LOWER CRETACEOUS INOCERAMID BIVALVES
FROM THE ANTARCTIC PENINSULA REGION

by 1. A. CRAME

ABSTRACT. The occurrence of rich faunas of Lower Cretaceous inoceramid bivalves in the Antarctic Peninsula
region further emphasizes their widespread distribution, and enhances their potential for regional biostrati-
graphic correlations. The Antarctic material 1s contained in approximately seven of twelve species groups that
are recognized on a worldwide scale. Six of these are assigned to the genus Inoceramus and one to Birostrina. The
comparatively rare genus, Anopaea, is left undivided.

In the Fossil Bluff Formation of Alexander Island, Berriasian representatives ol the /. ovatus group (/. cl.
ovatus Stanton and 7. sp. afl. ellioti Gabb) are succeeded by A. trapezoidalis (Thomson and Willey) which has
undifferentiated Berriasian-Aptian affinities. This is in turn followed by an Aptian member of the I. neocomiensis
group (I. deltoides sp. nov.) and in the Albian there are occurrences of Anopaea sp. nov. afl. mandibula
(Mordvilko), B.? cf. concentrica (Parkinson) (B. concentrica gp.), I. cf. anglicus elongatus Pergament, I. sp. afl.
bellvuensis Reeside, I. sp. aff. comancheanus Cragin (all 1. anglicus gp.), and I. flemingi sp. nov. (1. liwerowsk yae
gp.). Aptian-Albian strata on James Ross Island have yielded both I. stoneleyi sp. nov. (1. liwerowsk yae gp.) and
Anopaea sp. nov. 8. These are followed by the Albian species /. cf. sutherlandi M*Coy and I. carsoni M*Coy (both
I. carsoni gp.) and the highest Lower Cretaceous specimens within this sequence have been referred to B.
concentrica (Parkinson).

Although specimens of 1. cf. heteropterus Pokhialainen (1. heteropierus gp.) and 1. annenkovensis sp. nov.
(unclassified) from Annenkov Island are of probable Hauterivian-Barremian age, it is noticeable that there is a
marked lack of Valanginian- Barremian inoceramids in the Antarctic Peninsula region. This gap probably
reflects a period of regional uplift and non-deposition.

Representatives of the 7. ovatus and I. heteropterus groups provide a means of correlation between the
Berriasian-Barremian of the Antarctic Peninsula and the North Pacific region. 1. deltoides sp. nov. can be closely
matched with Northern Hemisphere Aptian members of the /. neocomiensis group and I. stoneleyi sp. nov. and
I. flemingi sp. nov. have possible counterparts within the Aptian-Albian of Spitzbergen, south-east USSR and
far eastern USSR. Of the various Albian species groups, that based on I. carsoni provides a direct link between
Antarctica and Australia and those based on /. anglicus and B. concentrica facilitate a range of long-distance
correlations. The latter category, in particular, may be one of the first truly cosmopolitan inoceramid groups.

IN comparison with their Upper Cretaceous counterparts, Lower Cretaceous inoceramid bivalves
have received little attention from palaeontologists. It is usually assumed that a few meagre lineages
persisted from the Jurassic-Cretaceous boundary through to the beginning of the Upper Cretaceous,
when a remarkable diversification occurred. In an early paper on the evolution of Inoceramus
through the period, Woods (1912) depicted the entire range of English Upper Cretaceous species as
originating from just two Aptian species. Possible Neocomian (i.e. Berriasian-Valanginian) and
Barremian ancestors were not considered.

We now know that there was in fact a considerable diversity of Lower Cretaceous inoceramids. In
the Neocomian they can be traced around the North Pacific margins from California to Kamchatka
(Pokhialainen 1974) as well as in Northern Siberia (Zakharov 1966: Zakharov and Turbina 1979) and
parts of Europe (Gillet 1924). In the Barremian-Aptian there is a notable development of the /.
neocomiensis group, and in the Albian a variety of species is known from regions such as the North
Pacific (e.g. McLearn 1943; Imlay 1961; Pergament 1965), the Russian Platform (Saveliev 1962),
Western Europe (e.g. Woods 1911), and Australasia (e.g. Day 1969; Stevens and Speden 1978). The
distribution of Lower Cretaceous Inoceramus species would seem to be such as to offer considerable
potential for regional biostratigraphic correlations.

|Palacontology, Vol. 28, Part 3, 1985, pp. 475-525, pls. 54-61.]
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TEXT-FIG. 1. Locality map for the Antarctic Peninsula region.

One further region in which Lower Cretaceous inoceramids are well represented is the Antarctic
Peninsula (text-fig. 1). On the south-western flanks of the peninsula, along the inner or eastern margin
of Alexander Island (text-fig. 2), they occur through the greater part of the Fossil Bluff Formation
(?Kimmeridgian-Albian). This unit, which is at least 4 km thick and composed of a variety of fine- to
coarse-grained volcaniclastic sediments, accumulated in a fore-arc environment (Taylor ef al. 1979).
On the north-eastern side of the peninsula, within the James Ross Island group (text-fig. 3), further
Cretaceous sediments are encountered that were deposited in a rear-arc setting. Recent fieldwork has
shown the lower stratigraphic units mapped by Bibby (1966) in this area to be lower Cretaceous. They
are approximately 1400 m thick, and are composed of lithologies ranging from bioturbated siltstones
to breccio-conglomerates, and contain both ammonites and inoceramids. They pass up into a pre-
dominantly finer grained Upper Cretaceous sequence (the Hidden Lake Beds and Snow Hill Island
Series of Bibby, 1966), that may be i excess of 3 km thick. Further fossiliferous Cretaceous sediments
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TEXT-FIG. 2. Locality and geological map of the central east coast of Alexander Island. The Fossil Bluff

Formation comprises the Upper Jurassic and Lower Cretaceous strata. Inset A shows the position of the

enlarged area on the east coast of Alexander Island, inset B is an enlargement of localities in the Succession
Cliffs-Fossil Blufl area, and inset ¢ of localities in the Adams Nunatak -Mt. Lassell- M. Phoebe area.
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TEXT-FIG. 3. Locality and geological map of NW James Ross Island. The inset shows the position of the enlarged
area on the NW coast of James Ross Island.

can be traced through the Scotia arc in both the South Shetland Islands and the South Georgia Island
group. In the former of these areas, early Cretaceous fossils have been collected from a sequence of
fine- to coarse-grained clastic sediments on Byers Peninsula, Livingston Island (text-fig. 1) (Smellie et
al. 1980). These sediments are intimately associated with a series of contemporaneous island-arc
volcanic rocks in a setting similar to that described on Annenkov Island, close to South Georgia (text-
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fig. 1) (Pettigrew 1981). Indeed, similar fossiliferous Lower Cretaceous sediments associated with
volcanic rocks can be traced into the regions of southern Patagonia that were once contiguous with
the island-arc marginal basin systems of the Scotia arc (e.g. Tanner ez al. 1981; Tanner 1982).

It 1s the aim of this paper to describe the Lower Cretaceous mmoceramids from the Antarctic
Peninsula region and assess their potential for both local and regional biostratigraphic correlations.
Until a formal re-classification has been completed (Crame, in prep.), it will be necessary to divide the
two principal genera (/noceramus J. Sowerby, 1814 and Birostrina J. Sowerby, 1821) into a series of
informal species groups (Table 1). These groups are partly based on those of previous authors
(Woods 1911, 1912; Gillet 1924; Maury 1936; McLearn 1943; Hayami 1960; Saveliev 1962;
Pergament 1965; Sornay 1966; Pokhialainen 1969, 1974) and are partly new herein. Inoceramus
is subdivided into nine species groups and Birostrina (which 1s here taken to be a valid genus,
sensu Kauffman 1977, 1978a-¢) into three. In Table 1 these twelve categories are arranged in
approximate stratigraphic order. The comparatively rare genus, Anopaea Eichwald, 1861, 1s left
undivided.

Wherever possible, the following measurements were taken:

shell fength (L)—the length of the valve as measured along the direction of maximum growth (or growth axis).

shell width (W)—the maximum dimension perpendicular to the length.

apical angle (a)—the angle between the hingeline and the anterior margin.

All the specimens are currently held in the collections of the British Antarctic Survey, Cambridge, UK. In the
systematic descriptions the following abbreviations are used: WS-—whole specimen (i.e. bi-valved specimen);
LV —left valve; RV —right valve.

SYSTEMATIC PALAEONTOLOGY

Family INOCERAMIDAE Giebel, 1852
Genus INOCERAMUS J. Sowerby, 1814

Type species. Inoceramus cuvierii ]. Sowerby, 1814 from the “Upper Chalk’ of Sussex, England: by subsequent
designation (Cox 1969, p. N315).

Inoceramus ovatus group
Inoceramus cf. ovatus Stanton, 18935

Text-fig. 4a

cf. 1895  Inoceramus ovatus Stanton, p. 47, pl. 4, fig. 15.

cl. 1938 Inoceramus ovatus Stanton; Anderson, p. 99, pl. 4, fig. 9.

cl. 1966  Inoceramus ovatus Stanton; Zakharov, p. 98, pl. 35, fig. 3.
1972 Inoceramus sp. a, Thomson and Willey, p. 9, fig. 7¢.

Holotype. Inoceramus ovatus Stanton (1895, p. 47, pl. 4, fig. 15); Paskenta group (Berriasian-Valanginian),
Shasta series, California (see Anderson 1938); by monotypy.

Material. One slightly distorted internal mould (WS) KG.719.15) from approximately the 1675 m level in the
Ablation Valley section, Alexander Island (70 49” S., 68~ 28" W ; text-figs. 2 and 10).

Occurrence. As for material; specimen KG.719.15 occurs in association with a Berriasian Haplophylloceras-
Bochianites ammonite assemblage (Thomson 1979, p. 31); Tithonian-Valanginian (and Hauterivian?) range
established in the Northern Hemisphere.

Description. The left valve (text-fig. 4a), which is the better preserved of the two, clearly has a sub-
symmetrical pyriform outline; the narrow, pointed umbonal region is curved gently forwards and
there are well-rounded anteroventral, ventral, and posteroventral regions. The length of the valve is
62 mm and width is 45 mm (W/L = 0-73). It is moderately convex, with the maximum inflation
occurring in the umbonal region and centre of the valve. There are steep descents to the antero- and
posterodorsal regions, but much shallower gradients in a ventral direction. Ornament consists of



480

PALAEONTOLOGY, VOLUME 28

100Ws JsowW(e eiuaesi|
FwiaImd ‘Fuoj :dourieadde pruuid, aavy
SAY MOLIRU ‘FUO[ PIOLIUIIUOD " 10 DJJaIND [

BOLIDWY Y)ION] URY] JOMOLIBU {AY URY) PAIRJUL 210W YoNnuw UDUIR[RIYNOJ SNI1O]0D
Jo 1580 dYIdRJ URIWLALIRg skempe A proaeydAis A[Suoqs :aeguoe -gns [ “UOSIAPUY SIPIOIDAD
DUSSN Joised 1 JamoT-uriauamel taddn -papunoi 0} uurojuAd :a31e] 0) wnipay [ “UOSIdPUY SNOIO]0Y “f "d3 snowojoo
PLIDQIS WIS 1I0U
‘oW ‘WLIOfIR[d SP[O] JLIIUADUOD IB[NFAI ‘MO[ ‘pProIq
upIssny ‘uasiaq pafjo1ua APreIapow Ajuo oquin AT (AY
-z1dg ‘eotowy URIWDLIEY I2MOT] PUB  UBRY] 2I0W A ) PAIBPUI Aj2)RI0pOW ‘2A]eAINDD UQUIR[RIYY O] SISUINIDSE
IION] JO 1SBOD) URIALIINEE] 10M0T 211 [10q -ut A]3uons 0] APIRIIPOW DUIINO ([BPLOZ ‘i, wueARy avpavw “J
oyoed iuedef 07Ul UOISUIIXD awos Ajqissod -adery 1sow|e) IRMSUT IARY SIWIIIWOS SA ] Quawediag snnsurdoadopnasd
2SS Joiseq 1e  uenanamep 1addn Ajenuassy ‘21eSuoe-papunol 01 urojuAd (wWnIpajy ‘] ‘PlOYOSINRI] pjjaony °f *d8 pyjaonp f
’ JUALEBLLIO JLIUD
-u0d endann ‘quaunuord 01 panpgns {(xaA uaure[eIyyod smvidp
-U0D 2I0W SABM[B AT) paiegur Aj21e1opow ‘i, “UDUTR[RIYNOJ 140N UI]ISSDA
01 AP{RaM DILIUIOUCD PULIISOIG O] DUR| ] ‘AOIRUNRZ SnoLiduing
-quasal [eoyradns 1eaq swioy proarydAid ] ‘udureeryyod snipuoad |
BLIDQIS UIayliou UBIALIZINEE] 1aMO0] 1sow aa[eambaut AjSuons 01 AjpjeIapow ‘UAUIR[RIYNOJ SISUNDS.NUL |
2SS Joased 1ey SURIUISUR[RA - URISELLID {PIPUNOI [[2M O] [BAO {WINIPAW O} [[BWS  ‘UIUIR[RIYNOJ SHILu2U020.4d ] -d3 snorguasuosoad f
(saed) puigany
pue AOIRYNBZ 112q]03
JUILIBLLIO JLIJU2DUOD IB[NFALIT 10 panpgns ‘Ji, ‘aoIeyy ez sisuapyvlog
‘pajepul AjaieIapowt 0} Apyeam ‘aajeambaut [l “AOIRIRZ SHIDULIDD
BLIAQIS Apysus Ajuo swioj pajesuoe Ajanbriqo ‘[i, ‘noxeyyeZ snundu Cfj
WIdYIoU 'S UBIALIINB ], AWOS 2PN[IUL ABW INQ 10213 A[[eIoua3 "SOABAUYAN Sisu0UIsIDND “f
JO 1RO dYdR] TURIUISUR[R A - UBTUOYIL ] DUININO WIOJUAd 01 [BAO fWINIPAW 0] [[RWS  ‘qQBO) 2101]]2 [ “UWOIURLS SNIDAG [ ds snipao smuniasouf
uonnqrisicy adura oydeisneng S2IN)B3J dSOUTRI(] sarads juauodwon) aweu dnoid pue snuan

PR61 Al 1861 AWRLD TLET AS[IM PUB UOSWOY L 16961 UUIR[RIYNOJ :TGT AINPARS (1061 “If BPLIDYIY (papiaipun)
vavdouy ">-vg/61 ueWPNe 0961 SAUOL TI61 ‘1161 SPOOM 9061 UUBWIOM 981 AuS1qI0.p (1781 AqIomog [ ‘6181 uosunyieg :'dS vipons g "0R¢1 2We1)
'RL6] UBWPNEY PUR UUBWPAIA i/ /6] Uapads ©0-p8/ 61 “LL6] URWYNERY (€L6] PAOUNZEID) [996] TUAWESIDG 796 ASIPARS (0F6] HOI21S PUB UILIBAN (6€6] OIOWNSIBIA
pue 0eSeN '9¢61 AIMBIN (0€61 ZURH :L161 ‘TIGI "1161 SPOOM L061 23Uy (781 AqIamos§ [ :'dS poruaouos g "vRLG1 UPWIPNEY 7961 ANPAES 1[96] Aase)
‘TI61 "1161 SPOOM +*dB rwowiopns vuluso.g '9961 JO0IQPNT SO61 1061 ‘TES1 “If 2FPLIAYI :TLY[ 2FPLIAYI 1L98T 9981 $981 A0 dB 10402 [ "R 6] '[v 12 OlOUNSIB
‘SL61 ‘[P J2 uBWPNEY 0-DYG] URWYNERY ILLET ANZIA[ EL6] PAOUNZRID (SO WUIWETId] 'T961 AAIPABS 11961 AB[W] ‘€61 OPISINY ‘€h61 "€€61 6161 UIRITON
‘TI61 ‘1161 SPOOM °dS snonsup °f "¢/ 6] BAOUNZEID) (GOA[ WUIWRSING (7961 ASIPARS (6SH1 UBWI(AM ‘TI161 A2[01S (6061 UOIMaN "dS opdysaosomy) °J “6L61 BUIQIN]
PUB ACIRUNBZ (€L BAOUNZRID) (6961 UAUIR[RIYNOJ 'C96] ArUIOS ([96] KaseD) 0961 AB[W] (0961 TWeARH ([€6] JOABIM ‘HT61 12[ILD (1161 SPOOA 9061 UUBWI[OM
E8Y [ SIARIMNYA 9] [ AUSIQIQO), P A8 s1suanwodoau 'f 'gL 61 '[P 12 UBWIPNRY (606 ] UUIR[RIYNOJ ‘996 JUaWRSIod {096 JA10) PUB SAUO[ ‘096 AR[W] (QEH] UOSIAPUY +T61
ASNOYNYA, +*dB sn423d04212Y °] *0L61 ANZIRIRL “pL61 "6961 USUIR[RIYNO] 1896 ] AOIRYNEZ C96] JUAWRTIDG 0961 AL[W] ‘RE6] UOSIapuy *dS snowojod [ ¢/ 61 eAOUNZEID)
PLOT "696] USUIRIRIYNOJ ‘S96[ WUAWRTIA ‘0961 IWekeH G981 ploydsinel] »d3 pjjoonmp °J 6L6] PUIQIN] PU AOIRUYLZ 6961 USUIB[EINOJ :996] AOIeyyeZ :*d3
SNOLIUIIU0004d "] "6L6] PUIQIN | PUR ACIRYNBZ ‘b6 USUIR[RIYNOJ ‘8961 ‘9961 AOIRYNEBZ ‘SH6T ‘REE] UOSIIPUY GHY] UOIURIS "¢RY [ SIABINYA A3 smivao smup.iarou]

SMO[[0] SB IR $211052]18D SNOLIBA Y] SUTYSI[QR]IS2 Ul Pasn SaduaIdjay "rIauaiqns Jo SaLIas B JO SISBq 1))
ULIO] AJ[BNIUIAD [[IM 3S3Y] 1BY) PITLSIAUD 8111 pur sdnoid sa103ds [RULIOJUT OJUT PAPIAIPANS T PULISO1G PUR snup.1a00u] 2IdUT o1 "sa1vads snodorialr) 1amo [edpurid
a) jo suonngusip eorydeidoas pue [poydeinens pur “sain)eaj [parsojoydiow 3y} SAZLIPWIWNS J[qR) Y[ "SPIWIRIIOOUI SNO0ILIID) IdIMOT JO UONBIYISSL[D) [ 4T14VL



481

CRAME: CRETACEOUS INOCERAMID BIVALVES FROM ANTARCTICA

RI[RIISNY

1SBO-([LION

OOJIXON WIdISED
[PUB[UIIIL) ISBY
TEOLIDUY YLION]
Joseo) aynded

‘ueder YSSN
Joseq e
ASSN wiaisam

-ymos adoinyg

pue[eaz

MIN](, ‘BOLIY
yinog ‘uaiiaq
-21dg 4SSN Jo
Isey Ieq 2dSSN

UISIM-[INOS

BUnuUasIy
wiaymos
‘BOLIAWY

YLION JO IS0
e TASSN
Joiseq Ieq;
2SS wIaisam

-ynos adoanyg

BI[RIISNY
Jsea-yiou
TROLIDWY YION]
Jo1seoD) oy
‘uedep 01 uosud
-xa a[qissod eqns
~UIUDJ d1DIBIUY,

RASSN JO 1P v g

ueiqy Jaddpn

URTUBWOUI) 1aMO]

pue ueIqy 12m07 J1oq ojul

afuel os[e Avw Inq ‘urvIq[y
1addy-a[ppiy Afenuassy

uriqy Jaddp
10 3[ppIN 01 uendy 1addn

uBIUISUR[EA

pu® UBIALIINEH O)Ul

uolsudIxa paemumop ajqissod
e i ‘uendy-uenuanieg

UBIUBIOUY))

JIPPLA Uaaa Alqissod pur

‘uelqy 12ddn) a1 01 dn papuay

-X2 aq Arw a5uel a3 uay)

*SIDQ DU ML) dIR SM2004d "]

PUR ‘SRIDMINIS “[ ‘SISUIUDS I

-unp J J1iURIUISUR[R A

J1f) 01U UMOP PUIIXD

Avuwl a3urel uay) “1aquiaw

INIY © ST S18UI0{3Y DA ] 1
‘ueiaLmey 1addny Ajenuassy

saseyd
IOUNSIP OM] Ul 2Q ABPUL YOIy JUIWRLLIO
JLNUIDUOD TR[NTII *MOLIBU 1AIND [ePIOWSIS
AMOT[BYS B JO WLIOJ 3 Ul UJO UISIeW J0LIDIUE
‘Funoaford A3uons uoisal [puoqun pajutod
A[[eU2A paualiey NG UoISal [Ruoquun o)
12A0 paegul A[SU0d)S 0] A[IRIIPOW 1}, DA[RA
-mbaut A1yY31[s 01 aA[RAINbS 181X Swo)
proiIq pue moLieu yloq :pajeiuofa Ljanbiqo
A[SU01)S 0] 10212-qNS 2FIR[ AIDA O) WNIPAN]
21L2INJIq IO UdYBIM A[[BUOISEIIO
puR SIXE [[IMOIF INOQ P [RILAWWAS A[[roidA)
squ saoedsiaut ey ‘proiq £q pajeiedas
AIe pue SHUIWNS PApUNol-[[am ARy A[[ensn
SQLI OLIUAOU0D IR[NFAL ‘MOLIvU &f aA[eAINbaul
APYsis cpajegut Apyeam (dnois sisuanuoo
-02u “f ut uey) 1a31e] a[Sue [eowde pue judu
-1wo.1d 210U UOISaI I0uUR {IpIm 0] [enba
Aprewrxordde yug| ourpno 1emsueLn
-papunol 0] papunol peoliq a51e| A19A 0] [[RLUG
A[[enuaa dojaaap ose Aew
SIUIWNS 2INI® Y1IM SQLI ISIROD [RUOISEIN0
"A[[BIIUdA TR[NSILI 2W002Q ARW YOI m
JUSWRUIO JLITUAOU0I MOLIRU “JUIR] ‘Syraq
snoJAZoso1d Juaurword SUISIewW dA[RA
SpPIEMO] SUIU2)IRY ULJO “UOIFAI [PUOqUN
PUE JA[BA JO 21UID Ul pARYUI A[SU0D)S
01 A[a1RIopow aa[eamba durpno ajeipenb
-papunol 01 IB[NFURLI-PIPUNOT *JIDID ‘[[PUIS

spjoJ mo] Arewtid uo pasodurr

-1adns sawnawWos a1k pue SHWWNS Papunol

01 2IMIE 2ARY SQU LIRNTILIT 2WOI3q 10

ds A[[rUOISEI20 Yo1ym squI paoeds AJuaas

pue A[2s0[d ‘moLIeU . ¢[[-.C6 Yoidde

a[3ue [eoide ‘uiSiew Jouaue JYFTEnS

'AY UBY) X2AU0D 210W pue 19818 A[IYSIS

AT ‘parepul Aja1e19pow 0] APjeam duIIno
IR[NSURLI-PAPUNOI ‘PROIQ SWNIPAUW O] [[BUS

SQ LI OLIIUSIUOD “PROIQ “JUIE]

10 100WS JSOUW[E SIQJI[Isal IBNSURIIAI

-papunod adie| Funieaq 1R uAWESI|

wauiwoad fuiSiew touaue ayi-jays ‘doars

s udljo AY ‘¢ aareambaur Apysis (parepgul

A[21RIOPOW (SPIRMIO] 2AIND Uk uradury

ar0qe ANYS1[s asu1 syeaq pajurod “molreu

waunuodd (Afjesiop Sutiade) faupno [pao 10
*IR[NBURLI-PAPUNOT ‘PAPUNOT 2T 18] O] WINIPAA]

A0 N
IPUDLIYINS *[ *RODY I 108D [

APISINY S1suanA A J;] ‘UITRID)
SRUDADUDUIOD * [ “UWIRITIA
SISUAII0PDI “[; “WIRITOIN
15UMOp [} JudWeS 1o synsnl
U0 SHOISUD “[ “JUAWRT 1]
SRID3UO}2 SNOYFuP | JUAWLT I
SN2SUPGNS [ “SPOOAN SHOYSUD ]

UBWI[R2 AN
SALIN [ TBAOUNZE[D) SISUAIA
-0ID.APS *f “KI|01S SISUIT 4G
-Znds [ CUOIMAN] 1pfjoy
[ VUDWRS I SISUAA0APIY

] AJNIARS IDAYSMOUIMY ]
ruIqIn ] pue
aroxeyyey uausvpiyood “f;
“PAOUNZR[D) SISUIDY]ISSNS [
"BAOUNZE[L) SHSNIGO [
‘BAOUNZEB[D) SIID2L0G “[{ “TIARI M
SISUI0IDAND “[} “IIN[YDS 1PN
“[i, "SPARDNYA SISUA0UISIpND
‘J{, “eAOUNZRID) SISUAS|OA "]
“PAOUNZR[D) SISUINUOI 0IUGHS

' AuBIqIQ) p SISu1U0002U |

ASNOYNIYAN $4220.4d [ *asnoy
ST AN SHIDJRINDS “fi UWIRDON
SISUAUDT2AUNP " [ “UOSIAPUY
SISUA0L21IDA "]} “UIUTR[RIYYO ]
AVA0YIAA] "[ “UUTR[RIYYO $1jOS
[ ‘usureeiyoq suiofijad f
“UUIBR[RIYN O SRIDISOIUIS [
‘uauIB[RIYNO] SH421d 04212y |

“d8 1wosavs

“d3 snotjsup y

3 andysmorany °f

“d3 sisuanwos0ou |

"dS snuaidoaaiay 'y



.f.r...e.r =
e 5 5 e
- e
- -
—— o "
e .
i &
- -
o oy
. -
- i S -
- _ -
’ o i
- 3 - »
- \.l‘ —
o i S
e = -
2 -
i
=
- i ——y
Sin o
L -
™ — — g
o [ T— - i - = -’
e
-
-

B T



Tabee 1. Classification of Lower Cretaceous inoceramids. The table summarizes the morphological features, and stratigraphscal and geographical distnibutions of (he
principal Lower Cretaceous species. The genera fnoceramis and Sirosteing are subdivided into informal species groups and it is envisagesd that these will eventually form
the basis of a senes of subgenera. References used in establishing the various categories are as follows:

Fnaceramus ovatus gp.; Whiteaves 1883; Stanton 1895, Anderson 1938, 1945; Zakharov 1966, 1968; Pokhialninen 1974; Zakharov and Turbina 1979, 1 procoscentricus
gp-: Zakharov 1966; Pokhialainen 1969; Zakharov and Turbina 1979, [ sucello gp: Trautschold 1865, Hayami 1960; Pergament 1963, Pokhialainen 1969, 1974;
Glazunova 1973, I colontcus gp.: Anderson 1938; Imlay 1960, Pergament 1965, Zakharov 1968, Pokhialainen 1969, 1974; Jeletzky 1970, 1 heteropteen gp.: Whitehowse
1924; Anderson 1935; Imlay 1960 Jones and Grye 1960; Pergament 1966; Pokhialainen 1969, KaufTman eral. 1978, I seocomicnsis gp.: J'Orbigny 1846 Whitcaves 1883,
Willemann 19 Woods 1911; Giller 1924; Weawer 1931 Hayami 1960; Imlay 1960; Casey 1961; Sornay 1965 Pokhialainen 196%; Glarunova 1973 Zakharov and
Turbana 1979 I Fwerowskpyae gp Newion 1909; Siolley 1912; Wellman 1959, Saveliev 1962; Pergament 1965, Glazunova 1973, L argliews gpe Woods 1911, 1912,
McLearn 1919, 1933, 1943; Recside 1923, Imlay 1961; Saveliey 1962; Pergament 1965; Glazunova 1973, Jeletzky 1977; Kauffman 19780-c, Kaulfman of af. 1975,
Matsumote of al. 1978, £ carsom gp.: M'Coy 1865, 1866, 1867, Etheridpe 1872; Etheradge Je. 1892, 190, 1905, Ludbrook 196, Biresirina salamor gp.: Woods 1901, 1912;
Casey 1961; Saveliev 1962; Kaullman 19780 8. concenirica gp.: 1. Sowerby 1821 Ethendge 1907; Woods 1911, 1912, 117, Heinz 1930; Maury 1936; Nagao and
Matsumote 1939; Warren and Stelck 1940; Savelsev 1962; Pergament 1966; Glarunova 1973; Kaulfman 1977, 1978a ¢; Speden 1977, Wiedmann and KaulTman 1978;
Crame 1980, B, sulcare gp Parkinson 1819; 1. Sowerby 1821; d"Ovbigny 1846; Wollemann 1906, Woods 1900, 1912; Jones 1960; Kaulfman 1978a-c. Admepaca
{undivided): Etheridge Jr. 1901; Savelicy 1962; Pokhialainen 1969, Thomson and Willey 1972 Crame 1981; Kelly 1984,

Genus and group name

Trceraiies ovalus gp

I PPRCRICSIIFCIS 2.

I arcella gp.

1. colamicas g

I hederoplerus gp.

I meocomienss gp,

T fwerosvsk vae e

1. araglécns gp.

L carsomi gp.

Component specics

I avarns Stanton, §. ellios Gabb,
I quaisinocnsis Whiteaves,
N amprras Zakharov, 1.
carinetiis Zakharov, 7f
barjarkaensis Zakharov, 7
polfbernd Zakharov and
Turbina (pars)

1. provoncentricus Pokhialainen,
I murgalensis Pokhialainen,
I. prawiaius Pokhialainen, [
nanimyeicies Zakharow, I
vassilenkovi Pokhialainen, 71
apiaiies Pokhialainen

I. aricella Trautschold, 1.
prcwidimpropingius Pergament,
. maedae Hayam, 7
gagaensis Pokhialainen

I colmicus Anderson, [
avatoides Anderson, T b
colmnicns Pokhialainen

I heterapterus Pokhalainen,
1. semicostaius Pokhialainen,
I peliiformis Pokhialainen, /

safiis Pokhalainen, !, terechovae

Pokhialuinen, M. vaellepoensis
Anderson, T disrveganensis
McLearn, M. scunfatns White-
house, 2. proceres Whitchouse

I neoconicnus d'Orbagny, 4.
subneocomieniis Glarunova,
I ovolpencrs Glazundova, M,
guatsinocnns Whiteaves, 7.
ewaldi Schlwer, . curacoensis
Weaver, 7. borealis Glazunova,
M. by Gluzunova,
M. puesselkaensis Glazunova,
M. pochiefaynen Zakharov
and Turbina

I fiwerswsk pae Saveliev, 1.
Kkedrovignyis I"crpml:m_ &
chafferi Newton, £ spirz-
bergensis Stolley, [ sarare-
viensis Gilazunova, M. wrtis
Wellman

I anglicus Woods, !, subamglicus
Pergament, I amplicies elongatus
Pergament, I, onglicus con-
Jugilis Pergament, M. dowdingi
McLearn, ™. codidtonsis
McLearn, M. comancheanus
Cragin, M. bellvuensis Reeside

I carsons M'Coy, I sutherfindi
M Coy

Dhngnostic features

Stratigraphic range

Small to medium; oval to pyrform outline;
generally erect but may include some
abliquely elongated forms: only slightly
incguivalve; weakly to moderately inflated;
subdued or irregular concentne ornament

Hmall to medium; oval to well rounded;
|1||.1|'J||.'r.ll|."|3.I Lo strongly :rlcquw:lh ¢, ]
gryphacoid forms bear superficial resemb-
lance Lo Birastring conceatricn, weakly Lo
moderately inflated (LV always more con-
vex); subdued 1o prominen, irregular con-
Ccenlric ofnament

Medium; pyriform to rounded-clongane;
LVs sometimes have angular {almost Lrape-
zondal) outhne; moderately 1o strongly in-

equivalve: moderately mfated (LY more than

RVE LY umbo only moderately enrolled;
broad, low, regular concentne folds

Medivm to large: pyriform to rounded-
clongate: strongly gryphacosd; LY always
much more inflated than BY; narrower than

I aucelle of B, concentrica; long, narrow BVs

have "pinnid” appearance; long, curving
ligamentat; almost smooth

Medium to large; rounded, rounded-inangular,

or oval outline; lapenng dorsally; prominent
narrow, poanted beaks rise shghtly above
hangeline and curve forwards; moderately
inflated; shightly inequivalve . RV alten with
steep, shell-like antenor marging promingnt
ligamental bearing large rounded-
rectangular eesilifers; almost smooh or
faint. broad, concentric ribs

Small to medium;, broad, rounded-inangular
oulline; weakly 1o moderately inflated; LV
shightly larger and more convex than RV,
stranght anterior margin: apscal angle
approx. 95°-115"; narrow, closely and
evenly spaced ribs which occasionally split
or become irregular; ribs have acute Lo
rounded summits and are sometimes supee-
imposed on primary low folds

Small, ercet, rounded-tnangular Lo rounded-
quadrate outline equivalve, moderately 1o
strongly inflated in centre of valve and
umbanal region, often Rattening towards
valve marging; prominent, prosogyrous
heaks; faint, nafrow concentnc ornament
which may become irregular ventrally;
oecasional coarse nbs with acule summits
may also develop ventrally

Small to very large; broad rounded 1o rounded-

triangular outling; length approsimatcly
equal to width; anlenior region more promi-
nent and apical angle lacger than in /. neo-
comiensis group, weakly inflated; slightly

mequavalve T narrow, regular concentric ribs

wiually have well-rounded summits and are
separated by broad, fla intespaces; nibs
typrcally symmetrical aboul growth axis and
occasionally weaken or bifurcate

Medium 1o very large; sub-crect 1o strongly
abliguely clongated; both narrow and hroad
forms exist; equivalve to slightly inequi-
valve T, moderately 1o strongly mflated over
the umbenil region but Nattencd ventrally;
peanted umbonal region strongly projecting;

anterior margin olten in the form of a shallow

sigmoidal curve; narrow, regular concentric
ornament which may be in two distinet

Tithonian - Valanginian;
THauterivian

Bernasian-Valanginian;
Lower Hautenvian

Essentally Upper Hauternivian;
possibly some extension into
both the Lower Hauterivian
and Lower Barremian

u pper Hauterivian - Lower
Barremian

l::wnlluﬁy Upper Haulenvian;
i1, vallgfoensia is a trec
member, then rANEe may
extend down into the
Valanginean; it £, dhe-
veganensis, L scatielitr, and
I, proverus are true members,
then the range may be ex-

tended up tothe Upper Albian,

and possibly even Middle
Cenomanian

Barremian- Aptian, with a
possible downward extension
into Hauterivian and
Valanginian

Upper Aptian o Middie or
Upper Albian

Essentially Middle- Upper
Adbian, but may also range
inte both Lower Albian and
Lower Cenomanian

Upper Albian

Distribution

Pacific Coast of
USA; northern
Siberia

Far East of USSR;
northern Siberia

Far Easl of USSR,

Japan; Pacific

Coast of North
America; Spites
bergen; Russian

Platform; Crimea;

northern Sibenia

Far East of LISSE:

Pacific Coast of
Morth America

Far East of USSR
TAntarclic Penin-
sula; possible ex-
temsson Lo J:Lpun'_
Pacific Coast of
Morth America;
naorih-cast
Australia

Europe; south-
western LISSR;
TFur East of
LSSH; Pacific
Coast of North
America,
southern
Argentina

South-western
USSR; Far East
of USSR: Spite-
bergen; South
Alrica; TNew
Zealand

Europe; south-
western USSR,
Far East of
LISSR; Japan;
Pacific Coast of
Maorth America;
East Greenland;
eastern Mexico

MNorth-cast
Awstralin
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Geenus and group numse

Companenl spocies

B salontant gp.

. concentrica gp.

B. suleara gp.

Arppava

1. sadoursoni ' Oirbagny, 1.
captensis Casey

I, cancentricus Parkinson, f.
cancenteicis mipponicns Nagao
and Matsumoto (pars 7, £
concentricus coslatus Nagao
and Matsumoto (pars 7). 7L
zavaljiensis Glazunova, 7
volviumbonetes Ethersdge, .
warakies Wellman, 7. teriis
Mlantell, M corpilenies
MeLearn {parsh, 7. incelchratus
Pergament, M. rediancus
Pergament

1. sufearus Parkinson, £ s
suleatns Wiltshire, [, sulcaroides
Savehiev, . subsulcatiforneis
Hose

A, brachow [Et11||||1|.¢r]. A,
rrm':tmiml'i.rl'rlu:lnlmn and
Willew), A. constriciug
{Etheridgeh, . mrandibulae-
forenis Pokhialainen, 7/
mptdibudn Mordvilko

Diagnostic leatures

Small to medium: rounded-reclangular o
abliquely elongated; moderately 1o strongly
inegquivalve; LV moderately inflated, RY
only weakly so; LV umbo strongly incurved;
hroad, shallow sulcus on LY vanahly
developedt; simple, regular concentric
ornament

Sminll vo mediom, occasionally large:
obligquely oval to pyriform: noticeably
longer than wide: short hingeline: posicoior
wing missing: moderately Lo very sirongly
negquivalve; LY always more alrnn;]}' 10
Mated than RV narrow, prominent, and
strengly enrolled umbo LY gives gryphacoid
appearance; thin prismatic shell layer;
simple regular concentric arnament which
may be traversed by weakly developed radial
Tolds and sulci

Simalar 1o small B concenirica bul with strong
radial plicae covering all or part of shell

Small 10 medium; elongate-pynlform outline,
with high rounded postenior and narrow,
pointed antenor; deep anterodorsal lunule:
vanahbly developed anterior sulcus: long,
gently sloping hingeline; equivalve to
\IislrlJy mequivalve; a.l:i;hll}' 1o mosderately
inflated; thin prismatic shell laver; ornament
of low commarginal folds with super-
imposed secondary growth lamellae

Stratigraphic eange

Essentially Lower Albian, but
1. solamani may range inlo Lhe
Middle Albaan

Essentially Middle and Upper
Albian, bat with the poss-
bility of a fow Lower Albian
records: may also extend well
it the Cenomanian

Mlay well be restricted o
Upper Albian, but there are a
few possible Middle Albaan
records

Berriasian- Albian

Distribution

Although ongin-
ally restricted 1o

southern England,

1. coplensis may
also oCour in
South Africa and
.l\nmﬂ:; {. sarfra=
nroni —Weslern
Eurape, south-
weslern USSR,

Far Eau of USSR,

Pacific Coast of
USA, TPeru
Europe, south-
western USSR
Far Easl of
USSR; Pacific
Coast of Morth
Amierica; castern
Mexico; Branl,
TPeru, Tsoulhern
Argentina; South
Africa; New
Fealand;
Amnlarclic
Peninsula
Europe; south-
wislern LISSE;
Far East of
LISSR; Japan;
Pacific Coast of
Marth Amenica:
castern Meuico,
South Alrica
Eastern England,
TFar East of
LUS5R: Tsouth-
western USSH;
Queeensland:
Amtarclic
Peninsuly

.14
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TEXT-FIG. 4. Inoceranuis cl. ovarus Stanton and /. sp. aff. ellioti Gabb from the Fossil Blull Formation of

Alexander Island. ¢, internal mould of a whole specimen of /. cf. ovatus (KG.719.15) viewed [rom the left

side; specimen [rom Ablation Valley. b, internal mould of an incomplete left valve ol 1. sp. all. ellioti
(KG.401.51) from Tombaugh Cliffs. Both specimens x 1.

poorly developed primary concentric folds with a spacing of 5-7 mm. Superimposed on this initial
pattern, especially in the dorsal half of the valve, are finer, closely spaced secondary ribs (text-fig. 4a).

The right valve has been partially crushed and its true form is uncertain. However, it probably
agrees closely in size and shape with the left and it can be concluded that the specimen was, at most,
only slightly inequivalve. The hinge appears to have been short and oblique and the apical angle is
approximately 73".

Remarks. The pyriform outline, narrow pointed umbones, subdued ornament, and near equality of
the valves all suggest affinity with the 1. ovatus group, and more especially with /. ovatus itself.
However, poor preservation prevents positive identification with this species.

Inoceramus sp. afl. ellioti Gabb, 1869
Text-fig. 4b

cf. 1938 Inoceramus ellioti Gabb; Anderson, p. 99, pl. 7, fig. 1.
1972 Inoceramus sp. a; Thomson and Willey, p. 9, fig. 7b.

Holotype. Inoceramus ellioti Gabb; 7Paskenta group (Berriasian-Valanginian), Shasta series, California; re-
figured in Anderson (1938, pl. 7, fig. 1).

Material. One incomplete internal mould (with traces of a thin prismatic shell layer) (WS) (KG.401.51); 30 m
level at Tombaugh Cliffs, Alexander Island (717 04" S. 68" 18" W.; text-figs. 2 and 10).

Qccurrence. As for material. Associated fossils include Berriasian ammonites, belemnites, and bivalves (Taylor
etal. 1979, p. 36; Crame 1982, text-fig. 9). I. ellioti has a probable Tithonian-Valanginian age-range in California
(Anderson 1938: Zakharov 1968).

Description. Although the anterior and ventral regions of this specimen are incomplete, it can be
Judged to have had a slightly oblique, oval outline. The better preserved left valve (text-fig. 4h) has an
estimated length of 82 mm and a width of 59 mm (W/L = 0-72). The umbonal region is not so clearly
isolated as in the specimen of I. cf. ovatus and not noticeably inclined forwards either. It merges
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ventrally with the moderately inflated central region of the valve and there are gentle descents to the
posterior and posterodorsal margins. The latter is noticeably flatter and more pronounced than in the
previous species.

Both valves bear the impressions of two phases of concentric ornament. The larger ribs have widths
of 3-5 mm and low, rounded profiles. Regularly spaced and symmetrically curving over the central
part of the valve, they sweep strongly forwards in the posterodorsal region. Finer secondary ribs (up
to 2 mm in width) are superimposed on the primary ornament (text-fig. 4b).

Remarks. Even though there are similarities between this and the previous species (/. cf. ovatus) in
style of ornament (see Thomson and Willey 1972, p. 9), it 1s apparent that there are significant
differences in their respective shell forms. This specimen, with 1ts more prominent posterodorsal
region, 1s closer to broad forms in the /. ovatus group such as /. quatsinoensis and I. ellioti (Table 1). It
is judged to be marginally closer to the latter, although poor preservation means that it can be only
tentatively assigned to it.

Inoceramus heteropterus group
Inoceramus cf. heteropterus Pokhialainen, 1969

Text-fig. Sa, b
cl. 1969  Inoceramus heteropiterus Pokhialainen, p. 141, pl. 14, figs. 2-4; pl. 17, fig. 4; pl. 20, fig. 3; pl. 21,
fig. 4.

Holotype. Inoceramus heteropterus Pokhialainen (1969, p. 141, pl. 14, fig. 4; pl. 17, fig. 4); specimen No. 46a/3,
Museum of the NE Complex Scientific Research Institute, Magadan; Upper Hauterivian, basin of the River
Veseloy, NW Kamchatka; by original designation.

Material. Five incomplete internal moulds of whole specimens bearing traces of shell material (M.1196.3a-¢);
approximately the 715 m level in the Lower Tuff Member, Annenkov Island (54° 29" S., 37° 03" W.; text-fig. 1)
(Pettigrew 1981, fig. 5; Crame 1983a, figs. 6 and 7).

TEXT-FIG. 5. Inoceramus cf. heteropterus Pokhialainen from Annenkov Island. a, internal mould (with traces of a

thick prismatic shell layer) of an incomplete whole specimen (M.1196.3¢) viewed from the right side. b, internal

mould (with traces of a thick prismatic shell layer) of an incomplete whole specimen (M.1196.3d) viewed from
the right. Both specimens x 1.
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Occurrence. As for material. The 1. heteropterus group is Upper Hauterivian in the Far East of USSR (Table 1),
but this age may have to be extended down to at least the Valanginian if /. vallejoensis Anderson is a true member
of the group. Similarly, if certain younger species are subsequently referred to it, it may have to be extended to the
Albian or even Cenomanian (Table 1). The Annenkov Island Formation (which includes the lower Tufl
Member) is imprecisely dated in the interval Neocomian-Aptian (Thomson ef al. 1982).

Description. The specimens are conspicuous for their oval outlines, very reduced ornament, and
narrow, pointed umbones. The latter project strongly above the hinge and forwards, but are not
significantly curved inwards (text-fig. Sa, b). The mean shell length of the five specimens 1s 84-8 mm
(S.D. = 17-95; range = 71-113) and mean width is 62:4 mm (S.D. = 15-:27; range = 49-86). There is
some evidence that the left valves may be slightly longer than the right valves but the specimens are
not well enough preserved for this to be accurately determined.

The best preserved right valve is that of specimen M.1196.3¢ (text-fig. 5a). It is moderately convex,
with the maximum inflation occurring in the umbonal region and along the growth axis. There is a
gentle gradient from the centre of the valve to the ventral region and also to the posterodorsal region
where there is an indistinctly recessed wing. There is a significantly steeper descent from the anterior
margin of the valve to the plane of commissure. This occurs across a flat to gently concave shelf up to
13 mm wide (text-fig. 5a). At its dorsal end, directly beneath the umbo, the shelf assumes a more
strongly concave profile and could be described as a gutter. Its presence is related to the curve of the
umbo up and away from the hinge margin. The beak 1s missing, but by comparison with specimens
M.1196.3h and d, it can be judged to have been narrow, pointed, and prosogyrous. A similar, but
slightly shallower, concave gutter separates it from the hinge margin.

The left valves are not so well preserved as the right valves. In outline and general form they appear
to be close to the latter and there are some indications that they may be marginally narrower and
more evenly inflated. Specimen M.1196.3d has a very pronounced anterior shelf which again runs
steeply from the anterior margin to the plane of commissure and has an approximate width of 15 mm.
The net effect of the very pronounced anterior shelf on both valves must have been to produce a
projection with a distinctly *V” shaped cross-section.

The anterior shelf of the left valve also narrows and deepens directly beneath the umbo (text-fig.
Sa, b). The separation of the left umbo from the hingeline is best seen from the right side where a
smooth, narrow, triangular area can be clearly distinguished between the beak and the dorsal surface
of the ligamentat (text-fig. Sa, b). The latter feature, which is the surface on which the ligament pits
are arranged (Pokhialainen 1969), is partially displayed on specimens M.1196.3b-d; on M.1196.3¢
it has an approximate length of 30 mm and a depth of S mm in the centre. There 1s some evidence that
it may have had a convex upper (dorsal) surface but this could not be definitely confirmed. The largest
ligament pits certainly seem to be in the centre of the ligamentat where they are preserved as a rather
irregular row of barrel-like proturberances with convex sides (text-fig. Sa). Much of the surface detail
of the pits has been lost and it 1s uncertain whether they are simple or composed of composite
elements.

On both valves there are faint traces of broad, low concentric folds.

Remarks. These almost smooth, oval shells with prominent, pointed umbones can be readily linked to
the 1. heteropterus group from the Soviet Far East. Unfortunately, this group is almost exclusively
known from a single taxonomic study (Pokhialainen 1969) and the relationships between the
component species are not always clear. The Annenkov Island specimens are judged to be closest to
. heteropterus itself, which exhibits a very similar range of shell sizes and morphologies (cf.
Pokhialainen 1969, pl. 14, figs. 2 and 3; pl. 17, fig. 4; pl. 20, fig. 3; pl. 21, fig. 4). In particular, this
species has a steeply descending anterior margin on the right valve which assumes a deep concave
profile at its dorsal end, as well as a conspicuous ligamentat bearing large rounded-rectangular
ligament pits (Pokhialainen 1969, pl. 15, fig. 6; pl. 20, fig. 3). As the specimens may be slightly less
inequivalve than the Russian material, and have more prominent left anterior margins, they are only
tentatively referred to 1. heteropterus.

. solus Pokhialainen (1969, pl. 13, fig. 6; pl. 20, fig. 7) is very close to I. heteropterus but can be
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distinguished by a slightly larger apical angle, distinctive ligamentat, and less prominent hollow
(gutter) on the anterior margin. /. peltiformis Pokhialainen (1969, pl. 12, fig. 2; pl. 13, figs. 1-5)is a
rounder and more convex form with traces of a distinct posterodorsal wing. The same feature is also
present on I. semicostatus Pokhialainen (1969, pl. 14, fig. 1; pl. 17, figs. 1-3) which is an elongate-
rounded form with prominent concentric ornament present on the smaller (?juvenile) specimens. It
too, has a distinctive ligamentat and lacks a deep concave hollow along the anterodorsal margin.

Inoceramus neocomiensis group
Inoceramus deltoides sp. nov.

Plate 54, figs. 1-7; Plate 55, figs. 1, 2

Type material. Holotype: KG.1678.7 (RV?). Paratypes: KG.1677.2-4; KG.1678.5-7, 9; KG.1701.33, 34;
KG.1730.13-16, 18, 20-22, 24; KG.1735.4-9, 13-24, 26-30, 32-37; KG.1743.1-7, 9; KG.1745.15; KG.2800.9,
31, 33, 84-86, 88, 264, 281, 282, 343, 344, 347,348, 1113-1121, 1127-1130, 1133, 1136-1139 (both int.m. +ext.
m.; RV’s, LV’s +indet. V’s). From the following localities (see text-fig. 2): KG.1677 —ridge between Mt. Lassell
and Mt. Phoebe (71" 45" 30" S., 68° 49" W.); KG.1678/1730—N face of Mt. Lassell, Neptune Glacier (71°43’S.,
68745 W.): KG.1701 —Citadel Bastion (717 59" 8., 68" 32" W.) (probably loose); K(G.1735—nunatak 0:6 km W
of Mt. Lassell (717 43" 30" S., 68" 52" W.); KG.1743/2800—Fossil Bluff (71 19" S., 68° 17" W.); KG.1745—
locality U-—2 km NW of Fossil Bluff (717 18" S., 68" 20" W.). At locality KG.1743/2800 the specimens occur
between 96 and 133 m in a 426 m section (text-fig. 10); their occurrence at localities to the south of Fossil Bluff
(text-fig. 2) 1s due to tectonic repetition of the Fossil Blufl Formation.

Occurrence. As for the type material. Associated aconeceratid and heteromorph ammonites strongly suggest an
Aptian age, although there is a possibility that some of them may have Barremian affinities too (Thomson 1974,
1983). Co-occurring specimens belonging to the Aucellina andina-radiatostriata group suggest an Aptian-Albian
age (Crame 1983a).

Derivation of name. From the distinctive delta-like, or triangular, outline.

Diagnosis. Medium to large, weakly inflated Inoceramus with a triangular outline; ornament of
narrow, regularly spaced concentric ribs that are slightly asymmetric about the growth axis;
ornament lacking in the ventral regions of the largest specimens; slightly inequivalve.

Description. First impressions of this species are those of a medium-sized, flat triangular shell that
varies from roughly equilateral in outline (e.g. KG.1678.6 and 7; P1. 54, fig. 1 and PL. 55, fig. 2) to
slightly oblique and inequilateral (e.g. KG.1677.4 and 1735.9; PlL. 54, figs. 4 and 6). Although it 1s
often difficult to distinguish between right and left valves, it is apparent that, in all the asymmetric
specimens, it is the anterior region which becomes reduced; the extent of this reduction varies from
barely detectable to the pronounced state seen in two of the three articulated specimens (e.g.
KG.1745.15; Pl. 54, fig. 2). The latter specimens are also of interest in that their left valves are slightly
larger and have more inflated umbonal regions than the right valves. There is also a general
impression from study of the single valves that at least some of the left valves have more inflated
umbones than the right valves (e.g. KG.1677.4; Pl. 54, fig. 6).

EXPLANATION OF PLATE 54

Figs. 1-7. Inoceramus deltoides sp. nov. from the Fossil Bluff Formation of Alexander Island. 1, internal mould
of probable right valve (KG.1678.6); Mt. Lassell. 2, internal mould of small whole specimen (KG.1745.15)
viewed from the right side; locality U near Fossil Blufl. 3, rubber peel from the external mould of
indeterminate valve (KG.2800.1128): Fossil Blufl. 4, internal mould of probable left valve (K(G.1735.9);
nunatak 0-6 km due W of Mt. Lassell. 5, rubber peel from external mould of probable right valve
(KG.1678.9); Mt. Lassell. 6, internal mould of left valve (KG.1677.4); Mt. Lassell-Mt. Phoebe ridge.
7, rubber peel from external mould of probable right valve (KG.1678.5); Mt. Lassell. All specimens x 1,
except for fig. 2 which is x 1-5.
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Owing to the uncertainty of the orientation (i.e. left or right) of many valves the following
measurements are based on an undifferentiated sample. It should be borne in mind that the left valves
may be very slightly longer than the right valves, and also that, owing to the poor state of
preservation, most specimens are probably incomplete. The mean estimated shell length is 69-11 mm
(S.D. = 22-65; range = 41-175; N = 44), mean width i1s 62-:30 mm (S.D. = 31-48; range = 32-210;
N = 44), and mean ratio of width to length is 0-89 (S.D. = 0-23; range = 0-62-1.55; N = 44). Thus,
the average shell shape is roughly that of an isosceles triangle that is marginally taller than it is broad
(e.g. KG.1678.7; Pl. 55, fig. 2); common variants are narrower, oblique types (e.g. KG.1677.4; Pl. 54,
fig. 6) and squatter, broader forms with expanded ventral regions (e.g. KG.1735.144; PI. 55, fig. 1).
Where preserved the anterior and posterior margins appear to be essentially straight features that
enclose an apical angle that approximates to a right angle (X =91-16"; S.D. = 14-69; range = 73°-
132°; N =45) (e.g. KG.1678.6, 7, 1735.9, and 2800.1128; P1. 54, figs. 1, 3,4 and PI. 55, fig. 2). In those
valves with attenuated anterior regions, a short, straight anterodorsal margin passes into a gently to
strongly convex anteroventral margin (e.g. KG.1677.4; Pl. 54, fig. 6). The ventral margin always
appears to be well rounded.

The valves are weakly to moderately inflated with the maximum inflation occurring in the umbonal
region. As well as the single left valves with more inflated umbones (e.g. KG.1677.4), there are some
large right valves in which the umbones rise steeply from a weakly inflated valve surface (e.g.
KG.1677.2 and 3). A distinctive feature of this species is its narrow, regularly spaced concentric
ornament. This is best seen in the early stages of the shell where the ribs are typically 1-1-5 mm in
width, have acute to rounded profiles, and are separated by narrow interspaces (e.g. KG.1678.7,
1735.9, 2800.1128; PI. 54, figs. 3, 4; Pl. 55, fig. 2). Usually arranged slightly asymmetrically about the
growth axis, they occasionally anastomose or die out (e.g. KG.1678.6, 1735.14a, 2800.1128; P1. 54,
figs. 1, 3; PL. 55, fig. 1); for the most part, however, they are remarkably uniform in their size and
distribution. On some of the larger specimens there is a tendency for the ribs to become coarser and
irregular in the posteroventral and ventral regions. Here they are bunched into thicker features
4-5 mm in width, which, when traced into the posterodorsal region, sweep strongly forwards and
diminish in intensity (e.g. KG.1678.5 and 9; PI. 54, figs. 5 and 7). On the largest specimens the con-
centric ribs can be up to 2 mm in width and are separated by shallow, flat-floored interspaces of
similar, or even slightly greater, size. They are essentially restricted to the umbonal and central
regions of the valve and, when traced towards the anterior, posterior, and ventral margins, are seen to
die out rapidly (e.g. KG.1677.2, 3 and 1735.8). They are replaced by areas of smooth, undulatory
shell and it can be concluded that this dimorphic ornament pattern is a consistent feature of all the
largest valves. A final characteristic to be noted about the ornament is the tendency for the fine
concentric ribs of some specimens to be grouped (and slightly raised) on low primary folds. This is
best seen in the umbonal region of the largest specimen (KG.1677.3) but can also be detected on a
number of smaller valves. This style of ornament is close to Heinz’s (1928a) Anwachsringreifen.

Those specimens with the most strongly reduced anterior regions show obvious similarities in
outline to Anopaea (e.g. KG.1745.15; Pl. 54, fig. 2); these are enhanced by the presence on some valves
of a very shallow anteroventral sulcus (e.g. KG.1735.4). Such material can be taken as further
evidence of possible morphological transitions between Inoceramus and Anopaea.

Remarks. The flat, triangular form and regular, closely spaced concentric ornament readily link /.
deltoides sp. nov. with either the 1. neocomiensis or I. anglicus groups. Features which suggest a
greater affinity to the former of these include: a mean apical angle in the region of 907, the absence of a
protruding anterior region, the slightly inequivalve nature of the shell (with the left valve being the
more convex), comparatively narrow ornament with acute to rounded summits, and the occasional
presence of Anwachsringreifen (Table 1). There are in fact considerable similarities, especially in style
of ornament, with 1. neocomiensis itself, although this species is usually interpreted as a comparatively
small and more strongly inequivalve form (e.g. d’Orbigny 1846, pl. 403, figs. I and 2; Woods 1911, pl.
45, figs. 1 and 2; Glazunova 1973, pl. 19, fig. 1a, b). I. subneocomiensis reaches larger sizes (> 100 mm
in length) and shows a distinct tendency to develop Anwachsringreifen (e.g. Glazunova 1973, pl. 16,
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fig. 4 and pl. 17, fig. 1); however, on the early stages of the valve the ribbing is less distinct than on /.
deltoides sp. nov. and on some of the smaller specimens it is noticeably less regular (e.g. Glazunova
1973, pl. 17, fig. 2). Much clearer regular ornament 1s seen on both 1. borealis and 1. obtusus from the
Russian Platform (Glazunova 1973, pl. 13, figs. 1-3; pl. 14, figs. 1 and 2; pl. 15, figs. 1-3; pl. 16, figs. 1
and 2), but in both these species the interspace width exceeds that of the ribs and the overall ornament
style is closer to that of I. anglicus than I. neocomiensis. Large specimens of 1. cadottensis McLearn
from the Albian of the Canadian west coast and Alaska also show a pronounced change from
narrow, regularly spaced ribs over the central regions of the valve to almost smooth ventral and
posterior margins (e.g. Imlay 1961, pl. 9, fig. 1; Jeletzky 1964, pl. 27, fig. 7). However. it is apparent
that this species typically has a longer hinge and more rounded-rectangular form than 1. deltoides sp.
nov. The early ribbing is also more typical of the 1. anglicus group.

Inoceramus liwerowskyae group
Inoceramus stoneleyi sp. nov.

Plate 55, figs. 3-12

Type material. Holotype: D.8212.135 (int.m. WS with traces of outer shell layer). Paratypes: D.8210.25 (ext.m.,
WS); D.8210.50,8212.103 (both int.m., LV); D.8212.180, 181 (both ext.m., LV); D.8212.101, 104, 136, 138, 139,
141-144, 182,212,213, 228 (all int.m., RV); D.8212.73, 140, 177 (all int.m., indet. V). Locality D.8210—N flank
of pale ridge 1 km NE of Stoneley Point (63 51"40” S., 587 06" 20"W.); D.8212—floor of valley to S of pale ridge
(637 517 40” S., 58" 05" 20" W.) (text-fig. 3). These localities occur between 600 and 925 m in the combined
stratigraphic section measured on NW James Ross Island (text-fig. 11).

Occurrence. As for the type material. Aptian-Albian, with a possible downward extension into the Barremian
(Crame 1983a, b).

Some of the poorly preserved inoceramids recorded from the Crabeater Point region on the east coast of the
Antarctic Peninsula (text-fig. 1) (Thomson 1967) may also belong within this species. In particular, a series of
mternal moulds bearing traces of thin, blade-like concentric ribs (BMNH specimens LL 16068 and 16069) closely
resemble the smaller and smoother forms of 1. stoneleyi sp. nov. (cf. P1. 55, fig. 9; P1. 55, figs. 6, 7, 10, 12).

Derivation of name. In recognition of the pioneer geological work in the area by Professor R. Stoneley.

Diagnosis. A small, erect Inoceramus; moderately inflated in the central regions but with noticeably
flattened and extended valve margins; ornament weak and irregular in the centre of each valve and
almost absent on the margins; equivalve.

Description. This species 1s judged to have been equivalve, or very nearly so. The mean estimated shell
length is 2543 mm (S.D. = 6-02; range = 15-37; N = 14) and mean shell width is 16:86 mm
(S.D. =4-47; range = 10-25; N = 14); (N.B. these measurements exclude two very small right valves
(D.8212.101 and 228) with lengths of 10 and 12 mm and widths of 6 and 7 mm., respectively: these are
almost certainly juveniles). The right valve of the holotype has an erect, oval outline which is slightly
accentuated by the missing tip of the umbo (PI. 55, fig. 5). However, this feature is present on other
right valves and is clearly narrow and turned weakly forwards (e.g. D.8212.104; P1. 55, fig. 7). It is
apparent that the apical region 1s always considerably narrower than the ventral and that the valves
are more asymmetric about an imaginary midline than the first impression gained by cursory
examination of the holotype. The maximum degree of inflation occurs in the centre of the valve and
usually follows the growth axis from the beak to a point close to the ventral margin. On the anterior,
ventral, and posterior margins there is an abrupt flattening to form a distinct rim (or shelf) between
4 and 6 mm in width; the junction between the main part of the valve and this rim is marked by a
shallow depression (P1. 55, figs. 3 and 5). Apparently restricted to just the largest specimens, there are
some indications that this rim may diminish in the anterodorsal region where there is usually the
steepest descent from the centre of the valve to the margin. On some specimens, such as D.8212.212
(which is a small, flattened right valve), there appears to have been a steep descent along the greater
part of the anterior margin (P1. 55, fig. 8), and thus the rim may have been essentially restricted to the
ventral and posterior regions.
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The ornament on the right valve of the holotype, which is preserved in prismatic shell material,
consists of narrow (< 1 mm wide) concentric ribs that are slightly asymmetric about the growth axis
(PL. 55, fig. 5). Their spacing is close but by no means regular, and, when traced towards the valve
margins, they show some tendency to anastomose or disappear. In any event, all the ornament
disappears at the annular depression and the marginal rim 1s smooth (PI. 55, figs. 3 and 5). The style of
ornament over the central region of the valve 1s characteristic of all the right valves in the collection,
although there is some variation in intensity of ribbing (Pl. 55, figs. 5, 7, 8, 10-12). On specimen
.8212.212, ribs of up to 2 mm in width are preserved in thick shell material in the posterodorsal
region; here they are closely intercalated with narrower, discontinuous ribs (Pl. 55, fig. 8). Along the
dorsal margin of this specimen the same thick shell layer has preserved a ligamentat measuring
approximately 19 mm in length and 4:5 mm in height. This feature, which 1s set at an angle to the
plane of commissure, bears the remnants of three large and four small, intercalated, ligament pits.
The larger types have rectangular flask-shaped profiles, tapering gradually from the ventral to dorsal
margins of the ligamentat, whilst the smaller, narrower ones taper correspondingly in the opposite
direction. A large, oval, posterior adductor muscle scar is visible in the posterodorsal quadrant of the
holotype’s right valve (PI. 55, fig. 5).

Although less well preserved, the left valve of the holotype appears to be essentially similar in form
and style of ornament to the right. Left valves as a whole are less well represented in the collection but
those that are present suggest that they exhibit a range of variation very similar to that seen in the
rights (D.8210.50, 8212.103, 135; PI. 55, figs. 3, 4, 6).

Remarks. Originally thought to be a small member of the /. neocomiensis group (Crame 1983a, b) it is
now apparent that this species is better classified within the I. liwerowsk yae group (Table 1). Perhaps
its closest resemblance is with 1. spitzbergensis Stolley (1912, p. 20 and pl. 1, figs. 5 and 6) from the
Aptian/Albian of Spitzbergen. This species too, 1s small and erect, and shows a similar transition
from a well-inflated central region to much flatter margins. It has narrow, closely spaced concentric
ribs which occasionally become larger, irregular in their course and wedge-shaped 1n cross-section.
Nevertheless, despite these similarities, it would appear that I. spitzbergensis has a more quadrate
outline, due principally to the presence of a right-angled posterodorsal wing, and there is also the
possibility that it has a more angular ventral margin (Stolley 1912, pl. 1, fig. 5). The narrower form of
I. liwerowskyae Saveliev (1962, p. 228 and pl. 5, figs. 2-8) from the Upper Albian of Mangishlak is
close to specimens such as D.8212.104 and 141 which lack an outer rim (PI. 55, figs. 7 and 12),
although it would seem that this species has consistently finer and closer spaced ornament. It also has
slightly more pointed umbones and there is some tendency towards the formation of a small postero-
dorsal wing (e.g. Saveliev 1962, pl. 5, fig. 2). Both I. kedroviensis Pergament (1965, p. 28 and pl. 9, figs.
3 and 4) from the Albian of north-west Kamchatka and I. saratoviensis Glazunova (1973, p. 46, pl. 21,
figs. 3 and 4) from the late Aptian of the Russian Platform could be matched with some of the

EXPLANATION OF PLATE 55

Figs. 1 and 2. Inoceramus deltoides sp. nov. from the Fossil Bluff Formation of Alexander Island. 1, rubber peel
from an external mould of an indeterminate valve (KG.1735.14a); small nunatak 0-6 km due W of Mt. Lassell.
2, holotype (KG.1678.7), an internal mould of a probable right valve; Mt. Lassell. Both specimens x I.

Figs. 3-8, 10-12. Inoceramus stoneleyi sp. nov. from the Stoneley Point region, NW James Ross Island.
3, posterodorsal view of holotype (D.8212.135); the specimen, which is an internal mould bearing traces of a
prismatic shell layer, is joined at the hinge but gapes widely ventrally. 4, internal mould of left valve
(DD.8212.103). 5, right valve of holotype. 6, internal mould of left valve (ID.8210.50). 7, internal mould of right
valve (D.8212.104). 8, internal mould of right valve (D.8212.212) partly covered by a thick prismatic
shell layer. 10, internal mould of incomplete right valve (ID.8212.138). 11, internal mould of right valve
(D.8212.144). 12, internal mould of right valve (ID.8212.141). All specimens x I-5.

Fig. 9. Possible specimens of 1. stoneleyi sp. nov. (BMNH LL.16068) from Crabeater Point, Kenyon Peninsula.
Both specimens are internal moulds of right valves. x 5.



PLATE 55

CRAME, Inoceramus from Antarctica



492 PALAEONTOLOGY, VOLUME 28

smoother forms of I. stoneleyi sp. nov. (e.g. P1. 55, figs. 7, 10, 12). However, there is some evidence to
suggest that the former of these Russian species is narrower and closer in outline to 7. liwerowskyae,
whilst the latter has a much more rounded-triangular outline.

Inoceramus flemingi sp. nov.
Plate 56, figs. 1, 2

Type material. Holotype: KG.1726.10 (int.m., LV). Paratypes: KG.1726.2, 3, 14 (all int.m., LV); KG.1726.7
(ext.m., LV); KG.1726.5, 8 (both int.m., RV); 7KG.1682.36 (int.m., RV). Locality KG.1726 is on the ridge
running SSW from Mt. Phoebe (717 48" 30”7 S., 68 48 00" W.) and KG.1682 is at a high level in Waitabit Cliffs,
Alexander Island (717 30" S., 68" 48" W.: text-fig. 2). At both these localities the specimens occur in close
association with Birestrina? cf. concentrica.

Occurrence. Albian (probably Middle-Upper Albian), from its close association with B.? cf. concentrica at both
localities K(G.1682 and 1726.

Derivation of name. In honour of the Rt. Revd. W. L. S. Fleming, geologist on the British Graham Land
Expedition (1934-1937) and the first person to collect fossils from Alexander Island.

Diagnosis. A small, erect Inoceramus with prominent concentric ornament, slightly prosogyrous
umbones, and a flange-like posterodorsal wing; prominent ligamentat bearing flask-shaped ligament
pits; equivalve, or very nearly so.

Description. This 1s a small species with a mean shell length of 27-38 mm (S.D. = 7-96; range = 18-38;
N = 8) and a mean width of 17-13 mm (S.D. = 5-64; range = 11-27; N = 8). Both valves have erect,
rounded-quadrate outlines and prosogyrous umbones that terminate in narrow, pointed beaks
(PL 56, figs. 1 and 3). The latter reach up to the level of the long, straight hingeline which subtends
amean apical angle of 75-887 (S.D. = 6-56; range = 68°-84"; N = 8) with the straight to gently convex
anterior margin. The ventral margin is well rounded but the posterior is much less steeply convex and
in some specimens comes to lie subparallel to the anterior. On the holotype a prominent ligamentat is
displayed (P1. 56, fig. 1), which, when complete, would have had dimensions of approximately
14 x 2 mm. The prominent ligament pits are distinctly flask-shaped, with well-rounded, bulbous
bases tapering up into narrow necks.

Both valves are moderately inflated, with the maximum degree of inflation occurring along the
growth axis. There are even descents from the apex of convexity to all the margins and in the
posterodorsal region there is a narrow, indistinctly recessed wing. This is best seen on the holotype
where it forms a smooth flange-like feature up to 6 mm in width (Pl. 56, fig. 1). The ornament consists
of a simple pattern of clearly defined and regularly spaced concentric ribs that are symmetrically
arranged about the growth axis (e.g. KG.1726.8, 10; PIL. 56, figs. 1 and 3); in cross-section these ribs

EXPLANATION OF PLATE 56

Figs. 1 and 3. Inoceramus flemingi sp. nov. from the Fossil Bluff Formation of Alexander Island. 1, holotype, an
internal mould of a left valve (KG.1726.10) from the ridge running SSW from Mt. Phoebe. 3, internal mould
of right valve (KG.1726.8) from the same locality. Both specimens x 1-5.

Fig. 2. Inoceramus wrius Wellman. Plaster cast of the holotype (a left valve, NZGS TM2116) from the Upper
Albian Motuan stage of New Zealand. x 1.

Figs. 4, 5, and 7. Inoceramus cf. anglicus elongatus Pergament from the Fossil Bluff Formation of Alexander
Island. 4, internal mould of left valve (KG.1680.72); Keystone Cliffs. 5, internal mould of left valve
(KG.1680.2); same locality. 7, internal mould of left valve (KG.106.3); same locality. All specimens x I.

Figs. 6 and 8. Inoceramus sp. aff. comancheanus Cragin from the Fossil Bluff Formation of Alexander Island.
6, internal mould of right valve (KG.1606.18); Hyperion Nunataks. 8, internal mould of left valve
(KG.1680.73); Keystone Cliffs. Both specimens x 1.

Fig. 9. Inoceramus sp. afl. anglicus Woods. Rubber peel from an external mould of a large, incomplete right valve
(BR.151.12); Welchness, western Dundee Island. x 1.
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typically have an acute profile, tapering from a broad base to a summit no more than 0-5 mm in width.
On most specimens the interspace width increases from approximately 0-5 mm over the umbo to
2:0-2-5 mm close to the ventral margin. Although there may be some difference in the size of the
posterodorsal wing between the left and right valves, they are in all other aspects very similar.

Remarks. This small, erect, equivalve (or nearly so) species probably has its closest links with the
. liwerowskyae group (Table 1). However, it should be noted that the ornament seems to be con-
sistently stronger and more regular than almost all members of this group, with the possible exception
of I. liwerowsk yae itself from the Upper Albian of Mangishlak. The holotype of this species does bear
moderately strong, regular concentric ribs (cf. Saveliev 1962, pl. 5, fig. 6; P1. 56, fig. 1) but all Saveliev’s
(1962, pl. 5, figs. 2-5, 7, 8) other illustrated material 1s characterized by much finer ribbing. The pro-
minent ligamentat suggests a possible link with /. wrius Wellman from the Upper Albian of New
Zealand (see Pl. 56, fig. 2), but this species has a slightly different outline and much less uniform
ornament. Although 1. flemingi sp. nov. is similar in size to /. stoneleyi sp. nov. and some specimens
possess a flattened posterodorsal area, it can be readily distinguished by its prominent ligamentat and
strong, regular ornament.

Inoceramus anglicus group
Inoceramus sp. aff. anglicus Woods, 1911

Plate 56, fig. 9

cf. 1911 Inoceramus anglicus Woods, p. 264, text-fig. 29.

cl. 1961  Inoceramus anglicus Woods; Imlay, p. 52, pl. 9, figs. 4 and 6; pl. 10, fig. 9.

cl. 1965  [noceramus cl. anglicus Woods; Pergament, pl. 3, fig. 2.

cf. 1965  Inoceramus sp. aff. anglicus Woods; Pergament, pl. 6, fig. 4.

cl. 1973 Inoceramus anglicus Woods; Glazunova, p. 49, pl. 19, fig. 4; pl. 21, figs. 1 and 2.

Lectotype. Inoceramus anglicus Woods (1911, pl. 45, fig. 8a, b), Red Limestone (Albian), Hunstanton: designated
by Saveliev (1962, p. 223).

Material. Two large fragments (with traces of shell material): BR.151.12 (ext.m., RV); BR.151.11 (int.m., LV).
From the large lateral moraine at Welchness, western Dundee Island (637 29°S., 567 15" W.) (text-fig. 1).

Occurrence. . anglicus is Middle-Upper Albian, with possible extensions into both the Lower Albian and Lower
Cenomanian (Table 1). The predominantly Middle-Upper Albian species, B. concentrica, has also been
recorded from Dundee Island (Crame 1980).

Description and remarks. Whereas specimen BR.151.12 had an original shell length of approximately
160 mm and a width of 100 mm, specimen BR.151.11 appears to have been significantly smaller, with
corresponding dimensions of approximately 105 and 75 mm. All the valve margins are incomplete,
but it can be judged, from the course of the ornament, that the form was sub-erect to erect. Both
specimens are only weakly inflated. The most characteristic feature of this material is its strong,
regular, and widely spaced concentric ornament; the component ribs, which are 1-2 mm in width and
have well-rounded cross-profiles, are separated by broad, flat interspaces that vary from 2-3 mm in
width on the early part of the shell to up to 7 mm towards the ventral margin (e.g. BR.151.12; P1. 56,
fig. 9). Thisstyle of ornament 1s reminiscent of that found on both large specimens of 1. anglicus typica
(e.g. Woods 1911, text-fig. 29; Imlay 1961, pl. 9, figs. 4 and 6, pl. 10, fig. 9; Glazunova 1973, pl. 19,
fig. 4, pl. 21, figs 1 and 2) and large fragments tentatively assigned to the I. anglicus group (e.g.
Pergament 1965, pl. 3, fig. 2, pl. 6, fig. 4).

Inoceramus cf. anglicus elongatus Pergament, 1965

Plate 56, figs. 4. 5,7

cf. 1965  Inoceramus anglicus elongatus Pergament, p. 19, pl. 2, figs. 3 and 4; pl. 6, fig. 3.
1972 Inoceramus sp. f: Thomson and Willey, p. 11 and fig. 7d.



CRAME: CRETACEOUS INOCERAMID BIVALVES FROM ANTARCTICA 495

Holotype. Inoceramus anglicus elongatus Pergament; specimen 3/70«¢ from the Albian of the River Kedrovoy
region, Kamchatka (Pergament 1965, p. 19, pl. 2, fig. 3); by original designation.

Material. KG.106.3, 1680.2, 3, 30, 72, 75 (all int.m., LV); KG.1680.59 (ext.m., RV); RV.1680.5 (ext.m., 7RV);
KG.1663.33, 1680.4 (both int.m., 7RV): KG.1681.5. (ext.m., indet.V). Localities KG.106 and 1680 are in the
lowest 32 m of the section at Keystone Cliffs (717 33700 S., 68" 15" 30" W.) and KG.1681 is from an equivalent
stratigraphic level at the top of Waitabit Cliffs (717 307007 S., 68" 14" 30” W.). Locality KG. 1663 is on the W side
of Stephenson Nunatak (727 08" 30” S., 697 09" 00” W_; text-figs. 2 and 10).

Occuwrrence. On balance the upper levels of Waitabit Clifls and lower levels of Keystone Cliffs have an Albian age
(Taylor et al. 1979); however, a few ammonites from these localities have older affinities (Thomson 1974, 1983)
and their presence has vet to be lully explained. 1. anglicus elongatus 1s Middle-Upper Albian in Kamchatka
(Pergament 1965, fig. 6) and in England specimens provisionally identified as 1. cf. anglicus elongatus occur in the
lower Cenomanian (Kauffman 19785, p. IV.5).

Description. This 1s a small to medium-sized species with an erect to slightly obliquely elongated
outline; the mean shell length is 46:36 mm (S.D. = 9:00; range = 36-63; N = 11) and mean width is
30-73 mm (S.D. = 5-95; range = 22-40; N = 11). At first sight, it would appear to be significantly
narrower than the similarly ribbed /. deltoides sp. nov. (cf. Pl. 54, figs. 1 -7; P1. 56. figs. 5-7), but, when
the respective mean apical angles (cf. anglicus elongatus = 82:3": deltoides sp. nov. =91:16") are
compared, they are not found to be significantly different (Student’s 7-test, p > 0-05). This 1s largely
due to the presence of a prominent hinge region on some specimens of /. cf. anglicus elongatus which
rises well above the posterodorsal margin of the valve (e.g. KG.106.3 and 1680.2; P1. 56, figs. 5Sand 7).
There is no evidence of a corresponding feature of similar magnitude on I. deltoides sp. nov., although
it should be stressed that the hinge region of this species is never well preserved. The W/L ratio for /. cf.
anglicus elongatus is 0-66 and this is significantly less (Student’s r-test, p < 0-001) than that for
I. deltoides sp. nov. (0-89).

The long, gently convex anterior margin forms an acute angle at the beak with an almost straight
posterodorsal margin (e.g. KG.1680.72; Pl. 56, fig. 4). The latter is sharply differentiated from a
prominent ligamentat which appears to have had a length up to two-thirds that of the total valve
length and a height of 1:5-2:0 mm. It bears the remnants of rounded-quadrate to rectangular
ligament pits with a mean width in the region of 1 mm; these may be either closely spaced (e.g.
KG.1680.30) or separated by interspaces of up to 1 mm. All the specimens are weakly inflated and
there are very gentle descents from the centre of the valve to all the margins. On some specimens (e.g.
KG.106.3; PL. 56, fig. 7) the umbo 1s slightly differentiated from the main body of the valve, but in
others (e.g. KG.1680.72, 1681.5; P1. 56, fig. 4) it is barely discernible as a separate entity. In all cases it
terminates in a narrow, pointed beak which does not rise above the level of the hingeline.

The style of ornament 1s very similar to that seen in the early stages of I. deltoides sp. nov. Typically
less than 0-5 mm in width at their summits, the ribs are closely and regularly spaced, sub-symmetrical
about the growth axis and rounded in cross-section (Pl. 56, figs. 4, 5, 7). There 1s a slight increase in
both rib and interspace width towards the ventral margin of the largest specimens and occasional ribs
anastomose or become irregular in their course. The irregularities in the early stage of specimen
KG.1680.72 (PI. 56, fig. 4) may be due to shell damage during growth. Although the right valves are
less well preserved than the left valves, it would appear that the species was equivalve.

Remarks. These comparatively small, finely ribbed individuals closely resemble a number of juvenile
and incomplete specimens that have been assigned to the 1. anglicus group (e.g. Imlay 1961, pl. 9,
fig. 3; Saveliev 1962, pl. 1, figs. 1-5; Pergament 1965, pl. 1, fig. 3, pl. 4, fig. 3, pl. 5, fig. 2, pl. 9, fig. 6;
Glazunova 1973, pl. 19, fig. 5a-c) (see Table 1). In particular, the broader, more erect forms (e.g.
KG.1680.2; Pl. 56, fig. 5) compare well with certain specimens of 1. anglicus forma typica from
Mangishlak (e.g. Saveliev 1962, pl. 1, fig. 5b) and the narrower, more oblique ones (e.g. KG.1680.72;
Pl. 56, fig. 4) with the subspecies I. anglicus elongatus from NW Kamchatka (Pergament 1965, p. 19,
pl. 2, figs. 3 and 4; pl. 6, fig. 3). Although lack of a hinge means that the true orientation of some of
the Alexander Island material is unknown, it is likely that the majority of specimens are at least
slightly obliquely elongated; as such, they are closer to anglicus elongatus than forma typica. For two
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of his specimens, Pergament (1965, p. 19) gives lengths of 47 and 44 mm, widths of 32 and 37 mm, and
apical angles of 62 and 72". One of these (Pergament 1965, pl. 2, fig. 3) clearly has a few bifurcating
ribs, and, were it not for the fact that no hinge regions are preserved, it would appear that the Russian
specimens closely resemble those from Alexander Island. /. volgensis from the Aptian of the Russian
Platform (Glazunova 1973, p. 43, pl. 12, figs. 1-5) is a finer ribbed species whilst 1. borealis
(Glazunova 1973, p. 43, pl. 13, figs. 4 and 5; pl. 14, figs. 1 and 2; pl. 15, figs. 1-3; pl. 16, figs. 1 and 2),
even though it has a similar style of ornament, has a much wider apical angle.

Inoceramus sp. aff. bellvuensis Reeside, 1923
Text-fig. 6
cf. 1923 Inoceramus bellvuensis Reeside 1923, p. 203, pl. 46, fig. 1.

Holotype. Inoceramus bellvuensis Reeside; USNM 32514 (LV): N of Bellvue, Colorado; Dakota Formation (late
Albian-early Cenomanian?) (Reeside 1923, p. 203, pl. 46, fig. 1); by original designation.

Material. KG.1675.3 (ext.m., LV), from Adams Nunatak, Neptune Glacier, Alexander Island (71 44" 00" S.,
68" 33 30" W.); KG.1606.16 (ext.m., 7LV) from near the top of a 600 m section on the north-westernmost

TEXT-FIG. 6. Inoceramus sp. all. bellvuensis Reeside {from the Fossil Blufl Formation
of Alexander Island; rubber peel from an external mould of a left valve (K G.1675.3)
from Adams Nunatak. x 0-75.
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nunatak in the Hyperion Nunataks group (approximately 5 km south ol Dione Nunataks) (717 58" 30” S.,
68° 59 00" W.; text-fig. 2).

Occuwrrence. I. bellvuensis is probably late Albian-early Cenomanian in the Western Interior USA (Scott 1970;
Kuuﬂ'man e.f al. 1978). In the Far East of the Soviet Union, specimens referred to 1. cf. bellvuensis by Pergament
(1965, p. 22, pl. 4, figs. 1 and 2) occur in association with members of the 1. anglicus group in Middle-Upper
Albian Stlclld.

Description. Specimen KG.1675.3 (text-fig. 6) had an original shell length in excess of 190 mm and
awidth of at least 140 mm. The outline is judged to have been roughly oval and the orientation slightly
oblique; although the hinge is only partially preserved and there has been a certain amount of post-
mortem distortion, it would appear that the blunt umbonal region was slightly opisthogyrous. The
apical angle of approximately 110 is formed between a comparatively short straight hinge and a
long, gently convex anterior margin. The ventral margin 1s incomplete but the posterior 1s a long
convex feature slightly more strongly curved than the anterior. One of the most striking features of
this specimen is the extensive crescent-shape posterior wing which can be traced from the hinge to the
ventral margin and has a maximum width in its central region of 50 mm (text-fig. 6). Whereas the
umbonal and central l‘l.bi()l’l% of the valve are slightly inflated and bear strong, regular concentric
ornament, the posterior wing is flat and bears very reduced ornament. The ribs of the former regions
are up to 2 mm in width, well rounded in cross-section and separated by flat-floored interspaces of
similar dimensions. As they pass on to the wing these ribs sweep strongly forwards and become very
much finer (text-fig. 6).

Specimen KG.1606.16 is a less complete left valve with an original shell length in the 90-100 mm
range. The ribbing over its umbonal region is similar to that of KG.1675.3 but ventrally some of the
ribs fuse in the centre of the valve and have widths of up to 3 mm. There are again indications of a
flattened, crescentic posterior wing (up to 18 mm in width) bearing very fine, strongly recurved ribs.

Remarks. The North American species 1. comancheanus Cragin and I. bellvuensis Reeside have
generally been regarded as less regularly ribbed members of the 1. anglicus group (e.g. Reeside 1923;
Imlay 1961; Pergament 1965). The latter species, which is the larger and more erect, is characterized
by an extensive, flattened, almost smooth posterior region; specimen KG.1675.3 (text-fig. 6) is close
to the holotype (Reeside 1923, pl. 46, fig. 1) but has, if anything, a slightly more oval outline. Itis also
apparent that at least some specimens of /. bellvuensis possess a terminal, pointed beak that rises
slightly above the hinge and 1s gently prosogyrous (e.g. Reeside 1923, pl. 46, figs. 1 and 2; Kauffman
et al. 1978, pl. 7, fig. 9).

Inoceramus sp. aff. comancheanus Cragin, 1895
Pl. 56, figs. 6, 8

cl. 1923 Inoceramus comancheanus Cragin; Reeside, p. 202, pl. 45, fig. 2
cf. 1965  Inoceramus cf. comancheanus Cragin; Pergament, p. 27, pl. 9, figs. 1 and 2.
cf. 1978 ‘Inoceramus’ comancheanus Cragin; Kauffman, Cobban and Eicher, p. XXII1.29 and pl. 7, fig. 4.

Lectotype. Inoceramus comancheanus Cragin; USNM 32686 (RV); 2-3 miles NE of Denison, Texas; Duck Creek
Formation; designated by Kauffman ez a/. (1978, p. XXI11.29 and pl. 7. fig. 4).

Material. KG.1606.18 (int.m., RV); KG.1677.9, 1680.73 (both int.m., LV); KG.1735.11 (int.m. 7RV). Locality
KG.1606-—near the top of a 600 m section on the north-northwesternmost nunatak of the Hyperion Nunataks
group (717 58" 30" S., 68" 59" 00” W.); KG.1677—ridge between Mt. Lassell and Mt. Phoebe (71" 45 30" S.,
68" 49" 00” W.); KG.1680—lower levels, Keystone Cliffs (717 337 007 S., 687 15" 30" W.); KG.1735 —small
nunatak 0-6 km W of Mt. Lassell (71”43 30" S., 68” 52" 00" W.) (text-fig. 2).

Occurrence. Associated fossils indicate an undifferentiated Albian age. I. comancheanus is Upper Albian
Lower Cenomanian.

Description. These four poorly preserved specimens have lengths in the region of 60 mm and widths of
approximately 42 mm. They all have erect profiles, apical angles between 90" and 110", and weak,
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somewhat irregular concentric ornament. The anterior margin, which is long and comparatively
straight, leads into moderately well-rounded ventral and posterior margins (e.g. P1. 56, figs. 6 and 8).
There are traces of a short, straight hinge and on specimen KG.1680.73 (PI. 56, fig. 8) four rounded-
rectangular ligament pits (measuring approximately 2-5x 1-5 mm) are preserved. The valves are
weakly inflated in the umbonal and anterior regions and compressed posteriorly. Narrow (< 1 mm),
fairly regularly spaced concentric ribs cover the former of these regions but they become noticeably
less distinct on the posterior (e.g. KG.1606.18; P1. 56, fig. 6). In places the course of the ribs is irregular
and on specimen KG.1680.73 (P1. 56, fig. 8) they are slightly asymmetric about the growth axis.

Remarks. The slightly irregular style of ornament and flattened, faintly ribbed posterior region links
these specimens with 7. comancheanus Cragin. Although this species is usually regarded as an
obliquely elongated one (e.g. Reeside 1923, pl. 45, figs. 1, 3,4, 6, 7; Eigenheer and Sornay 1974, pl. 1,
fig. a), 1t does include some more erect individuals (e.g. Reeside 1923, pl. 45, figs. 2 and 5; Kauffman
et al. 1978, pl. 7, fig. 4). The density of ribbing on the Antarctic specimens is perhaps not so high as is
usually encountered on /. comancheanus and there 1s also less of a tendency for individual ribs to split
(PL. 56, figs. 6 and 8). Nevertheless, Pergament (1965, p. 27, pl. 9, figs. 1 and 2) has illustrated two
specimens of 1. cf. comancheanus from the Middle-Upper Albian of the Soviet Far East with regular,
more widely spaced ornament and these are comparable to the Alexander Island material.

Inoceramus carsoni group
Inoceramus carsoni M*'Coy, 1865

Plate 57, figs. 1-3; Plate 58, fig. 2a, b; text-fig. 7

1865  Tnoceramus carsoni M Coy, p. 334.

1866  Inoceramus carsoni M*Coy; M Coy, p. 50.

1867  Inoceramus carsoni M*Coy; M Coy, p. 196.

1872 Inoceramus pernoides Etheridge (non Goldfuss), p. 343, pl. 22, fig. 3.

1892 Inoceramus carsoni M*Coy; Etheridge Jr., p. 463 (non pl. 25, figs. 9 and 10 = 1. sutherlandi).
1892 Tnoceramus pernoides Etheridge; Etheridge Jr., p. 464, pl. 25, figs. 7, 8, 12.
1892 Inoceramus sp. indet.; Etheridge Jr., pl. 21, fig. 19.

1901 Inoceramus etheridgei Etheridge Jr. (non Woods), p. 22.

1905 Inoceramus etheridgei Etheridge Jr., p. 13, pl. 2, figs. 7-9.

1928b Tnoceramus pictus Sowerby: Heinz, p. 129 (pars).

1966 Inoceramus carsoni M*Coy; Ludbrook, p. 157, pl. 17, figs. 2 and 3.

Lectotype. P.2712 (RV) (National Museum of Victoria): base of Walker’s Table Mountain, W bank of Flinders
River, Queensland: Albian; designated by Ludbrook (1966, p. 157 and pl. 17, fig. 3).

Material. D.8411.11, 12b, 13, 16, 8412.73, 8413.1, 8422.96¢, 108, 114, 134-136, 8424.3 (all int.m., RV);
D.8412.57 (int.m., 7RV): D.8411.12a, 14, 17, 37, 38, 58, 8412.59-61, 8422.66, 69, 74b, 75, 76, 80, 89, 95, 964, b,
122-127, 131, 132, 137, 141, 8424 4a-c (all int.m., LV); D.8422.70 (ext.m., LV); D.8411.10, 15, 61, 66, 8412.62,
06, 68, 74, 75, 8413.3, 8422.64, 65, 71-74, 77, 78, 89, 97-99, 106, 115-117, 127-129 (probable juveniles).
Localities D.8411 and 8413 —reworked nodules in a breccio-conglomerate unit at 151 m in the composite 346 m
section (D.8515-8518) at N end of Tumbledown Cliffs, NW James Ross Island (64° 03 50” S., 587 26" 00" W.);
D.8412—67-121 m interval in the same section; D.8422 and 8424 —uppermost 121.5 m of a 483.5 m section
(D.8521-8523) in Lost Valley, NW James Ross Island (64” 02" 20" S., 58° 24" 10” W.) (text-figs. 3 and 11).

Occurrence. As for material; associated throughout both the Lost Valley and Tumbledown Cliffs sections with
Maccovella and Aucellina (7 A. hughendenensis (Etheridge)). An upper Albian age inferred for the James Ross

EXPLANATION OF PLATE 57

Figs. 1-3. Inoceramus carsoni M*Coy from NW James Ross Island. 1, internal mould of right valve (D.8422.136):
Lost Valley, x 0-75. 2, internal mould of left valve (ID.8422.123); same locality, x 1. 3, internal mould of right
valve (D.8413.1); northern Tumbledown Cliffs, x 1.
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[sland material by analogy with Great Artesian Basin faunas (Ludbrook 1966; Day 1969), is compatible with the
occurrence of the ammonite Prychoceras at approximately the 466 m level in the Lost Valley section and presence
of B. concentrica and a turrilitid ammonite in the upper levels of the Tumbledown Cliffs section (text-fig. 11).

TEXT-FIG. 7. Inoceramus carsoni M*Coy; internal mould of a large left
valve (D.8422.132) from Lost Valley, NW James Ross Island. x 0-75.

Description. Adult specimens have a mean shell length of 105:33 mm (S.D. = 39-36; range = 56-225;
N = 46) and a mean width of 5826 mm (S.D. = 21-56; range = 28-127; N = 46). With their narrow,
pointed umbones and broader, rounded ventral regions, they have a distinctive mytiloid (or pernoid)
outline, although it is noticeable that the orientation (with respect to a horizontal hinge) varies from
sub-erect to strongly oblique (e.g. Pl. 57, figs. 1-3; text-fig. 7). In the more erect forms the long
anterior margin varies from almost straight to a sigmoidal curve composed of an initial concave
portion beneath the umbonal region and a subsequent long, gently convex portion (e.g. D.8413.1;
Pl. 57, fig. 3). The posterodorsal margin in these types is usually slightly convex and the
posteroventral and ventral margins well rounded. In the obliquely elongated forms the anterior
region 1s usually divisible into an early short sigmoidal section and a later, and much longer, gently
convex one (e.g. D.8411.12, 8422.132; PI. 58, fig. 2a and text-fig. 7). The latter lies subparallel to the
long, feebly convex posterodorsal border and there is a narrow, very convex ventral region. As might
be expected the obliquely elongated specimens are consistently narrower than the more erect ones,
and have W/L values well below 0-5. Some of the erect types are narrow too, but others show a
pronounced trend towards ventral expansion (e.g. D.8422.136; Pl. 57, fig. 1); overall, a mean W/L
value of 0-56 was obtained (S.D. = 9-35; range = 0-:36-0-76; N = 46). The hinge, which is never well
preserved, is short and straight and sometimes forms a low, oblique-angled wing at its junction with
the posterodorsal margin (e.g. D.8411.12; P1. 58, fig. 2a). The umbo rises sharply above the hinge,
curves moderately strongly forwards and inwards, and terminates in a narrow, acuminate beak. The
slim form of the whole umbonal region is reflected in the narrow apical angle (X = 62-85";
S.D. = 10-61; range = 46-92°; N = 47).
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From the umbonal region, which is moderately inflated, there is typically a steep descent to the
anterior margin and a slightly less sharp one to the posterodorsal border. There is also a smooth, even
gradient to the ventral region, which, in the largest specimens, is almost flat (e.g. D.8422.132, 136;
Pl. 57, fig. 1 and text-fig. 7). The basic ornament pattern is one of simple, narrow ( < 1 mm) concentric
rings (Anwachsringen of Heinz 1928a) that are remarkably regular in their course and distribution;
very few tapering or anastomosing ribs are seen. The only significant variation in ornament style is in
the rib density, with some specimens having interspaces of only slightly greater dimensions than the
ribs (e.g. D.8411.12; P1. 58, fig. 2bh) and others exhibiting a spacing of 3-4 mm, especially in their
ventral regions (e.g. D.8413.1; P1. 57, fig. 3). Very occasionally, interspaces up to 10 mm in width
developed, and on the largest specimen (D.8412.57), which has an estimated length of 215 mm, there
is evidence of extensive disruption of coarsely spaced ribs in the ventral region. Some of the closely
spaced ornament shows signs of being grouped on low primary folds into Anwachsringreifen (e.g.
D.8411.12,8422.132; P1. 58, fig. 2b and text-fig. 7). Although no adult whole specimens were found, it
1s judged that this species was equivalve, or very nearly so.

Juvenile specimens tend to have more erect profiles than adults and less obviously protruding
umbonal regions. Nevertheless, the umbones are still consistently narrow and at least some terminate
in slender, pointed beaks. Many juveniles display closely spaced Anwachsringen ornament.

Remarks. The narrow, pointed and strongly projecting umbones of these specimens, together with
their sub-erect to obliquely elongate form and simple, regular concentric ribs, readily link them to
the Austrahan I. carsoni group (Table 1). In particular the comparatively low width to length
ratio, shallow sigmoidal curve of many of the anterior margins, and predominance of fine, closely
spaced ornament, suggest that they are closest to 1. carsoni itself (cf. Etheridge 1872, pl. 22, fig. 3;
Etheridge Jr. 1892, pl. 25, figs. 7, 8, 12; Etheridge Jr. 1905, pl. 2, figs. 7-9; Ludbrook 1966, pl. 17,
figs. 2 and 3; Hill et al. (ed.) 1968, pl. K.V., fig. 11). However, it should be stressed here that the
principal distinction between [I. carsoni and I. sutherlandi is one of size, with the latter being
broader, and usually longer, than the former (M*Coy 1865, 1866, 1867; Ludbrook 1966, p. 159).
It is not always easy to separate large carsoni from small sutherlandi and the possibility that some
of the Antarctic specimens may be at least transitional to sutherlandi should be born in mind.
Specimen D.8411.12 (PI. 58, fig. 2a), for example, has a higher than average ventral expansion for
its length and approaches some small forms of sutherlandi (cf. Ludbrook 1966, pl. 17, figs. 4 and 6).
whilst one of the largest specimens, D.8422.136 (Pl. 57, fig. 1), has a distinctive rounded-
triangular form that may be better accommodated in sutherlandi than carsoni (cf. Ludbrook 1966,
pl. 18, fig. 1). Re-examination of the extensive Australian material may yet show that these two
species can be combined.

Inoceramus cf. sutherlandi M*Coy, 1865
Plate 58, fig. 1

cl. 1865 Inoceramus sutherlandi M Coy, p. 334.

cl. 1866 Tnoceramus sutherlandi M*Coy, p. 50.

cl. 1867  Inoceramus sutherlandi M*Coy, p. 196.

cf. 1872 Inoceramus allied to I. problematicus d’Orbigny; Etheridge, p. 344, pl. 22, fig. 4.
cf. 1889 [noceramus maximus Lumholtz, p. 367, fig.

cf. 1892 Inoceramus carsoni M*Coy (pars); Etheridge Jr., p. 463, pl. 25, figs. 9 and 10.
cl. 1892 Inoceramus sutherlandi M*Coy; Etheridge Jr., p. 463.

cl. 1901  Inoceramus maximus Lumholtz; Etheridge Jr., p. 24.

cf. 1924 Inoceramus maximus Lumholtz; Whitehouse, p. 128, pl. 7, figs. 1 and 2a, b.
cf. 1928b Inoceramus sutherlandi M*Coy; Heinz, p. 144.

cl. 1966  Inoceramus sutherlandi M Coy; Ludbrook, p. 157, pl. 18, fig. 1.

Holotype. Inoceramus sutherlandi M'Coy; P.2170 (RV) (National Museum of Victoria): base of
Walker’s Table Mountain, Flinders River, Queensland; Albian; illustrated by Ludbrook (1966, pl. 18,
fig. 1).
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Material. 1D.8403.53-57: numerous large, incomplete valves contained within a series of mudstone concretions;
approximately the 200 m level in the section measured at Kotick Point (D.8403, 64° 00" S., 58° 21" W.), NW
James Ross Island (text-figs. 3 and 11).

Occurrence. As for material. Lithological correlations between the Kotick Point and Lost Valley sections
indicate that /. cl. sutherlandi occurs approximately 100-150 m beneath the first appearance of 1. carsoni (text-
fig. 11). The specimens are associated with Aucellina and probable representatives of the ammonite Silesites.
Both these types are present at approximately the 900-1000 m level in the Brandy Bay-Whisky Bay area (text-
fig. 1) in Aptian-Albian beds that have also yielded I. stoneleyi sp. nov. and Anopaea sp. nov. B. I. sutherlandi1s
an Upper Albian species in Australia (Ludbrook 1966; Day 1969).

Description. There are indications that some of these specimens had lengths and widths in excess of
150 mm, and occasionally substantially more. The prismatic shell layer is in places up to 4 mm thick
and it 1s readily apparent that the original species was a broad, thick-shelled form. Some idea of the
original form can be obtained from three imperfect internal moulds of right valves (ID.8403.53a, b and
57); these have estimated lengths of 144, 142, and 110 mm, corresponding widths of 105, 107, and
88 mm, and W/L values of 0-73, 0-75, and 0-80. Specimens D.8403.53a and b seem to have erect,
rounded-triangular outlines, with narrow, pointed umbones and much broader, rounded ventral
regions. They are moderately and evenly inflated and exhibit smooth, gentle descents from the centre
of the valve to the ventral margins and slightly steeper ones from the umbonal region to the antero-
and posterodorsal margins. The umbones, which are not sharply differentiated from the valve
surface, curve gently forwards and inwards and appear to taper to a point.

Specimen D.8403.57 (PI. 58, fig. 1) also has an erect profile but seems to have been considerably
broader than the previous two. In addition, it is more strongly inflated in the umbonal region and
there 1s an almost vertical descent from the latter to the anterodorsal margin. There 1s a shallower
gradient in the opposite direction to the posterodorsal region, which is considerably extended by the
presence of an extensive, flat, obtuse-angled wing. This feature is separated from the inflated umbo by
a well-marked radial groove and bordered dorsally by the remnants of a long, straight hinge. On all
three specimens there are only very faint traces of shallow, widely spaced, concentric folds.

Remarks. These broad, erect, almost smooth valves immediately invite comparison with medium-
sized and large forms of . sutherlandi (e.g. I. maximus Lumholtz 1889, fig. on p. 367; I. carsoni M*Coy
in Etheridge Jr. 1892, pl. 25, fig. 9; I. maximus Lumholtz in Whitehouse 1924, p. 128, pl. 7, figs. 1
and 2; all of which = I. sutherlandi in Ludbrook 1966, p. 157). The holotype itself (Ludbrook 1966,
pl. 18, fig. 1) is very similar in style to these specimens, although of somewhat larger dimensions
(L = 187 mm, W = 130 mm). It should be noted, however, that the posterodorsal wing on specimen
D.8403.57 (P1. 58, fig. 1) 1s rather more clearly defined than that normally seen on 1. sutherlandi and
that the Antarctic specimens lack sigmoidally curved anterior margins. It is only possible, at present,
to suggest a tentative assignment to /. sutherlandi.

Inoceramus of uncertain group affinity
Inoceramus annenkovensis sp. nov.
Text-fig. 8a-¢

1947  Inoceramus sp.; Wilckens, p. 37, pl. 5, figs. 2-4.
71982 Inoceramus sp.; Thomson, Tanner and Rex, p. 179, fig. 19.2g.

EXPLANATION OF PLATE 58

Fig. 1. Inoceramus cf. sutherlandi M*Coy. Internal mould of right valve (D.8403.57); Kotick Point, NW James
Ross Island, x 1.

Fig. 2. Inoceramus carsoni M*Coy. a (left), internal mould of left valve (D.8411.12a); b (right), internal mould of
right valve (with traces of shell material) (D.8411.12h); specimens from northern Tumbledown Cliffs, James
Ross Island, x 1.
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Type material. Holotype: M.1165.30¢.1 (int.m., RV). Paratypes: M.1165.30¢.2, 1165.32a (both int.m., RV);
M.1165.32b (ext.m., 7RV); M.1165.32¢ (int.m., indet. V). Locality M.1165 occurs at approximately the 518-5m
level in the Lower Tufl Member, Annenkov Island (54" 29’ S., 37° 03' W.; text-fig. 1) (Pettigrew 1981, fig. 5;
Crame 1983¢, figs. 6 and 7).

Occurrence. As for material. The Annenkov Island Formation is imprecisely dated in the interval Neocomian-
Aptian (Thomson et al. 1982). The overlying species, I. cf. heteropterus, suggests a late Hauterivian age and the
closely related species, 1. anomiaeformis, a Hauterivian-Barremian one.

Derivation of name. From the occurrence on Annenkov Island.

Diagnosis. A small, weakly inflated Inoceramus with a rounded, sub-symmetrical outline; irregular
and ill-defined ornament is mainly confined to the umbonal region; prominent ligamentat comprises
a sequence of complex ligament pits; equivalence of valves undetermined.

Description. The holotype has a length and width of 44 mm and specimens M.1165.32b and c are of
similar dimensions; M.1165.32a and M.1165.30¢.2, however, are significantly smaller, with lengths
and widths in the 20-25 mm range. The outline appears to be well rounded and the holotype is sub-
symmetrical about an axis joining the midpoints of the dorsal and ventral margins (text-fig. 8a). All
the valves are weakly inflated, with the only significant convexity occurring in the umbonal region. A
steep descent from the latter towards the anterodorsal margin leads into a narrow, concave gutter
which, on the holotype, has a length of approximately 10 mm and a maximum width of 3 mm. At its
deepest directly beneath the umbo, this feature progressively diminishes in strength when traced in a
ventral direction (text-fig. 8a).

The umbo is slightly prosogyrous and terminates in a narrow, pointed beak (text-fig. 8a). Although
the tip of the latter must have been approximately level with the dorsal surface of the hinge, it was
separated from 1t by another narrow, deep gutter (text-fig. 8«). This feature merges anteriorly with the
anterodorsal gutter and also diminishes in intensity when traced in a direction away from the umbo
(1.e. posteriorly). The ligamentat 1s well preserved on M.1165.30c.2 (text-fig. 8b) and partially
preserved on M.1165.30¢.1 and M.1165.32a. On the former two of these specimens it can clearly be
seen o slope steeply inwards towards the plane of commissure between the valves; this indicates that
the ligament area had a *V’ shaped cross-section. The ligamentat varies from 15-20 mm in length and
2-3 mm in depth and comprises somewhere between seven and ten ligament pits. These pits are
complex features with essentially rounded-quadrate to rounded-rectangular outlines and at least two
structural elements. On specimen M.1165.30¢.2 these can be resolved into a simple, striated, square,
or rectangle which alternates with a more deeply impressed figure “J’ (text-fig. 8b).

TEXT-FIG. 8. Inoceramus annenkovensis sp. nov. from Annenkov Island. @, holotype, internal mould of a right
valve (M.1165.30¢.1). b, internal mould of a right valve (M.1165.30¢.2). ¢, latex peel from external mould of a
probable right valve (M.1165.32b). All specimens x 1.
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The ornament on four of the specimens (M.1165.30c.1, 2; M.1165.32a, ¢) 1s extremely weak and
irregular. Narrow, concentric ribs can be made out over the umbonal regions but these vary from
acute to well rounded in profile and are noticeably irregular in their distribution (text-fig. 8a, h). On
the holotype (M.1165.30c.1) and specimen M.1165.32¢, this style of ornament rapidly diminishes
away from the umbo and much of the ventral surface of the valve has an uneven, undulatory
appearance (text-fig. 8a). Stronger ornament is preserved on the external mould (M.1165.325),
which. at first sight, seems to be readily distinguishable from the other material by its slightly
posteriorly directed umbo (text-fig. 8¢). Nevertheless, it is apparent that this specimen has been
crushed and it very probably is a right valve with a slightly displaced umbo. Narrow, irregular ribs
with acute summits on the earliest shell stages give way ventrally to closely spaced ones with
rounded summits and widths in the 1 -2 mm range. These ribs, which are slightly erratic in their course
and variable in thickness, sweep strongly forwards to fuse along the anterior margin (text-fig. 8¢). On
the posterior and ventral margins there are indications of a marked reduction in rib intensity.

Specimen M.1165.32b is of particular importance as it provides a possible link with a hitherto
unique specimen of Inoceramus previously described from the Lower Tuff Member of Annenkov
Island (Inoceramus sp. of Thomson et al. 1982, p. 179, fig. 19.2g). This external mould of a whole
specimen was collected loose from locality L on Lawther Knoll (Thomson et al. 1982, fig. 19.1) and
thus probably came from a stratigraphic level equivalent to either station M.1165 or M.1196
(Pettigrew 1981, fig. 2). It has clearly defined, narrow, and closely spaced concentric ornament that
shows some considerable similarities in style to that of specimen M.1165.32b (cf. text-fig. 8¢ and
Thomson et al. 1982, fig. 19.2¢g). Although both valves appear to be mytiliform, it is apparent that this
specimen has been crushed and that the anterior margins may have been foreshortened.

Remarks. The three small, rather poorly preserved specimens of Inoceramus sp. described by
Wilckens (1947, p. 37, pl. 5, figs. 2-4) from the north-east coast of Annenkov Island most likely
belong within this new species. Their outlines are slightly more elongate than those of the valves just
described, but in degree of inflation and ornament pattern they agree closely. They were collected
from a series of localities that are very close to Pettigrew’s (1981, fig. 2) M.1153 and locality J of
Thomson et al. (1982, table 19.1); thus, they probably originate from somewhere within the lowest
80 m of the Lower Tuff Member (Pettigrew 1981, fig. 5; Crame 1983a, figs. 6, 7). The only existing
species with which I. annenkovensis sp. nov. could be compared 1s 1. anomiaeformis Feruglio (1936,
p. 29, pl. 2, figs. 1 and 2) from Tithonian-Lower Cretaceous strata of the Lago Argentino region of
Patagonia. This species was based on the internal moulds of two rounded, almost symmetrical, right
valves, the larger of which (Feruglio 1936, pl. 2, fig. 1) was subsequently designated the lectotype
(Leanza 1967, p. 150). This specimen has a moderately inflated, centrally positioned umbo whose tip
is turned very slightly forwards. Either side of the umbo are two small, subequal ears that are
moderately well differentiated from the main disc of the valve. On both Feruglio’s illustrated
specimens there 1s an ornament of fine narrow concentric ribs that occasionally anastomose or
intergrade. This style of ornament is close to that of 1. annenkovensis sp. nov., but the sub-
symmetrical form, distinct ears, and apparent lack of a prominent ligamentat probably serve to
distinguish it as a separate species. Riccardi (1977, p. 222, fig. 2a) has described a single incomplete
specimen of 1. aff. anomiaeformis from the Springhill Formation of southern Patagonia which is
notable for the more pointed, prosogyrous form of its umbones as well as its indistinct ornament. It
may well provide a link with the Annenkov Island specimens but at present there is insufficient
material available for this to be firmly established. In Patagonia, I. anomiaeformis occurs in
association with the ammonite Favrella in beds that are generally assigned to the Hauterivian
Barremian (Riccardi 1970, 1977; Riccardi et al. 1971).

Genus Birostrina J. Sowerby, 1821

1864 Actinoceramus Meek.

Type species. Inoceramus sulcatus Parkinson, 1819, from the Gault (middle-upper Albian) of Folkestone,
England; by subsequent designation (Cox 1969, p. N315).
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Birostrina concentrica group
Birostrina concentrica Parkinson, 1819

Plate 59, figs. 1-11, 13

1819 Inoceramus concentricus Parkinson, p. 58, pl. 1, fig. 4.
1821 Inoceramus concentricus Parkinson; J. Sowerby, p. 183, pl. 305, figs. 1-6.
1846 Inoceramus concentricus J. Sowerby; d’Orbigny, p. 506, pl. 404, figs. 1-5.
1876  [noceramus concentricus Parkinson; Whiteaves, p. 79.
1904 ITnoceramus concentricus Parkinson; Airaghi, p. 183, fig. 2.
M907  Inoceramus volviumbonatus Etheridge, p. 73, pl. 2, figs. 1-6.
1911 Inoceramus concentricus Parkinson; Woods, p. 265, pl. 45, fig. 11; pl. 46, figs. 1-10; pl. 47, figs. 1
and 2.
M9l Inoceramus concentricus Parkinson; Schlagintweit, p. 94.
1917 Inoceramus concentricus Parkinson; Woods, p. 9, pl. 3, figs. 9 and 10.
MN921  Inoceramus concentricus Parkinson; Bonarelli and Nagera, p. 22, pl. 2, fig. 9.
1930 Inoceramus concentricus Parkinson; Heinz, p. 683, fig. 1.
1933 Actinoceramus (Taenioceramus) concentricus Parkinson; Heinz, p. 245.
1936 [noceramus concentricus brasiliensis (White); Maury, p. 107, pl. 8, figs. 9, 10, 13.
M939  Inoceramus concentricus Parkinson var. nipponicus Nagao and Matsumoto, p. 267. pl. 24, fig. 2:
pl. 25, figs. 1-6.
M939  Inoceramus concentricus Parkinson var. costatus Nagao and Matsumoto, p. 270, pl. 24, figs. 1,4, 5;
pl. 27, fig. 2.
M960  Inoceramus (Actinoceramus) concentricus Parkinson; Jones, p. 157, pl. 29, figs. 1 and 2.
1962 Inoceramus concentricus Parkinson; Saveliev, p. 235, pl. 7, figs. 3-7 and pl. &, figs. | and 2.
21966  Inoceramus cf. concentricus Parkinson; Pergament, p. 30, pl. 1, figs. 1-4.
M976  Inoceramus (Inoceramus) concentricus Parkinson; Chiplonkar and Badve, p. 199, pl. 1, fig. 5.
1978a Birostrina concentrica (Parkinson) (sensu lato); Kauffman, p. IV.2.
1978b Birostrina concentrica (Parkinson) (sensu lato); Kauffman, p. XVII.1 and pl. 1, figs. 1-3, 5-; 4,
16, 18.
1978 Birostrina concentrica (Parkinson) (sensu lato); Wiedmann and Kauffman, p. I11.4, pl. 1, figs. 1-10
and 12-14.
1980 Inoceramus concentricus Parkinson; Crame, p. 283, fig. 2a-c.

N.B. this synonymy comprises only those references that were useful in identifying the Antarctic material. No
attempt has been made here to fully revise all the European and Japanese specimens of I. concentricus. Woods

EXPLANATION OF PLATE 59

Figs. 1-11, 13. Biostrina concentrica (Parkinson) from James Ross and Dundee Islands. [, anterior view of
internal mould of a whole specimen (D.8228.12); Brandy Bay. 2, posterodorsal view of internal mould of a
whole specimen (ID.8228.5); umbonal region of the left valve slightly displaced across that of the right; same
locality. 3, internal mould of a whole specimen (D.8413.58) that bears traces of a thin prismatic shell layer;
viewed [rom the right side; northern Tumbledown Cliffs. 4, internal mould of a whole specimen (D.3862.6),
viewed from the right side; Welchness (Dundee Island). 5, internal mould of left valve (ID.8227.5); Whisky Bay.
6, internal mould of left valve (D.8214.13); small gully approximately 2 km E of Stoneley Point. 7, internal
mould of left valve (D.8214.31); same locality. 8, left valve of specimen D.8228.5 viewed from the anterior.
9. mternal mould of left valve (D.8413.42); northern end of Tumbledown Cliffs. 10, internal mould of left valve
(D.8413.38); same locality. 11, internal mould of right valve (DD.8214.29); small gully approximately 2 km E of
Stoneley Point. 13, internal mould (with traces of prismatic shell) of right valve (ID.8215.11); gully approxi-
mately 3 km ENE of Stoneley Point. All the specimens are from NW James Ross Island, except for fig. 4 which
is from western Dundee Island. All x 1, except for fig. 1 which is x 1-5.

Figs. 12 and 14. Birostrina? cf. concentrica (Parkinson) from the Fossil Bluflf Formation of Alexander Island.
12, rubber peel from external mould of right valve (KG.1680.74); Keystone Cliffs. 14, internal mould
(with traces of shell material) of small right valve (K(G.2801.250); northern end of Succession Cliffs. Both
specimens x .
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(1911) and Saveliev (1962) contain references to a number of early European works not cited here and
Kauffmann (1977) gives a preliminary revision of the Japanese forms.

Type specimen. Inoceramus concentricus Parkinson (1819, p. 58, pl. 1, fig. 4); by monotypy.

Material. 1D.3862.6, 8215.3, 28, 8227.6, 8, 8228.5, 10, 12, 14, 20, 8413.58, 60, 8414.4, 5, 8431.97, 98, 8531.1 (all
int.m., WS); D.8214.3, 5, 6, 8, 13, 30, 31, 37, 39, 40, 44, 45, 48, 50, 8215.1, 4, 9, 12-14, 16, 25, 8227.5, 10, 12,
8228.2,3,7,13, 16, 19, 8413.35-42, 59, 8414.6, 8531.5-11, BR.151.2 (all int.m., LV); D.8414.8, 8431.95 (int.m.,
7LV); D.8214.4,7,9, 12, 14-17, 20, 22, 26-29, 32, 33, 42, 46, 51, 52, 8215.2, 7,11, 19, 20, 23, 8227.11, 13, 8228.6,
11, 17,18, 8344.1, 3, 8413.43, 44, 8431.96, 8531.2-4, BR.151.1, 4, 5a, b, 6, 10 (all int.m., RV); D.8414.7 (int.m.,
7RV); D.8413.69 (ext.m., RV). Many of the internal moulds bear traces of a thin outer shell layer. All the
following localities (except for D.3862 and BR.151) are on NW James Ross Island (text-fig. 3): D.8214—small
gully approx. 2 km E of Stoneley Pt. (63" 52" S., 58" 04" 30” W.); D.8215—small gully approx. 4 km ENE of
Stoneley Pt. (637 517 15" S., 587 03" 20" W.); D.8227 —NE shore of Whisky Bay (63° 52" 40” S., 58° 06’ 55" W.);
D.8228 —SW shore of Brandy Bay (63° 51’ S., 58° 01" W.); D.8344—2 km E of Bibby Pt. (63° 48’ 20" S.,
5T 54 30" W.); D.8413—N of Tumbledown Clhifls (64" 03 00” S., 58” 24" 30" W.); D.8431/8531—S end of
Tumbledown Cliffs (647 05" 00" S., 58 26" 40” W.); D.3862/BR.151 —moraine ridge, Welchness, Dundee Island
(63° 29" S., 56° 15" W.) (text-fig. 1).

Occurrence. As for material. On James Ross Island, B. concentrica1s associated with an Albian-Cenomanian
turrilitid ammonite in the northern Tumbledown Cliffs assemblage (ID.8413) and at locality D.8414 (text-fig. 3).
In the combined section for western James Ross Island (text-fig. 11) 1t occurs 125 m above the highest occurrence
of 1. carsoni and approximately 400 m above the 1. stoneleyi sp. nov.— Silesites assemblage of the Whisky Bay-
Brandy Bay area.

The Middle-Upper Albian age range established by Woods (1911, 1912) for B. concentrica has been widely
accepted by other authors (e.g. Pergament 1981; Troger 1981). However, the possibility that this species both
extends into the top of the Lower Albian and the base of the Lower Cenomanian should not be discounted
(Kauffman 1978a, fig. 1; Sornay 1981). If forms such as I. concentricus nipponicus and I. cf. concentricus
(Pergament 1966) prove to be true members of the B. concentrica group (see Table 1), then extension of the range
into well within the Cenomanian will be established. There is also a possibility of Cenomanian representatives of
‘1. concentricus’ in New Zealand (see below). Other definite Southern Hemisphere occurrences of B. concentrica
are in South Africa (Middle-Upper Albian of Zululand; Heinz 1930; Kauflman 1978b) and Brazil
(?Middle-Upper Albian; Maury 1936), whilst there are further possible records from the Albian of Argentinian
Patagonia (Bonarelli and Nagera 1921) and the Albian of Madagascar (Heinz 1933).

Description. The James Ross Island specimens agree closely with those previously described from
Dundee Island (Crame 1980, p. 283). They are comparatively small, with the left valves having a
mean shell length of 34-48 mm (S.D. = 8-58; range = 16-56; N = 42) and the right valves 26-88 mm
(S.D. = 7-49; range = 11-50; N = 49). These respective mean shell lengths are significantly different
(Student’s r-test, p < 0-001) and attest to the strongly gryphaeoid form of the species. This 1s clearly
exhibited by the whole specimens, each of which has a left valve with an inflated umbonal region that
towers over that of the right (e.g. D.3862.6, 8228.5, 12, 8413.58; PI. 59, figs. 1-4). The larger volume of
material from James Ross Island enables the range of variation of this biostratigraphically important
species to be more fully assessed.

The outline of the left valve is variable and at least three main types can be made out: obliquely
clongated, elongate-pyriform, and rounded-quadrate. The first of these i1s the most strongly
asymmetric, possessing a comparatively narrow, pointed umbonal region that slopes gently forwards
(e.g. D.8214.13 and 8227.5; P1. 59, figs. 5 and 6); the second is more upright and pear- (or tear-)shaped
(e.g. D.8214.31, 8228.5, 12; P1. 59, figs. 1, 7, 8); and the third is similar to the second but considerably
squatter (e.g. D.8413.38: P1. 59, fig. 10). No rigid morphologic or stratigraphic divisions can be placed
between these types and it is almost certain that they intergrade. In profile, all the left valves are
strongly convex (i.e. incurved) and in lateral view the maximum degree of inflation can be seen to lie in
the central regions of the valve and along the growth axis. The form of the central region varies from a
broad, shallow dome, with only moderate descents on either side (e.g. D.8227.5; Pl. 59, fig. 5) to a
narrow, strongly convex ridge that is bounded laterally by extremely steep drop-offs (e.g. D.8228.5
and 8413.42; P1. 59, figs. 2, 8, 9). A particularly noticeable feature of all the left valves is the almost



CRAME: CRETACEOUS INOCERAMID BIVALVES FROM ANTARCTICA 509

vertical descent along the anterior margin; this forms a prominent flat, smooth shelf of anything up to
15 mm in height. There is a shallower descent to the ventral and posterior margins and at the
posterodorsal extremity a small flange-like wing is delimited by a sharp break in slope on one side and
the short, straight hinge on the other. The strongly incurved, slightly to strongly prosogyrous umbo
rises above the hingeline by anything up to 11 mm and frequently tapers to a beak of less than 2 mm
width. The apical angle generally lies in the 85”-95” range.

The smaller right valve of B. concentrica has an erect outline and 1s typically somewhat longer than
wide (X W/L = 0-71; S.D. =0-12; range = 0-48-1-08; N = 61) (e.g. D.8215.11; P1. 59, fig. 13); there
are, however, both occasional narrow, elongate forms and squatter, rounded ones. The hinge
typically forms an apical angle with the anterior margin of between 90” and 110°. The latter feature is
straight to very slightly concave and usually measures at least half the total shell length. It leads into
well-rounded anteroventral, ventral, and posteroventral margins, but the posterior margin proper is
less steeply curved (P1. 59, fig. 13). The small, prosogyrous umbo, which is not nearly so prominent as
that on the left valve, does not rise above the hingeline and a narrow posterodorsal wing is indistinctly
recessed. The principal mode of variation in the right valve 1s in its degree of inflation. Normally, they
are moderately and evenly inflated, with smooth, regular descents occurring to the valve margins (e.g.
D.8215.11; PI. 59, figz. 13). Nevertheless, some specimens are more strongly convex, with the
maximum degree of inflation being concentrated along the growth axis (e.g. D.3862.6 and 8228.5;
Pl. 59, figs. 2 and 4). There are even some indications of this variation being carried to the extreme
form that has a convex ridge extending from the beak to the ventral margin with very steep drop-offs
on eitherside (e.g. D.8214.29; P1. 59, fig. 11). Such a form is similar to that described by Woods (1911,
p. 267, pl. 46, figs. 8-10) in some specimens from the Blackdown Greensand and Hunstanton Red
Limestone of England.

Owing to the poor state of preservation of many of the moulds the precise nature of the original
ornament is difficult to define. Whenever traces of concentric ribs are present, on either valve, they
always appear to be simple, narrow, regular, and closely spaced. Typically less than 1 mm wide and
separated by interspaces of slightly greater dimensions, they may have either sharp or rounded
summits (e.g. D.3862.6, 8214.31, 8227.5; PL. 59, figs. 4, 5, 7). On some valves slightly coarser
secondary ribs, with a 3-10 mm spacing, appear to be superimposed on the primary ones (e.g.
D.8228.5 and 8413.58; P1. 59, figs. 2, 3, 8) and there are some indications too, of both occasional
growth pauses and irregularities.

A small number of internal moulds bear traces of up to five radial riblets (e.g. D.8214.27, 8215.25.
8228.13, 8413.38, 42; P1. 59, figs. 9, 10). These have a maximum width of 1 mm and seem to radiate
from the umbo to the ventral margin; however, it should be emphasized that they are nearly all weak
and discontinuous. Some of the interspaces between them are slightly concave and as such can be
described as sulcl.

Remarks. Kauffman (1978«) suggested that this highly variable species may eventually be splitinto as
many as six subspecies, but these have yet to be formally described. The stratigraphic control on the
present collections does not permit such an approach here, and all the material 1s referred to a single
taxonomic category.

Small to medium-sized elongate-pyriform whole specimens (e.g. D.3862.6, 8228.10, 20, 8413.58,
60; PI. 59, figs. 3 and 4) as well as more obliquely elongated forms (e.g. D.8214.13 and 8227.5; P1. 59,
figs. 5 and 6) compare well with the majority of European specimens illustrated by Parkinson (1819,
pl. 1, fig. 4), J. Sowerby (1821, pl. 305, figs. 1-6), Woods (1911, pl. 46, figs. 1-10; pl. 47, figs. 1 and 2)
and Saveliev (1962, pl. 7, figs. 3-7; pl. 8, figs. 1 and 2). It is worth noting too that the latter two works
illustrate collections with a range of variation comparable in scale, if not in precise detail, with the
Antarctic material. The tendency towards a more pyriform outline of specimens such as [2.8214.31
and 8228.5 (Pl. 59, figs. 2, 7, 8) can be matched to that of Woods’s (1911, pl. 45, fig. 11) largest
illustrated specimen and, probably, to Maury’s (1936, pl. 8, figs. 9 and 10) subspecies I. concentricus
brasiliensis (White) too.

The squatter, more rounded-quadrate Antarctic left valves (e.g. D.8413.38, P1. 59, fig. 10) fit in less
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well with the traditional European concepts of B. concentrica. Nevertheless, they appear to grade into
obliquely elongated forms and Kauffman (19784, b; Wiedmann and Kauffman 1978) has shown how
they can also be distinguished in both European and South African collections. Types such as
specimen D.8413.38 closely resemble ‘ B. concentrican. subsp. 2" and associated forms from Spain (cf.
Pl. 59, fig. 10 and Wiedmann and Kauffman 1978, pl. 1, figs. 3-6, 8-10, 13), and B. concentrica
brasiliensis and *B. concentrica n. subsp. C’ from South Africa (Kauffman 19785, pl. 1, figs. 11, 16,
18). Kauffman’s (1978a) *B. concentrican. subsp. A’, which is characterized by an anterior sulcus and
a few coarse, widely spaced ribs, has no direct counterparts in the Antarctic collections. The
European and South Africa ‘B. concentrica n. subsp. B’, with its slanting and strongly projecting
umbo (e.g. Kauffman 19785, pl. 1, figs. 5 and 10), also seems to be missing, and it would appear that
the bulk of the Antarctic specimens fall within Kauffman’s (19784, b) concepts of B. concentrica
concentrica and the more quadrate forms, B. concentrica brasiliensis and *B. n. subsp. C’.

Birostrina? cf. concentrica Parkinson, 1819
Plate 59, figs. 12, 14; Plate 60, figs. 1-4; Plate 61, figs. 1-4

cl. 1846 Inoceramus concentricus J. Sowerby; d’Orbigny, p. 506, pl. 404, figs. 1 and 2.

cl. 1911 [Inoceramus concentricus Parkinson; Woods, p. 265, pl. 45, fig. 11.

cf. 1914  Inoceramus aff. concentricus Parkinson; Spengler, p. 235, pl. 15, fig. 18.

cf. 1917  Inoceramus concentricus Parkinson; Woods, p. 9, pl. 3, figs. 9 and 10.

cf. 1936  Inoceramus concentricus brasiliensis (White); Maury, p. 107, pl. 8, figs. 9 and 10.
1972 Inoceramus aff. concentricus Parkinson; Thomson and Willey, p. 13, figs. 9@ and 10.

Material. KG.1674.7 (int.m., WS); KG.103.181, 1609.16, 1675.2, 1681.6, 1721.23, 1746.7, 9, 1748.24, 2801.158,
182,183, 206,215,218, 239,262 (all int.m., LV); KG.1674.8 (2int.m., LV); KG.1663.35,2801.180, 223 (allext.m.,
LV); KG.103.158, 1674.6,9, 1677.1, 1746.8, 2801.185, 207, 250, 256 (all int.m., RV); KG.1677.8, 1726.9b (both
Mint.m., RV); KG.1677.3, 1674.5, 1680.74, 2801.150, 184, 214, 216 (all ext.m., RV). All the following localities
are within the Fossil Bluff Formation of Alexander Island (text-fig. 2): KG.103/1681 —upper levels, Waitabit
Cliffs (717 30" 00" S., 68" 14" 30” W.); KG.1609 —westernmost nunatak, Hyperion Nunataks group (72" 02
30”S.,68755700" W.); KG.1663— W side, Stephenson Nunatak (72° 08" 30" S., 69709 00" W.); KG.1667—small
nunatak immediately to NW Tethys Nunatak (727 08" 00” S., 68° 59" 30” W.); KG.1674—small nunatak
approximately 2 km SW Adams Nunatak (7170800 S., 68% 38" 45" W.); KG.1675—Adams Nunatak, Neptune
Glacier (717 44" 007 S., 68" 33 00" W.); KG.1677—ridge between Mt. Lassell and Mt. Phoebe (717 45" 30” S.,
68749 00" W.); KG.1680—lower levels, Keystone Cliffs (71°33700” S., 68° 15" 30" W.); KG.1721 —ridge running
E of Mt. Phoebe (71”47 00" S., 68° 43" 45" W.); KG. 1726 —ridge running SSW from Mt. Phoebe (71° 48" 30" S.,
68748 00" W.); KG.1746/1748/2801 —upper levels, North Succession Cliffs (717 08" 30" S., 68 17" 30 W.).

Occurrence. As for material. The age in the upper Waitabit Cliffs and lower Keystone Cliffs is almost certainly
Albian (?Middle-Upper Albian) (text-fig. 10) (Willey 1972; Thomson 1974; Taylor er al. 1979); however, as
previously mentioned, the presence of some ammonites with older (?Barremian) affinities at Waitabit Cliffs
(Thomson 1983) has yet to be fully explained.

Description. These specimens show all the typical features of B. concentrica, except that they are
somewhat larger. The respective mean shell lengths of the left and right valves, for example, are
89-77 mm (S.D. = 12-64; range = 68-114; N = 13) and 84-80 mm (S.D. = 19-31; range = 54-118;
N = 10), and these values are significantly greater (Student’s t-test, p < 0-001) than the corresponding

EXPLANATION OF PLATE 60

Figs. 1-4. Birostrina? cf. concentrica (Parkinson) from the Fossil Bluff Formation of Alexander Island.
1, anterior view of internal mould of left valve (KG.1674.8); some prismatic shell material visible; small
nunatak approximately 2 km SW of Adams Nunatak. 2, anterior view of internal mould of incomplete left
valve (KG.2801.262); northern end of Succession Cliffs. 3, exterior view of the left valve of a whole specimen
(KG.1674.7); small nunatak approximately 2 km SW of Adams Nunatak. 4, the same specimen, which is an
internal mould, viewed from the right. All specimens x 1.
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ones (34-48 and 26-88) from the James Ross Island specimens. The foregoing measurements suggest
that the degree of inequality between the valves may not be so great in the Alexander Island material
but it should be emphasized that they are nearly all incomplete single valves. The one articulated
specimen (KG.1674.7; PL. 60, figs. 3 and 4) has a left valve of 100 mm length and a right of 76 mm and
it is likely that this scale of difference may be close to the true value for the species.

The left valves consistently have obliquely oval to pyriform outlines and prominent, strongly
enrolled umbones (e.g. KG.103.181, 1674.7, and 8, 2801.262; P1. 60, figs. 1-3 and PI. 61, fig. 2). They
were moderately to strongly inflated, with the maximum convexity occurring in the central region
along the growth axis. From the latter there was a very steep descent to the anterior margin and a
somewhat gentler one towards the posterior. One specimen, however, 1s noticeable for its very steep
descents to both the anterior and posterior margins; this gives it a markedly “humpback’ cross-profile
(KG.1681.6; Pl. 61, figs. 3 and 4). The basic ornament pattern preserved on internal moulds of left
valves 1s one of narrow (generally < 1 mm in width) closely and regularly arranged concentric ribs
(e.g. KG.1674.7 and 2801.262; PI. 60, figs. 2 and 3). On some specimens there is evidence of extremely
fine ribbing on the early stages (e.g. KG.1674.7; Pl. 60, fig. 3), whilst on others somewhat coarser ones
develop towards the ventral margin (e.g. KG.103.181; Pl. 61, fig. 2). There are also indications that
secondary stronger ribs developed in certain specimens (e.g. KG.1674.8; P1. 60, fig. 1), in a manner
similar to that described for specimens D.8228.5 and 8413.58 (PI. 59, figs. 2, 3, 8) from James Ross
Island. These ribs have approximately 3-7 mm spacings and their sharper profiles rise significantly
higher than those of the primary ribs. A small number of the internal moulds are almost smooth, their
surfaces being broken only by occasional shallow concentric depressions which may indicate growth
pauses (e.g. KG.1681.6; Pl. 61, figs. 3 and 4).

The right valve has an erect outline and a moderately to strongly prosogyrous umbo that scarcely
rises above the level of the hingeline (e.g. KG.1674.7, 1680.74, 2801.250; P1. 59, figs. 12, 14 and PI. 60,
fig. 4). Where preserved the anterior margin is seen to be a nearly straight feature that is equal in
length to at least half the total valve length. It normally subtends an angle close to a right angle with
the hinge, although some compressed specimens have values considerably greater than this (e.g.
KG.103.158; PL. 61, fig. 1). The anterior margin leads into well-rounded ventral and posteroventral
margins but the posterodorsal border 1s somewhat straighter. The degree of inflation is considerably
less than that of the left valve, with most of it being concentrated in the umbonal and central regions;
the descents to the valve margins are correspondingly gentler, with only the anterior edge being
sharply defined. Specimen KG.1674.7 (P1. 60, fig. 4) has a narrow, smooth flange running along the
anterior margin which tapers from approximately 9 mm in width at the ventral end to less than 3 mm
beneath the umbo. This feature could be interpreted as an anterior wing but 1t is also possible that it
represents a near vertical anterior edge that has collapsed on compression. The same specimen bears
traces of a narrow, tapering posterodorsal wing but this is not a prominent characteristic of the right
valve.

One right valve, KG.1674.6, 1s considerably more inflated than all the others. This inflation is con-
centrated in the dorsal half of the valve, especially along the growth axis. There are steep descents to
both the antero- and posterodorsal margins and the overall form of the valve is similar to that of
specimen D.8214.29 (Pl. 59, fig. 11) from James Ross Island. The fine regular ornament of the left
valve is generally repeated on the right (e.g. KG.1680.74 and 2801.250; P1. 59, figs. 12 and 14). There
are occasional interruptions to the basic pattern caused by growth pauses or superimposition of the
fine ribs on low primary folds (e.g. KG.1680.74; P1. 59, fig. 12). Both rib width (which is generally

EXPLANATION OF PLATE 61

Figs. 1-4. Birostrina? cf. concentrica (Parkinson) from the Fossil Bluff Formation of Alexander Island.
[, internal mould of possible right valve (KG.103.158); Waitabit Cliffs. 2, anterodorsal view of internal mould
of incomplete left valve (KG.103.181); same locality. 3, exterior view of internal mould of large left valve
(KG.1681.6); same locality. 4, anterior view of same specimen. All specimens x 1.
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< I'5 mm) and interspace width increase slightly towards the ventral margin. Notable variants
include types such as specimen KG.103.158 (PI. 61, fig. 1), which has acute, more widely spaced ribs
that show some tendency to anastomose, and KG.1674.6, which is an almost smooth form bearing
traces of fine radial striae. No obvious radial folds or sulci were observed on either valve.

Remarks. The strongly gryphaeoid form and regular concentric ornament link these specimens with
B. concentrica. However, as their mean dimensions are considerably greater than those normally
associated with this species, and their preservation rather poor, they are only tentatively assigned to
it. There is a fairly close correspondence with the few known large forms of B. concentrica from
Europe and Brazil (e.g. d’Orbigny 1846, pl. 404, figs. 1 and 2; Woods 1911, pl. 45, fig. 11; Maury 1936,
pl. 8, figs. 9 and 10). The correspondence is less precise with the large specimens of ‘1. concentricus’
from New Zealand (Woods 1917, pl. 3, figs. 9 and 10) as the latter have somewhat broader and more
symmetrical left valves. Some specimens currently assigned to the New Zealand species, 1. warakius
Wellman (see Speden 1977, figs. 10-16), may well be a better match for the Antarctic material, but
this taxon is currently in need of extensive revision. It certainly seems to possess a strongly
graphaeoid form and probably forms part of a lineage of ‘I concentricus’-like forms which span the
Albian-Cenomanian Motuan and Ngaterian stages. A left valve described by Spengler (1914, pl. 15,
fig. 18) as 1. aff. concentricus from the Lower Utatur Group of southern India shows some similarities
to the Antarctic specimens but is less strongly inflated. In view of their size and apparent lack of radial
ornament, all the foregoing large specimens can only be tentatively linked with Birostrina.

The affinity of specimen KG.103.158 (Pl. 61, fig. 1) to B.? cf. concentrica must be held in some
doubt as it is both considerably broader (apical angle 128) than any other right valve and bears
sharper, more irregular ornament. It could just be closer to certain members of the /. anglicus group.
There are some doubts too about the allegiance of specimen KG.1681.6 (Pl. 61, figs. 3 and 4), whose
strongly inflated profile and almost smooth surface could be matched to Cenomanian species such as
I. corpulentus from Canada (e.g. Warren and Stelck 1940, pl. 4, figs. 4-6) and [. reduncus from the
Soviet Far East (e.g. Pergament 1966, p. 40, pl. 16, fig. 1a; pl. 18, figs. 1a, b and 2a) (see Table 1).
However, no other Cenomanian fossils have yet been recognized in the Fossil Bluff Formation.

Genus Anopaea Eichwald, 1861

Type species. Inoceramus lobatus Auerbach and Frears (1846, p. 492, pl. 7, figs. 1-3) = I. brachovi Rouillier
(1849, p. 439), from the Upper Jurassic of the Ural Mts., USSR; by monotypy (Cox 1969, p. N317).

Anopaea trapezoidalis (Thomson and Willey, 1972)
Text-fig. 9a

1972 *Inoceramus’ trapezoidalis Thomson and Willey, p. 11, fig. 8a-b.
1981  Anopaea trapezoidalis (Thomson and Willey); Crame, p. 215, pl. 2, figs. a-d.

Holotype. KG.18.31a (int.m., LV) from the Fossil Bluff Formation of Alexander Island; illustrated in Thomson
and Willey (1972, fig. 8a) and Crame (1981, pl. 2, fig. a); by original designation.

Additional material. K(G.2880.225, 293,296 (all int.m., LV); KG.1745.10 (ext.m., LV); KG.1745.11 (ext.m., RV).
Both localities are in the Fossil Bluff Formation of Alexander Island (text-fig. 2): KG.1745—locality U, 2 km
NW of Fossil Bluff (717 18" S., 68” 20" W.); KG.2800—Ilocality Q, Fossil Bluff (71° 19" S., 68° 17" W.). The
specimens at the latter locality occur between 88-5 and 111:0 m in a 426 m section (text-fig. 10).

Occurrence. As for material. Previously regarded as Berriasian in age (Crame 1981, fig. 5), it is now apparent that
A. trapezoidalis may be, in part at least, as young as Aptian (Crame 1983a).

Description and remarks. Specimens KG.1745.10 and 11, with shell lengths (as measured from
anterior to posterior extremities) in the region of 15 mm, and specimen KG.2800.295, with a length of
approximately 32 mm, closely resemble the smallest members of this species previously described
from locality K (Thomson and Willey 1972, fig. 86; Crame 1981, pl. 2, figs. b-d). The two smallest
specimens bear traces of a distinct anterior sulcus and specimen KG.2800.293, although lacking this



CRAME: CRETACEOUS INOCERAMID BIVALVES FROM ANTARCTICA S

TEXT-FIG. 9. Anopaea from the Antarctic Peninsula region. a, incomplete internal mould of a large left valve of
A. trapezoidalis (Thomson and Willey) (KG.2800.255); specimen from Fossil Bluff, Alexander Island.
b, incomplete internal mould of a left valve of 4. sp. nov. aff. mandibula (Mordvilko) (KG.1682.37); specimen
from Waitabit Cliffs, Alexander Island. ¢, internal mould of a right valve of A. sp. nov. g (D.8212.261) from a
locality approximately 1-5 km ENE of Stoneley Point, NW James Ross Island. All specimens x 1.

feature, has the remnants of a very deep anterior lunule. Specimen KG.2800.225 (text-fig. 9a) is
similar in general form to the holotype (KG.18.31a; Thomson and Willey 1972, fig. 8a; Crame 1981,
pl. 2, fig. @), but slightly larger. It has a very high, rounded posterior region and much narrower
anterior, and, like the holotype, lacks a clearly defined anterior sulcus. This seems to be a
characteristic of the largest individuals of this species, as is the presence of coarse concentric
ornament. On specimen KG.2800.225 (text-fig. 9a) the ribs are in the region of 3 mm apart over the
centre of the valve and 5 mm apart towards the ventral margin. Specimen KG.2800.296 1s a very
incomplete large left valve with a height in the posterior region of about 65 mm and an estimated
length of 80 mm. It 1s covered with closely set, coarse concentric ribs separated by deep interspaces.

Anopaea sp. nov. aff. mandibula (Mordvilko, 1949)

Text-fig. 9
cf. 1962 Inoceramus mandibula Mordvilko; Saveliev, p. 230, pl. 6, figs. 1-11.

Material. KG.1682.37 (int.m., LV), from a high level in Waitabit Cliffs, Alexander Island (71° 30" 00" S.,
687 14" 30" W.; text-figs. 2 and 10).

Occurrence. As for material. Albian (?Middle-Upper Albian), from its position at a high level in Waitabit Cliffs.

Description. The estimated length of this specimen is 35 mm and the maximum height (dorsal to
ventral margins) is 32 mm. Although most of the anterior region is missing it can be judged to have
been much narrower than the posterior with a height of approximately 17 mm. The well-rounded
posterior region can be traced forward into a short, straight hinge which is partially obscured by the
strongly prosogyrous umbo. The latter terminates in a narrow, pointed beak which overhangs a
deeply excavated anterodorsal lunule (text-fig. 9b). The ventral margin is slightly sinuous due to the
presence of a broad, shallow sulcus of some 12 mm width in its mid-region. This sulcus can be traced
right up into the beak where it sweeps forwards and narrows to just under 2 mm in width (text-fig. 95).
The weakly to moderately inflated valve surface i1s covered with narrow (predominantly < 1 mm in
width) concentric ribs that are regularly spaced but somewhat variable in their intensity; some tend to
fade across the sulcus and others in the posterodorsal region (text-fig. 95). Slightly coarser ribs
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approaching 1 mm in width and separated by interspaces of up to 2 mm occur close to the ventral
margin.

Remarks. The form of this specimen is too rounded and the ornament too fine for it to be related to
A. trapezoidalis. 1t would seem instead to be closer to A. mandibula (Mordvilko) from the Lower
Albian of Mangishlak (Saveliev 1962, p. 230, pl. 6, figs. 1-11). This is an erect, moderately inflated
and finely ribbed species whose left valve can be closely matched with the Alexander Island specimen.
However, there may be some differences between the two (especially in the form of the anterior
sulcus) and specific separation seems to be necessary. B. salomoni (d’Orbigny) also has a strongly
sulcate left valve, but this is typically more rounded-rectangular in outline and bears a broad,
orthogyrous umbo (e.g. Woods 1911, pl. 45, figs. 3-7; Saveliev 1962, pl. 9, figs. 6-9).

Anopaea sp. nov. f8
Text-fig. 9¢

Material. D.8212.261 (int.m., RV); D.8212.262 (int.m., LV). Locality D.8212—valley floor approx. 1-5km ENE
of Stoneley Point, James Ross Island (63 517 40" S., 58” 05" 20” W_; text-fig. 3); the specimens originate from
approximately the 980 m level in the combined section measured on NW James Ross Island (text-fig. 11).

Occurrence. As for material. Aptian-Albian, from its association with /. stoneleyi sp. nov. and probable silesitid
ammonites.

Description. The right valve (D.8212.261; text-fig. 9¢) has an extremely accentuated rounded-wedge
shaped profile; over a length of 23 mm it tapers from a height of 23 mm in the posterior region to
approximately 8 mm at the anterior. The straight hinge has a length of 10 mm and subtends an angle
of 140" with the anterior margin. It leads posteriorly into what appear to have been well-rounded
posterior and posteroventral margins and these in turn pass into an anteroventral region whose
outline is interrupted by a broad, shallow sinus (text-fig. 9¢). Although incomplete, it would appear
that the latter region was extremely narrow and pointed. A slender, tapering posterodorsal wing with
a height at its posterior end of 2 mm and a concave cross-section is sharply demarcated from the main
surface of the valve. Ornament consists of narrow ( < 1 mm), regular concentric ribs separated by flat
interspaces of 1-:0-1-5 mm width (text-fig. 9¢).

Remarks. Although there are some similarities in style of ornament between these specimens and the
Tithonian species, 4. stoliczkai (Holdhaus) (Crame 1981, pl. 1, figs. a-f), they differ significantly in
shell form. In particular, specimen D.8212.261 (text-fig. 9¢) has a less deeply excavated lunule but
more prominent anterior sulcus. There are differences too in shell form from A. trapezoidalis, and in
style of ornament from A. sp. nov. aff. mandibula.

This material most likely represents a new species. The suffix 1s used as a new but unnamed species
of Anopaea has already been described from probable Upper Jurassic strata within the Fossil Bluff
Formation (Crame 1981, p. 213).

STRATIGRAPHIC DISCUSSION
Alexander Island

Preliminary accounts of the distribution of Lower Cretaceous inoceramid bivalves through the Fossil
Bluff Formation have already been given (Crame 19834, b). In these works a simplified stratigraphic
correlation scheme was presented for a series of major localities between Ablation Point and
Keystone Cliffs (text-fig. 2; Crame 1983a, fig. 3; 1983, fig. 2); these were thought to comprise the
greater part of the Fossil Bluff Formation and total approximately 3820 m in thickness. With the
more detailed taxonomic and stratigraphic information given in this study, it is necessary to briefly
re-examine these distributions and further assess their stratigraphic implications.

In the lower levels of Tombaugh Cliffs and highest parts of Callisto Chffs (text-fig. 10),
Retroceramus everestiis of Berriasian age (Crame 1982). Itis probably also present towards the top of
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TEXT-FIG. 10. Occurrence of Lower Cretaceous inoceramids in the Fossil Bluff Formation of Alexander Island.
Localities given in text-fig. 2. Correlations based in part on Taylor et al. 1979, fig. 6 and Crame 1982, text-fig. 9.
Vertical scale in metres (lowest 500 m omitted).

the main Ablation Valley section and it is thought that the uppermost limit of its range can be set at
1675 m. Thus, it overlaps with the occurrences of 1. sp. aff. ellioti (1480 m) and I.cf. ovatus (1675 m)
(text-fig. 10), both of which have also been well established as Berriasian (Taylor et al. 1979; Crame
1983a, b). Moving southwards, structural, lithological, and faunal considerations all suggest that the
top of the Tombaugh Cliffs section correlates with a level slightly beneath the base of the section at
locality K (text-fig. 10). The next inoceramid to appear in the sequence, A. trapezoidalis, commences
in the mid-levels of the section at locality K (2300 m) and continues upwards through locality D to the
2810 m level at localities Q and R (text-fig. 10). The extension of the range of this species into the base
of the Fossil Bluff sections means that it may be, in part at least, as young as Aptian in age; indeed, it is
even possible that it is also Aptian at locality K, as was originally suggested by Thomson and Willey
(1972). At present there is no palaecontological evidence for the age of the beds occurring between
I. cf. ovatus and A. trapezoidalis (text-fig. 10).

. deltoides sp. nov. at the 2800-2820 m level (text-fig. 10) 1s most likely Aptian in age, although
previous comments about possible late Neocomian or Barremian affinities of certain heteromorph
ammonites occurring above it should be borne in mind. If various ammonite species of the genera
Aconeceras, Theganeceras, and Sanmartinoceras, and belemnites of the genera Peratobelus and
Neohibolites, are taken as Aptian (Taylor et al. 1979), then it would appear that this stage is well
represented in the sections at localities Q and R and in the lower levels of Waitabit Cliffs (text-fig. 10).
The transition up into the Albian seems to occur at the latter locality with specimens of B.? cf.
concentrica (3500-3700 m) and Eotetragonites being taken as indicators of the younger stage. Not-
withstanding the possible Barremian affinities of ammonites such as Antarcticoceras and Silesites
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(Thomson 1983), both Anopaea sp. nov. aff. mandibula (3560 m) and I. cf. anglicus elongatus
(3620-3680 m) are also taken to be Albian (?Middle-Upper Albian) in age (text-fig. 10).

The gradual southerly younging of the Fossil Bluff Formation between Ablation Valley and Fossil
Bluff is interrupted by the abrupt occurrence of Albian strata at localities A, B, and C, Succession
Cliffs (text-figs. 2 and 10). These beds, which have yielded B.? cf. concentrica together with ammonites
such as Antarcticoceras antarcticurn Thomson and Ptychoceras sp., are thought to have been
emplaced by a combination of thrusting and normal faulting (Taylor et al. 1979). Further evidence of
stratigraphic repetition of the Fossil Bluff Formation by faulting is provided by the recurrence of
both . deltoides sp. nov. and B.? cf. concentrica at several localities between the Neptune Glacier and
Stephenson Nunatak (text-fig. 2). The exact stratigraphic positions of I. flemingi sp. nov., I. sp. aff.
bellvuensis, and 1. sp. aff. comancheanus are uncertain but it i1s assumed that they occupy a level at least
as high as that of B.? cf. concentrica (text-fig. 10).

James Ross Island

The Lower Cretaceous biostratigraphy established for the Brandy Bay-Whisky Bay region (Crame
1983a, b) can now be extended to the Gin Cove-Rum Cove area (text-fig. 3). This correlation is based
primarily on the occurrence of B. concentrica, which, although unrecorded in poorly exposed strata
at Kotick Point, 1s present in both the North and South Tumbledown Cliffs sections (text-figs. 3 and
11). It 1s enhanced by certain broad lithological comparisons between the two regions and by similar
levels of occurrence of the ammonite provisionally identified as Silesites.

I. stoneleyi sp. nov. (previously identified as a member of the I. neocomiensis group—Crame
1983a, b) occurs in the combined section between approximately 600 and 925 m (text-fig. 11).
Associated fossils, such as ‘Ancyloceras’ patagonicum, small aconeceratids and Aucellina, suggest an
Aptian-Albian age, as do close relatives within the 1. /iwerowskyae group; nevertheless, the
possibility that at least some ancyloceratids and aconeceratids may be Barremian (or even older) in
Alexander Island should be considered in any final age-determination of these beds. To date the only
fossils collected from the lowest 600 m of strata on James Ross Island are a series of juvenile buchiid/
oxytomid bivalves and a small gaudryceratid ammonite. If the beds containing 1. stoneleyi sp. nov.
are confirmed as Aptian-Albian, then this lowest biostratigraphic unit (text-fig. 11) may well prove to
be Barremian or even earlier in age.

Anopaea sp.nov. 8from the 980 m level at locality D.8212 (text-fig. 11)1s also judged to be Aptian-
Albian. The silesitid ammonites with which it is associated can be traced again at the 900-1000 m level
in the Kotick Point section (text-fig. 11). Other fossils occurring in the lower half of the Kotick Point
section include occasional phylloceratid and lytoceratid ammonites, Aucellina and I. cf. sutherlandi,
the latter species in particular has been used to assign an undifferentiated Aptian-Albian age to this
interval. Jnoceramus carsoni, an Upper Albian species in Australia, occurs in the Lost Valley and
North Tumbledown Cliffs sections between 1140 and 1250 m (text-fig. 11). Throughout this range it is
associated with a species of Aucellina close to A. hughendenensis and a so far unidentified species of
Maccoyella. The heteromorph Ptychoceras (Upper Aptian-Upper Albian) has been recorded from
the top of the Lost Valley section and a probable specimen of Beudanticeras (Lower-Upper Albian)
from an equivalent stratigraphic level nearby (M. R. A. Thomson, pers. comm.). Neither /. cf.
sutherlandi nor I. carsoni has yet been found in the Brandy Bay-Whisky Bay region, where the
1000-1300 m interval is predominantly composed of unfossiliferous conglomeratic beds.

B. concentrica occurs in the combined section at approximately the 1375 m level (text-fig. 11). The
Middle-Upper Albian age for this species established in other regions would seem to be confirmed by
its position above /1. carsoni and its association at North Tumbledown Cliffs and locality D.8414
(text-figs. 3 and 11) with turrilitid ammonites (M. R. A. Thomson, pers. comm.). At South Tumble-
down Cliffs there appears to be a regular transition upwards from the B. concentrica beds into
Cenomanian strata characterized by acanthoceratid ammonites and probable members of the 1. pictus
Sowerby group (M. R. A. Thomson, pers. comm.). However, at all other localities so far investigated
the Lower-Upper Cretaceous boundary 1s obscured by poorly exposed conglomeratic strata and
local unconformities (Crame 19835).
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Annenkov Island and South Georgia

Comparisons with similar forms suggest that the most likely age affinities of both 1. annenkovensis sp.
nov. (= I cf. anomiaeformis of Crame 1983a) and I. cf. heteropterus from the Lower Tuff Member of
the Annenkov Island Formation are Hauterivian-Barremian. Nevertheless, it should be emphasized
that these comparisons are somewhat tenuous and the precise age of the sediments on this island
remains in some doubt. A slightly younger age (Barremian or Aptian) age is suggested by the poorly
preserved specimens of aconeceratid ammonites and Aucellina that occur in the upper levels of the
range of I. annenkovensis sp. nov. (Crame 1983a, figs. 6 and 7), but there are also a number of other
faunal elements in both the Lower Tuff and Upper Breccia Members whose significance is as yet
uncertain (Thomson er al. 1982). There 1s still considerable scope for clarification of the
biostratigraphy of Annenkov Island.

Only a single indeterminate specimen of Inoceramus has been recorded from the Cumberland Bay
Formation of South Georgia (Thomson ez al. 1982, p. 178).

SYNTHESIS

Berriasian representatives of the 1. ovatus group (I. cf. ovatus and 1. sp. aff. ellioti) from Alexander
Island provide a possible means of correlation between the earliest Cretaceous strata of Antarctica
and those of the Pacific coast of North America and Siberia. Moving up through the succession of
Antarctic Lower Cretaceous inoceramids, it is apparent that there is then a pronounced stratigraphic
gap before the probable Aptian-Albian faunas of the upper Fossil Bluff Formation and the lower
part of the James Ross Island succession. There is very little evidence of Valanginian, Hauterivian, or
Barremian inoceramids. Of course this time interval may be at least partially filled in the Fossil Bluff
Formation when taxonomic revisions of certain ammonites (notably the heteromorphs) have been
undertaken and stratigraphic studies at localities AP and CC2 (text-fig. 2) completed. Nevertheless,
at present, there is very little firm palacontological evidence for the Valanginian-Barremian stages in
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Alexander Island. Anopaea trapezoidalis (text-fig. 10) may be late Neocomian or Barremian in the
early part of its range but this has yet to be confirmed.

Although the Cretaceous sedimentary succession in the James Ross Island area is thought to
commence at approximately the Aptian stage, there is evidence of lower stratigraphic horizons at at
least two localities on the east coast of the Antarctic Peninsula. Late Hauterivian-Barremian
dinoflagellates and coccoliths have been recovered from a 750-1000 m conglomeratic sequence on the
Sobral Peninsula (text-fig. 1), and at Pedersen Nunatak (text-fig. 1) a 142 m sequence of con-
glomerates and sandstones has yielded ammonite fragments referable to the South American
Hauterivian species, Favrella wilckensi (Favre) (Farquharson 1982; Thomson and Farquharson
1984). Further north, I. annenkovensis sp. nov. and I. cf. heteropterus from the Lower Tuff Member of
Annenkov Island have Hauterivian-Barremian affinities. The latter species in particular, through its
link with a distinctive North Pacific inoceramid group, suggests an Upper Hauterivian age, but
balanced against this is the presence of both aconeceratid ammonites and Aucellina in the same
stratigraphic unit. Perhaps the best compromise is to regard the age of this unit as Barremian. Early
Cretaceous marine sediments on Byers Peninsula (South Shetlands) are probably confined to the
Berriasian and Valanginian (Smellie er a/. 1980) but isolated marine intervals within the Mesozoic
alluvial fan conglomerates of the South Orkney Islands (text-fig. 1) may range as high as the
Hauterivian (Thomson 1981).

The paucity of Valanginian-Barremian inoceramids from the Antarctic Peninsula region as a
whole enhances the impression of a general hiatus at this time gained from the study of other faunal
groups (notably the ammonites, e.g. Thomson 1974, 1982). This may well be linked with a significant
marine regression as the Antarctic Peninsula underwent a major phase of uplift and magmatic activity
(Farquharson 1982). It has been suggested that the simplest explanation of this orogenic pulse was an
increased rate of subduction of the Pacific Aluk plate beneath the Antarctic Peninsula margin of
Gondwana. Such an event 1s thought to have been a likely precursor to the Valanginian opening of
the South Atlantic and Weddell Sea basins (Farquharson 1983).

1. stoneleyi sp. nov., the lowest species to occur in the James Ross Island succession, can be
matched with Aptian-Albian members of the I. liwerowskyae group from Spitsbergen, south-
western USSR, and the far-eastern USSR. Similarly, I. deltoides sp. nov. from the Fossil Bluff
Formation is close to specimens of I. subneocomiensis and I. neocomiensis known from a number
of Northern Hemisphere localities. The 1. neocomiensis group is a particularly interesting one in
that it may be one of the earliest Cretaceous inoceramid groups with a cosmopolitan distribution.
It is succeeded by the B. concentrica group which is truly worldwide in its occurrence. The Middle-
Upper Albian age of B. concentrica on James Ross Island is supported by ammonites and this
species 1s generally regarded as one of the most useful for both local and regional correlations in
the Antarctic Lower Cretaceous. On Alexander Island the presence of B.? cf. concentrica in
the Waitabit Cliffs and Keystone Cliffs sections suggests that a general correlation can be made
between the uppermost levels of the Fossil Bluff Formation and the 1375 m level on James Ross
Island (text-figs. 10 and 11).

Other high level inoceramids in the Fossil Bluff Formation include /. flemingi sp. nov., a probable
member of the 7. liwerowsk yae group, and three species (1. cf. anglicus elongatus, I. sp. aff. bellvuensis,
and 1. sp. afl. comancheanus) that have their strongest affinities with the cosmopolitan /. anglicus
group. Both the latter three and 1. sp. aff. anglicus from Dundee Island can be compared with
specimens from a wide range of Northern Hemisphere localities. Representatives of the 1. carsoni
group in the James Ross Island succession provide a direct link between the Antarctic Peninsula and
Great Artesian Basin of Australia; in particular, /. carsoni indicates a correlation of the 1140-1250 m
interval with stratigraphic units such as the Allaru Mudstone of Queensland (Day 1969). Anopaea sp.
nov. aff. mandibula may furnish another connection between the Aptian-Albian Fossil Bluff
Formation faunas and those of the south-western USSR.

The Fossil Bluff Formation apparently terminates in the Albian (Taylor ez al. 1979), but the James
Ross Island succession passes up into Cenomanian and younger beds (Crame 1983b).
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