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ABS'l'FIACT 

The Amoco IOE A- Z. Pu ffin B- 90 well , dY'iZ.Z.e d to a total depth of 2.5 , 425 feet , 
penetrates a thick sequence o.f Cenozoic strata which, at 7, 480 .fee t , rests unconforma
bZ.y on a Ci'etaceous succession almost 8, 000 feet thick . The lithostratigraphic suc 
cession on the southu1estel'n Gr>and Banks in the vicinity o f Pufj'in compares closely 
with that on the Scotian Shelf, and all six f or>mations i'ecognized -in the tJell ar>e r•e 
f er·r ed t o uni t; s ham:ng their type s ections on the Scot·ian Shelf: in as cending s t rati 
gl'aphic oPdeJ' these ar•e the Ver•ri ZZ Canyon, Mississauga , Logan Canyon , Dawson Canyon , 
liyandot and BanquePeau formations . 

'J'he Puffin succession is r e ferre d to two biostPatigPphic zonations , the constit
uent zcnes of which ar e defined and dated by , Pespectively , d?:noflagellatec and 
spoP<Js , and f ol'aminij'el's . The relationship bet:l,;een the lithos trat-igraphy (foPmations) 
and the bioctJ•ati!]raplzy (zones) is discussed. 

Mos t o f the Cr etaceour; stages and all the 'J'ertiary s eries al'e Pepr•esented in the 
Pu ffin cw.:ee.<:.;ion . Only two aianificant depos i tional hiatuses have been detected . 
Jnr: ia nt cqyr ocl'imnte ly 8, 960 f eet between the Logan Canyon Fo rmation (A lbian) and the 
Zo~;1e1 · pw·i (Coniacion) o f the DauJ:.wn Canyon Format i on, where Pocks of the Cenomam·an 
cmri l'w •m:ian Dio:;es uppw'enily aPe m1:ss·ing . The other (placed by paleontology at 
?, 11 80 f eci , z~y lithology and mechanieal. logs at 7, 4l8 fe et ) 1:s at the top of the C1 'e 
tac,eous bet1,;uen the /vy a.ndot Foi'matirm (lowei' Maactr•i eh t1:anJ and thC' basal beds (lowm · 
i'aleocena) o j' the Banqucr eau l:'or•matirm . T:.e well bottoms in tlzc Ve pr•1:ll r:anyon l-'0.' '
mation of BeJ•r·iacian- eai' l y Valungirdan ar.w . 

LozJer• CPeLaceou1:1 depos ·i ts (l S, .!:J.S i~-' 8, 95 0 j'eet) aeeumuZ.a.ted -iiz n pr-O;J1'eusil.'eiu 
.shallm.Jin9 nr>. Pitic: environmc;zt . U!'[H' !' Cr etacem.w JeposUional C1W1·J·onmentu J •on~l" 
fror~ u,dcr- 1Wt>itic to e<ppe P .<:lope . In late.st C:Pctaceous or• em •Ucc-t. ~"er• LiaPy t1:11,e , 
deep mm' incdc•-;econditions "'e r e established; Lhese p revailed until the f.l'i•Jrc;w from 
1Jhi ch time on depositional env·il'onment .s beca;ne pPogl'essively s halloweP. Plioccne Lo 
Pl (d. ctocene depoc ·it;; accwnulated in a ve Py shallow nem•shoi'e maPhw enviPonment . 

RESUME 

Le puits A- l Puffin B- 90 de l 'Amoco et IOE, foPe jusqu 'a une pl'Ofondeur totale 
de l 5, 425 pieds , tPaVerse une epaisse serie de COUches du Quaternaire et du 'J'e Ptiaire 
qui repose , en discontinuite a 7480 pieds , sur une s erie cretacee de pres de 8000 
pieds d ' epaisseur . En ce qui concerne la lithologie et la stratigraphie , la scPie 
qu 'on trouve au sud- ouest des Grands Banes , a pr•oximite de Puffin , e s t tout a f a·it 
comparable a celle du Plateau continental de la Nouv e lle - Ecosse, a telles enseignes que 
les six f ormations qui ont ete identifiees dans ce puits ont pu etre ra ttachees a des 
unites dont le type a ete pris dans la serie du Plateau cont·inental de la Nouvelle
Ecosse; il s 'agit, du plus ancien au plus i"ecent, de : la Formation Vel'rill Canyon, 
la Formation Mississauga , la Formation Logan Canyon, la Forma-tion Dawson Canyon, la 
Formation Wycmdot et la Formation Banquer•eau . 

La s erie de Puffin releve, quant a la biostratigraphie, de deux ccosystemes , dont 
l e s ::.ones biologiques sont definies et datees par des dinoflagelZCs et des spores , et 
par des fora;niniferes , l'espeetivement . Le propos de c e t artic le est d 'e tudier les 
relations qui existent entre la lithologie stratigraphique (formations) et la biostra
tigraphie (zones) . 

La plupaPt des ctages du Cr etace et toutes les seJ'ies du 'l'ertiaire sont repl'C
sentcs dans la serie de Puffin. On n ' ob,gerve que dev.x so lutions de conUnuiUJ de 
quelque importance dans la s edimentati on . L 'une se si t ue vers 8960 pieds , entre la 
Formation Logan Canyon (A lbien) e t la par•tie in f e riew •e (Coniacien ) de la Formation 
Dawson Canyon; il s emble bien que le C{nomanien et le 'J'ur•onien soient absents . L 'autre 
(situee par la paleontologi e a 7480 pieds et par la lithologie et la diagr aphie a 
74l8 pieds) se t r ouve au ,g ommet du Cr•etacc, entr e la Formation iiyandot (MaestPicht-ien 
inferieur) et les couches de base (Palcoccne inf erieUP) de la Formation Banquer eau . 
Le fond du puits est dans la Formati on Verrill Canyon, qui date du dffbut du Valanginien . 

Les s r5diments du Cretace inferieur (de l5 , 425 pieds a 8950 pieds) se sont accumules 
dans un m-ilieu neritique dont la profondeUP diminuai t progressivement . PoUP l e Cretace 
superieur, la sedimentation a eu lieu dans des mili eux qui allaient de la partie ex 
terne de la zone nCritique a la paPt1:e suptr>ieure du talus continental . !lw: tout 
derniers moments du Cretace ou au tout debut du 'J'ertiaire , se s ont etablie.s des eon
ditions de mer profonde et de ta lus continental ; ces conditione ant prevalu jusqu 'au 
Miocene , epoque a paPtir de laquelle la sedimentation s ' est fait e dans un mi li eu 
progressivement de moins en mains profond. Du Pliocene au PleisLocene , le s s ediments 
se sont accumules dans un milieu marin tl'es peu profond e t pr'oche du rivage . 



STRATIGRAPHY OF THE AMOCO IOE A- 1 PUFFIN B- 90 WELL, GRAND BANKS OF NEWFOUNDLAND 

I NTRODUCTI ON 

This paper d escribes the stratigr aphy of the 
Amoco IO E A-1 Pu ffin B- 90 well l ocated at the sou th
wes t e rn e dge of the Gr a nd Ba nks approxima t e l y 200 
miles south- southwest of St . John' s , Newfo undl a nd at 
44° 39 ' 12. 73 " N,. 53° 42 ' 28 . 35 " W (Fig . 1). The ,.;e ll 
was s pudd e d Sep t emb e r 29, 1971 in 350 feet of wa t e r 
and drille d t o a total depth of 15,4 25 fee t, with 
cas ing se t a t 528 fe e t , 869 f ee t, 2 , 558 fee t and 
8 , 856 fe e t. Pu ff in was t he t hird d0 ep e xp l oratory 
we l l (afte r Eide r M- 75 an d Murr e G- 67 ) dri ll e d on 
the Grand Banks by Amoco Canada Pe troleum Company 
Ltd. and Imp e ri al Oil Ent e rprises Ltd. Its pur pos e 
was to t est fo r t he a cc umula ti on of hydrocarbons i n 
a de e p- sea t ed anticl ine . No sign ifica n t acc umul a 
t i o n s we r e fo und, howeve r, a nd the we ll was abando ne d 
Decembe r 30 , 1971 . The st r atigrap hy descr ibe d he r e 
(Fi g . 2) is base d u pon s tudi es of li tho l ogy (Ja nsa), 
dinoflage lla t e s a nd spores (J e n kins a nd Williams), 
a nd foramini fe rs a nd os tracods (A sco li a nd Gradstein) 
i n c uttings f r om 1,030 to 15 , 425 fe e t a nd one hun
dr e d s ide wa ll co r es take n a t app r ox ima t ely f i f t y
foo t i nterva l s betwee n 5 , 900 a nd 1 2 ,300 fee t. All 
f oo t ages we r e measur ed f r om the r o t ary table s t a nd
ing 98 feet above sea l e ve l a nd 448 fee t a bov e the 
sea be d . 
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LITHOSTRATIGRAPHY 

The litho s tratig r a phic succession on the south
wes t e rn Grand Banks i n the vicinity of Puffin com
pares c lose ly with tha t on the Sc otia n She lf. All 
six formations r eco gni zed in the we l l a r e r eferred 
to units having thei r typ e sections on the Scotia n 
Shelf . In ascending s tr a tigraphic ord e r, these a r e 
th e Ve rrill Canyon, Mississau ga , Logan Canyon, 
Da\.;son Canyon, Wyand o t a nd Banque reau fo rmation s . '~ 

The s uccess ion has be e n inte rpre t ed f r om dit ch c ut 
rings, and from sponta neo us pote ntial, r e sistivity , 

-1: 
It is no t eve rywhe r e clear in Mcive r' s (197 2 ) o r ig-
ina l descrip tions whe the r unit names were inte nde d 
to end with rank t e rm s (Membe r Forma tion) o r des 
c ri p t ive lithologic t e rm s (Chalk, Shale ), and the 
o rigi na l lithologic designations are no t eve rywhe r e 
app lica ble (Art . 15, Code of American Commis s ion on 
Stratigraphic Nome nc l a ture) . In this paper, the r e 
fo r e , forma l na mes of lithostratig r ap hic units e nd 
in r a nk t e rms, not descriptive litho l ogic t e rms ; 
thus Wyando t Formation, not Wyandot Chalk. 

gamma ray, son ic a nd dipme t e r logs . Nomencla ture is 
essentia l ly that of Mciv e r (1972). Lithostra tig r a 
phic unit s a r e desc r ibed below in asce nd i ng s trati
g raphic o rde r. 

Verrill~E_tgn Fo rma tion (15,425 to 1 2 , 336 fee t): 
The desc r iption of this formation is base d so l e l y on 
c utt i ngs since mec ha ni ca l lo gs a r e not avai l a ble 
be l ow 12,000 f ee t. The Ve rrill Ca n yon Formation is 
a mud stone seq u e n ce containing mi no r quant ities of 
s i ltstone a nd f ine - graine d sands ton e , a nd l acks po
r os it y . Its co n tact with th e ove r l y ing Mi ssissaug a 
Formation i s gradational . The mud s t one is me dium 
g r ey , gen e rally non- ca l ca r e ous , with rare subangular 
q ua rt z g r ai n s di spe r sed in an a r g illace ous matrix . 
Gla uco nit e , p y r it e , f r agmenta r y molluscs a nd os tra 
cods a r e r a r e . A f e w ca l pionell i d s occur be t ween 
1 3,460 a nd 1 3 , 060 feet . Epis t ominid for aminifers 
are common t o abundant f r om 14, 200 to 12,670 fee t. 
Fin e l y divide d organic matt e r a nd coalifie d plant 
mater i a l were fo und t hroug ho ut the fo rma t ion . 

The si ltstone is simila r in composition to the 
muds t o ne , in whic h it occas i onally fo rm s t hin l am
ina e . Cl astic par tic l es in both s how litt le pre 
ferr ed o r ien tation a nd the inte rna l fab r ic a ppear s 
c haotic. Bioturbation is r a r e . Mo d e r ately sort e d 
protoquart zi t e -t ype si ltst on es c ontaining common 
opaque mine r a l s a nd echinod e rm fragments occur ne ar 
th e t op of the formation. Feldspar a nd c hlo rit e a r e 
r are . A f e w be d s of a r g illaceous mic r i tic limes tone 
are pre s e nt. 

Poo r sorting a nd r a ndom o r ient a tion of c l as tic 
particles in the mud s t one and s iltstone suggest tha t 
the Ve rrill Canyon Fo rma tion wa s d eposited r apidly, 
be low wave base . The fr e que nt occurrenc e of fin e ly 
divided opaq u e ca rbonaceous fragme nts a nd tra n s lu
cent s truc ture l ess o r ganic mat t e r i n mudstone is 
indica tive of riv e r - bo rn d e tritus d e posite d on a n 
op e n s he lf. 

Th e Verrill Ca n yon Forma tion c orre sponds to the 
dinoflagellat e / spor e Zone of Phoberocysta neocomica 
a nd the informa l fo r amini f e r zone of Buccicr enata 
italica . 

Mississauga Fo r ma tio n (1 2 , 336 to 9,836 fee t): 
The Mi ssissauga Formation* in Puffin is mainl y a 
sandstone seque n ce which can be subdivided into two 
unit s . The lower unit (12,336 to 11, 840 fe e t) is 
approxima t e l y 40 per cent sand s t one and 60 pe r cent 
s ilt stone a nd si lty s ha l e. Sandstone be ds a r e t e n 
t o twenty feet thick a nd consist of ve r y fin e g r a ined 
greywacke ( some be d s con t ai n up to 40 pe r cent ba 
sa ltic a nd rhyo lit i c g r a ins of volcanic ori g in), 
protoquartzite, vo l ca ni c sandstone a nd calcar e ous 

* The s p e ll i ng " Missisa uga", g ive n to the Sc otia n 
She l f we ll a nd the fo rmation na med af t e r it (Mc i ve r, 
1972), has littl e gen e r a l c urre n cy a nd probably is 
based ultima t e ly in orthographic e rror. In v i e w 
of this a nd the t e rm' s short life in the geolog ic a l 
l ite r atur e priorit y does n o t preven t adoption of 
the or thodox spelling . 
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sandstone. Grains are subangular to subrounded and 
are poorly sorted . The lower unit was l aid down in 
a delta fron t environment that grades up into an en
vironment of distributary mouth bars and distributary 
channel deposits. The shallowing of the environment 
is interpre ted to be a result of delta progradation. 

The upper unit (11,840 to 9,836 feet) is over 
80 per cent sandstone and nearly 20 per cent silt 
stone and shale, with several limestone beds between 
10,060 a nd 9,836 feet. Its contact with the over
lying " Naskapi Shal e" is sharp. Sandstone beds are 
thirty to seventy feet thick. Limestones and sand
stones of this upp e r unit were laid down in a shallow 
marine, nearshore environment. 

The formation corresponds to the dinoflagellate/ 
spore Zones of Ctenidodiniwn e legantulwn and Tenua 
anaphrissa, and to the informal foraminifer zones of 
Planularia crepidularis and Choffatella decipiens. 

"Naskapi Shale " (9,836 to 9,515 feet) : The in
formally name d " Naskapi Shale" is a medium grey to 
g re e nish grey silty shale con t aining thin (up to ten 
feet thick) beds of siltstone, and rar e limes tone. 
Its contact with the Logan Canyon Formation is gra
dational. 

The siltstone is argillaceous, poorly sorted and 
me dium grey. Near the base of the member the shale 
is brmvnish grey with some r eddish brown beds. The 
lowes t fifty fee t of the member consists of lime
stones made up of foraminifer-mollusc quartz sand 
wackes t one and packstone, containing Choffatella , 
smaller foraminifers, gastropods, annelids, echi no-
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d e rms and algae. The "Naskapi Shale" \vas laid down 
in a shallow marine e nvironment. 

The "Naskapi Shale" is ref e rred t o the dinoflag
e llate/spore Zone of Deflandrea perlucida- System
atophora schindewolfi . 

Logan Canyon Formation (9,515 to 8,960 feet): 
This sequence was name d the Eider unit by Amoco Can
ada a nd Imperial Oil (1973). It consists of almost 
equal pa rts of sandstone and siltstone- shale, with 
less than 1 per cent limes tone. Microfossils indi
ca te that a hiatus exists be twee n this formation 
and the overlying Dawson Canyon Formation at approx
imat e ly 8,960 feet. 

The sandstone beds are t e n to eighty feet thick, 
light g rey, quartzose, with variable quantities of 
argillaceous matrix . Sandstone near the base of the 
formation is medium grained; sandstone in the upper 
part is fine grained. Grains are subangular to sub
rounded. Feldspars form less than 5 per cent of the 
d e trital particles, while glauconite and heavy min
erals a r e accessory components. Coal fragments are 
common in the sandstone a t about 9,400 f ee t. 

Siltstone-shale beds genera lly are medium grey 
and mi caceous; coalifie d plant fragments are common 
on be dding plane s. Limestone be ds are up to ten 
f ee t thick a nd consist of ligh t brownish grey bio
micrit e , skeletal wackestone and oolitic pack stone; 
quartz g rains occur in some. Bioclasts consist of 
abraded fragmentary foraminifers, molluscs, bryozoans 
and ec hinoderms. Fe rroan calcite has replaced the 
mollusc fragments, and side rit e occasionallyreplaces 



the micritic matrix. In the oolitic packstones, 
foraminifers form th e nuclei of the oolites. 

Microfossils indicate that the Logan Canyon For
ma tion is a marginal marine deposit with inter tonguing 
marine and nonmarine sed ime nts, and that th e marine 
influence increased durin g deposition of the forma 
tion. An ooli ti c packstone in the upper part of the 
formation indicates that the depos itional environ
ment remained r e l a tively shallow and that occasional 
high energy conditions led to local reworking of 
bottom sediment s . 

The formation corresponds to the dinoflage llate/ 
spore Zone of Spinidiniwn cf. vestitum- Eucommiidites 
minor and to the informal foraminifer zone of Lenti 
culina gaultina . 

Dawson Canyon Formation (8,960 to 7,510 f ee t): 
This formation i s a shale containing rare siltstone 
beds and severa l limestones. Contact bettveen this 
formation a nd the overlying Wyandot Formation i s 
gradat ional. 

Dark grey si lts tones and th in limestone beds oc 
cur near the base of the formation . The siltstones 
contain ye llm•ish limoni tic glauconi t e grains; some 
are protoquartzitic, well sorted a nd cemented by 
si lica, ferroan calcite and granular siderite. The 
limestones at the base of the formation consist of 
skeletal tvackestone and packstone. Worn fragmentary 
annelids, bryozoans, echinoderms and Inoceramus are 
pres e nt a nd, in some beds, have thick micritic coats 
and faint oolitic laminations. Molluscs are r ep l ace d 
by coarse, sometimes iron-rich, sparry calcite . In 
the limes tones glauconite and quartz grains are rare. 
The limestones have a micritic matrix loca lly r e 
placed by siderite and dolomite. The occurrence in 
these basa l beds of oxidized g l auconite, siderite 
and rare reddish shale with colour changes s uggests 
that these sediment s accumulated in an oxidizing 
e nvironme nt, and tvould s upport the fossil evidence 
for a hiatus at the base of the formation. 

The "Petrel Member"* overlies these basal beds 
at 8,800 to 8,610 feet. It is a light grey, dense 
foraminiferal coccolith wackestone and packstone 
lacking visible porosity . Planktonic foraminifers 
comprise as much as one third of the rock. Coccoliths 
occur in the micrite. Sand - s ize fragments of molluscs 
and Inoceramus are minor constituents. 

The sha l e whi ch ove rlies the "Petrel Member" and 
comprises most of th e Da1vson Canyon Formation is 
medium dark grey to medium gr ey , slightly fissile 
and gener ally calcareous. It contains foraminifers 
and fragments of Inoceramus . Silt-size ma t erial, 
muscovite and glauconite are scarce. The shale 
generally lacks porosity and some f r agmen ts are 
s trong l y mylonitized. 

The lmver part of the formation, comprising the 
"Pe tr e l Member" and the basal beds of the formation, 
corresponds to th e dinoflagellate/spore Zone of Oli 
gosphaeridiwn pulcherrimwn and to the informal for
aminifer zone of Globotruncana renzi. The r emainder 
of the formation above the "Petrel Member" corres
ponds to the dinoflagellateispore Zones of Hystrich
osphaeridiwn truncigerwn, Odontochitina operculata 
and Dinogymnium euclaensis ; and to the informal for 
aminfer zones of Globotruncana coronata, " · ven tri 
cosa and the lmver part of C. area . 

*The unit was informally named the Petrel Limestone 
by Amoco Canada Pe trole um Company Ltd. and Imp e rial 
Oil Limited (1973). 

Wyandot Formation (7,510 to 7,418 feet): The 
Wyandot Formation i s a white foraminifera l coccolith 
wackestone in its lmver part, grading upward into 
soft chalk . Its contact with the over l y ing Ban
quereau Formation is sharp. Ske letal material in 
the limes tone i s s ilt-sized and composed of fragments 
of planktonic foraminifers, rare echinoderms and 
Inoceramus . In thin sections, coccoliths ~Vere ob 
served in a micritic mat rix . The Wyandot Formation 
and " Petrel Me mber" of the Dawson Canyon Formation 
resemble each other closely in thin section and show 
no porosity. 

The lower part of the formation (7,510 to 7,480 
fe e t) corresponds to the upper part of the informal 
foraminife r zone of Globotruncana area . 

Banquereau Formation (7,418 to 1,090 feet): 
This formation is a mudstone - shal e sequence with 
subordinate sands tone, siltstone and chalk. A thin 
sequence of pale red and greenish grey marl with a 
siderite or dolomite bed overlies the Wyandot For 
mation ; these rocks cor r espond to the dinoflagellate/ 
spore Zone of Palaeoperidiniwn pyrophorwn- Ceratiopsis 
diebeli . Chalk (7,376 to 7,260 feet) overlying the 
marl is a white foraminiferal wackestone containing 
planktonic foraminif e rs, coccoliths, and rare radio
larians all in a micritic matrix. The chalk grades 
upward into a thin bed of cal careous foraminiferal 
mudstone which in turn is overlain by a shale. The 
latter is brownish grey, silty, and ri ch in fine or 
gani c matter and coalified plant fragments; fr e quent
l y it is calcareous tvith occasional beds of siltstone 
and fine - gr ained sandstone. Foraminifers, glauco 
nite , rare mica and pyrite occur in the shale . 

Thin beds of s iltstone and very fine grained 
glauconitic sandstone occur from 5,500 to 5, 180 feet 
and correspond to the dinoflagellate/spore Zone of 
Apteodiniwn sp . B. Other silts tone beds occur at 
4,120 to 3,950 feet a nd belong to the dinoflagellate/ 
spore Zone of Pentadiniwn laticinctwn. Argillaceous 
sediments above 4,550 feet are unconsolidated. 

Between 2,012 and 1,090 feet (the highest sam
ple examined lithologically) b e ds of quartz sand
stone, t en to forty feet thick, are inte rb edded with 
brownish grey mudstone. These fall Hithin the upper 
part of the dinoflagellate/spore Zone of Cannosphae
ropsis sp. A and the dinoflagellate/spore Zone of 
Artemisia- Taraxacum. Grain size of the sand in
creases upward, becoming coarse at the top. The 
grains are 1vell rounded and moderately sorted; pol
ished grains occur in the upper sands . Also , there 
occur vo lcanic grains of basaltic and rhyolithic 
composition similar to grains described from the 
Mississauga Formation. The finer grained sand 
occasionally contains foraminifers, fragmentary 
molluscs and echinode rm spines, a nd is cemented by 
sparry calcite. 

BIOSTRATIGRAPHY 

The Puffin succession is referred to two bio
stra tigraphic zonations: the formal zonation pro 
posed by Williams (in prep.) for the Mesozoic-Ceno 
zoic s uccess ion of e astern Canada based on dino
flagellates and spores (15,425 to 1,030 fee t) a nd 
an informal Mesozoic zonation based on foraminifers 
(15, 435 to 6,460 fee t). In the Tertiary some plank-
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t oni c foraminif e ra l e xtinc ti on leve l s a r e g iven. 
Some info rma ti on is from side wall cor es t a k en be tween 
1 2 ,300 a nd 5 ,900 fee t, but mo s t is f r om c utting s be 
t ween 15 ,42 5 a nd 1,030 f ee t. Cons equ e ntly , both 
zona tions a r e d e fin e d to a c onside rabl e ex t ent in 
t e rms of a succession of fossil "tops" or ext inc t io n 
po ints. The spec i e s di agnostic of a g ive n zone with 
fe w exceptions do not o c cur in a younge r zone . It 
i s by means of the biostra ti g raphic zon e s, whose a ge s 
a r e knm-m wi th v a rying deg r ees of prec i s ion, tha t 
wells on Canada ' s Atlanti c c ontinental ma rgin are 
corr e late d . The z onal s u ccess ion is di sc uss e d below 
in a s cending s tr a ti g raphi c orde r. 

The old e st rocks pe ne trat e d by Puffin B-90 be long 
to the dinofla ge llate/spor e Subzone of Biorbifera 
.johnewingi of the Pl?obePocycta neocomica Zone . The 
B. j olmew1:ngi Subzone is d e fin e d b y the v e rtica l 
r a nge of B. johnewingi Ha bib and is of v e r y early 
Cr e taceous age . On the s outhwest e rn Grand Banks, 
whe r e it has also been found in Amoco Imperi a l A-1 
Kittiwake P-11 (44° 40'N, 53° 3l'W), it is provi
s ional ly dated Be rriasian- e arly Valangini a n. In 
Puffin it ex t e nds from 15,425 to 14,500 f ee t a nd 
o c cupies the lowest third of the Ve rrill Canyon For 
ma tion. Biorbifera johnewingi ranges through most 
of the Berriasian type se c tion in France ; through 
most of the Berriasian and lower Valanginian at 
JOIDES site 105 in the North Atlantic, 380 miles e ast 
of Cap e Hatteras; and from the base of the Berriasian 
to middle Val anginian in the Sacramenta Valley 
of California (Habib and Warr e n, 1973). It first 
occurs at or close to the Jurassic-Cretaceous bound 
ary in all three localities but has not be en record e d 
in the Jurassic. It is associated in Puffin B-90 
with Wanaea spectabilis (De flandre and Cookson) Cook
so n and Eise na ck and Prolixospl?aePidium sp., which 
are confined to the subzone . The pre s e n ce of the 
foraminif e r Saracenaria valanginiana Barte nst e in a nd 
Brand at 15,060 feet, sugge sting an e arly Valangini a n 
age from the horizon, is consistent with the evidence 
that the range of Biorbi f era johnewingi in this ar e a 
is Berriasian- earl y Valanginian. 

On the Scotian She lf the diagnostic fossils of 
the Biorbifera johnewingi Subzone commonl y are mis 
sing a nd the subzone has not been r ecognized in She ll 
A-1 Mohawk B- 93, Shell A-1 Naskapi N- 30, Shell A-1 
Oneida 0-25 or Mobil Tetco A- 1 Dauntless D-35. The 
subzone is not absent everywhere on the Scotian She lf, 
however, for it occur s in a thin seque nce (300 fe e t 
thick) of strata near the bottom of Mobil A-1 Sable 
Island C-67 (Williams, in pre p .). This distribution 
would suggest eithe r that some areas of the Scotian 
Shelf lay outside the lateral ranges of the species 
that characterize the Biorbifera johnewingi Subzone 
on the southwestern Grand Banks or that basal Cr e 
t aceous rocks are missing in some parts of the Sco
tian Shelf and a tt e nuated in others . 

The Bior bifera johnewingi Subzone is include d in 
the Phober ocysta neocomica Zon e which ex t e nds from 
15,425 to 12,160 feet. Fossils diagnosti c of this 
zone are Phoberocy s ta neocomica (Gocht) Millioud, 
Achomosphaera neptuni (Eisenack) Davey and Willia ms 
and Systematophora or bi f era Klement. The zone is 
dated Berriasian- Valanginian (Williams, in pre p . ). 
In Puffin B-90 it occupies the same v e rtical interval 
as the informal foraminifer zone of Buccicr enata 
italica (15,425 to 12,160 feet) and approximately 
the same vertical interval as the Verrill Canyon 
Forma tion (15,425 to 12,336 f e et) . The informal 
foraminifer zone is characterized by Buccicrenata 
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italica Di e ni and Ma ssari, Conorbo1:des valendisensis 
(Ba rt e n s t e in a nd Brand) a nd Sar•acenaria valan~n:nimu~ 
a nd i s c on s ide r e d he r e t o b e Be rr iasian- Valanginia n. 
A Berrias i a n-Valang inia n ag e for this i nte rva l, i s 
c onsist e nt \vi th the abundance of the ostrac od Para
cypris ex gr. acuta (Cornue l) . 

Conside r a ble numb e rs of Upp e r Jura ssic mi c r o 
fossils occur betwee n 13,490 and 12,248 feet in 
upper Va l a ng lnian d e posits at the top of the Ve rrill 
Can yon Forma tion a nd in Hauteriv i a n beds at the ba s e 
of the Mi s s i s sauga Formation. Ox fordi a n-Kimme rid g i a n 
dinoflagellat e s a nd s por es make up a s much as 3 per 
c e nt of the organi c microfossil s in this int e r val. 
The y includ e Chytr·oeisphaeridia chytroeides (Sarj e ant) 
Downie a nd Sarj e ant (12,470 fe e t) , Concentrisporites 
spp. (12, 380 fee t), E'ndosporites jurassicus Po c o c k 
(13,260 to 12,760 f ee t), Gonyaulacysta cladophora 
(D e flandr e ) Dodekova (13,490 to 13,460 fee t), Hex
agoni f er•a jw•assica Gi tmez and Sa rj e ant (13, 280 to 
13,250 f ee t) and Leptodinium nor•ris1: Pocock (12,290 
t o 12,260 f eet). A f e w Kimmeridgian- Tithonian os 
tracods occur be tween 13,160 and 12,260 feet, and 
includ e Gal liaecythe1•idea sp . and Schule1•idea a ff. 
triebeli oblonga Donz e . The distribution of the s e 
Jura ssi c f ossils i s s poradic within an othe r wi se 
orderly suc c ession of Lower Cr e t a ceous fossil ass e m
blages and the e vid e n c e at hand points to the ir 
being re,vorked. 

The dinoflagellat e /spore Zone of Ctenidodinium 
elegantulum (12,090 to 10,760 fe e t), provisionally 
dated Hauterivian (Williams, in pre p), spans the 
lower par t of the Mississauga Forma tion. It i s 
charac t e rized by Broomea jaeger i Alberti and Gon
yaulacysta ser 1•ata (Cook son and Eisenack) Sarj eant . 
It corresponds very c l ose ly t o the informal Planu
laria crepidular is zon e ( 1 2,160 to 10,950 fe e t) 
which is here conside r ed to be Hauterivian on the 
basis of the Haut e rivian foraminif e r marker Lentic
ulina ouachensis bartensteini Moullade and the os
traced Hauterivian markers Protocythere hechti Tri e 
bel and Cythereis cf. senckenbergi Triebel. Planu
laria crepidularis (Ro eme r), which ranges through
out the Ne ocomian , has not be e n encountered in the 
P. crepidu laris zone of Puffin B-90 but was e n 
count e red in residue s from the underlying Buccicren
ata italica zone. 

The dinoflagellat e /spore peak Zone of Tenua ana
phr issa (10,700 to 9,850 feet), whic h is based on 
sidewall core, is date d Barremian (Williams, in 
prep.) and corresponds to the upp e r part of the Mis
sissauga Formation . Diagnostic species are Cerebro 
polleni tes mesozoicus (Couper) Nilsson, Concavissi 
misporites punctatus (Delcourt and Sprumont) Bre nner, 
Deflandrea perluci da Alber ti (common), Dingodi nium 

ceY·viculum Cookson and Eisenack, Muder ongia simplex 
Albe rti (common) and Pseudoceratiwn pelli f erum 
Gocht. The zone occupies much the same interval as 
the informal zon e of Choff atella decipiens (10,950 
to 9,800 feet), which is here considered Barremian
Aptian. 

The overlying dinoflagellate/spore Zone of De 
flandrea per•lucida- Systematophora schi ndewolfi ex
tends from 9,759 to 9,460 feet . It contains D. per 
lucida , Callialasporites trilobatus (Balme) Sukh Dev, 
Cordosphaeridium eoinodes (Eisenack) Eisenack, Cyclo
nephelium attadalicum Cookson and Eisenack, C. c f. 
attadalicum Cookson and Eisenack and is dated Aptian 
(Williams, in pre p .). The oldest part of the zone, 
containing the dinofl a gel l a t es Tenua anaphrissa a nd 
Pareodinia ceratophora Deflandr e emend . Gocht and 



the spore Pi losispo1•ites trichopapi llo:ous (Thierga rt) 
Delcourt and Sp rumont at 9,759 feet, is provisionally 
dated early Ap tian (Williams, in prep.). This zon e 
corresponds app rox imate l y to the " Naskap i Shale ", 
which ex t e nds from 9 , 836 to 9, 515 feet. 

The dinoflagella t e / spore Zone of Spini dinium c f. 
Vestitum- Eucommi-idites minor ov e rlies the Zone of 
Deflandrea per lucida and extends from 9,422 to 8,950 
feet . It is c haracterized in thi s we ll by Eucormrrii 
dite s minor Groa t and Penny, Appendicisporites jan
sonii Pocock, Tri lobocpoJ' i tes apiver1•ucatus Coup e r 
and VitJ'eiHpor ites pallidus (Reissinge r) Nilsson and 
is dat e d Albian by Williams (in pre p . ) . It corres
ponds to the informal foraminifer zone of Lenticu
Zina gaultina whi ch is here conside r ed t o be Albian ; 
and to the Logan Canyon Forma t ion whic h ex t ends from 
9,515 to 8 , 960 feet. The presenc e of the os tracod 
Schuleridea aff . j ones -iana (Bosquet), whic h has its 
highest occurrence in the Al bian, confirms the age 
of th is in t erva l. 

No concl u sive ev id e nce has been fo und in Puffin 
B-90 for rocks of Cenomanian or Turonian a ge, and a 
depositional hiatus exis t s between the Logan Canyon 
and Dawson Canyon forma t ions . Or gan ic microfossil 
evidence indicates a s ub s t an tial hiatus in deposition 
betwee n 8,950and 8,890 feet , wher e the dinof l agellate/ 
spore Zone of OZigosphaeridium pulcherrimum, dated 
Coniacian (Williams, in prep.) r ests on the Albian 
di no flagellate/spore Zone of Spinidiniwn cf. vesti
tum- Eucommiidites minor . Closely s u pport ing the 
dinoflage lla te and spore ev idence , the i n forma l fora 
minif e r zone of Clobotruncana renzi , he r e consider e d 
Coniacian, r es ts at 8,960 feet u pon the i nformal 
fo r a minife r zone of Lenticulina gault i na he r e ref e r
red t o the Albian. It is s i gni fica nt that no caved 
material of Cenomanian-Turonian age has been fou nd 
in cuttings be l ow th e t op of the Albian. Lithostra
tig r aphy would support the fossil e vidence for the 
exi ste nce of a hiat u s at the base of the Dawson Can
yon Forma t ion (see p. 3) . 

The dinoflagella t e/spore Zone of Oligosphaeridium 
pulchel'l'imum (8,890 to 8 , 660 feet) a nd the informal 
foraminif e r zone of Clobotruncana renzi (8,960 to 
8,560 feet) occupy mu ch the same ve rtical inte rval 
a nd correspond approximately t o the " Pe tr e l Member" 
(8,800 t o 8,610 feet), of the Dawson Ca nyon Forma tion. 
The forme r zone is charac t e rized by AreoZigera sp. 
A (1-Jilli ams, i n pr e p.) and CyclonepheZium vannophorum 
Davey, the latter by Clobotl'uncana Penzi Gandolfi, 
C. sigali Reiche l and C. marginata (Re uss) . 

The di nof l agella t e /spore Zone of llystr ichosphaeri
dium truncigel'um (8,590 t o 7 ,950 feet) , da t ed Santon
ian (Williams a nd Brideaux, in press ; 1-Jilliams, i n 
prep.) a nd the informal foraminifer zone of Clobo
truncana coronata (8, 56 0 to 7,9 60 fee t) occupy the 
same int e r val i n the middl e of the Dawson Canyon 
Fo rma ti on . They are charac terized by the dinoflagel
la t es Hystrichosphaeridium truncigerum Defl andre and 
Hystrichosphaeropsis ovum Def l andre , .a nd the fora 
minifers Clobotruncana cor onata Bolli, C. carinata 
Dalbiez a nd C. concavata (Brot zen) . 

The dinoflagellate/spore Zone of Odontochitina 
operculata (7,900 to 7,555 feet), which include s the 
Trichodinium castanea i n forma l subzone , contai n s 
Odontochitina operculata (0. \Ve t zel) Deflandre a nd 
Cookson Australi ella t Pipartita (Cookson a nd Eise 
nack ) V~zzhennikova, Cardodinium defland:f>ei Clarke 
and Verdier , Hystrichosphaeri dium stellatum Maier 
a nd Xenascus ceratioides (De flandr e ) Lenti n a nd 
Wi l liams , and is dat ed Campanian (\Villiams,in p r ep . ). 

It corresponds to the uppermost part of the Dawson 
Canyon For mation, whic h "tops" at 7,510 feet . 

The Trichodiniwn castanea sub zone (7, 900 to 7, 770 
f ee t) , a nd the informal foraminif e r zone of C. ven
t ricosa (7,960 to 7,780 feet) occupy the same in
t e rva l in the upper Dawson Canyon Fo r mation. Char 
acteristic fossils are the dino flagel l a t es Tricho
diniwn castanea (Def landre) Clar ke a nd Verdier , 
Deflandrea echinoidea Cookson and Eisenack and Pal
aeohystrichophor a infusor ioide s Deflandre , a nd the 
foraminifers Clobotruncana ventricosa \Vhite , Al'che
oglobigerina cretacea (d'Orbigny ) a nd Bolivinoides 
draco miliar is Hilt e rmann a nd Koch. The dinoflagel 
lat e /spore subzone a nd the forami ni fer zone are he r e 
conside r e d ear l y Campanian. These ages are supported 
by th e ostracod Brachycythere r homboidalis (Berry) 
which ranges up into Campanian. 

The yo unges t Cr e t aceous zones recogniz e d are the 
din oflagella t e/spo r e Zone of Dinogy11mium euclaensis 
(7,520 fee t) i n the Dawson Canyon Fo rma t ion t e n feet 
belo'" the base of the 1-Jyand o t Formation; a nd the in
fo rmal foraminif e r zone of Clobotruncana area (top 
a t 7,480 f ee t) in the upper 45 f ee t of the Dawson 
Canyon Formation and the lower part of the Wya ndot 
Formation. Characteristic fossi l s are the dinoflag
ellates Cel'eatiop.s'!:s diebeli (Albe rti) Vozzhennikova, 
Dinogymniwn acuminatwn Evitt, Clarke and Verdier, 
D. euclaensis Cookson a nd Eisenack , Cillinia hymeno
phora Cookson and Eisenack a nd Hy strichosphaeridium 
r ecurvatum (Whit e ) Davey a nd Willia ms, and t he fora
mini fe r s Clobotr uncana area (Cushman), Bolivinoides 
decor atus delicatulus Cushman a nd Clobotruncana stu
arti (de Lapparent), whi c h a r e here provisionally 
con sid e r e d earl y Maas trichtia n. 

The oldest Te rtiary strata in Pu f fin B-90 are 
ref e rre d to the dinoflagellate/spore Zon e of Palaeo
peridinium pyrophorum- Ceratiopsis diebeli (7, 410 to 
7,390 feet), which cont a ins Palaeoperidiniwn pyro
phorum (Ehrenberg) Sa rjeant, Ceratiopsis diebeli 
a nd Svalbarde lla austr alina (Cookson) Mal loy, a nd 
i s provisiona1ly dated early Pa l eocene (Willia ms , 
in pr e~). A sidewall co r e a t 7 ,474 feet contains 
the dinoflage llates Ceratiopsis diebeli , Spiniferi tes 
cingulatus (0. Wetzel ) Sarjeant, S . scabrosus Cla r ke 
and Verdi e r, SubtiZidiniwn minutum Mor genroth and 
Achomosphaera tridactylites (Valensi) Def l a ndr e and 
Sarjeant . Thi s assemblage is Maas trichtia n-early 
Paleocen e in age. In the int erva l 7,390 a nd 7,360 
fee t immediately overl y ing the Pa l eocene dinoflagel
l a te/ spore Zone occur the foramini fe rs Clobol'Otalia 
pseudobuZZoides (Plumme r), C. pseudomenardii Bol li 
and the C. uncinata/angulata group, which may be 
dated Paleoc e ne (Berggr e n, 1971). A dias t em prob
ab l y exists at or about 7,418 fee t b e tween the base 
of the Banquereau Forma t ion and the \Vyandot Forma 
tion . Biostratig r ap hy has not permitted thi s dia 
s t e m t o be mo r e closel y dated than lat e Maastrichtian
early Paleocene. 

In Puffin B-90 the Eocene s uccession includes 
l owe r, middl e a nd upper Eocene stra t a. The lower 
a nd middl e Eocene deposits like the Paleocene , are 
r emarkably thin . The dinoflagella t e/spore Zone of 
Areoligera senonesis is characterized by t he peak 
abund a nce of Cordosphaeridium gracilis ( Eisenack) 
Davey a nd 1-Jilliams. The zone is r ecognized in side
wa ll co r es 7,300 a nd 7,246 f ee t a nd is d a t e d early 
Eocen e (1-Jilliams, i n prep.). It correspond s very 
closely to the inte rval 7, 3 00 a nd 7,270 fee t con
taining the fo r amin ifers Clobotalia rex Martin a nd 
C. aragonensis Nuttal l which also indica t e an earl y 
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Eocene age (Pos tuma, 1971). These lowe r Eocene rocks 
are chalk beds (7 ,376 to 7 , 260 feet) near the base 
of the Banquereau Formation . 

The middle Eocene dinoflagel l ate/spore Zone of 
Adnatosphaeridium r eticulense has b een r ecognize d at 
only one hori zon (7,207 fee t) where it contains Cor
dosphaeridium gracilis a nd Spiniferi tes sp. A ri c h 
assemb l age of foraminifers f r om 7,210 to 7,120 feet 
contains Clobor otalia spinuloinflata (Bandy) (syn . C. 
bulbrooki Bolli ), C. broedermanni Cushman and Bermud ez 
a nd Clobigerina linaperta Finlay of middle Eocen e age 
(Postuma, 1971) . 

The dinoflagellate/spore Zone of Diphyes collig
er um ( 6 ,933 to 6 ,648 feet) is da t e d late Eoce ne 
(Williams , in prep . ). It cont a ins Areosphaeridium 
diktyoplokus (Klumpp) Eaton, Diphyes colligerum (De
flandre a nd Cookson) Cookson, Leptodiniwn incompositum 
(Drugg ) Lentin a nd Williams a nd Rhombodinium draco 
(Goc ht) Vozzhennikova . Th e hi g hes t occurrence of 
Cloborotal ia cerroazulensis (C o l e ) a t 6 ,850 to 6,820 
feet is the highest foraminif e r al evid e nc e fo r the 
to p of the uppe r Eocene . Above 6,820 feet th e fora 
minif e r s in Puffin B- 90 have been studied solely wi th 
a view t o inte rpre ting depositional environments. 

One thousand feet of s trata in Pu ffi n B- 90 (6,545 
t o 5 , 560 fee t) a r e r e f er r e d to two Oligoce n e dine
fl age llate/spore zones. The lowe r Deflandr ea hetero
phlycta Zo n e , da t ed early Oligocen e (Williams, in 
prep . ), is divided into t wo s u bzone s . The Areosphaeri
i ·u1 at'e adill~ informal peak subzone (6, 545 to 6, 025 
feet) , based on sidewall co r es and c harac t er i zed by 
common Areosphaeridium ar cuatum Ea t on, Adnatosphaer id
ium reticulense (P a stie ls) De Coninck, Cordosphaerid
iwn inodes (Klumpp) Eise nack , a nd Samlandia chlamydo
phora Eisenack , is her e provisionally dated early 
Oligocene A. The Cordosphaeridium funiculatwn in
formal s ubzone (5,950 t o 5 , 620 feet) , cha r acterized 
by CordosphaeridiL~ funiculatum Morgenroth, Areo
sphaeridium arcuatum, De f landrea heterophlycta De 
flandre a nd Cookson, Thalassiphor a pelagica (Eise nack) 
Eisenack a nd Gocht, and Wetzeliel la co leothrypta 
\.Jilliams a nd Downie, i s h e re provis i ona lly dated 
ea rl y Oligocene B. The upper of the two Oligocene 
zones , the Chiropteridium di spersum Zon e (5,590 to 
5,560 feet) containing Chir opteridium dispersum Goch t, 
Cordosphaeridium cantharellum (Bro s iu s ) Gocht, De
flandrea phosphoritica Eis e nac k a nd D. spinulosa 
Alberti, is middle- late Oligoc e ne. 

Three dinoflage llate/spore zones a r e recogni zed 
in a 3,600 foo t thick succession ( 5 ,500 to 1,870 
feet ) he r e date d Mioc e ne . The Apteodiniwn sp. B 
Zone (5, 500 to 5,200 feet), containing Apteodinium 
sp . B Williams and Brideax (in press ), Cyclopsiella 
elliptica Drugg a nd Lo e bli c h a nd Lejeunia aechmophora 
Bened ek , is he r e c onside red ear l y Miocene, The Pent
adiniwn laticinc tum Zone ( 5 ,140 t o 3,670 fee t), 
c ha r ac t e rize d by Pentadinium laticinctum Gerlach, 
Lejeunia fall= Mo r genroth L. paratenella Be ne de k 
and Polysphaeridium pastielsi Davey a nd Williams, i s 
he r e in c luded in the middle Mio cene . The Cannosphae
ropsis sp. A Zone (3,610 to 1, 870 feet), with Canno
sphaeropsis sp . A Williams and Brideaux (in press ), 
Nematosphaer opsis sp . B Williams and Brideaux (in 
press) a nd Tiliaepollenites s p. A Williams a nd Bri 
deaux (in press), is her e referred t o the late Miocene . 

The younges t strata sampled i n the Puffin B- 90 
well are r e f e rre d to the Artemisia-TaraxacL~ dine 
f l agel late /spore Zone . This i s s ubdivid e d into the 
Hystrichosphaeridium pseudorecurvatum info rmal sub
zone (1, 8 10 to 1,150 f eet), conta ining H. pseudorecur-
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vatum Morgenroth, Thalassiphora delicata \Hlliams 
and Dmmie and Xenicodiniwn hispidum Drugg, and pro

visiona l ly dated Pliocene by Wil l iams (in p r ep . ); 
and the Spiniferites scabratus informal subzone 
(1 , 060 to 1, 030 feet), containing S. scabr•atus (Wall) 
Sarjeant a nd Tectatodinium pellitum \.Jall, and here 
considered P l eis tocene . Samp l es were not take n be
tween 1,030 feet and the seabed at 448 fee t. 

ENV IRONMENTS OF DEPOSITION IN PUFFI N B- 90 

Sediments between 15 , 425 and 8,96 0 fee t, con
sisting of the e ntir e Lower Cretaceous succession 
pe ne tra t e d in Puffin, were laid down in a progre s 
sively shallowing ne rit ic e nvironme nt . The Berria
sia n- Valanginian silts a nd mudstones betHeen 15,425 
and 12 , 336 feet which comp rise the Verri ll Can yon 
Formation contain a dive r s e foraminife r a l assemblage 
wi th common epistomi nid s, lenticul inids a nd a r ena 
ceous taxa. Ra r e calpionellids a r e pr esent between 
1 3,460 a nd 13,060 feet. The fauna s ugges t s an ope n 
marine she l f e nvironment. The freq ue nt occur r ence 
of fine plant fragments and sapropel in the mudstones 
indicates river born de tritus . 

In Puffi n B- 90 the Mississauga Formation between 
12, 336 and 9 , 836 fee t is of Hauter ivian- Barremian 
age . It is essen tially a sandstone seq u e nc e with 
common sil tstone a nd limes ton e inte rcalations near 
the top . It is interpre t ed as a highe r e n e r gy de
posit than the Verrill Canyon Forma tion, and as 
having been l a id do1m in a delta fro nt e nvironment 
that graded upwards into distributary mo ut h bars 
and d is tributa ry channe ls. The shallowing of the 
e nvironment i s belie v e d to be a resul t of delta 
prograda tion . The interpretation of a n i nne r ne r itic 
and n ea r shore envi r onment on the basis of lithostra 
tigraphy is s uppor t ed by a l ess diverse foraminifer 
assemblage in these r ocks tha n in the und e rl ying 
Ve rrill Ca n yon Forma t ion. 

The "Naskapi Sha l e " at 9,836 to 9,515 feet, of 
Aptian age , is charac t e r ized by microfauna l and 
microf l o r a l assembl ages of very l imi t ed dive r sity . 
Larger forami ni fers s uc h as Cho ffatella a nd Or bito
lina char acter ize some be ds . The envi ronme nt Has 
s hal low a nd nea r s hore. 

In Puffin B- 90 the Loga n Canyon Formation is Al 
bian a nd ex t ends f rom 9 , 51 5 to 8,960 fee t. It is a 
nearsho r e marine deposi t with i nt er tonguing n onmarin e 
beds. Foraminifers are gene r ally absent; coa l frag
ments a r e common at 9 , 400 fee t . Thin oo l i tic lime 
stone i nt e r ca l a tion s with abraded ske l etal mat e rial 
s ugges t high e n ergy c onditions that occas i ona lly led 
to the l oca l r ewo rking of bot t om sedimen ts. 

The Up pe r Cretaceous sediments in Puffin are o f 
de e per , more open ma rine c ha r acter than the under
lying Lower Cretaceous deposits. The Senonian Daw
son Ca n yon Formation is a s hale , wit h r a r e si lt s t one 
beds a nd several mi c rit ic limestones, ex t e nding 
from 8 ,960 to 7,510 fee t. From 8 ,950 to 8,66 0 
fee t the mi c r ofauna is impove rished . Above 8,660 
fee t, hoHever , forami ni fers , especially planktonic 
on es a nd cocco li·th s are abunda nt . The e nvi r onme nt 
d eep~ns r apid l y above 8 , 660 fee t where out e r neritic, 
open marine conditions were es tablished . The over 
l yi ng Wyandot Formation (7,510 to 7 , 4 18 feet), a 
foramini fe r a l - coccolith Hackes t o n e , shows that 
r e latively deep, open mari ne condition s con tinued 
into early Maastrichtian time . 



The Paleoce ne to Ple i s t oce ne mud s tone -shal e se 
que n ce with s ubordina t e sand, s ilt s tone beds a nd 
c ha l ks be t ween 7, 4 18 a nd 1 ,090 f e e t, compri ses the 
Banque r e a u Forma tion. It i s a dee p mari n e , s l op e 
depos it which s ha llows pr ogre ssive l y f r om Mi oc e n e 
t i me o mvar d . 

The Pa l e ogen e mi c r ofa una is l a r g e l y pe l agi c , com
posed of pl a nktoni c f or amini f e r s , c o ccoliths a nd 
r a diolaria ns, with s ome a r e na c e ous (Spi1'oplect ammina ) 
and ca l car e ous be nthos . La t e Eo cen e to Mioc e ne f a una s 
(be l ow 4 , 000 fee t ) show r ic h a r e naceous a ssemblages 
with l a r ge spec imens of Cyclanmina (including C. can
ceUata Br a d y ), Haplophl'agmoides , Bathysiphon, T l'O

chwnmina a nd ca l ca r e ou s be ntho s s uc h a s Meloni s a ff . 
pompiloido; ( Fi ch t el and ~loll ), hispid uvige rinids 
and s t i l os t ome l lid s . This Pa l e oge ne - Mioce ne fa una 
is inte r p r e t e d as of d eep ma rine , s l o pe c ha ra c t e r. 

Above 4,000 f ee t the mi c ro fa una consis t s large l y 
of c a lcare ous be ntho n ic s and d e positional environ
ments become p r ogr essive ly mo r e shallow . Less div e r se 
fa unas, wi th Cassidulina, Lenticul ina, Elphidium, 
Uvigerina and some miliolids, make up the young e s t 
Puffin assemblages and indicat e a r e turn to s ha llow 
marine , probab l y inner ne ritic condition s during the 
Pliocene a nd Ple i stocene . 
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APPENDICES I - II 

IHOSTRATIGRAPHIC ZONES AND THEIR IHCROFOSSIL CONTENT IN PUFFIN B- 90 

The biostra tigraphic zones recognized in Puffin B- 90 are listed belmv in t\vo separate 
a ppendic es. Appendix I deals with the dinoflagellate/spo r e zonation a nd Appendix II 
with the foraminif er zonation and ost r acod occurrences. Species of biostratigraphic 
signi f i cance or numerical i mpor t ance are indica t ed for each zone. Because they are 
based largel y on cuttings' samples, each of the t\vo zona t ions is ac tu ally a succ ession 
of fossil " t ops " or local ex tinction points . They a r e lis t ed be lmv in descending 
s tratig raphic order. The species listed within each zone with few exceptions do not 
occur in yo un ger zones hi gher up the wel l . 

APPENDIX I 

SELECTED SPECIES IN THE DINOFLAGELLATE/SPORE ZONES OF PUFFIN B-90 

1030 '-1060 ': Spiniferites scabratus info r mal sub
zone (Pleistocene) of the Ar temisia
Taraxacum Zone 

5200 '-5500': Apteodini um s p. B Zone (early Miocene) 

Species : Spiniferites membranaceus (Rossignol) 
Sarjeant; Spiniferites scabratus (Wall) 
Sarjeant ; Tectatodinium peZZitum Hall. 

ll50 '-1810': Hystrichosphaer idium pseudorecurvatum 
informal s ubzone (Plioc ene) of the 
Ar temisia- 'l'moaxacum Zone 

Species : Hystrichosphaeridium pseudorecurvatum 
Norgen r o th; Operculodinium israelianum 
(Rossigno l) Hall ; Thalassiphora deZicata 
Hilliams and Dmvnie; Xenicodinium hispidum 
Drugg . 

1870 1- 3610 1
: Cannosphae1oopsis sp. A Zon e (late 

Miocene) 

Species : Cannosphaeropsis sp . A \.Jilliams and 
Brideaux (in pr ess) ; CycZopsieZla sp . A 
Williams an d Brideaux (in press); Lepto
dinium patuZum Hall ; Lingulodi ni um mac
haerophorum (Def landre and Cookson) Wall; 
Nematosphaeropsis balcombiana Defl andre 
and Cookson; Hematosphaeropsis sp. B 
Williams and Brideaux (in piess ) ; Oper
cuZodinium cf . israelianvffi (Rossignol) 
Wall; Spiniferites nodosus (Wall) Sarjean t; 
Spiniferites sp .; TiZiaepolZenites sp . A 
Williams and Brideaux (in press); Tuber 
cuZodinium vancampoae (Rossignol) Wall . 

3670 1 - 5140 1
: Pentadinium Zaticinctum Zone (middl e 

Mioc en e) 

Speci es : Hemicystodinium sp . B; HystriclwkoZpoma 
1oigaudae Def l andre and Cookson; Hystricho 
splmeropsis obscura Habib ; Lejeunia faZZax 
Morgenroth; Lejeunia paratenella Benedek; 
Lejeunia sp . A; Lingulodinium sp . B 
Wi lliams and Brideaux (in press) ; Oper
cuZodinium giganteum \.Jall; PaZaeocysto 
dinium golzowense Alberti; Pentadinium 
Zaticinctum Gerlach; PoZyspl~eridium 
pastielsi Davey and Wil liams ; Spiniferites 
crassipeZZis (Def landre and Cookson) 
Sarjeant; Spiniferites pseudoft~catus 
(Klumpp) Sarj eant; Tanyos;;haeridium sp . A 
\.Ji lliams a nd Brideaux (in press ); Xerrikoon 
sp. A \Jilliams and Bri<' ,."lX (in press) . 

Species: Apteodinium sp. B \.Jilliams and Brideaux 
(in press); Apteodinium s p. Gocht, 1969; 
Cyclopsiella elliptica Drugg and Lo eb lich; 
Lejeuni a aechmophor a Benedek. 

5560 1 - 5590 1
: Chiropteri dium dispersum Zone (la te

middle Oligocene) 

Species: Chiropt eridium dispersum Gocht; Cor do 
sphaeridium cantharellum (Bros ius) Gocht; 
Deflandr ea phosphoritica Eisenack; 
Deflandrea spinulosa Alb erti. 

5620 1 - 5950 1
: Cordosphaeridium funiculatum sub zone 

of the De[land1oea heterophZycta Zone 
(early Oligocene B) 

Species: Areosphae1oidium arcuatum Ea t on; 
Ascostomocystis potane Drugg and Loeb lich; 
Chiropteridium aspinatum (Gerlach) 
Brosius; Cordosphaeridium funiculatum 
Morgenroth; "CycZonephelium exuberans "; 
CycZonephelium sp . A; Deflandrea hetero
phlyct a Deflandre and Cookson; Dino
pterygium cladoides De flandr e sensu 
Morgenroth, 1966 ; Eocladopyxis peniculatum 
Morgenroth; HomotrybZiwn plectilum Drugg 
an d Loebli ch ; Perisseiasphaeridium sp . A 
Williams an d Brideaux (in press ); 
Thalassiphora pelagica (Eis enack) Eisenack 
and Gocht ; i-ietzeliella coleothrypta 
Williams and Dmvnie; Wetzeliella sp . A 
Williams and Brideaux ( in press). 

6025 1 - 6545 1 
: ilreosphaeridium mocuatum pea k sub zon e 

of th e Deflandrea heterophlycta Zone 
(early Oli gocene A) 

Species: Adnatosphaeridium reticulense (Pastiels) 
De Coninck; Areosphaeridium arcuatum 
(common); Cordosphaeridium inodes 
(Kl umpp) Eisenack ; Cyclonepheliwrt intri
catum Eaton ; Deflandrea wardenensis 
\hlliams and Dmvnie; Samlandia chlamy
dophora Eisenack ; Tsugaepollenites 
igniculus (Potoni e) Potonie and Veni tz 
(base 6520 fe e t); Wetzeliella ovalis 
Eisenack . 

6648 1 - 7137 1
: Diphyes colZigerum Zone (l at e 

Eocene) 
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Species: Ar eosphaeridium diktyoplokus ( Klumpp ) 
Ea t on ; Diphyes coUigerum (Deflandre and 
Cookson) Cookson ; Leptodinium incompositum 
(Drugg ) Lentin and Williams; Pentadinium 
laticinctum sub sp . granulatum Gocht; 
Pentadinium taeniagerum Gerlach ; Phthano
peri dinium sp. H; Rhombodiniwn draco 
(Gocht) Vozzhennikova; Spiniferites cor
nutus (Gerlach) Sarjean t. 

7207 ': Adnatosplzaeridium reticulense Zone 
(middle Eocene) 

Speci es : Cor dosphaeridium gracilis (Eis enack ) 
Davey and \.Jilliams; Spiniferites sp . 

7246 '- 7300 ' : Areoligera senonensi s Zone ( early 
Eocene) 

Species : Comasphaeridium c f . cometes (Va l ensi) 
St apl in, Jansonius and Pocock ; CoJ'do 
sphaeridium gracili s (peak abundance); 
Wetzeliella symmetrica Wei l er . 

7390 '-7410 ': Palaeoperi din ium pyrophorum- Ceratiopsis 
J i ebe li Zone (early Pa leo cene ) 

Spec i es : Ceratiopsis diebe li (Alb erti) 
Vozzhenn ikova; Deflandrea leptodermata 
Cookson and Eis enack; Z,xochosphaeri dium 
bifidum (Clarke and Verdier) Cla rke et al . 
Forma P Evitt, 1961; Microdinium sp. A; 
Pa laeoperidinium pyrophorum (Ehr enberg) 
Sarjeant; Svalbardella australina 
(Cookson) Malloy. 

7520': Dinogymnium euclaensis Zone 
(Naas tric:1 tian) 

Species: Ceratiopsis diebeli (base); Dinogymnium 
acuminatum Evitt et al .; Dinogymnium 
euclaensis Cookson and Eisenack; Diphyes 
colligerum (b ase) ; Gillinia hymenophora 
Cookson and Eisenack; Heliodinium voigti 
Alberti; Hystrichosphaeridium r ecurvatum 
(White) Davey an d Williams; Microdinium 
veligerum (Deflandre) Davey; Odontochitina 
opercu lata (0. \vetzel) Deflandre and 
Cookson (one specimen); Spiniferites 
wetzeli (Deflandre ) Sarj eant; Svalbardella 
australina (base); Tanyosphaeridium mag
dalium (Drugg) Heisecke; Trigonopyxidia 
ginella (Cookson and Eisenack) Downie and 
Sar jeant; Xenascus ceratioide s (De flandre) 
Lentin and Williams (one specimen). 

7555'-7900': Odontochitina operculata Zone 
( Campan ian) 

Species: Australiella tripar t ita (Cookson and 
Eisenack) Vozzhennikova; Cannosphaeropsis 
utinensis 0. Wetzel; Deflandrea sverdru
piana Nanum; Dinogymnium digitus 
(Deflandre) Evitt et al .; Gardodinium 
deflandre i Clarke and Verdier; Hexagonifera 
chlamydata Cookson and Eisenack; Hystricho
sphaeridium stellatum Maier; Impl eto
sphaeridium whitei (Deflandre and 
Courtevil le) Norgenroth; Microdinium 
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ve lige1oum (Deflandre) Davey sensu Wilso,,, 
1971; Odontochitina operculata (common); 
Oligosphaeridium complex (\Vhite) Davey 
and \villiams; Senonia sphaera rotundata 
Clarke and Verdier; Xenascus ceratioide s 
(common) . 

7770'-7900': Trichodinium castanea informal sub
zon e of the Odontochitina operculata 
Zone (early Campanian) 

Species : ChlamydophoreUa nyei Cookson and 
Eisenack; Defla ndrea echinoidea Cookson 
and Eisenack; Dinogymnium undulosum 
Cookson and Eis enack; ExochosphaeJ' idioU'? 
striolatum (Deflandre) Davey ; Odonto
chitina costata Alberti; Oligo sphaeridium 
dictyophorum (Cookson and Eisenack) Davey 
and \.Jilli ams ; PalaeohystJ' ichophora infuso
rioides Deflandre ; Tri chodinium castanea 
(De flandre) Clarke and Verdier. 

7950 ' -8590': Hystrichosphaeridium truncigerum Zone 
(Santonian) 

Spec ies: Cannosphaeropsis uti nensis (bas e ); 
Cyclonephelium disti nctum Deflandre and 
Cookson; Deflandr ea sverdrupiana (base); 
Dinogymnium acuminatv~ (b ase); Dino
gymn ium heterocostatum (De fl andre) Ev i t t 
et a l. ; Dinogymnium undulosum (base) ; 
Dinopterygium cladoides Deflandre; 
Hys t ri chokolpoma ferox (Deflandre) Davey ; 
Hystrichosphaeridium truncigerum 
De flandr e ; Hystrichosphaeropsis ovum 
Deflandr e ; Polysphaeridium laminaspinoswn 
Davey and \.Jilliams; Rugubivesiculites 
r eductus Pierce; Senoniasphaera protrusa 
Clarke and Verdier; Stephodinium coro
natum Def l andr e ; Surculosphaer idium 
longifurcatum (Firtion) Davey et al . 

8660 '-8890' : Oligosph.aeridium pulcherrimum Zone 
(Coniac i an) 

Species: Areoligera sp. A; Cyclonephelium vanno
phorum Davey . 

8950' - 9422 ': Spinidinium cf. vestitum
Eucommiidites minor Zone (Albi an) 

Species: Appendicisporites jansonii Pocock; 
Appendicisporites problematicus (Bur ger) 
Singh; Ascodinium pontis- maJ'iae 
(Deflandre) Deflandre; Cicatricosisporites 
augustus Singh; Cicatricosisporites 
h~l l ei De l court and Sprumont; Classopo llis 
classoides Pflug , emend. Pocock and 
Jansonius; Cleistosphaeridium polypes 
(Cookson and Eisenack) Davey ; Cleisto
sphaeridium polypes subsp. A; Cribro 
peridinium in trica tum Davey ; CJ'ibroperid
inium orthoceras ( Eisenack ) Davey; 
Eucommiidites minol' Groat and Penny ; 
Oligosphaeridium albertense (Pocock) 
Davey and \.Jilliams; Tigrispori te s sp .; 
Trilobospori tes apiveJ'rucatus Couper; 
Vitreis porites pallidus (Re issinger) 
Nilsson. 



9460 1 - 9 759 1
: Dejla:ndrea perlucida- Systematophor-a 

schindewolfi Zone (Aptian ) 

Speci es : Appendicisporites unicus (Ha r kova) Sin gh ; 
Astrocysta Cl'etacea (Pococ k) Davey ; 
Call ialasporites trilobatus (Ba l me) Sukh 
Dev ; Canningia eo lliveri Cooks on and 
Eisenack; Contignisporites cooksonii 
(Ba l me) De t tmann ; Cordosphaeridium eoinodes 
(Eisenack) Eis enac k ; Cyclonephe lium 
attadalicum Coo kson and Ei s enack ; Gyclone
phelium cf . attadalicum ; Deflandrea per
lucida Alb er ti; Pareodinia ceratoplwro 
De flandre (a t 9 759 fee t ) ; Pilosisporites 
t r ichopapillosus (Thie r gar t ) Delcou r t and 
Spr umont (9759 fee t) ; Tenua anaphY'issa 
(Sar jeant) Benedek (a t 9 759 fe e t ) . 
The sample a t 9759 fee t i s da t ed ea r ly 
Aptian. 

9850 1 - 10 , 700 1
: Tenua anaphrissa peak Zone 

(Barremian) 

Spec i es : Cer ebropollenites mesozoicus (Co uper ) 
Nils s on; Concavissimisporites punctatus 
(Delcourt and Sprumont) Brenn e r; Ctenido
dinium sp ._; Deflandr ea perlucida ( common); 
Dingodinium cerviculum Cookso n and 
Eisenack; Imbatodinium sp .; Mudemngia 
simplex Alb er t i (common ) ; Muderongia 
tomaszowensis Albert i ; Pareodinia cerato
phora with kal yp t ra ; Polystephanephorus 
sarjeantii Gitmez ; Pseudoceratium 
dettmannae Cookson and 1-lughes ; Pseudo
cerati um pelliferum Gocht. 

10, 760 1- 12 , 09 0 1
: Ctenidodinium elega:ntulum Zo ne 

(1-lau t erivi an ) 

Species : Appendicisporites bifurcatus Singh (bas e ) ; 
Appendicispori tes p1'oblematicus (base) ; 
Broomea jaegeri Al ber ti; Cyclonephelium 
vannophorum (base) ; Gonyaulacysta serrata 
(Cookson and Eis enack) Sa r j eant ; Lanterna 
sportula Dodekova . 

12 , 160 1 - 15, 425 ' : Phoberocysta neocomica Zon e 
(Val anginia n-Berriasian ) 

Species : Achomosphaera neptuni (Eisenack) Dav ey 
and \.Jill i ams ; Aequi tJ'iradi tes spinulosus 
(Cookson and De t tmann) Cookson and 
Det t mann; Appendicisporites potomacensis 
Brenner (b as e a t 12 , 216 fee t ) ; Cribro
peridiniwn sepimentum Nea l e an d Sar j ean t ; 
E'ndosporites jurassicus Pocock (12 , 760 t o 
12 , 790 f ee t ) ; Gonyaulacysta cladophora 
(Deflandre) Dodekova (13 , 460 to 13 , 490 
fe e t ); 1/exagonifera .iur assica Gitmez and 
Sa r j eant (13 , 250 t o 13 , 28 0 fee t); Oligo
sphaeridium anthophorwn (Coo ks on and 
Ei s ena ck) Eisenack and Kj ell s trom (bas e 
a t 12 , 216 f ee t); Phoberocysta neocomica 
(Goch t ) Hill ioud ; ?Pseudoceratium nudum 
Gocht; ?SpinifeT'ites dentatus Goch t; 
Sy stematophora orbifera Kl emen t. 

14 , 500 1 - 15 , 425 1
: Biorbifera johnewingi Subzone 

(ea r l y Va l anginian- Berriasian) 

Spec i es : Biorbifera johnewingi 1-Iab ib; PT'olixo 
sphaeridium s p. ; Wanaea spectabilis 
(Defl andr e and Coo kson) Cookson and 
Ei senack . 

APP ENDIX II 

SELECTED FORAMINIFER AND OSTRACOD SPECIES IN THE I NFORMA L FORAl1INIFER ZONES OF PUFFIN B- 90 

7480 1- 7555': Globotruncana area zone (early 
Ma as tr ich t i an) 

Spec i es : Bolivinoi des decoratus del i catulus Cushman ; 
B. draco miliaris Hilte r mann and Ko ch; 
B. gr anu la tus 1-lo fk er; Gave line l la 
clementiana (d' Orbigny ); G. dan i ca 
(Br o t zen); Globigerinelloides multispi na 
(La licker ) ; Globotrunca:na area (Cus hman); 
G. gansseri Bol li; G. stephensoni 
Pessagno ; G. stuarti (de La pparent); G. 
stuaY't ifor mis Dalb iez ; Heterohelix spp . ; 
Loxos t omum gemmum (Cushman ); Stens ioina 
pommerona Bro t zen . 

7780 1 - 79 60 1
: Globo t runcana ventricosa zone 

(Campanian) 

Species: Archeoglobi gerina cr etacea (d 1 0rbi gny ); 
Bo livinoi des draco miliaris 1-liltermann 
and Koch; B. str igillatus (Cha pman); 
Globi ger inelloides multispina (La l icker ); 
Globotruncana aJ'ca (Cus hman); G. bulloides 
Vo gl er; G. fornicata Plummer; G. lap 
paY'enti Bro t zen; G. lirmeiana ( d 1 0 r b i gny ); 
G. stuar tiformis Dalbiez ; G. ventricosa 
Whit e ; Neoflabellina rugosa (d ' Orb i gny ); 

Stensioina porrmerana Brotzen; Brachy
cythere rhomboidalis (Berry ). 

7960 1 - 8560 1
: Globotruncana coronata zon e 

(Santonia n) 

Spec i es : Archeoglobigerina cr etacea (d'Orbi gny) ; 
AJ'enobulimina amer icana Bro tz en; Gave
linella clementiana (d 1 0rbigny); G. per
tusa (Marsson); Globiger ine l loides 
prairehillensis Pessagno; Globotruncana 
angusticarinata Gandolfi; G. carinata 
Dalbiez ; G. concavata (Brotzen) ; G. coro
nata Bolli; G. elevat a (Brotz en); G. for 
ni cat a Plummer; G. globi gerinoides Bro t zen; 
G. linnei ana (d 1 0rbigny) ; Brachycythere 
rhomboida lis (Berry); Cy t her ei s sp . 

8560 '-8960' : Globotruncana renzi zone (Coniac i an ) 

Spec i es: Globotruncana cm'inata Dalb i ez ; G. con
cavata (Bro t zen); G. coronata Bolli; 
G. lapparenti Bro t zen; G. m<1Y'ginata 
(Reuss ); G. renzi Gandolfi; G. sigali 
Re i chel; Hedbergella bosquensis Pessagno ; 
H. delr ioensis (Ca r sey ); Tr ochamminoide s 
spp.; Cythereis s pp. 
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8960 '- ±9500 ': Lenticulina gmAltino zone (A1bi an) 

Species: Ammobaculi tes subc1•etoceus Cushman and 
Alexander; Epistomina cre toso Ten Dam; 
Globigerine lloides bentonensis (Horrmv); 
G. caseyi (Bol1i, Loeblich and Tappan); 
Lent-iculina gaultina (Berthe.lin); L. 
nodosa (Reuss) ; Marssone lla trochus 
(d'Orbigny); Schuleridea aff. jo; zesiona 
(Bosquet); Asciocythere sp .; Neocythe1•e 
spp . 

9800 '-10,950': Cl~ffatella decipiens zone (Aptian
Barremian) 

Species: knmobaculite s reop/rocoides Bartenstein; 
Choffatella decipiens Sch1umb erger; Len
ticulina noJosa (Reuss); Reopha::c minuta 
Tappan; Trocholina infragranulata Noth; 
Paracypris ex gr. acuta (Cornuel); Neo 
cytiwre aff. vanveeni Hertens; Schulei'idea 
sp. 

10,9 50 ' - 12, 160' : Planularia c1•epidu laris zone 
(Hauterivian) 
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Spec ies: Choffatella decipiens Schlumberger; 
Conorboides ? sp .; JJe>zt iculina ouachensis 
bartensteini Houllade; TPocholina infra
granulata Noth; Protocyther e hechti 
Triebe1 ; Cythel' eis cf . senckenbergi 
Triebel; Asciocythere sp . 

12,160 '-15,425': Buccicrenata italica zone 
(Valangin ian- Be rriasian) 

Species: Buccicrenata italica Dieni and Hassari; 
Conorboides hofkeri Bartenstein and Brand; 
C. valendisensis (Bart enstein and Br and); 
Dorothia praelrouteriviana Noullade; 
E/Jistomina cai'acoll.n (Roemer); E. hec7zti 
Bartenst e in, Bettenstaedt a nd Bolli ; 
~·. ornata (Roemer) ; L tenuicostata 
Bart enst e in and lirand; l larssonella 
pr aeoxycona ~loull ade ; Planula.ria Cl'epi du 
laris ( Ro em e r) ; Sa pacenaria va langiniana 
Bartenstein and Brand (15,060 feet); 
Parac:Jp1'is ex gr. acuta (Cornue1); 
Dolocyther1:dea sp .; ?Cm•diobairdia sp. 




