisms such as Pufchrila~ina-like·h~nds and serpulid tubules . . . 
. , . :. 

3 . 

T.be Bed 12 debris-flow is a major event that may be the result of prograda.tion 

oC .the platform edge duri~g upper Bed 11-time following the backstepping of the 

margin during lower Be,d 11-time.. The number of. old clasts is not significantly 
~ ~ . . 

increased in this flow and tectonic activity s_uch as faulting as a trigger for the. 

event is not indicated. Bed 12 is a widespreacfhorizon with distinctive da.-.t 

lithologies which are present in proximal as well as distal secti9n~. Jt probably 

represe.nts a single event rather than a series o(: flows as the Bcd .lO complex: 

11.2.3. Bed 14 

" Clasts of Bed 14 yield conodonts and other fossils which correlate in age to most . 

or the Aguatbun3. Formation and to Bed 13. Abundance or boundston·c bouldrrs 
. . 

in this megaconglomerate records the establishment of large scale marginal 
' ' 

buildups (Fig. 11-1). The large size and angularity of the" c_lasts suggests that they 
I 

were lithifi'ed· early and formed wave-.resista.nt reef-like mounds . They ar~ 

composed. of Girvanella and Epiphyton accompanie-d by other algae, various . . 

sponge genera and enigmatic tubular organisms .. A new conodont biofacies, the 

Pe.riodon --Parapa.nde.rodus -Biofacies·· is e5tablished , a fa~na . dominated . by 
Periodon aculeatus together with many ~fidco~tioent species which ~re, however. 

different from those in Bed 12. They resemble in many respects younger faunas 

found in the middle Table Head Group, an interval of dt>epr.ning on the shctr. 

This similarity demons~·rates~_tbe response of conodont faunas to environmental~ · 
changes, particularly water depth and emphasizes the necessity to evaluate other . 

parameters (e.g. sedimentology, wa.terdeptb, paleog~grapbical situation) in · 

· ' 



-
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Figu~e 11-1: Diagram illustra.ting'the 
e\·olution or th~ sbel( margin ~md 
the succession or broracies. The 

curve at l('ft ~hows the response of 
Midcontin4.'nt and North Atlantic 

species to· shallowing (r) and 
· · de('pening (t) of the water at the 

sheiredge 
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add it ion to species composition for correlative purposes. A single clast found io 

Bed 14 yields a contemporaneous conodont fauna from the upper Aguathuna 
~- ----~· ' 

.. Formation with hyaline sp('cies which have not been found in the shelfedge 

buildups. Their presence provides an lower ag~limit for Bed 14: . it must be at 

IP:\sl as old as the upper Aguathuna Formation in order to incorporate thE>se 

d:~sts. 

Ht•(l l-1 is distinguishco by a large number of older clasts (as old as upper 

Cambrian) and or huge boulders. This sugg('!';tS that the event r~~rds (a.ilure or an 

~nt ire sl'grnl'nt of thr margin possibly in response to faulting o~· the platform 

rl'rord!'d in the upper Aguathuna Formation (Knight and James, in press). Bed l-1 
. . 

at Low!'f lf<':td En$l is nn olistostrome which W3S transported to its present . . 
ln('ation from f11r.thrr upslope fConi~lio, 108:>) and supports the interpretation of 

Bed II :1.'> rdleding a tectonic event po<;s,[bly related to the s~·nsedimentary 

faulting rcrorded in the uppN ...\guathuna Formation. The large ~ize or the d:tsts 

contained in this olistostrome sugJ?;ests, that a conglomerate facies even more 

proxim:tl th:-~n th:tt of Cow lll':td and Stearing Island was present further upslope. 

It is :1pparently nnt pt('SI'fH.·d in the Ilumb<>r :\rm Allochthon . 

St>\ N:JI conrlusions t'mt'rgcd concerning the t'i!_rbonatc lithofaci('s and conodont 

hiof:H'ii'S of ~ht>Jfedgr dl'posit~ ; 1. Conodont faunas inh~bit i ng th(' shelfcdge at . , 
thi~ :<('p;nwnt of thr 1'\nrth AmNic:tn m:trgin nrc in general of :--.:orth Atlantic 

:t:<ped :md show clost't kinship to the North Athntic Province than to the 

:\lidC'Ontint· r~t Province. 

2 . Comp~1rison of lowl'r slope and sh(')(cdgej upper slope faunas shows that 

diffprenl conmlonl hinf:l.ries ex i:'t which can be distinguishrd by the charactt'r of 

tht' nccesssory specit's rather than by the dominating forms which commonly 

:-~ccnunt fnr 70-~·lOc;, of the total faur\l. The composition of these biofac iC's 

corr<'sponds to the H:l. lev PI his tory oft he arc:1. 

3. Buildup facies ar(' generally found to be bttrren of conodo nts or to have low 

--. 
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yields. An exception are the algal mounds prest'rvcd in Bed 10 whic-h contain('d an 

abundant endemic fauna (Pril)niod~s - Te.rania Biofacies) while youngt•r fauna.s of 

beds 12 and 14 generally contain a mixture of spec-it's known E'ithcr from the sh1·lf 

or the slope. The establishment or _endemic faunas SCC'ms to requin• special 

environmental paramNers which were obviously only found in the mud mmmds of 

Bed 10 and not in tht> later buildups. . ... 

·1. The clast lithologies of the thrre megaconglomerates record the t'xistl•nrl' 1»! 

margirr:1l buildups and their development from cierpw.ater algal-sponge moiiiHis 

with stromatac-toid fabric in the Low'cr Ordovic-ian to more C'ompl('x Girvand/u · 

. Epiphylon mounds in the lower ~Iiddle Ordo\'ici:ln . Bl'd 12 lithologif'S f{'(Wd 

termination of the older algal-sponge mounds and rl'-<'slablishment of th(' ym•nr;1•r 

buildup facies found in Bed 1·1. 

.c> . Si:Jelfcdge buildups ?f Low!'r nnd lowN ~Iiddle Ordovi<'ian ·ag(' ar~> unlih 

otht'r buildups de~cribed from carbonate s~'qtt<'nct•s of simii:H :tg" on th" shl'!r 

platform. 

• 

6. Combinl'd r,·idl'n<'(' from ronodont and. ~f-dimt'ntary data d••riVI'd from this 

study an~ comparison with other rcbtC'd studirs of th(' nrl'a rl'pnrt .. •l . in th•· 

liternturc :o;uggests that changes of shclfcd~~;e c:ubon:ltt• lithofacit·~ and <'unodrin! 
~ 

biof:tci('~ f('Pf('!'rnt :\ response or the cn_vironrnt>nl to sr.'\ !PHI rh:tllj!;I'S Oil th·· ~J ... tr 
pbt form and thf' rP~HIIing consefJIIPncP~ . 

S('vrral aspects and questions rcmam unrrsohrd an<l should tw addrt•<;s rod in . 

furl hl'r studil's. Th<'s(' include: 

. • 

1. Was the sbclfcd~e subaerially.cxposcd' Srvrr:tl houlriNs 1n B"rl 12 anti II 

show strll<'tllr('S 'which may be the resuJt of subarriaJ t':q) <JSllfl' and .;tudy of th r·ir 

di:tg('nl'sis support.-d by ·isotope data might provid(' an answN . 

. ' 
2. The corrf'la.tion of the shel( and slope is still imwcur(' mainly hf'c:\ll~f' o( lnck 



of data from the shelf. sequence. Study of conodonts from the St. George Group 

by z., Ji is currently under way an·d will allow better understanding of the faunal 

Jyn:1mics. 

3. The graptolite data from the shelf do not entirely support the 

sedinirntological evidence. This m:\y be result of lack of ·understanding of the 

rm·cisc rang~ of the graptolite zones involved. ln St. Pauls Inlet the occurrence of 

the Tclra!Jraptus ak::harensis Zone abov~ a conglomerate horizon (Bed 10~) 

('t-Jnl:lining Prioniodus (P. ) elegans coincides with the co-O<'<'Urrence or P. elegans 

and 1'. (0.) er·ae. This, together with the indication of slowed or condensed 

scdimrnt:.tion in lower-l}{'d 11 raises the question wh~ther or not this graptolite \ -. 

zone ranged up into the- lower Bed ll and was subsequently erod~d (together with 
\ 

lhf be\'rllf.'d clasts found at the silicified top of Bed 10 on Cow llea.d Peninsula). 

For corrcbtive purposes the rangrs.of graptolite zones in shelf and slope sequences 

:m.d their possible migr:itional patt('rns sh<?_uld be addressed . 

• . Thr llnlqlle c:nbonate buildups d!.'st-rve rurthet study, p:nt icularly the 

enigm:~.t_i<' hlbtJl('s and the algal flora in Bed U. 0o similar rocks are described to 

dat(' in the litt>rat11re with · the ('XCeption of a few clasts of the \1ys~ic 

cnnJ?;Ionwratc jGuibault ('l al., Hli6) . 

. . 

.• 
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APPENDIX 5 

C011POSITION OF CONODONT MATRIX AND CONODONT OVERGROWTH ON 

SPECIMEN OF PERIODON FLABELWM. 
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APPENDIX& 

PREvlOUS WORK ON COW HEAD CO_:\;GLO~fERA TES 

AUTHOR 

Richardson. in 
Logu. 1863. 
pp. 291-292 

Raymond, 1925 

Schuchart and 
Dunbar, 1934 

Johnson, 1941 

Oxley, 1953 

RElWUCS ,.ON COl HEAD CONGLOYERA'TES 

First report of the unusually l&rge and abundant 
boulder beds in atrata of the Cow Head region. 
HI noted that •it is difficult to decide whether 
these are tedimenta depoaited in the btda or 
enclond tralllported ma11e1. not withtt&.nding that 
they are divided into bede with parting• of black 
ahale.• Found fotaill in both, conglomerate• 
and bedded a'trata -which were aubiequntly 
described by Billi~g• (1866). 

Dated foeailt ·from boulders which Schuchart and · 
Dunbar had collected a.a equivalent to Table 
Head !a,unaa . . · 

Observed that the •phenomenal br~cciae• contain 
angular boulders ot different kinde of limestone 
and dolomite of Upper Cambrian, Lower and early 
Middle Ordovician. age partly pruernd in fona o! 
•large rolled, jagged blocks' &nd •alab like 
maaaea• . State that •tn any one locality moat of 
the blocks are of a single formation • and that 
clasts of crystalline eourcee and older rocks are 
lacking . Interpreted ahale and 11me1tone beds aa 

·large blocks. Concluded that conglomeratee are 
tectonic in origin formed either al talUI and 
land elides derived f .rom a fault ecarp or 
breccia in front of moving thrust sheets. 

Reported that '•everal horizons of breccia or 
intraformational conglomerates &I well as the 
spectacular Cow Head br•ccia' are intercalated 
with Lower to Widdle Ordovician 11aeetone-•hale­
&1Ddetone aequenctl in arta between St. Pault 
Inlet and leatern Brook Pond . He i• aleo credited 
with tbe idea of the allochthonout nature of the 
CHG. 

Recogniz~d difficulty iD correlating conglomerate 
horizont from place to place . Accepted tectonic 
origin of Cow Head congloaeratet and 1uggests 

.. 



Neleon. 1956 

that •thru•t brecciae• abould be treated as . 
tectonic phenomena not aa •aedimentary rock 
uni t• •. · 

Ex&mined sequence in Portland Creek area: 
•tated that bouldets in conglomerate• are 
dominantly derived from one rock unit with 
very few from over- and underlying 
formations. Found that southern shore of 
Gow Head Peninaula is composed dominantly 
of •Lower Ordovician dolomite blocks• and 
that ~~o~ Cow Head to Daniels Habour the 
•breccia 1• mainly composed of Table Head­
limestone . • (Statemen~refefa in 
part to Cape Cormorant Fm.). Suggests 
that earthquake shocks affecting •emi­
conaolidated mu~ induced formation o! 
some of the conglomerates but agreed 
generally with tectonic crlgin. 

Kindle and Conducted a detailed paleontological etudy of the 
Whittington. 1968 CHG at Cow H,ad . Lower He&d and nearby localities 

and aubdivided sequence informally into 14 units . 
Wegaconglomerate horizons of Arenig age comprise 
beds 10. 12 ~d 14. Repeated that boulders within 
a lingle conglomera·te are all of almost similar 
age and also equivalent to immediately underlying 
bedded sequence. Observed angular to subangular 
blocks set in muddy to rarely aandy matrix and 
report the pteunce of eoft deformed . blocks of 
interbedded limestone• and -hale and rare lumps 
of chert. shale and s~ndatone . Found that 1 in 3o 
boulders fossilife~oue and collected abundant 
trilobites and brachiopods from these. Concluded 
t~at source of tonglomerates was region of 
limestone deposition contributing oolites. 

Baird. 1960 

· calcarenites. calcisiltites, thin- and thickbedded 
porcellaneoua limestone and unbedded .massea of 
light coloured biohermal (?) limestone. 
Conclu~ed that conglomerate• are 
intraformational and were brought into place as 
landslides down lubmarine slopes. 

Diatinguished four typea of breccia: 
1. Chaotic megabnccia, 

-



Rodgers and Neale, 
1963 

Rodgers, 1966 

lhi ttlngton and 
Kindle, 1969 

Fahraeu•. 1970 
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2. •hingle breccia, 
3. erratic boulder breccia, 
4. common limeatone breccia. 
Report• on nature of fragments and points out that 
within each conglomerate claata come largely from 
same source, but that 'different beds draw from 
different aources.• Notes. however. that aome 
brecciaa are made of •variety of lime&tonea• such 
a1 a conglom~rate he obaerved at.S~ Paul1 Inlet 
from which he de1cribes lithographic ~imestone. 
dolomitic limestone. cherty limestone breccia. 
argillite. croubedded arenaceoua limutone and 
chert. From Lower Head he mentions •well rounded 
fragments of black highly petroliferoua 
argillaceous limestone•, chert and boulders of 
limestone breccia. Also noticed presence of well 
rounded fro~ted quartz graine in Cambrian 
conglomerat~& (=Bed 6) . 

Considered CHG allochthonous because of great 
facies contrast to platform carbona~es. 
Concluded that source of conglomerates was to 
the west because coarsest megaconglomerates 
are confined to west . 

Suggested that conglomerate• were deposited in 
deeper water seaward from ahallow carbonate 
platform margin and that shelfedge coincicti.r' .witb 
edge of ' cratonic baeement . 
Compared setting with Bahama 
Bank margin and elope. 

. . 

Attributed wide variety of different faunas 
they ~ound in conglomeratu and bedded uquence 

. to different life positions on and above the 
slope before slumping and turbidity currents 
united the animal remains. Fou'd trilobitee 
of •hallow water aapect together with Levis 
type faunas typical for carbonate mound• and 
buildups of ehallow and intermediate depth 
and Atlantic Province genera which lived in 
deep water. 

Recognized Lower and Middle Ordovician conodont 
fauna• from the Cow Head and Table Head groupe . .. 



I 

Stevena. 1970 

Hubert, Suchecki 
and Callahan. 1Q77 

Fahraeua and 
Nowlan. 1978 

Jamea, Stevens and 
Fortey. 1979 

Fort9 _and 
• Skevington. 1980 

Ja.mu. 1981 
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• 
Agreed with correlation• 1ugge1ted by Kindle and 
Whittington (1g69). 

Propote~that breccia• were derived from •the 
overtteepened oceanward edge of a carbonate bank 
that provided detritu1 from the Middle Cambrian 
to the Widdle Ordovician.• Rationalized Humber Arm . 
Super Group according to model bf continental 
margin and it1 de1truction . 

Contidered Cow Head breccia as depo1ita of gravity 
controlled viacoua ma.s flo•• which travelled 
donllope from narrow carbonate platforms .. 
Contributed grainstone caps on breccias to 
exi1tence of bottom currents. Recognized that in 
most conglomerates clastl are similar to lime­
stone• interbedded with the brecciae and that the 
ahallow water derived clasts were lithified prior 
to ineorporporation in tbe flow. Auume a peri­
tidal origin for limestone• with"8 birds-eye• 
structure and poatulate that •many of the Cambrian 
and Ordovician shallow water limestone boulders 
are aolution collapse breccia formed by 
karstification• . Moldic porisity as a result of 
(vadose) aol~ion o! aragonitic fossili and ooids 
h aleo implied . 

)' 

_ F~r~deacription of conodon~ faunas including 
few samples from clasta in conglomerates . 
Correlate faunae with Balto-Scandia. 

Sugguted that megabre ccia depoai tion coincide• 
with changes' in shelf aedimentation an/or 
regrusions . 

Emphasized value of Cow Head foeails from mixed 
environments for international correlation . 

Interpreted large bouldera in megaconglomerates. as 
redepoeited fragmenta of algal buildups fringing -a 
carbonate platform margin and pointe out that 
these marginal bioherms repretent rarely 
pre11rved tacite which ie ueually des~oyed in 
orogenic ev~nte or by erosion. Mention• 
similarity to boulder• from Levi• Fm . (Quebec) and 



Hiscott and James, 
1985 

lillia.:t:;. James 

and Stevens, 1985 

James and Stevens, 
1986 

Ron and James, 
1987 

Rigby. 1986 
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other localities around North American craton . 
Note• ~ixing of contemporaneous and younger ela1t1 
in chaotic proximal faciel. 

Dietinguishe4 5 facias of conglomerate : 
Facies A: Grainy cobble to pebble conglomerates; 
Fac±•s B: oligomict limestone plate conglomerate; 
Facies C: limestone chip conglomerate! 
Facies 0: exotic boulder conglomerate; 
Fa~ E: chaotic megaconglomerate. 
Interprete megaconglomera't.ae as emplacements of 
debris flows and calculate a palaoslopa gradient 
between 1° and 15° . Ascribe increasing 
size of flows to progressive steepening of the 
carbonate platform margin . 

Produced modern map of the CHG, recognized E-1 
thrust repeated belts, proximal-distal faciu, 
attempted first stratigraphic names, timing of 
deformation and structural analysis . 

Recognized proximal to di1tal facies belts with 
progressively finergrained conglomerates and 
increase of shale basinwards (SE). Mega­
conglomerates are interpreted as most 
proximal facies. Described and meaaured 
CH rocks in detail and investigated 
sedimentology and paleontology. Compiled 
extensive faunal li Btl on trilobite and 
brachiopod faunas including faunas from 
boulders. Established formal stratigraphic 
nomenclature. 

Reported on brachiopoda !~om boulder• of the 
Ordovician part of the CHG ·and concluded that 
they are entirely older than those from the 
Table Head Group. 

Ob•erved archaeoacyphi d apong•• in Bed 10 and 
other anthaspidellid sponges in beds 10. 12 and 
14 . 

, 
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APPENDIX 1 

LOWER PALEOZOIC CO;..iGLOMERATE FAClES OF THE APPALACHIA.'IS . . 
SruDY AND LOCALITY 

ST . LAIREHCE VALLEY 
NAPPES 

Cap-Dta Rosier• Fm. 
Lower Ordovician 

DEPOSIT AND IHTERPRETATION 

Flysch pebble conglomerate. 
Clasts: 981 carbonate, 21 ehale; 

Quebec, Gaspe 
Aalto, 1972 

Puineuia Matrix: tuspeuion 11 t tling of und; 
depoeited on 1ubmarine elope adjacent 
to unetable margin . 

Groene Rocbtt 
Hendry, 1973, 1976. 
1979 

Interpretation: stratified gravel flow . 

Compound conglomerate• and turbidites . 
Claeta: up to 1m in 1ize; 
Matrix : eandatone; 
Interpretation: deposition from gravity 
controlled alides or flows caused by 
progreuiu liquefaction. 

Cap Enrage Fm . Conglomerate derived from carbonate shelf 
Cambro-Ordovician to H1 (similar to thou at Levie-Lauzon, 
Gaspe. Quebec L "Islet lharf, G.roa~u Roches). 
Hubert et al. . 1970. Claats: 50! limn tone. 201 sandstone. 
DaTita and lalktr, 1974 301 other lithologie• (granitoid rock 
Lajoie et al., 1974 fragments, chert). 
JohDeon and lalker. • 79 lim. atone "t?ouldtre up· to 2 . 5m acrou. 
He in and lalker, 1982 In~erprlltation : aubmarine channel complex. 

channel 300m deep, 10km wide . 

Levie Fm . 
Cambro-Ordovician 
Quebec 
Breakey, 1974 
Landing and Benue,1985 
Paquette. 1986 

Wyatic F• . 
Lower to Middle Ord. 
Berry. 1gea 
Barntl &Dd Poplawtti, 

Lenticular channel fil~ depoeite, conglomerate 
sheeta. megabloct conglomerates. 
Claeta: .derived from Grenville craton. 
carbonate platform. platform margin and elope . 
No eviden.ce of meteoric diagnuis . 
Interpret•tion: proximal and di1tal turbidite• 
ud debris flows depoai te<;t on lower Paleozoic 
Appalachian continental margin . 

Out or two conglomerate horizons with1n 
Philipebur& thrust •lice. 
Clalt8 : limt1tone bloct1 up to 3. 6m accroaa 
from edge of continental platform, • 



( 

. ( 

1973 

VERMONT 
/ 

St. Al bait area 
Cambro-Ordovician 
Shaw. 1958 

·~ 

Northern Champlain 
Valley 
Trenton 
Hawley. 1957 -
TACONIC ALLOCHTHON 

New Yo~k/Vermont 
Lower-Middle Ord 
Dupkill _Shale 
z·en. 1987 
tanding, 1978 
Landing, 1988 

·' 
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Interpretation : l i milar to boulder bed• 
of tnil Fa. 

Will River Conglomerate, Middle C~brian ~d 
Rockledge Conglomerate, Widdle C~brian : 

lime1tone conglomerate len••• in elate. 
Clasts : biohermal lime•tone, 1 inch 
to 100 feet boulder•. 
dark grey beddt.d limestone. dark gray ma.ui ve 

. limutone, · few dolomite clasts and thalt 
phenoclas~s . 

Corliss Conglomerate. Middle Or4ovicia.t or 
older: local conglomerate l•nsee . 
Claste : pale blue biohermal limestone, pebbl es 
to 166 fe•t long boulders, average 1ft.; 
Matrix : blue limeatone; 
Interpret~tion: Bioherm• developed during 
transgression and were eroded dur1ng later 
IJ;;DDIUre . 

Breccia of limestone blocks, 
Clasts: light grey ·calcilutite. foss i liferous 

· calcarenite, dark gray calcilutlte, 
dark gray argillaceous lime•tone. older 
clast•: up to 2-2 .6 feet acroee. 
Matrix : calcareous shale; 
Interpretation : eubmarine slidea. posaibly large 
mass move~ents off submarine fault 1carp 
indicated by presence of old claata 

Small conglomerate lensea ; 
Claata : lim11tone: chert. 1halt. dolollli te 
abundant rounded quartz grain• (i~abaainal 
c;la1t1) . Matrix: caleareoua, carbonaceoue. 
abundant rounded quartz grain1 . 
Interpretation ; Probably deb~ie flow depoeit• 
on distal part of continental elope . 
Cambrian rock1 of Taconic sequen~• are 



• 

'IWmURC KLIPPE 

Cambro-Ordovician 
SE Penuyl vania 
Greenwich Slice. 
Epttein·et al. 1972 
Lash and Drake. 1984 

Late Cambrian- early 
Ordovician 
Richmond Slice 
Virginville Fm . 
Lath and Drake, 1994 

Cambro-Ordovician 
Conettoga ~alley 
Lower Ordovician 
Wrightsville Vbr . 
Gohn, 1976 

lLARYLAND 

Cambro-Ordovician 
Frederick Valley 
Reinhardt. 1974. 
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interpreted &I depo1it1 of channel• and 
a .. oci&ted deep na fan (Keith and Fried.man. 
1977). 

Rock• of Widdle Ordovician flyschoid 
lind1or Towuahip Fm. wi t.h local conglomerate 
bed1. . . . 

·. Cla•t•: thale. mudstone. lil t1tone. . '\ 
limutone. grayY&cke . 3m large bouldere· 
reported. dominantly Lower Ordovician in 
age . 
Matrix: pale green mudetone. Middle Ordovician 
Interpretation:· intrabaeinal slump deposits; 
wholl uquence submarine channel-fan deposita . ~ 

.lD SE-dipping elope. 

Onyx Cave Wbr . with polymict carbonate clast 
c:onglomerate. 
Claata: lime mudstone. caleareni te. quartzoee 
lime1tone. peloidal wacke1tone. calcisiltite 
dololtODI, up to 25cm long . 
Matrix: wellrounded, sometimes frosted quartz 
grai~s + peloids or mud1tone matrix . 
Interpretation : proxim~ to .distal slope 
sequence depoeHed on· Nl-hcing paleoslope, 
1hed from microcontinent in SE . 

' 

Proximal northern and distal sout~ern faciea, 
with lithoclaatic limestone. 
Clasts: 1m • lightcoloured limeatones and 
marbles. Extrabatinal claats less abundant 
th&n in.traba!inal cla,tl. 
Interpretation.: Rock• on N-aida of valley : 
proximal canyon and inner fan. 
S-side: diatal. inner to mid-fan deposits. 

Prograding platform margin, moatly Cambrian 
in age. with megaclastic limestone in 
Ada&lton 'Vbr. 
Claata: micritic and peloidal lime1tone. 
oolite. dolomite. 6-60cla long c1aats . 



, ~ .· 

OUACHITA MOUNTAINS 

Oklahoma. Arkauas 
Stbu and Sterl ~ng, 
1~62; K1~g. 1975 . 
Repetski and 
Ethington. 1977 

MARATIION REGION 

Lower Ordovician 
Marathon Limestone 
Young. 1970 
King. 1937 

Middle Ordovician 
looda Hollow.Shale 
lillon, 1954 
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Matrix:· dolomitic. microspar or eparry 
calc:;. t.e cement. I!Ucri te wi tlt. floating 
qu•rtz grain• . · 
Interpretation:' tectonic a.nd dtpoaitioJi&l 
brecciat. Lo't angle dope and prograding 
platform edge with older. deepJater Frederick 
li~eatone and younger shallow wate~ Grove 
limettone. . · 

Exotic bouldery debris in Blakely Sand.etone. 
(Lowe~ Ordovician) . 
Claata: crystalline rocks, meta:arkoae 
~ouldera (Th-tich). feldspat~ic quartzou 
boulders. 
Matrix: ~lay 

Ph·o~pliatic co~glomerat .. in lomble Shale 

(Lower-Middle Ordivician) 
Clasts: gray ahale. brown siltstone. chert . 
Matrix: shale ranging from eiltatone to 

tandst-one. 
Interpretation~ clast• derived from ahelfbreak 
de.poaited in deeper water . , 

/-"" 
Three bouldet beda prentt. ~ 
Clasta : mostly of ebfllow water _ ·or\~in . 
1. Sandstone, trachyte, chere, llme•tone 
dolomite, ~iliceoue dolomite : (up tp 3m) . 

. ··. 

2. Mottled dolomite, dolomitic_ eilieeoua 
dolomite, chert, limato~•· arkolt, · aubarkoee 
(up to 125 x 150m) . . 
3 . Subarkoee, dol. eil . limeetone, dolomite, 

, pisolitic limestone, trachyte, chert . 
Interpretation: Steep shelf margin. 
channels 2m deep, 10m wide . 

~ Depoeite thinning · from Nl to SE . 

., •' 

Wainly ti.ne grained with hn.'st•--Qf breccia . 
Clastl : mottled limestone, tine g~ained 
a andy liautone with lome calcirudite, 
brown weathering aediua grained limeatone: 

, . 



l· 

5~7 

.... 

lime 1 t.oue coquina and dolomite. Most. c,lasta 
late Cambrian ud Tremadoc in age . 
Matriz: Middle OrCiovic1an' allah . 
Interpretation: d.erived fr.om ;-up taulted 

·Middle Ordovician _fault scarp . 

I 

/ .. 

... 

.. 

\ . . . 

.· 
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., 
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J 

.· 
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APPENDIX 8 

ANc"lENT EXA.\fPLES OF MEGACONGL0~1ERATES. 

· AUTHORS AHD LOCALITIES 

Boirie and Souquet, 1982 
Debroae, Lagier and 
Souquet, 1983 
France, Hi Pyreneu 
Turonian-Conacian 
Mendibelza Fm. -

Cook et a.l. • 1972 

Pray ·~ al. 1987 
. Ca.nada, Alberta, 

Ja.eper Ntl . Park 
Upper Devonian 
Mount Hawk an~ 

Perdrix formations 

Cook, 1965 
Cook et al.. 1972 
U.S.A . , Nevada, 
Roberts Mt.n:a. . Hot Creek 
Range. 
Lower Mississippian, 
La~e Valley 

Daviea, 1977 
Canada, Arcti'c Archipelago 
Sverdrup Basin, 
Widdle Pennsylvanian to 

·. Lower Permian 
Hare Fjord Fm: 

Enoe, 1977 
'CE . Mn:i'fO, 
Golden Lane 
Lower Cretateoua 
Tamabra Limeatof1,e 

Hottman. 1968 -
N . • . T . • 

CHARACTERISTICS AND INTERPRETATION 

Structure: Carbonate megaconglomerate 
with distal fa.ciea . 
Thickness : over 100m 
Transport ~ ~Okm or more into baa in. 
Interpretation: Canyon fill and fan 
deposita at base of fault ec::Lrps 
along Iberian platfarm margin . 
Record uhmic a.cti vity. 

Structure :Wega.breccia abut..!' and . 
channels 
Thickness : 3720m thick; 
Tra.naport : up to 16 km into b&ein . 
Interpretation: de brill !low . 

Structure : allociapic limestone and fine- . 
. drained conglomerate .,, 
Thickness : -
Transport : -
Interpretation : debris flo• • 

Structure ; debris eb.eete 
Thickness~ 30m 
Transport : BleD into basin · 
Interpretation : debris flows 

Structure : beds and channels. shell debrie 
Tbicltneaa : -

· Transport : 2-15km 'into bann . 
Source : rudist reeh . 
Interpretation : de~rie flow 

Structure : breccia.. nth clasts up t o 611 . 
Thickneu: 



Gre&t Slave Lake 
Lower Proterozoic. 
Pekanatui Formation 

Mountjoy and Playford. 
lut Auetralia, 
Canning B11in, 
Upper Devonian, 
Napier Virgin Hille 

Conaghan et a.l. • 1978 
Australia. New S . I aha 
Orange. Wellington, 
Middle Devonian 
Nubrigyn. Fm. 

Pray and Stehli, · 1962 
U.S.A .• lest Texas, 
Delaware, 
Middle Permian . 
Bone Sp~ing 

. ~ · 

• 

-- --· 

t.. 
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Tra111port : 6-16km into baan . 
Source: carbonate ehelf . · · . 
Interpret&tion: debris t low 

1972 Structure : channels and eheet.r of breccia . 

Tbic~•• : -
'I'ranaport: up to 4lcm into baa in and 
internet areas . 
Interpretation: debrie flows ; rolled blocks. 
reef t&l\11 . 

Structure : megabrecci as 
Thickness : -
Transpor t : 1.0 • s of km 
Interpretation : debris flow 

Structure: channels with shallow to U- shaped 
aidu. 1-30m deep. . 
Thickness.< up to 10m. 
Transport : aev~ral km into baein . 
Source : reef flank. 
Interpretation : debris flow . 

.. 
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APPENDIX 0 

RECENT DEBRIS.fLOW DEPOSITS 

SroDY AND LOCALITY 

Wullina. et. al.. 19815 

hst. Florida, 
carbonate platform margin. 

Crevello and Schh.ger • . 

. 1980; 
~· Sound, Bahamas 

Bleifnik et al.. 1983 
Blake-Bahama Basin 

~ci~ntific Party. 1985; 
Baha.m.a.e Archipelago 

Paull &nd Dillon. 1980 

Blake Escarpment. 
west. Florida. 

DEPOSIT AND INTERPRETATION 

Large acalt truneat.ion aurface, elide 
a car 
Si.z.e: 120 m acrou. 30 km widi; 
involved etrata: . 300-350m late 
Paleogene a.nd e&rly Neogene ltrata; 

"' Age : tollapu in Middle l!liocene. 
Trigg~r: rapid aediment accumulation 

· during relative ua-hvel high. 
Interpretation: large scale pl&tform 

margin col lap .. . 

'Large debria sheet (20-30km wide) . . 

Size: MOO n 2 

Transport : 100km in she•t form. then 
channeling occurred. 
-''': Quaternary 
Trigger : undetermined 
jpterpretation: debris flow 

Debris flows and turbidites grading into 
ncb other; intraclaatic chalk unit . 
Size : 300km across bruin. constrained by 

chaneh. 
Claata: 4-6cm in size, de~ived from 

shallow and deep water sources 
in S and E! 

Age: Miocene 
Trigger: tectonic activity along Great 

Abaco Fracture tone. udimen t 
L overloading. sea level ch&nges . 

Report 30m thick Miocene debris flo• 
depoeits in Straitl of Florida and on 
eoutheru Blake Plateau (Abaco Episode) 

•Bench• at foot of Blake E•c~pment 
Size: 2000km3 of ma~erial involved . 
Age: major erot ion in poet-Wiocene , 
Trigger: deep current 1tee~ed and 



• 

- -

-
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• 
poeeibly overeteepe~ed w~ll; 
initiated collap•• and 
turbidity current•. 

Interpretation: Eacarpment wall• 
ero1ional in origin, · 
l~nd-ward retreat of 6-16 km . 
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APPENDIX 10 

-:..tacrofossils reported from clasts in beds 10, 12 and ll . Compiled from Jame:; and · 

Stevens (1U86} and Ross and James {in press). 

Faunas from olasts .!.; Bed 10 

TRILOBITES 

Cow Head Pe~insula. 

Punka sp. 
Uromyostrom sp. · 
Gog ap . nov. 
Tri r1odus 1p. 
asaphid pygidium 
cf .· Protopresbynileus sp . 
? Petigurus sp. 
A.mpyx ap. 
raphiophorid trilobite 
cf. Ectenonotus ap. . A 

remopleuiidid trilobite 
Bolbocephalus sp .· 
illaenid trilobite 
Benlhamaspis sp. 
cf Psalakilus sp . 
Goniophrys a? . 
harpid trilobite 
pliomerid trilobite 

Stearing Island . 

uiostegium ap . 
Symphisurina sp. 

:-----

SPONGES 

... . 
eow Head Penin1ula. 

Archaeoscyphia sp . 

' 

Fanas f .rom clasts in Bed !!:_ 

TRILOBITES 

. . 

' · 

· ,. 

- --
• I 

... 

. · .. 



Cow Head Peniuula. 

Nileus• •P· 
Telephina •P. 
Kau:ina cf. vulcanus 
illaenid ~rilobite 
agnoetid ~r1lob1te 
Trinodu11 •P· 
/AJnchodomas lp o 
Strolt?topis sp. 
Sphaerocorypht 1p. 
Symphysuri na· 1p. 
PetiguruJ •P · 
Oopsites cf. hibemicus 
Gog catilus

00 

· /llaeuus 1p 0
0 

Stearing h:and 

fJwthamaspis diminutit·a 
/soteloides ep: 

. Catodaia ep. 
Bcrllhamaspis sp. 

0 

8troladinus 1p. . 1 

§y~ophantia epo 
nemop~eurid trilobite 
one claat. with : 
Caroli~ites genadnala .. 
Oopsiles hibernicus 
lViobe ornata 

BRACHIOPODS 
· I 

-r 
Cow Hud Peninsula. 

. Orthidiella cf. 0. costellata 
• 0 Pleurorthis ap. (aff . ep. 1 Cooper) 

Pleurorthis? aff. · P. imbecilis 
Pleuro-rthis fascicostell~ta · 
OJ"lhtdium ep 0 . 

_Archaeorthis ep. 
ldiostrophia valdari 
Leptella sordida 
Orthidiu m fimbria tum 
Pteurorthis •P . 1 

•. 

543 

.. 

'I 



Camerella tumida 
Orthis hyppolite 
Camerdla calcifera 

- Camerdla bret•iplicata 

SPONGES 

A.nthaspidella ap. 
A.rchaeoscyphia ap. 
Psarodictyum sp. 

GASTROPODS 

.;\faclurites ep . 

Fauna.. from cla11t11 in Bed 14 

TRILOBITES 

Cow Head Peninsula . 

. I\. ileus sp . 
Presbynileus ep. 
Remopleurides sp. 
illaenid trilobite 
Bathyurellus sp . 
Ampyz lip. 
Raymondaspis-· ap. 
harpid trilobite 
ceraurid trilobite 
Ectenolus cf. u·estoni 
Illaenus cf. tumidifrons 
•cheirurus • prolificua 
'Lichas • jukesi 

3• faunas at Jim'• Cove: . . 
1 . Lower Head Boulder Faun& (lhittingtori. 1963). 
2 . Upper Cauiniu (Gog) Fauna Fortey. 1975) ·. 
3. Valhall&n Fauna (Fortey. 1976. 1980) . 

Stnring !eland 
. .1. 

Valhallan Fau~a (Fortey. 1980) 

Lower Head 

f 

., 0 



phi-boulder: Carolinites •P· 
pliomerid pygidium 

lambda-boulder: Parabolinella •P· 

BRACHIOPODS 

Cow Head Peninsula 

Pelroria ep. 
Orthambonites sp . 
Orthididla 1p. 

Lower Head 

alpha-boulder: •hittingtan. 1963 
phi-boulder: Orthididla sp. 

Orthidium ep. 
Petroria ep. 
Parambonites ep . 
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CONODONTS FROM PENECONTEMPORANEOUS CLASTS IN BED 10 .. 
AND FROM CLASTS OF BED 9-AGE FOUND IN BEDS 12 AND 14 
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PENECONTEMPORANEOUS CLASTS IN BED 12 
CLASTS OF BED 11 AGE FOUND IN BED 14 
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. 0 "" c. 1.1 Oolite 
0 162 

Jl 6 22 16 C.1.2 Lumpy Nula-wackeslone 
0 . 1112 C.1.3 Dolomitic wackestonefgralnslone 

& -
2 9 · 166 

(I 28:l w. wellrounded qu11rtz grains 

3 164 Eplphyton bound1tone · 
I 192 
fj 27 
2 29 
2 33 C.3.3 Old clasts of parted limestone 

9 41 
0 252 
0 22 A.3.5 Conglomerate w. 
0 :t7 flat mudatone pebbtu 
0 3R 

13 9 54 Tntnl 






