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I)REFACE

This report is based on field work by the autlor, supplemented by study of
extensive fossil collections fron late Upper Jurassic and early Lower Cretaceous
rocks of a vast axea of western Canada. The collections were made by offcen of
the Geological Survey and othors during the course of geological mapping

The author has rnade a detailed study of these faunas, mainly species of tlre
genus Buchia (:Aucella) and has worked out a practical zonation and conelation
of the late Upper Jurassic and early Lower Cretaceous rocks of the resion.

J. M. HARRISON

Director, Geological Survey ol Canatla

Otrewl, December 3, 1,963
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Bulletin l03-Spiitoberjurassische und friihunterkreta-
zische palliontologische Zonen in den kanadischen
Kordilleren Britisch Kolumbiens.
Von J. A. Jeletzky

Ero;rreresr 103 - flo3AHHe BepxHelopcxlze Ir pau-
gI.IC HHXHEMEJIOBbIC NAJICOHTOJIOTHqCCKI.IC 3OHbI

e 3ana.aHsrx Kopaunlepax KaHa.[bI.
IO. A. E eqKufi

V1

I
L



CONTENTS

In t roduc t ion  ond achnowledgments  . . . .  . .  . . . . . . . . . . . .

Other index fossils at'ailable

Proposed lossil zone s

PAGE

1

3

1 5

17

l 7

1'�7

20

2Q

2 7

3 5

43

49

5 5

56

57

64

67

Late Upper Jurassic

Buchia cf. blanfordiana zone . ....

Early I-ower Cretaceous

Buchia tolmatschowi zone

Buchia pncifica n. sp. zone

Btrchiq crassicollis s. str. zon(

Latest Valanginian rocks?

Buchia okensis zone ..

Bucl a uncitoides zone . .. ........ .

Prouincial character ol launas..

Phglogeny and. zoogeograbJty of North American Buchia Species

Zonal correlation ol some hey sections in southern Brit ish
Columbia and northu'e stern l l ashington.........

Illustrations

Plates I to XXII. lllustrations of fossils .. . .... Following p. 7O

Figure 1. Correlation with European zones and international standard
stages . ..... . .... . Fac.ing p, 2

2. Correlation with adjacent regions of Western and Northwestern
North America . . Facing p. 2

3. Phylogenetic relationships, Buchia species . .. .... Facingp. 58
4. Biochronological correlation chart ... . . .. 65

v1l



LATE UPPER JURASSIC AND EARLY LOWER
CRETACEOUS FOSSI ZONES OF THE
CANADIAN WESTERN CORDILLERA.

BRITISH COLUMBIA

A b stra ct
Six provisional fossi l  zones are proposed: ()) I luchia cf.  blanlordidd,

Substcueroceta.r st tltonil, anl G)nlnodiscoc?rus sp. ind..? latest Portlandian
s. str.?; (2) Bkclt id ol iet lsis Berriasian; (3) l luchi lulci toidcs a\d Spit iceras
spp. Berriasian; (4) B chid tt)lntutschowi, Tolliu paucitostato, and Tollia
ntutal) i l is Valanginian; (5) Buclt ia p(.t i f ic/ j-yal^neinjan; and (6) tr lcirnr
cra::itolli.r s. slr. and Diclnbnlites qllatsi oensis -Valanginian.

Br?clfu (better known as lrlc?//d) species are rather variable, often facies
tround and homoeornorphically similrr; thcy are, consecluently, difllcult to use
as zonal fossi ls.

The evolulion of this genus is dorninated by 'reversible moryhological
shif ts ' .  The use of the fol lowing biochronological ly important ' j rreversiblc
otthogenetic (betler named orthoselectionary) trends' in sense of Jeletzky
(1955, p. 483) per-mits, however, separation of homoeon,orphs resul l ing from
this_iteralive evolution and the clating of maDy Buchiu faunas on evollrlionary
graoe alone:
(1) Transformation of a narrow, shallow, and anteriorly open (Mcleagritletkr

l ike) groove on thc rLnderside of byssus car of B. (oncentt ica - carly B.
tno"^ctuensis into the antcriorly closed. spoonlike excavation of late B.
ntosque sis, B. piocltii, and yolnger species. Progressively stronger bend-
ing of byssus ear towar-ds the left valve proceecls sinullaneously. Thc
ear l ies essential ly in the plane of conlact of vah,es in Oxfofdian-
Kimmeaidgian species but beconles ma.kedly oblique to it in the Port
landian s. str.  late Ber asian species and, f inai ly. almost perpendicular
l o  i r  i n  some  Be r r i a \ i an  and  \  i l : r n l i n i an  spcc ies .

(2) Replacement of forms with right-handed incurvatlrre of left beaks (8.
cotrcenlrica-B. ntosqucnsis) first by the essentially straight-beaked forms
(8. piochi i-8. ),olget*is-8. kqsul inl l i -B. verthi) and then by forms wiih
marked to pronounced left'handed incurvature (8. lotm lchovi-B. pd,i-
fcrr). Only tbe Nolth Pacific lineage reached the lasl-mentioned evolu-
tionar-y stage. All contemporary and younger repres€ntatives of tbe
Arctic lineage retained essentially straight left beaks.
Br./iid species are reliable zonal fossils when closely studied, and are

the only fossi ls abundant €nough in thc Iatc Upper Jurassic and early Lower
Cr'ctaceous rocks of the region to be usefLll. For these reasons they form thc
backbone of the proposed zonal sequence. All other fossils, ammonites not
cxcluded, can mostly be sed only to control the t in,e ranges of r??clfu species
and to correlate Btrchia zones with the international standard staees and zones.

Each of the zonal indices proposed is Je.cribed and f i8urel l .  Some other
important fos.sils are described and fi$red; others are figurcd but not
doscribed.

All the proposed zones are valid for the adjacent regions of the Pacific
slope of No h Amer-ica from California to Alaska. Most of these zones are,
however, not valid for northeastern British Columbia and Arctic Canada,
thich regions belong to another faunal subprovince characterized by therr
own seq[ence of Brcrid species. These mostly belong to another Buchi(i slock
than that which inhabited the Canadian western Cordi l leran region, These two
rtocks are discussed in detai l  and designated respectively as the morpho-
logical ly progressive' (or North Pacif ic) and 'conservative' (or Arct ic) i ineages
of the senus.

Several key sections in southern British Columbia and norlhwesiern
Washington are correlated by means of the Buchio zones. This correlation
reveals the extreme complexity of facies changes of the late Upper Jurassic
tnd early Lower Cretaceolrs locks of the region, which precludes their correla-
t ion by l i thological means. The lrse of palaeontological- correlat ion in
preference to ali other nethods is, therefore, orged for the entire Canadian
testern Cordilleran region.
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Risumd

L'auteur propose d'6tabl ir  siz zones fossi l i fdres provisoires: (1) Ceile :r
Buchio cf. bldnlordidna, Sttbsteuaroceras stantoni?, et Gyntnodiscoceras sp. ind.'l
-de la fin du Portlandien s. str.?. (2) Celle i Buchia ofenr!.r, du Berriasien.
(3) Celle A Bucllia uncitoidcs et Spiticcrss spp., du Berriasien. (4) Celle a
Buclio tolnttuschotvi, Tollia paucicortakt et Tollia nutabilis, du Valanginien.
(5) Celle d Buclia pacifica, du Valanginien, et (6) celle it Buchia crassicollit
s. str. et Dichotunlites quatsinoensis, aussi du Valanginien.

Les espices de Bucltia (ou mieux Aucelld) prese\te\t plusieurs par-
ticularitds variables. dues Darfois i leur facies ou A leurs caractCrcs hom6eo-
morphes semblables, de so;te qu'elles ne peuvent gu6re servir de fossiles types
pour les zones.

L'6volution de ce genre est caract6ri#e par des modifications morpho-
logiq[es reversibles. Importantes du point de v|te biochronologiques, les
suivants teodances orthog6n6tiques irr6versibles (ou mieux o hos6lectives), au
sens de Jeletzky (1955, p.483), permettent de dist ingler les 6speces hotnoeo-
morphes qui proviennent de cette dvolut ion rdp6t6e et d'€tabl ir  la chronologie
de  p lus ieu rs  f c  nes  r  l t r i , y ' r i , , .  dap r i s  l e r r r . l eg rd  ddvo lu l i on  \ eu lemenr ,  . avo i l :

(l) La transformation d'une rainure 6troite, peu profonde et ouverte A I'avant
(comme dans le cas de Melcagrirel/d), situ6e sous l'oreillette du byss s
de ll. concentrica-U, trlosqucnsis primitif, dans un cre x en forme de
cuiller, ferm6 ii I'avant, du B. fiosquen:is rCcent, B. piodrii et d'espdces
plus rcce,ntes encore, En m€me temps, on voit que Ia courbure de
l'oreillette progresse peu iL peu vers la valve gauche. La plus grande
partie de l'oreillette se trouve dans Ie plan de contact des valves, dans les
espEces l  Oxfordien - Kimmeridgien, mais el les devient sensiblement
ohlique par rapport au plan dans celles du Portlandien s. str. et celles de
Ia fln du Berriasien; enfin, elle est presque perpendiculaire au plan de
contact dans certaines espdces du Berriasien et du Valanginien.

(2) Le rcmplacement de formes i bec gauche courb6 vers la droite (8.
(oncentrica-B.tnosq en.\ls), d'abord par des formes i bec ir peu pres
dtoit (B.pioLhii-B.yolgensis-B.kq)setli gi-B.l,crl,lri), puis par des formes
a courbrrre vers la gauche. dont certaines sont iL peine discernables et
d xutres nettemenr pronouncees (B.tolmatschow i-B.paci lrcd ) .  Seules les
familles du Pacifique-Nord ont attcint ce dernier stade de l'6volutiorr.
Tous les repr6sentants de la famille Arctique, contemporains ou plus
r6cents, ont conserv6 des becs gauches presque droits,
Les especes Buclrd, lorsqu'on les 6tudie minutieusement, servent de fossiles

caract6ristiques aux zones. A cause de leur abondance, ces fossiles sont les
seuls qui puissent servir i cette fin, dans les couches de la fin dLl Jurassique
sup6rieur et du d6brt du Cr6tac6 inf6rieur. C'est pourquoi ils forment le
coe[r de la succession zonale proposee, La piupart des autres fossiles,
ammonites incluses, ne sont bons que vdri f ier Ies interval les chronologique6
des espdces Buchia et i rattacher les zones :i Brcr,.j allx 6tages et zones
6tablis intemationalement.

On d6crit et illustrc chacun des indices zonaires. Certains autres fossiles
importants sont d€crits et illust#s, tandis que d'autres sont simplement illustrds.

Toutes les zones propos€es sont valides pour les r6gions voisines du talus
du Pacifique, de la Californie i I'Alaska, mais la plupart ne le sont pas Imur
Ie Nord-Est de la Colombie-Britannique et le Canada arctique, regions formant
1lne autae sous-province faunique camct6ris6e par sa propre succession d'espGces
Buchia. La ptrpa appartien_nent ) une ram_eau dtB4clrr'r diff6rente de_celle
qui habitait l'Ouest de la CordillCre canadienne. On traite :l fond de ces deux
rameaux d6sign6es respectivement sous les noms de rameau mor'phologique-
ment progressivo (olr du Pacifique-Nord) et de rameau conservatrice (ou de
I 'Art iqlre).

Les zones d Buchia seNet\t i rattacher Dlusieurs couDes cssentiels du
Sud de la Colombie-Britannique et du Nord-Oiest de l'Etaa de Washington.
Cette mise en corrdlation rdvdle l'extrome complexit6 des variations du facres
de la fin du Jurassique sup6rieur et du d6but de I'Infracr6tace, ce qui empCche
de les rattacher lithologiquement. On pr6conise donc d'utiliser, pour tout
I'Ouest de la Cordill;re canadienne, la m6thode pal6ontologique de corr€lation,
de pr6f6rence ir toutes les autres m6thodes.



INTRODUCTION AND ACKNO.WLEDGMENTS
This report, which summarizes the information now available on the macro-

tbssil zonal succession of the late Upper Jurassic (latest Portlandian?) and early
Lower Cretaceous (Berriasian and Valanginian) marine rocks of the Canadian
western Cordillera, is based on ficld work on the west coast of Vancouvcr Island
(Jeletzky, 1950) and in Quatsino Sound (Jcletzky, 1954b). The lleld work was
supplemented by study of the regional l i terature (Crickmay, 1930a, b; 1962) and
of numerous lossil collections made by officers of the Geological Survey and other
persons.

The richly fossil i ferous, thick, and mostly continuous late Upper Jurassic and
early Lower Cretaceous sections of western Vancouver Island, which have been
studied in considerable detail, are used as the regional standard of reference.
Other fossil collections and stratigraphic data used are interpreted here in terms
of the standard faunal sequences of the western Vancouver Island.

Standard faunal sequences previously proposed for the late Upper Jurassic
and early Lower Cretaceous rocks of thc western Cordillcra of the Americas,
Canadian Arctic, Greenland, Northem Eurasia, New Zea.land, and elsewhcre, have
proved valuable and have made it possible to relate the Canadian western
Cordillera-n zones proposecl here to the intcrnational standard stages, to deiermine
the age relationships of some of the zones of that region, and to corrclate them with
other regional zones. The rcmarkable similarity of the zonal sequence of our region
to those published previously for some other regions has hastened the preparation
and greatly increased the reliabil i ty of the conclusions presented hefc.

The interpretation of pertinent foreign data has been greatly facilitatcd by
the kind cooperation of many colleagues in and outside of North America. and all
such assistance is gratcfully acknowledged.

Spccial thanks are due to Dr. D. T. Donovan, Depa ment of Geology,
University of Bristol, England, Dr. Leo H. Hertlein, Dcpaftment of Geo:logy, The
Science Museum of the California Acaclemy of Sciences, San Francisco, U.S.A.,
Dr. Joseph H. Peck, Jr., Museum of Palaeontology, University of California,
Berkeley, U.S.A., and Dr. C. A. Fleming. Geological Survcy of New Zealand,
Wellington, New Zealand, who havc kindly provided valuable comparative collec-
tions and plaster casts of the late Jurassic and early Lower Cretaceous B&cAia
(bcttcr known as Aucellcr) and ammonite species from the western United States,
east Greenland, and Indo-Pacific region. Sincere thanks are also due to Dr. Peter
Misch of thc University of Washington, Seattle. who loaned important Iate Jurassic



and carly Lower Cretaceous fossil collcctions fronr Nooksack arca and Spieclen
lsland, in the northwestern part of thc State of Washington adjaccnt to thc
Canadian westerrr Cordil lera. Dr. Misch also made available important strati-
graphical data obtained in the Nooksack area.

Except for the valuable early work of Crickmay ( I930a. b; 1962), this is thc
first attempt at palacontological zoning of the late Uppcr Jurassic and early Lower
Cretaceous rocks of the region. lt is bascd on detailed study of only a few repre-
scntative sections supplemented by study of numerous but often stratigraphically
uncertain fossil collections brought in by mapping geologists. The results obtainecl
so far are, thus, somcwhat preliminary in nature and more detailed fielcl work is
necded to test and provc the regional validity of some of the fossil zones proposed.

Somc of thc spccific and generic n.lmes adopted for zonal indiccs and othcr
important zonal fossils are used provisionally and may bc subject to latcr rcvision;
some other namcs used in thc rccently published abstract of this report (Jeletzky.
1959) had to be revised here. Nomenclature of North American, Eurasian. and
fndo-Pacific species of Buchia is in a state of confusion duc to the supcrabundancc
of names proposed by various workers, as well as to the unsatisfactory dcscriptions
and poor figures of some kcy specics. Somc of the most commonly uscd specific
namcs have proved to be junior synonyms of oldcr namcs, and it seerns l ikcly that
other commonly used names wil l cventually be suppressed. Thc same is true of
thc latest Jurassic and early Lower Crctaceous ammonitcs both at specific ancl
gcneric levcl. Therefore, the writcr' attempted to kecp thc specific and gencric
nomenclature as simple as possible, and to apply opcn nomenclaturc whencvcr in
cloubt about the correct names for the Canaclian fossils conccrnecl.
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USE AND LIMI I ATIONS OF BUCHIA SPECIES

AS INDEX FOSSILS

Species of Buchia (bctter known as Auc'ellu) are for the most part the only

biochronologically valuable fossils abundant and widespread enough in the late

Upper Jurassic and early Lower Cretaceous rocks of the region to be useful as

zonal indices. The same is true elsewhere in western and northwestern North

Amer ica ( lmlay.  1957,1959;  Jeletzky,  1958,  1959'  1960,  l96 la,  b) .  The zonal

sequencc proposccl here is, therefore, based largely on thc succession of Buchia

species. Most of these palaeontological (as opposcd to neontological) species

appear to be successive stages of two or nlore unintcrrupted evolutionary l incages'

This circumstancc strongly increases their biochronological value in providing

completc biozones rather than partial fossil zones or tcilzones (Jeletzky, 19-55' pp.

484-490.499-50 l ) .
Six reasonably retined Buc'hia zones have so far been recognized (Fig. | ).

This zonal sequence differs considerably from that recently proposed by lmlay

(1959, 1960) for the western Cordil lera of the United States, including Alaska.

Some of thcse clifierences are probably causecl by the provincial nature of cerlain

United States and Canadian specics (e.g., the apparent absence of the well-defined

Ruc'hia pioc.hii zone in our region and the absence of Buchiu ct. blanfordiqna zore

in Califbrnia ancl Oregon). Other differenccs may be due, in part at least, to the

incompleteness of the California and Oregon sections used as the standard of

reference by Imlay (1959), as for instance the apparent absence of most of the

Berriasian stage in thesc states. Yet other differences arise from Imlay's ( 1959)

more comprehensive concept oli Buchia species. Imlay has amalgamated several

closely related, but nevertheless independent, species (e.g., Buc'hia cf. blanfordiuna

and B. mosquensis yar. rugo,\u on the one hand and ll. uncitoicles, B. tolmatschowi,

B. pacifica n. sp., and B. crussicoll is s. str. on the other), which characterize

successive zones in the Canadian western Cordil lera and probably in the United

States as wcl l  (  F ig.  2 ) .
Use of Buchia species for a retined zonal correlation is certainly not easy as:

Firstly, all species studied were benthonic forms similar to oysters and Mytilus

(Sokolov, 1926.p.32) in their mode of l i fe. Many exhibit considerable range of

morphological variation caused by the degree of crowding (op. cit., pp. 3l-34;

Imlay, 1959) and variation in other l iving conditions. None of the taxonomically

impoftant morphological features of Buc'hiu shell lends itself to exact measurement

or to statistical treatment.
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Secondly, many species apparently $.ere facies controlled and regionally

restricted within western and northern North America, whereas other species

developed regional or provincial subspecies from one basin to another. Some other

species were, however, facies-breaking and circumboreal in their occurrence (e.g..

B. okensis and B. crassicollis s. str. ) .
Thirdly, the evolution of Buc'hia is dominated by the 'reversible morphologi-

cal shifts', with only two 'irreversible orthogenetic (better named orthoselectionary)

t rends ' in  the sense of  Je letzky (1955,  p.483)  recognized so far .  I t  is ,  conse-

quently, often difficult to separate those morphologically similar forms ot Buchio

that arose repeatedly (iterative evolution) at different times in the same or in

different lineages of the genus. The two now known irreversible orthogenetic trcnds

of Buchia are discussed herein because of their outstanding biochronological

importance.
The first 'trend' in the evolution of Buchiet consists in the more or less

regular irreversible changes of the shape, size, and orientation of the byssus ear

and other parts of the ligamental plate of the right valve.

The mid-Callovian (earliest known) to? late Kimmeridgian (inclusive of

Vetlianka beds but exclusive of Dorsoplanite,s dorsoplanus zone which does not

seem to be distinguishable from Virgatites (Zaraiskites) scyticus zone contrary to

the opinion of Arkell, 1956, pp. 489-490,494) representatives of the Buchia lata-

concentrica (?--bronni) -early B. mosquensls species group are characterized by

the occurrence of a shallow and narrow groove on the essentially flat inner surface

(underside) of the byssus ear. This groovc may be barely noticeable. Unlike thc

corresponding groove of the younger Buchia species, the groovc discussed here is

typicalty wi<Je opcn at its anterior (Pl. I, figs. 1A-C) and posterior cnds. The byssus

ear o'f the Buchia luta-concentrica ('? .bronni)- early B. mosquensis species group

is, at that, oriented more or less in the plane of contact of the valves and may bc

<lirected either forward or obliquely upward; it is not appreciably bent towards the

left valve (Pompeckj, 1901, Pl. XV, fig. 2 non fi}.5; this paper Fl. I, f igs. 2, 7OB.

10F). The byssus notch is accompanied by a gaping slit over a considerable

distance backward from its anterior end (Pl. I, f igs. 1A, 1C, 2, 10F). The surface

of the right ligamental plate is oriented almost directly upward'

The byssus ear, and other parts of the right ligamental plate, of thc mid-

Callovian to late Kimmeridgian Buchia species are, thus, rather similar to those of

Meleeryrinellu (see Pompeckj, 1901, Pl. XV, figs. 1, 1). This similarity was

already responsible for the erroneous assignment of such Oxfordian Meleagrinello

species as "Aucella" radiqta (Trautschold) and "Aucella" impressae Quenstedt to

Buchia by Pompeckj ( 1901).
Most or all of the Portlandian s. str. and early Upper Tithonian (-Aquilonian

or purbeckian) buchias, beginning with the typical (or late) forms of B.

mosquensis (Buch) s. lato from Virgatites (Zaraiskites) scyticur zone of middle

Russia and its equivalents (see Pavlow,1907, text-figs. 11, 15, 17;Pl. II, f igs. 5C,

2OB-20c) and including B. piochii var. russiensrs (Pavlow, 1.90'1, Pl. lII, figs.

148-I4C; this paper, Pl. I, figs. 3D-3E), B. piochii var. mniovnikensis (Pavlow,

4
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1907, PI. fI, f igs. 9B-9C; this paper, Pl. I, f igs. 48,4C,4D) and B. piochii var.
.subovalis (Pavlow, 190'7, Pl. I l I, f igs. 13A-13D) from the younger beds, are
characterized by a different structure of byssus car and other parts of the right
l igamental plate. Their byssus ear is, relatively speaking, considerably larger and
stouter tian that of the older Buchia species. At the same time it is markedly bent
towards the left valve, its anterior surface usually forming an angle from 25 to 50
degrees, and rarely up to 80 degrees (Pl. I, l ig. 3E), with the plane of contact of
the valves. The lower, anterior margin of the byssus ear extends ridge-like across
the anterior end of the groove occurring on the inner surface of the byssus ear.
blocking it completely or in part. The posterior end of this groove is more or
less markedly constricted. This blocking and constriction, together with thc
deepening and widening of the middle part of the groove, result in a distinctly
'spoonJike' shape of the inner surface of the byssus ear in this species group. This
spoonJike shape of the byssus ear seems to be absent in the older species, with
possible exception of some morphologically advanced Upper Kimmeridgian repre-
scntativcs of B. Uosquensis var. politer (Keyscrting, 1846) (-var. tenuistriota
L a h u s e n , 1 8 8 8 ) .

Thc surface of the right ligamental plate of the Portlandian and carly Upper
Tithonian Buchia species group is markedly slanted inward (Pt. I, f igs. 3D, 4E
and 5D) at angles ranging from 25 to 50 degrees in the material available. Unlikc
that of thc latest Jurassic and early Lower Cretaceous buchias (see bclow), the
byssus notch of the species group discussed here only differs from that of the older
buchias in its slit being somewhat narrower (Pl. I, f igs. 48, 4D) and/or shorter
(PI .  I ,  f ig .  3D).

Pf ate I, f igures 3A-38, 4B-48, 58, 5E il lustrate the known range of variation
of the byssus ear and other parts of the ligamental plate in this species group on
the example of a single Upper Portlandian palaeontological population of Buchict
piochii s. lato. Most of the specimens are closely similar to that shown in Plate tr.
figure 4. The specimens transitional bctween those figurcd on Plate I, figures 4 ancl
5 are also fairly cornmon. Those approaching the specimen in PIate I, figure 3, are,
conversely, exceptionally rare. They appear to be 'prophetic' of the evolutionary
grade o{ the byssus ear typical of the younger buchias.

The byssus ear of most or all of the latest Jurassic (late Upper Tithonian)
and early Berriasian buchias loses the spoon-like appearance of their Portlandian
and early Upper Tithonian predecessors. Because of the generally more pro-
nounced bend of the byssus ear, its inner surface is much more deeply excavated
and lacks the posterior constriction. lts appearance is that of a rathcr deep and
wide, wedge- to hoof-shaped embayment. This embayment is usually somewhat
longer than wide, wide open at its posterior end, and closed at the anterior end.
At its posterior end this embayment is cither as deep or somewhat deeper than
wide. Unlike those of the earlier buchias, the walls of the byssus notch of the
here-discussed species group either almost touch each other or are closely pressed
together. The urgle between the anterior surface of the byssus ear and the plane
of contact of the valves seems to vary within the same limits as in the Portlandian
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and early Upper Tithonian buchias. The values exceeding 40 degrees appear,
however, to be the rule in the uppermost Jurassic and early Berriasian buchias
and the 50-to-80 degrees angles become fairly common.

So far as known, the previously discussed conditions prevail in the latest

Jurassic representatives of B. fischerianu s. lato, B. terebratuloide,s s. lato, B.

subinflcta, and ,8. unschensis (Lahusen, 1888, PI. II, f igs. 9-10; Pl. IV, f ig. 17.

and personal observations on the Canadian material). . ludging by some poorly
preserved Canadian and American matcrial in the writcr's possession, thc same is
probably true of the latest Jr.rrassic representatives of B. piochii s. lato. The same
is, f inalfy, true of such early Berriasian species as B. ctkensis s. lato (Pl. lV, f igs.
4C, 6D, l0B- l0C),  B.  vo lgensis s .  s t r .  (Lahusen,  i l888,  Pl .  I I I .  f igs.  7-8,  l0-11) ,

and the early forms of B. uncitoirles s. lato (Pl. IV, f ig. 7C).

The late Berriasian and Valanginian buchias are not uniform in the structure

of the byssus ear and othcr parts of the l igamental platc. Onc group of specics,
which is largely restricted to northern Eurasia and the Canadian Arctic, re-

tained thc foregoing evolutionary grade of the latest Jurassic and early Berriasian

species at least unti l the late Lowcr Valanginian. This species group includes B.

t,olgensis s. str. (Lahusen, I 888, Pl. I II, f igs. 7-U, l0-1 I ), late forms of B.

terebratuloitles, latc forms of B. okensis s. Iato, and carly to typical forms of B.

kel,serlingi s. lato. Only occasionally during the late Lower Valanginian did the

immediate descendants of this species group, such as the late forms of B.

keyserlingi, B. ex. gr. inflata-sublaevis, and? B. crassicollis s. str., acquirc a different,

morphologically more advanced structure of the byssus ear (see Pompeckj, 1901,

P l .  X V ,  f i g s . 6 , 8 - 1 0 , 2 1 ; t h i s  p a p e r ,  P l .  I ,  f i g s . 7 , 8 ;  P l .  X X l ,  f i g . 6 8 ) .  T h i s

structure appears to be indistinguishable from that of the byssus ear of the second

species group of the late Berriasian to Valanginian buchias described below. These

Eurasian Buchicr species are accordingly dcscribed in connection with this un-

related species group rather than with their Berriasian to early Valanginian

anccstors.
The second species group includes most or all of the late Berriasian and

Valanginian buchias of the Pacific slope of North America. In this group,

beginning with its late Berriasian representatives, such as Buchia uncitoides s. lato,

the anterior surface of the byssus ear usually forms an angle of 70 to 90 degrees

with the plane of contact of the valves. This represents a further 'stabilization' of

this feature at the highest values already known but exceedingly rare in the
Portlandian to early Lower Tithonian buchias, and more common but still rare
in the uppermost Jurassic and early Berriasian buchias. Because of the greater
value of the above angle, the byssus ear of this second species group becomes
rather high when viewed anteriorly and is almost to quite invisible when viewed

from the exterior of the right valve (Pl. l, f igs. 7, 8A; Pl. IX, f igs. 1A, 6y'^,744,

15A,21A; Pl .  X l l I ,  f igs.  1A,4D; Pl .  XXI ,  f ig .  6, { ) .  At  the same t ime the

wedge- to hoof-like shaped embayment of the inner surface of the byssus ear
becomes relatively deeper, shorter and wider (Pl. I, figs. 88, 8E) as cornpared
with that of the latest Jurassic and early Berriasian buchias. ln the species group

6
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discussed here this embayment is usually deeper than wide and at least as wide at
the posterior end as it is long.

The right ligamental plate is usually proportionally wider, thicker and its
surface is stronger slanted inward than that of any older Buchia species, including
the early representatives of the first late Berriasian to Valanginian species group
( . ree  above )  (P l .  I ,  f i gs .  88 ,  8E ;  P l .  IX ,  f i gs .  l 4C-14E ,20C,21C,21E) .  The
inward slant of 45 to 50 degrees appears to be the rule in this second species
group. judging by the material available. Even greater angles may be characteristic
of some other insufficiently known Valanginian Buchia species.

So far as known, the conditions discussed here prevail in the typical ancl late
forms of Buchia uncitoit les s. lato (Sokolov, 1908b, pl. I, f igs. 11, 13a-l3c; this
pape r .P l .  lX ,  l i gs .  1 ,2 ,14 .  15 ,20 .21 ) ,B . to lma tsc 'how is .  l a to  (Soko lov ,  1908b ,
Pl ,  I I .  f igs.  2a-2b;  th is  paper,  Pl .  XI t l ,  f igs.  1,4;  Pl .  XV,  f ig .4) ,  B.  paci f ica n.
sp.. Pl. XlX, f ig.4C). The same is true of B. crassicollr.s s. str. (pl. XX, fig. 88.
Pl. XXI. fig. 68) and other representatives of B. keyserlingi-inflata-sublaevis
species group (see p. 6).

The rvalls of the byssus notch are always closely pressed togcther. ln the
valanginian species, at least, thcy clo not lcave any visible sl,it, cxcept at the
'anterior' 

end (in the late Berriasian and Valanginian Buchia species concerned
this is actually the lowcr end, because of the byssus ear being almost pcrpendicular
in relation to the lcft valve) of the byssus notch (Pompeckj, 1901, p. 326, pl.
XV.  f igs.  6,  8-10;  th is  paper,  Pl .  l .  f ig .  8E).

The evolutionary development of thc byssus ear of Bcrriasian and Valanginian
specics of northern Eurasia and the Arctic is, thus, considerably retarded as
comparcd with that of thc, contenrporary Ruchiet species of the Pacillc slope ot
North America. This suggests that these Eurasian and Arctic Buchia species
cvolved independently from thosc of the Pacific slope of North America. This
conclusion is supported by the prcsence of a closely similar discrepancy in the
cvolutionary rates of devclopmcnt of the left beak of the same two species groups
(see below).

Transitional forms connccting thc mid-Callovian to late Kimmeridgian buchias
with the younger species abound in the late Kimmeridgian and early Portlandian
s. str. palaeontological populations of Buchia mosquensis s. lato. The mid-Upper
Tithonian and younger rocks are similarly rich in transitional forms betwecn all
other abovc-discussed, morphologically clistinctive species groups of Buchiq. -fhe

cvolution of byssus ear and other parts of the right ligamcntal plate of this genus
must have proceeded gradually and without any major evolutionary jumps
(Waagen's mutations ) throughout.

All Buchiu sp'ecies of the Canadian wcstern Corclillera dcscribecl herein
bclong to the younger (early Portlandian to valanginian) species groups. Among
them. the latest Portlandian? B. cf. blanfortliana (Stoliczka) has the evolutionary
gradc ofi the late B. mosquensrs s. lato-B. piochii s. lato species group (pl. xxII-
f ig. 2). It is, therefore, easily distinguishable from other Buchia spccies described
here on the structure of its byssus ear, ctc. alonc. Among the early Lower
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Cretaccous species, B. okensis (Pavlow) s. lato. the early forms of B. uncitoides
(Pavlow) s. lato, as well as the early and typical forms of B. keyserlingi (Lahusen)

s. lato, are readily distinguishablc on the same character from such late Berriasian

and Valanginian species as the typical and late forms of B. uncitoides s. lato. B.

tolmatschowi s. lato, B. pacifica n. sp., late forms of B. keyserlingi and its var. gigas,

B . ex gr. inflata-sublaevis and B . crassicollls s. str.
This report does not describe any pre-Portlandian Buc'hia species. The taxo-

nomical implications of this irreversible orthogenctic trend, such as the subgeneric

separation of mid-Callovian to late Kimmeridgian Buc'hi4 spccies from the younger

buchias and the adjustment of their specific nomenclature for the prc-Portlandian

representatives of B. mosquensis s. latol, are therefore beyond its scope. It

shoulcl be noted in passing, howcver, that the generic name Anaucella erected by

Pchelintseva (1955, pp.212-13\ for Buchiu ex gr. ( 'onL'entric'a (Sowerby) on the

distinctions of their shell ornament alone is available for the mid-Callovian to latc

Kimmeridgian Buchia species as a subgenus. The circumstance that this genus is

based on Aucella bronni Lahusen, 1888, rather than Buchia bronni Rouil l ier,

1845, does not invalidate it under the Rules of Zoctlogic'ul Nomenclature, and the

slme is true of the taxonomic uselessness of the morphological feature (prcscnce

of a pronounced radial ornamentation) used by Pchelintseva (1955) for the

dclinition of her genus.
The biochronological value of this irreversible orthogenetic trend principle

can hardly be overestimated. lts recognition pcrmits, indecd, the identification

and dating of many otherwise morphologically similar (homoeomorph) specics

and often makes it possible to date Buchiu collcctions simply on their evolutionary

grade. lt is, for example, usually possible to distinguish at a glance betwcen the

mid-Callovian to late Kimmeridgian Buchia (Anaucellet) species and all younger

Buchio (Buchia) species. Even specifically indeterminable fragments can often be

referred to one or the other of thcse two specics groups (subgen.era) and dated

accordingly, if their right ligamental plate including byssus ear is well enough

preserved. ln the post-Kimmeridgian representatives it is usually possible to

differentiate between the early Portlandian to early Upper Tithonian and latest

Jurassic to early Berriasian Buchia sp'ecies using the structure of the byssus ear

and other parts of the right ligamental plate alone. Thc same is truc of the

differentiation of the other two early Lower Cretaceous species groups from each

other.
Single specimens or small samples of the early Portlandian, mid-Upper

Tithonian, mid-Berriasian and early Valanginian Buchiu species may admittedly
be difficult to date on the structure of their byssus ear, etc., because of the transi-
tional character of these features. The larger samples are, however, usually datable
because of this same transitional nature of their byssus ears and right ligamental

1 Throughout this report Buthia mosquenris is interpretcd in the sense of Pavlow (1907, pp. 22-26),

except that a number of closely allied, contenrporary and mid- to late-Kimmeridgian forms treated as

indepcndent species by Pavlow are here downgraded to morphological variants (e.g., B. rugosn, B.

gracilis, B. rouillieri, B. polita, etc,),

8
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plates. The coexistence of the morphologically dissimilar representatives of the
'conservative' 

and 'morphologically progressive' lineages in thc late Berriasian and
early Valanginian rocks presents a similar problem.

The writer does not know of any exccptions (evolutionary rcversals) to thc
irreversible developrnent of the byssus car and other parts of the right l igamental
plate of Buc'hiu, or of any survivors of the Buchiu (Anaucella) ex gr. conceilricu
(? . bronni)- early B. mosquensis in the Portlandian s. str. of later rocks. The
cxistence of such exceptions and survivors is, however, cntirely possible and should
be carefully lookcd for in the future.

Some of the irreversible cvolutionary changes of thc byssus car of Buc'hicr
were recognized by Pompeckj (190 l, p.326). They havc, however, been com-
pletely overlooked by later workers, some of whom stressed cmphatica.lly their
belief that the hinge structure of all Buthic species is essentially similar (Sokolov.
1 9 0 8 a ,  p . 4 ) .

The second irreversible orthogenctic trend in the evolution of Buchia is the
more or less regular change of the direction of lateral curvature of the left beak
relative to the long axis of the valve. In alt hithcrto known Buchia lineages, forms
whose Ieft beaks show marked to pronounced right-handed incurvature are
gradually replaced by, first, forms with nearly straight (that is, directed mainty
along the long axis of the valve) left beaks, and then by forms whose left beaks
show feeble to marked left-handed incurvature. The right beaks remain in-
curved to the left throughout these three stages. Forms whose left and right
bcaks show pronounced left-handed incurvature rcpresent the fourth and last
known stage of evolution in at least one of the lineages.

To observe the direction of lateral curvature of the left beak, the left valve
is placed in the lateral position with its exterior dircctcd towards the observer
(as in PI. I, f igs. 6A,9,A., and l0A). The beaks that deviatc towards the right
from the forward projection of the long axis ol the valve are designated as having
right-handed incurvature. The right-handed incurvature may bc marked (fig. 10A).
feeble (fig. 6,4'), or slight (f ig.9A). Thc beaks of thc left valves shown in plate

Vll, figure 9,A', Plate VIII, figure 4,A., and Plate X, figure 14A have, on the
contrary, marked to pronounced left-handed incurvature. Whenever the beak part
of the valve is coiled or strongly downward bent, it has to be tilted rather strongly
towards the observer in order to see the lateral curvature, or lack of it.

Lateral curvature of the left beak can also be observed when looking into
thc beak and hinge margin of the valve (as in Pl. I, figs. 9,A, and 10F). The beaks
that deviate towards the left hand of the observer from the imaginary vertical line
dropped down from the highest point of the valve's cross-section are designated as
having right-handed incurvature (Pl. I, fig. 10F), those beaks that do no deviate
noticeably from this line are straight (Pl. I, fig.6D), and those that deviate
towards the right hand of the observer have left-handed incurvature (Pl. XIII.
f igs.  1B,  3C,48) .

The lateral curvature of the left beaks of all Buchla species is subject to
rather strong individual and ontogenetic variability. It can be either limited to



Jurassic and Cretaceorrs Fossi l  Zones,  Canadian Western Cordi l lera

the earliest or latest growth-stages of the beak or affect most or all of its length.
One and the same specimen may therefore appear to be slightly or feebly incurved
to the right when viewed laterally and virtually straight when viewed from above
(Pl. I. figs. 64, and 6D). Some aberrant representatives of Buchiu cf. blanfortliana
(Pl. II. f ig. 4) exhibit an Slike twist of the end part of the left beak instead of its
more or less regular and pronounced right-handed incurvature characteristic of
most representatives of this species (Pl. l l , f igs. 2, 3,6,7). The evolutionary stage
of any given left beak can, thereforc, only be identified correctly by appraising its
overall trend rather than the curvature at any particular growth stage. Appraisal of
the overall beak configuration of several specimens may be necessary for the postive
identil ication and dating of somc Buchiu collections.

Being always superimposed on such a wide range of individual and onto-
genetic variation, this overall regularity of the evolutionary change in the left beak
cannot be conveniently expressed in any more rigorously quantitative manner than
is done in this report. Even so. this regularity permits the separation of many
otherwise morphologically similar homoeomorphic specics at a glancc and permits

dating of Buchis collections simply on their cvolutionary grade. There are.
naturally, exceptions to this empirical rule and futurc work may, possibly, disclose
furthcr exceptions to it.

The late (but not the latest) Jurassic Buc'hia species are, as a rule, charac-
terized by beaks of the left valve having morc or less pronounced right-handed
incurvature. B. concentri6a (Sowerby) ( 'J B. bronni Rouil l ier) and B. mosquen-
srs (Buch) best characterize this earliest or f irst stage of evolution which lasted
from mid-Callovian to late Portlandian s. str. Representatives of B. c'onc'entric'u
var. erringtoni shown in Plate I, l igure l0 as well as those of B. rnct.rr4ttensil var.
rullo,\u and B. cf. blanfordirirrc shown in Plate II, f igures 1, 2 and in Plate l l l .
figurcs 4-9 illustrate the characteristic morphology of the left beaks during this first
stage of Buchia evolution. The forms whose lcft beaks show left-handed in-
curvature are unknown in mid-Callovian to late Portlandian s. str. rocks and those
with straight to almost straight (that is feebly to slightly incurved to right) left
beaks are vcry rare. Only B. volongensis (Sokolov, 1908a) and B. tschernyshewi
(Sokolov. 1908a) from the late Oxfordian to early Kimmeridgian rocks of Russia
and the early representativcs of B. ex gr. pioc'hii from the mid-Portlandian rocks
of Eurasia and North America havc the lattcr type of lcft beaks.

In the latc Portlandian s. str. and carliest Upper Tithonian time forms
whosc lcft beaks show marked to pronor-rncccl right-handcd incurvature bccome
largely' replaced by those whosc lcft bcaks zrre straight to almost straight. B.
piochii s. str., B. piochii var. rtrssiert.vi.r and var. mniovnikensis and B. terebratu-
loicles are good examples of this second stage of Buchia evolution. So far as known,
the ratio of straight-beaked forms gradually incrcases in the course of evolution of
the B. piochii-fischeriana-terebrqtuloides species group so that the feebly right-
handed-incurved forms almost disappear in the latest Jurassic populations of B.
piochii and B. terebratuloicle.r. The contemporary palaeontological populations of
B. f isc'herianc s. lato are, however. dominated by forms with feeble right-handed

1 0
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incurvature. Some specimens with slightly to feebly left-handed-incurved left beaks
occur in most palaeontological populations of the latest Jurassic Buchia; they may
become fairly common in such aberrant forms as B. unschensls (pavlow. 1907)
and B. subinflata (Pavlow, 1907 ) .

Two species groups can be distinguished among the Berrias,ian buchias
according to the evolutionary gracle of their left beak. one group, which is
largely restricted to northern Eurasia and the Canadian Arctic, retain.s the feebly
right-handed-incurved to straight left beaks characteristic of its uppermost Jurassic
predecessors. It is typified by such well-known Russian species as B. volgensis
s.  la to (Lahusen,  1888,  Pl .  I I I .  f igs.  1,4,  12,  l6 ;  pavlow, 1907,  p l .  I I ,  f igs.  10A.
11.  124.25A,34A) and B.  terebr t f tu lo i t les s.  Ia to (Lahusen,  1ggg,  p l .  IV,  f igs.
1,4' 10). Another species group, which is largely restricted to the pacific slopc
of North America but also occurs in northern Eurasia and the Canadian Arctic.
consists of B. okensrs s. lato (pavlow, 1907, pt. I, f igs. 10-11; this paper, pl.
IV, f igs. l. 3-6. 8, 10-12, 15, 18-23; pl. V, f igs. 2-10, etc.), B. uncitoirJes s. lato
and some other little-known forms. This species group is characterized by feebly
to markedly left-handed-incurved left beaks and comprises the third stage of the
left beak's evolution. The straight to feebly right-handed-incurved left beaks are
relatively rare in this species group, except in the basal Berriasian rocks, where
most of the early forms of B. okensis s. lato possess this type of left beak.
Already these earliest Cretaceous populations include some specimens whose left
beak shows slight to feeble left-handed incurvature (pl. lV, f igs. l j , lg) and even
rare specimens with the marked to pronounced left-handed incurvature (pl. IV, fig.
9). The ratio of such forms increases rapidly upward in the sections. Already in
the middle and upper parts of Buc'hia okensis zone most of the representatives of
this species have either straight or feebly left-handed-incurved left beaks. Only
the minority of forms from these beds, mostly beronging to B. okensis f. typ. (pl.
v '  f ig .2)  and B.  okensis var .  subokensu (p l .  v I ,  f ig .3) ,  have lef t  beaks that
still possess feeble to slightty right-handed incurvature. The late forms of B.
okensis s. lato from the top part of its zone and the 'overlap beds' with Buchia
uncitoitles zone mostly possess feeble to marked left-handed incurvature of left
beaks  (P l .  V I ,  f i gs .  1A ,  1D ,  2A ,2D ,4A ,4D .64 .6D ;  p l .  V l I ,  f i gs .2A ,  2D ;p l .
V I I I ,  f i g s .  1 A ,  l D , 2 A , 2 D , 3 A , 3 D , 5 4 , 5 D , 6 , 4 , 6 D ;  p l .  X ,  f i g . 2 ) .  A n u m b e r
of specimens from these beds mostly belonging to B. okensis f. typ. and B. okensis
vur. subokensis, still possess, however, straight to feeble right-handedly incurved
left beaks (Pl. VI, f igs. 3A, 3D, 5A, 5D, 9A, 9D; pl. VII, f igs. 1A, lD, 3,A, 3D,
64,6D; Pl. VIII, f igs. 8A, 8D). So far as known, these more primitive forms range
almost to the top of Buchia uncitoitles zone. It should be noted that most repre-
sentatives of B. okensis s. lato known from the Berriasian rocks of the European
Russia (Pavlow, 1907, Pl. I, f igs. lr, 17; pl. IV, f ig.20; Gerassimov, 1955. pl.
XI I I ,  f igs.9,  10) ,  Spi tzbergen (Sokolov and Bodylevsky,  1931,  p l .  I ,  f igs.5,9,  and
11) and East Greenland (Spath, r94l,pl. v, f ig. l) belong to such forms. only
B. okensis var. elliptica figured by Pavlow (1907, pr. I, fig. 2g) appears to have a
slight left-handed incurvature of left beak.
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Many of the earliest known representatives of B. uncitoi{le't s. lato (Pl' IV'

f igs.24,  2D,73A, 13D, 164,  l6D) a l ready possess le f t  beaks wi th feeble to

marked left-handed incurvature. Considerable percentage of specimens from

these beds (basal part of Buc'hiu okensis zone) possesses, however, straight to

slightly right-handed incurvature of left beaks. The same appears to be true of the

B. trncitoides forms occurring rarely in the midclle or upper part of Buchia okensis

zone (Pl. vI, figs. 7 A, 7D). Most of the typical and late forms of B . uncitoides from

the overlap beds and Buchia uncitoicles zone proper (see p. 26) already have

fceble to marked left-handed incurvature of left beaks (Pl. VII, f igs. l24' 12D;Pl'

V l l l .  f i g s .  1 0 A ,  l 0 D ,  1 l A ,  l l D ;  P l .  I X ,  f i g s .  3 , 4 , 5 ,  1 0 ,  1 2 ,  1 3 '  1 8 , 2 2 ) '  A

number of specimens with the pronouncedly left-handed incurvature of left beaks

(P t .  V l I ,  ng .  l a ,9D ;  P l .  IX ,  f i gs .  17A ,  l 7D ,  l 9A ,  l 9D ,  23A ,23D;  P l '  X '  f i gs '

l4A. l4B) occur in these beds. A number of representatives of typical to late

forms of B. uncitoitle,r retain, however, straight to feebly right-handed-incurved

lef t  beaks (Pl .  VI I ,  f igs.  14A,  l4D;  Pl .  V l l l ,  f igs.  8A,  8D,  12A,  12D; Pl '  lX '  f igs '

9 A . 9 D ,  I  l A ,  1  l D , 2 2 A , 2 2 D ; P l '  X ,  f i g s . 3 , { ,  8 A , 9 A ,  1 0 A ,  l l A ;  P l '  X I '  f i g '  8 A ) '

Generally speaking, the ratio of forms with marked to pronounced left-handed

incurvature of beaks increases gradually upward in the section unti l these forms

becorne predominant in the top beds of Buchia uncitoitles zone and in thc overlap

be<ls with Buchict tolmatsc'howi zone. Peculiar reversals of this trend occur, how-

ever. in some beds in the middle and upper parts of Buchia uncitoitles zone' ln

these beds thc ratio of specimens with straight to feebly right-handed-incurved left

beaks increases sharply io .o." 25 per cent or even 40 per cent of the total (Pl.

X.  f igs.  3A,  8A.  9A,  l0A'  l lA;  Pl .  X l ,  f ig .  8A),  only  to d imin ish again sharply

in the acljacent beds. Thc small to meclium-sized shells of that type similar to

thcrsc shown in Plate IX, l igures g, 11,22 arc so similar to Buchiu piochii s' lato

that thcy are i l i ff icult to clifferentiate from this older species if found alone. Only

the circumstance that the earliest (end) parts of left beaks of such forms of B'

Lrttt ' i toides tencl to have left-han<Jed incurvature even when the rest of the beak has

fceble right-handed incurvature (Pl. lX, f ig. 9D; Pl. X, f ig' ttB ) provides a dis-

t inguishing featurc.
The Valanginian buchias can be subdivided into the same two specles groups

i rs  thc Bcrr ias ian buchias.
Thc evolutionary gracle of the left bcak of Valanginian buchias of northern

Eurasia, European ancl Canadian Arctic, and northeastern Brit ish Columbia ap-

parently changed but l i tt le as comparcd with that of their Berriasian and latest

Jurassic predecessors. Somc of thcse specics typil ied by Buchia keyserlingi f. typ.

(p l .  XI i ,  f igs.24,2C, ancl  7A) are s imi lar  in  th is  respect  to  such uppermost

Jurassic and Berriasian species as B. unscltensis s. lato, B. volgensis s. lato, and

B. terebratukticles s.lato. Sevcral other early to late Valanginian buchias figured

by Pavlow (1907,  Pl .  V,  f igs.28 '  30;  Pl .  VI ,  f ig '  6)  appear to be even more

pri.itiu" in this respect, as they have feeble to marked right-handed incurvature

of teft beaks. Such important and widespread mid- to late-Valanginian species as

B.  in f lcr ta s .  la to (Pavlow, 1907,  Pl .  VI ,  f igs.  5 '  7 ,8;  th is  paper '  P l '  XVl l '  f igs '
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2A..  2D,3A,  3E,  4A,  4D,6,{ .  6E),  Buchia nuc. i formis (Pavlow, 1907,  p l .  I l l .
f ig. 28), and B. subloevis s. Iato (Pavlow, 1907, Pl. V, f igs. 2O-22; this paper.
Pl. XVI, f igs. 6,4, 68; Pl. XVII, f igs. lA, lD, 5A, 5D) have, however, acquired
the feeble to marked (even pronounced in some rare specimens; see pl. XVll,
figs. 3,{, 3D) left-handed incurvature resembling that of Berriasian Buchiq
species of the Pacific slope of North America. The study of more numerous,
better-preserved, and stratigraphically reliable material of B. keyserlingi s. lato
may subsequently show that its late Valanginian representatives are characterized
by a greater percentage of marked lett-handed incurvature of left beaks (Pl. XIX.
f ig .  5)  than the ear ly  to mid-Valangin ian representat ives (Pl .  X lX,  f igs.2,7) .
The little-known Hauterivian and Barremian Buchia forms of northern Eurasia
(northwestern Germany. England) and the Caucasus appear, conversely, to be
less advanced than the most advanced Valanginian rcpresentatives of the stock.
Some of them (e.g., Buchia w,erthi Pavlow, 1907, Pl. IV, f ig. 14 non figs. 11-13)
cven appear to be less advanccd morphologically than most of its early to mid-
Valanginian rcpresentativcs.

On the whole, the left bcak of the Valanginian BLtchia spccies of northcrn
Eurasia, etc., did not quite reach the evolutionary grade of the latc Berriasian
reprcsentatives of B. uncitoitle.s s. lato from the Pacific slope of North America.

All indigenous early to mid-Valanginian buchias of the Pacific slope of North
Anrerica, such as B. tolmutschou,i s. lato and B. pcrc'ific'a n. sp. are characterized by
more advanced, pronounced left-handed incurvature of left beaks (Pl. XIII, I igs.
lB ,  lC ,  3 , { ,  3C ,  4A ,48 ;  P l .  X IV ,  l i gs .  1A ,  lC ;  P l .  XV ,  f i gs .  t  1A ,  j 2 ,A ;  P l .  XV t .
l igs.  1. { ,  2A,  2D,3.A,  3C,  4.A.  4C,  8A,  8C,  9,A,  9D;  p l .  XVi l I ,  f igs.  24,  2D;  p l .
XIX, f ig. 8A; Pl. XXII, f ig. 3C). Forms whose Ieft beaks are straight to feeb:ly
left-handed incurved are unknown in the material studied and even those with
fa i r ly  marked lef t -handed incurvature are rare (Pl .  XV,  f igs.7A,78;  PI .  XIX.
figs. 64, 6c). This fourth stagc in the evolution of the left beak was apparcntly
already attained in thc uppermost Berriasian? overlap beds between But'hict
trncitoides and Buchia tolmatsc'howi zones. This stage is unique, so far as we
know, and rather distinctive. only the (lesser or grcater) admixture of the repre-
sentatives of Eurasian buchias in some of these VaJanginian Buchict faunas of the
Pacific slope of North America (see Pl. XVII, f igs. I-6) may complicate its im-
mediate recognition.

Transitional forms (in the structure of the left beak) connecting the extremc
fornls of every palaeontological population with each other and the successivc
palaeontological species with one another abound in the material studied when-
ever numerous collections from scveral consecutive levels are available. The
cvolution of the left beak of Buc'hiu must, therefore, have proceeded gradually an<J
without any major evolutionary jumps (Waagen's mutations) throughout.

The evolutionary development of the left beak of the Eurasian and Arctic
Buchia species is strongly retarded as compared with that of the contemporary
buchias of the Pacific slope of North America. This marked discrepancy closely
parallels the previously describeci discrepancy in the evolutionary development of
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byssus ear, etc., in these same geographically isolated species groLlps, Thesc

o6servations indicate the existence of at least two independent, geographically

restricted evolutionary lineages among the Berriasian and Valanginian buchias tlf

thc Northern Hemisphere. These two lineages are designated herewith as thc

conservative or Arctic and morphologically progressive or North Pacific lineages'

In early Upper Valanginian time the morphologically progressiYc North

Pacific Buchia lineage apparently died out with the aberrant' late forms of B'

pacifica n. sp. (see below). So far as we know, it became completely replaced by

the shortlived offshoot of the conservative Arctic lineage (8. crassic'<t//rs Keyser-

ling s. str.) . Buchia crassicollis s. str. is characterized by the strongly downward

bent and coiled but mostly straight left beaks (Pl. xx, f igs. 1A,9A. l0A, l0D;

Pl. XXI, figs. 2,5, 7) and slight to feeble left-handecl incurvature of right beaks

(pl. xx, f igs. 88, l1A; Pl. XXI, f ig. 64). Not only are the forms with markecl

to pronounced left-handed incurvature of left beaks rare in this species but some

feebly right-handed-incurved left beaks comparable to those of the second evolu-

tionary stage of beaks have been noted as well (8. crassicollis vat. solida, PI. XX'

figs. 8A-8C). This shortlived offshoot of the conservative Arctic stock apparently

diecl out at or before the end of Valanginian time in both North America and

Northern Eurasia.
From this discussion, it is apparent that any stratigraphical-palaeontological

study of Buchia, and subsequent biochronological appreciation must be based on

numerous repre.sentative samples of palaeontological populations collected bed by

bed in appropriately located continuous fossiliferous sections. Only after this

material has been closely studied and critically compared with other data availablc

about Buchia fo,rms of the same and other geological regions is it possible to

understand the approximate course of evolution of thc genus in any region and to

recognize safely the successive stages of evolution (that is, palaeontological species;

Jeletzky, 1955, pp. 484-gl) of its regionally or provincially restricted lineages'

Some of the difficulties involved in this research have already been discussed in

connection with the description of the course of the evolution of byssus ears and

Ieft beaks in Buchia.
Because of the regional or provincial restrictions of most of the here-discussed

Buc'hia species of the Canadian western Cordillera the zonal sequence proposed

below is valid only for that region and sorne adjacent regions of the Cordilleran belt

of the United States (Fig. 2). lt cannot be used in northeastern Rritish Columbia

and in canadian Arctic regions, as those regions are characterized by a different

sequence of Buchia species. The occurrence of mixed Buchin faunas and inter-

fingering of Buchia zones of these two faunal provinces in the Canadian western

Cordillera further complicate the overall zonal picture. A practising palaeontologist-

stratigrapher must, therefore, know both Buc'hia lineages even if he is concerned

with only one of these two faunal provinces. Enough of the typical representatives

of the Arctic Buchia species are figured in this report to enable the reader to

recognize thern.
Even after the palaeontological species of Bur:hia have been defined and their
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approximate stratigraphical and geographical ranges established, it is often impos-

sible to assign single, atypical or juvenile specimens to them. Smaller or larger

suites of specimens, including well-preserved, diagnostic morphological variants or

growth stages that are unique in the course of evolution of the genus, may bc

necessary for the positive identiflcation and dating of fossil collections subrnitted

by field gcologists.
Formidable as they sound, the obstacles to the practical use of Buc'hia species

as zonal fossils are neither unsurmountable nor unduly restrictive. Buchias are so

abundant in most sections that it is fairly casy to collect extensive series of

morphologically overlapping palaeontological populations and to recognize the

course of their evolution in most instanccs. This was recognized by many workers

(e.g., Sokolov, 1908a-b; Lahusen, 1888; Pompeckj, 1901). After the init ial

collecting and the study of comprehensive collections are completed and palaeonto-

logical species reasonably well defined on a regional basis, it is only thc non-

availability of representative suites of specimens that may defeat the use of Buchict

species for dating purposes. Fiel{ geologists can, however, easily procure largc

suites comprising scores or evcn hundreds of specimens of Buchia with but littlc

time and effort. As a rule, a sample of some five to twenty specimens should bc

sufficient for the positive identification and ciating of Buchia collections, if it

includes well-preserved (including beaks and byssus ears) adult representatives of

the forms concerned and,/or diagnostic morphological variants and growth stages

unique in the course of evo ution of the genus. Mapping geologists should earnestly

consider this simple prerequisite and collect sizable suites of specimcns insteacl

of sinsle tbssils as so often was done in the past.

OTHER INDEX FOSSILS AVAILABLE

The use of ammonites, which are unrivalled zonal indices in the Mesozoic

rocks in most parts of the world, woulcl certainly result in much less laboriously

achieved and closer zoning of the late Upper Jurassic and early Lower Cretaceous

rocks of the Canadian western Co,rclillera. Of the ammonites found in most of the

Buchia zones proposed here, however, over 90 per cent are representatives of

phylloceratids and lytoceratids, which are long-ranging, morphologically indifferent'

and consequently difficult to use as zonal fossils. The occurrence of ammonites.

other than phylloceratids and lytoceratids, is so sporadic that a geo;logist mapping

in thc region concerned simply cannot find enough for precise dating and correla-

tion. Several of the ammonites found by the writer are so rare that their zonal valuc

is still uncertain. Consequently, ammonites can be used only to control the time-

ranges of Buchiu species, and to correlate with the standard ammonite zones of

other regions and the international standard stages based on the European ammonite

zones. Most of the reasonably well-preserved ammonites (other than phylloceratids

and lytoceratids) collected to date are figured here. Other biochronologically

valuable groups of fossils, such as belemnites, and trigonias, are even rarer than
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the ammonites. Belemnites are invariably poorly preserved, being softer than the
enclosing sedimentary or volcanic rocks.

All other groups of macrofossils found in the late Upper Jurassic and early
Lower Cretaceous rocks of the Canadian western Cordilleran region are either
too long-ranging or too facies-bound, or both, to be useful as zonal indices.
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Late Upper |urassic
Ruc hio cl. hlqnfnrdiana Zone

Strotigraphy uncl Age
-the 

l iuclt ia cf. blanJordianu zonc is the youngcst Jurassic zone knorvn in thc

region. On the west coast of Vancouver Island, where its stratigraphic position

r.vith rcgard to other fossil zones has been established (Jcletzky, 1950, pp.33 34).

this zone gradationally ovcrlics rocks characterized by the early forms of Baclirr
piochii var. russiensis (Pavlow), var. mniovniken,sis (Pavlow) and all ied forms.

These are similar to the bettcr-preserved Arctic reptesentatives of ihese vlriants

shown in Platc l, f igures 3-6, 9. Early representativcs of B. piochii s. str. occur

riucly in thcse beds and no typical or late tepresentatives, such as abound in the
latc Tithonian rocks ol Califomia, have becn seen. The rocks with early repre-

sentativcs of B. piochii var. t ussiensis and its all ics, in turn, gradationally overlie

strata characterized by thc late (Porllandian only?) forms of Buclia nk)squensis
(Buch), B. m. vat. gracil is (Pavlow), B. m. var. rori i l l ieri (Pavlow), etc.

On the west coast ol Vancouver Island, Buchict cl. blanfortliona zone is overlain
disconformably, and possibly with regional unconformity, by the l luchia okensis

zone (Jeletzky, 1950, pp. 35. 42).
So far as known, Bticli izr cf. bkrnt'ortl iana zone occurs in th: Lil looct and

tsridge River areas, in the lowcr (Jurassic) part of thc Eldorado Group above thc
beds with B. mosquensis (Buch) and those with the carly forms of B. pioclti i  var.

russiensis. The same is probably true in Alaska and also in the Nooksack area in

Washington wherc Buchia cf. blanlorcliaua zone occurs at several localit ies.
The bcds with the early forms of B. p. var. rus.riensis (Pavlow), etc. of thc

west coast of Vancouver Island are bclieved to be of late, but not thc latest,

Portlandian agc. They appear to be either slightly oldcr than or equivalent to thc

basal bcds ot l luthia piochii zone of California and Alaska. The stratigraphic
position of the Buchiq cf. hlanlctnlictrtu zone indicates that it is either of latest

Portlandian (s. str.) or of Upper Tithonian ( Purbeckian) age in terms of the

international standard stagcs (Arkell, 1956). Buchia cf. blanlordiana zonc cortes-
ponds, thus, either to the Buchia piochii zone or to the Buchia fischeriancr zone ot

thc adjacent regions of North America (Jeletzky, 1958, 1l960; lmlay, 1959).

In the Nooksack area, Washirgton (U. of Cal., BerkeJey, loc. #A-7902)
Bu<hia ct. blant'ordiana is associated with Buchia cl. mosquensis (Buch) and carly
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forms of B. fischeriana cornparable to those figured by pavlow ( 1907, pl. lV, figs.
15-16) from the Virgatites yirgqtus z.one of the Lower Volgian. This association
favours a late Portlandian age for part or all of the Buchia cf. blanlordiana zone.
This conclusion is also supported by a recent early Tithonian datirrg ot Buchia
plicata zone in NewZealand (Fleming, 1960, pp. 265,268, Table 1) as B. plicata
is either closely allied or conspecilic with both the Himalayan B. blanlorcliana and
the Canadian Buchia cf. blanfordiana. The general evolutionary grade of Buchiu
cf. blanlortliana conesponds to that of the portlandian Bacftla species.

The writer favo{rrs latest Portlandian (s. str.) age of Buchia cf. blcrnlorcliana
zone and. assumes tentatively that it corresponds only to the lower part of Buchia
piochii zone of the adjacent regions of Nortl America (Fig. 1). It would seem that
in the canadian western cordillera the upper half of B uchia piochii zone and all of
Buchia frscheriana zone are missing and are represented only by the erosional gap
beLyreer Buchia ct. blanfordiana and Buchiq okensis zones (Fig. 1).

Palaeontology

A representative suite of specimens of B, cf. blanfortliarn is shown in plates
II and III. B. fischeriana var. associated with B. cf. blanfortliana in the Nooksack
area, Washington, is reproduced in plate III, figures 2 and 3. The belemrite
Cylindroteuthis aff. C. obeliscoicles pavlow and Lamplough, a poor berriasellid
ammonite resembling Subsleueroceras stantoni Anderson, 1945, and a poor
oppelioid ammonite resembling Gymnodiscoceros Spath, 1925, all from the Buchia
cf. blanlordiana zone on t}te west coast of Vancouver Island, are reproduced in
Plate II, flgures 5, 8, 9.

Buchia cf. blanlortliana is a large, thick, pronouncedly inequivalve shell. The
right valve mostly is irregularly rounded, and is flat (pl. II, figs. 3C, 6C) to gently
convex (Pl. II, fig. 7D; Pl. III, figs. 58, 8C) in anterior-posterior aspect. The
convex valves tend to become gradually and weakly elevated towards the beak,
which is small, rounded and only slightly elevated above the surface of the valve
(Pl. III, figs. 5B, 8B-C). The cross-section of the right valve is often rnore or
less markedly convex when viewed from above (pl. lI, figs. 3C, 6C), the crest of
the longitudinal bulge being predominantly in or close to the middle of the valve.

The byssus ear and other parts of the right ligamental plate of Buchia cf.
blanfouliana (Stoliczka) have the general evolutionary grade of the late (or
typical) forms of B. mosquensis s. lato and allied mid- to late-por andian (s. str.)
and Upper Tithonian species (Pl. II, figs. 48, ?B; pl. III, iigs. 58, 7B; pl. XXlt,
figs.2B,2E). The anterior surface of the byssus ear forms an angle of 25 to 40
degrees with the plane of contact of the valves and its underside is distinctly spoon_
like. The'spoon' is, however, rather shallow and the anterior end of the groove is
only pardy blocked in most specimens studied. Surface of the ligamental plate is
tilted inward at some 30 to 40 degrees. The byssus notch is similar to that of B.
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piochii s, lato ard late forms of B. mosquensis s, lato in t}te relatlve length ard
width of its open slit.

Byssus ear differs from that of B. piochii s.lato in being considerably longer,
markedly curved upward and distinctly triangular (Pl. II, fig. 78; pl. III, figs. 58,
78; Pl. XXII, fig. 2A). Its external appearance is, therefore, more similar to that
of the early Portlandian (i.e., late or typical) forms of B. mosquensis (Buch) than
to that of B. piochii s. lato. Fufthermore, the byssus ear ard otler parts of the
right liganenta.l plate of B. cf. blanlordiana are peculiar in being rather large and
massive in comparison with the corresponding features of B. mosquensis (.Btuch)
and B. piochii (Gabb) .

The left valve is thick and more or less regularly and pronouncedly arched in
anterior-posterior aspect with the maximum thickness at the middle part of the
valve (PI. II, f igs, 2B, 3C, 4C, 6C,7C-D; pl. I[, f igs. 48, 5C, 68, 8C). Beak
part of left valve is cornmonly long and more or less tightly coiled. It is also always
right-handedly incurved (Pl. It, f igs. 2A, 3A,6A,7A;' pt. III, f igs. 4A, 5A,6A,
8A). Thjs feature is diagnostic of all representatives of Buchia mosquensis (Buch)
species group; it indicates that B. cf. blonlordianu forms part ol the oldest evolu_
tionary stage of buchia's beaks.

The sculpture of the shell varies greatly in Buchia cf. blanfortliana. It one
oxtreme yariant the shell sudace is covered by coarsely and widely spaced ribs
resembling those of B. mosquensis yar. rugosa (Fischer) and B. okensis (pavlow)
(Pl. II, figs. 2A-B; Pl. III, figs. 5A-C). This variant was previously compared with
B. m. yar. rugoso by the writer (Jeletzky, 1950, p. 34); it differs, however, from
this form (P1. l l , f igs. 1A-1C) in being considerably larger, thicker and stronger
arched. The beak part of this extreme variant of B. cf. blanlortlianzl is longer,
more tightly coiled and often more irregularly twisted than that of B. m. var.
rugosa. The same features aiso differentiate this variant from B. nnsquensu var,
typ. and ali ied Portlandian forms (e.g., B. m. yar. gracil is pavlow, B. m. var.
rouillieri Pavlow) .

Some of the coarsely and distantly ribbed representatives of B. cf- blan_
fordiana (P1.lI, figs. 2A, B) are similar to the younger B. okensis in general shape,
thickness and ribbing habit (PI. V, figs. 6.4, B; pl. X, fig.2). The beak parr of
these representatives is, however, invariably longer, more tightJy coiled, and has
stronger right-handed incurvature than thzt ol B. okensis.

Another morphologically extreme va-riant of B. cf. blanlordicrna is charac_
terized eithcr by the close)y spaced, finer ribbing (pl. III, figs. 4A, B) or by the
irregular line striation (Pl. ll, figs. 3A-C, 6A-C) of the shell's surface. Some
stronger ribs and constrictions resembling those of B. crassicollis s. str. may also
be present (Pl. II, fig. 6.4). This variant is analogous to B. mosquensis (Buch)
f. typ.; it differs from it in the same features as does the coarsely ribbed variant of
B. ct. blanlordiana from B. mosquensis var. rugosa.

1 9
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Lcft valvcs of somc rcprcsentatives of thc closely ribbccl or striated varii l l l t

o f  B.  c f .  b lunford iunu have lcss marked r ight-handecl - incurved,  pcar-shapcd out-

l i ne  (P l .  I I ,  f i gs .4A-C ;  P l .  l l l ,  f i gs .64 ,  B )  and  resemb lc  B .  t oLmu tschpwt  va r .

american(I (Sokolov) ancl B. ( 'russi('oll i ' \  s. str.; they diflcr, htlwever. front thcsc

Valanginian specics in thc sti l l  perccptiblc right-hanclccl curvature of thc bcak part

of the left valve, in the gencral f latncss of the irrcgr-rlarly roundecl right valvc. an(l

in the lower evolutionary gracle of byssr.rs ear ancl other parts of thc right l igir-

mcntal plate.
Alypical representativc of lJ. nutsqrrensis v^r. rlt l los(t from the Ltlwcr Volgian

(  ,por t l ind ian s.  s t r . )  o f  Ccntra l  Russia is  rcproduced in Platc l l ,  l igurcs lA-( '

to i l lustrate the abovc cliscussccl morphological clifTcrcnces bctwecn B. trtt, ' ; 'qtrttr ' t i t

s. latcr ancl B. ct. hlunlordiurttr.
Thc morphological fcatures that distinguish R. cf. blunlordiunu from its latc

Kimmeridgian to Portlandian predeccssors ancl Valanginian htlmocomorphs arc

important as its rare Californian'l and Alaskan rcprcscntativcs have pclssibly been

confused e i thcr  wi th the o lder  I ) .  r r to .sqt tensi . r  var .  r t tgosa (Andcrson,  1945.  Pl .  lV.

f i g .  l 2 ;  P l .  X I l ,  t i g .3 ) ;  ( lm lay ,  1957 .  p .  t i - 5 ) .  o r  w i t h  t he  younge r  B .  c ra . ss iu t l l i s

s.  laro (Mof f i t ,  1938.  Pl .  10,  t igs.  4--s) .

Thc Canadian B.  c f .  h lunford iuntL is  c i thcr  c losc ly  re latcc l  to  or  speci l ica l lv

ic lcnt ica l  wi th the fo l lowing Inc lo-Paci { ic  Ruth iu specics:  R.  bLunlor t l i tLna (Sio l iczka.

I t t66)  f rom the Spi t i  shalcs of  Inc l ia ,  B.  p l i t 'u tu (Z i t tc l ,  1864) f rom New Zcalancl .

and B.  suhpul l t rs i  (Krumbcck,  1938) f rom Inc loncsia (comparc in  F leming'  l9-5t t '

l95g) .  The wr i tcr  is  unablc to see any s igni l icant  morphological  d is t inct ions bc-

tween thc Canadian form and irny of thc abttvc-mcntioned Indo-Pacific forms. Nor

is he able to point out any signil icant morphological distinctions betwccn thcse

lndo-Paci f ic  forms.  ancl  a l l  thrce may wel l  bc conspcci l ic '  Howcvcr .  thc Indo-

Paci l ic  workers,  such as Fleming (  195u,  1959 ) ,  are st i l l  unccr ta in about  thc

taxonomic rclationships of local reprcscntativcs of this spccics group. Such doubts

together with thc great variabil ity of thc Indo-Pacific fclrms and the scarcity of

r.l l-p..r..u.d comparativc matcrial availablc to thc writer make it advisablc t()

postpone final decisictn on thc naming of the Canadian ft lrm and it is therclorc

only comparcd with Buchiu hlunf orditrtttr ( Stoliczka. I tt66 ) '

A wel l -prescrved cxt rcme var iant  of  Buc ' l t iu  p l i t 'u tu (Z i t tc l ,  1864) f rom thc-

lower Tithonian rocks of New Zcaland is reproducecl in Platc l l l , t igurcs 9A-C tti

i l lustrate the degree of morphological similarity bctwcen thc Canadian Iluclt iu cI .

blanfortl iana and its Indo-Pacific all ics.

Early Lower Cret:rccot-ts

Buchia ohensis Zone

Stratigraphy antl Age

This important zone, herc placed in thc basal Cretaceous, is widcspread irr

the Northern Hemisphere from Ccntral Russia to the Canadian r,vestcrn Cordil lera

and possibly (Pavlow. 1907, Pl. I. f ig. l0) to California'
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fn  thc  Cantc l ian  r rcs tc rn  Corc l i l l e l r  . l J t r l t i t  oAt , t t s i . t  rone (Jccurs  o r  thc  \es l
coas l  o f  \ / i tncou\c r  Is land (Je lc tTkv .  1950.  pp .  3 t ) .  -11  - l l )  an t l  l r l so  in  lhc  l la r r i son
Lake arc l  uhcrc  i t  *as  n ln tc r l  , .1 r t r r ,1 [a  cus t .u t lu t .s is  zonc  b \  C. r i c [ .ma\  (  l9 j0a .  t ) ) .
A .  tu .y<udet t . r i s  ( ' r ' i ckn tar .  l9 -10  . rn t l  A .  t . tu t t t J iL t  t t  Cr ie ln t r r r .  l ( / -10  a fc .  howc\ .1 , .
conspccil ic \\ ith /it i(t l ld r,,/,r,rr.vlr s. Iato as us!,d in this rcpor.t

( )n l \  non d ia -enos l i c  L t to t  cn ts  sp .  indc t .  h l rs  l rccn  l i runc l  in  l l r c  l J i r t  l l t r
, / . . /? . r i i  7 (Jn .  in  thc  ( ' .nar l ian  r rcs le rn  C. rc l i l l c . r .  [_ . * ,c r  Bcr r ias ian  (  In l ' l
va lan-q in ian)  i ln tDron i les  havc  bccn l i rL rnc l  in  th is  To  e  c lsc \ \h ! - rc  in  Nor th  Antc r ic r r
(Jc lc tzk l .  1960.  p .  - l )  anr l  in  nor {hqrn  L- .L r ras ia  { l losos lo rskr , .  l f l (17) .  / l r i r  / r i r r
r )4 . / l . r i \ , /on t  c i rn .  r l )c rc fo re .  b i  cor rc la luc l  w i lh  1hc  bo fc iL l  R , , 'asaDian  t rc t l s  (1 i . r . r l r r r -
c l la  r jL t . t r ruen.s is  zunc .nh , l )  anr l  r r i rh  the  Terhru ' / t t . r . r i r r t i l i , , i /1 i ,1 r . ,  zonc  (F i r : .  I  ) .
I t  shr ru l t l  be  n .1c( l  rhu l  thc  l .uc r  pur l  o l  thc  I i rasao ian  *hcrc  /J r r r l r ra ,A . r r . r l r  i i n r l
I lo r iu .w l fu  (R iu . \d , i t ( \ )  r ju . tu r te t ts i :  occur  i \  o l t cn  p raccd in  the  l l r cs t  . r r r rass ic  (c .g  .
Arkc i l .  1956.  pp  .192-3 :  Cascv .  l t ) ( r2 .  p .  96 .  r .x t  l l g .  l )  Ho$.cvcr . .  rhe  \ \ .n1cr
( l96 lb )  cons idcrs  a l l  thc  R l l rsan ian  bcr ls  1o  bc  o l  basa l  ( - rc tacco t rs  asc  anr l
in tc rprc t \  thcn t  l l \  l t  conc lcnsc 'd  c lcpos i l  con t l r in ing  Iauna i  n ) ix tL t rc  o l  i t t  taas t  1 \ \o
e 'a r lv  l l t ' r r ias i i tD  roncs  o l  thc  borca l  p r r rv incc  an t l  sou lh r rcs tc f l t  Europc  (F ig  l ) .

Thc corrclatirrn ol l l ttt l t iu pLr,rrrir zonc !! it lr part or ir l l  ol I 'arLt(.t.a\p(dit(\
rrttt luttts itncl I 'urut ru.sltetl i tc.t .\t<'t lr),t l) ltdloi(l?.\ zonc\ ol (;real I l ' i tain (Fiir. I ) is
o i l c rcd  ls  a  tcn la t i vc  suggcs t ion  on l l .  Thc  gcncr i t l l v  i i cccp tcd  cc t r rc la t ion  o f  thcsc
zoncs trith the uppar part ol Rlasanian btcls ltas bcen rcc!,nllv challcn!:c(l b,- C.aser
(  I96 l ) .  \ \ ' ho  cor rc ln tes  thcn ' t  rc \pLcr i \ c l \  r r i th  the  Upp. r  I ' , , r r l . rnd ian  and car l r
Upp: r  Vo l r : i In  s ta { r ' s  ( ) l  lhc  in lc rn i l t i ( )n l l  r tanc la r r l .  

- Ihus  
Cascr ,  ( r ,p  e i t .  nn .  q7-

9 l l )  rev i \cs  thc  l i l t cs t . lunrss ic  c l i rL i i : l  l r , r  r l lu  l , ) \ \L r  n l r r  o i  \ f , i l \b \  Sandstonc  i r \
oricinil l l t pnrposctl t l '  l>avlru ( l l{91 ).

l -hc  u r i te r ' s  unpt rb l i shcc l  \ t l l ( l \ ' ( J f  su t r l r !  l i nes  o l  thc  i rn tn ton i t t s  dcscr . ibcd  anr l
l l{rrrcd trntlcr the nltnlcs tj ' l '  l 'ara(rd\patl itrs und .\rrltcrtt.sltctl i lc.\ br S\!i l lncfton
( l9-15 ) lront thc bascntcnt ttetls of Spilsl-.1 Sandslonc \cr,nls t() srrppofl thc opinion
o l  C 'ase1.  Nonc o l  lhcsc  i ln tn ton i tcs  i s .  in t l ccc l .  congcncr ic  r r i th  the  sLr f rc r .aspc t l i t i c l :
l i tu rcd  br  I { t rss i l rn  *o rkcrs  ln rn t  thc  Rtasan i l rn  bcr ls .  fhe  s i r Inc  ts  t ruc  o f  a l l
I l c r r ius ian  subcr i rsp : ' ' c l i t i r l s  l r rn t  Arc l i c  (  anac la .  Un l ikc  thc  su lu rc  l incs  o f  a l l
l l c r r ias i In  sL lbc f t tsp .d i t i ( l s  l ron t  C 'cn l ra l  Russ i I  i rnc l  Arc t i c  Car rac l i t  l i no \ \n  to  lhc
\\ltcr. thc sulrrrc l inrs ol lr l l  Urit ish ".\ufuruspttl i tt.s t.rntl I 'unt nt.rpulitc.r l lgrl-ctl
b v  S u i n n c r t o n  (  1 9 1 5 .  P l .  I I .  t l { s .  l l l .  l C ' . 2 l l . 3 l } :  p l .  I I I .  l i g s .  2 l l .  - 1 ( . :  l ' 1 .  I \ , .
l i gs .  l l ) .  -1A )  i i r c  no t  ascc I ]d i tn t  b r r l  p ron0r r t ' r cec l l v  suspcns ivc  to \ \ . t rd \  thc  un tb i l i cus .
lund huv .  l c *c r  aLrx i l i l r r  L r l - rc r .  

- I l t csc  
su turcs  n rc  c lose l r  s in t i la r  to  th ( )sc  ( ) f  th ! ,

Uppcr  Vok iun  c raspcd i t ids  o r  to  those o l  thc  por t lund ian  s .  s t r .  to  Uppcr  Vo lg ian
pc l i sph i r rc t i r f s  (e  g . .  l )o r . * t1 tko t i t t , s ,  La tqa i tcs ,  c tc .  ) .  Thc  \ \ . r i t c r  cunno l .  ho \ ! ! , \e f .
cndorsc  thc  Ju lass ic  c l t t ing  ( r f  thc  b l l \ cnrcn t  bcds  o f  thc  Sp i lsb l ,  S lnds tonc  unr i l
i t  i s  docunrcn t .d  bV a  t l c tu i l cd  c lescr ip t io '  o f  s t ra t ig ' rph \  anc l  pu lueonkr lo$  . l  a l l
i inlnlonitcs conccrncd. Thcse' ".t irbclnl.t,r1r' l t,r. 

ancl I 'uru<.ruspcdite s lrom thc
basenrcDl  beds  o l  Sp i l sby  Sands lonc  cou ld  bc  unr . , la tcd  car l ies t  Bcr r ias i ln
s t t rv ivors  o f  t ippcr  Vo lg ian  cmspcc l i t ids  o r  pcr isph inc t i i l s l  o r  thcv  cou lc l  havc  bccn
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rcworked trom thc uppcrmost Jurassic bcds into thc basemcnt beds. as alreadv
assumed by Spath (1941.  p.  64)  .

other  c la ims made by Casey (1962.  p.  9t i )  appcar to be more doubt fu l .
There seems. for example. to be no valicl reason to statc categorically that
Ammonite.s plic'ontphalu^r' J. Sowerby 1822 is a latcst Jurassic (-raspedite.y s. str.
close to C. nodiger. Thc writer has str-rdicr.l carefLrl ly thc relevant l i tcraturc and
plaster casts of both Suhcru.spetlite.s pLit.ontphtlu.r (J. Sowerby. 1822) and .!rrb-
crerspedites sowerbyi Spath ( A. pliutmphalu.E J. clc C. Sowerby, I 1323 ) an<j
fclund thcse two specimens tcl be tocl poorly prcscrvecl for generic assignmcnt with-
out  carcfu l  s tudy of  thei r  suturc l incs,  which apparent ly  havc ncvcr  becn i l lust ratcd.
There is  no rcason to th ink that  Cascy 's  (krc.  c i t .  )  gcncr ic  and speci l ic  ass ignmcnt
t t f  A.  p l i t t tmpht t l t rs  J .  Sowerby lu22 is  basccl  on thc suturc l inc.  as hc does not
say a word about  i t .  There arc.  howcvcr ,  rather  s t rong st rat igraphic reasons to
th ink that  these two spccimcns.  which havc bccn found at  thc samc local i ty  ant l
x1c'. probably conspecific, are of basal Crctaceous ancl not of thc uppcrntost Jurassic
agc. Cascy states that the horizon of Atnrrtonite.s plicttmplrulu.r J. Sowcrby lt l22
"at  Old Bol ingbroke,  l - incolnshi rc  is  thought  to bc somc th iny fcct  abovc thc basc
of  thc sandstone."  This s ta" tement  is  in  goocl  i igrccmcnt  wi th that  of  Nealc (  1962.
p.29 1)  that  " ln  L incolnshi re ' l ' .  . ; !enonr l thrr lzr  is  rccordecl  f rom thc Uppcr  Spi lsby
Sandst i rne togcthcr  wi th. \ .  p l i t 'ompl tu l r r , r 'ancl  . ! .  , ;owerbt i  Mr.  ( ' .  W. Wright
has rccordecl thc 7'. .slertttrnpltultL fauna bctween 20 irncl 30 fcct abovc the fauna
character is t ic  of  swinnerton 's  bed D (Donr. rvan,  1957,  pp.  145-6)" .  I l -  is .  how-
cvcr .  incompat ib le wi th Casey 's  own statcment  ( l ( )62.  p.91 )  that  thc rccorc ls  o l ' :
"5.  ' * tv 'erbv i  Spath ancl  "S."  p l icomphulr t r  (J .  Sowcrby)  in  associat iorr  wi th " .5."

.s tet t t tn tp l tu lu. r  (Pavlow) in  thc Lrppcr  par t  (Spath l9-52.  Wr ight  r r r  Donovan l9-57)
arc not  conf i rmcd."  T 'hc uppcr  par l  o f  Spi lsby Sandstonc is  known to carry rypical
Rtrclt itt t,ol!:etr.si"^ ([-ahuscn) a spccics gencrally cl!agnostic of thc basal Cretaccous
rocks thro i - rghor . r t  thc borcal  prov incc (F igs.  l -2) .  Goocl  l igures ancl  dcscr ipt ions
o l  P a v l o w  ( 1 u 9 6 .  p p .  - 5 4 c ) - 5 0 .  P l .  X X V l l .  f i g s .  1 . 2 )  a n d  W o o c l s  ( 1 9 0 - 5 .  p p . 6 9 -
70.  Pl .  X,  f igs.  l .2)  secm to lcavc l i t t lc  doLrbt  about  thc corrcctncss o l  i ts  spcci l ic
ic lcnt i l icat ion.  In  Arct ic  Canacla craspccl i t ic l  fornrs c losc ly  s imi l i r r  cxtern i r l lv  to
'St t l tcraspet l i res p l ic ' t t tnp l t r t l t r .v  and. \ t rhcr t r . ;pet l i le ,s .s t tx :erbt ' i  (c .g.Strbt r t t .spedi te. t
ull. .;trpru.sttbrl i lrr.r '  Bttgoslovsky) arc known only fronr the basal (-retaccous zonc
ttt IJ t r c' h i cr o ke n.E i.s.

The val id i ty  of  Cascy 's  (  1962.  pp.  96-97)  Jurassic  c lat ing of  Strbcru. tpet l i te .s
Spath 1924 is  quest ionable in  v icw of  thc probablc Berr ias ian agc <t l 'Amrnoni te.s
pl iu tmphul t t r  J .  Sowerby 1822 ancl  A.  p l icontp l tuhr . r 'J .  c lc  C.  Sowerby 1u23.  As
cvc ' ry  gcnus is  bascd on i ts  typc spccics akrnc.  thc naturc and agc of  a l l  craspcdi t ic l
rummonites describcd ancl f igurcd by Pavkxv ( I u92 ), Sr,vinncrton ( 193-5 ). ancl
Nealc.  (1962) f rom the Spi lsby Sanclstonc ancl  Spccton Cl lay has no bear ing on the
agc and status ttf Subc'ru.spetli les unlcss thcsc anrnronitcs should happen tu bc con-
temporary with L plic'omphalrr.l of both Sorvcrbys. This is obvior-rsly not so.
despi te Cascy 's  s tatement  to the contrary.  ancl  thc ev idcnce avai lablc  c lc l in i tc ly '
favcrurs thc early Berriasian agc of A. .\tenontplrrrla.r becls at OIcl Bolingbrgkc.

) )
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Lincolnshirc. Only thc agc and taxonomic position of the genlrs 1)/lr(r( 'ruspediles

Sr i inncr ton 1935 would.  thcrcforc,  havc to bc rev iscd i f  Cascy 's  Iate Port lancl ian

s.  s t r .  to  Uppcr  Volg ian dat ing of  basal  bcds of  Spi tsby Sandstone is  va l id .  as i t

nray lvc l l  be.  Unt i l  th is  mat tcr  is  c lc f in i tc ly  sct t lcd by i ts  c lcscr ipt ion,  thc ptx l r lv

prescrvccl typc of Strh<'ru.spedite.; (Atttntttnites plicomplrulus l. Sowerby 1822) is

irsstrmccl to bc crlntcnlporary and congcncric with the Russian Sttbcruspetlites ol '

thc Ryasanian bccls  rather  than wi th thc ammoni tes c lescr ibed and l igurcc l  unclcr

that  nantc by Swinncr ton (  1935 ) .  This  mcans that  fc l r  a l l  pract ica l  purposcs t l rc

srrbgcnrrs Strbcrusredi !e. r 'Spath 192: l  has to bc in tcrprctcc l  for  thc t in lc  b: ing t ry '

i ts  rve l l -c lcscr ibcr l  and l igurcc l  Russian rcprcscntat ivcs f r t rm thc Ryasani i tn  b:c ls  o l '

Ri rss ia ancl  thc i r  cquivalcnts.
' fhc 

I 'ac ics to lcrancc uncl  gcographical  rangc of  I luc l t iu  oketr .s is  s .  la to arc

rcnrarkablc.  
- [ 'h is  

spccics ubouncls wi thout  not iccablc morpht l log ical  chtrngcs in

crcrv possib lc  k inc l  of  car l icst  f ' rc taccous mar inc scc l imcnt  f rom purc c lay shalcs

t ( )  c( )arsc cctnglomcratcs.  Evcn thc in f raspcci l ic  var iat ion t l l  IJ .  r , / , t ' r t . r t . r  rcm:. t i t ts

t l rc  sanrc in  popLr lat ion santp lcs obta incd f rom thcse contrast in ! - I  fac ics.  No

gcographical  subspccics havc bccn notcd f rom mic ld lc  Russia t t t  thc Canacl ian

\ \cstcrn Corc l i l lc ra.  f 'o l ts ic lcr ing i ts  s l . ror t  ancl  constant  t imc-ran-uc thr i t r - rghotr t  i ts

rcrr lnr"  Br t  / r  iu  oket t .s i .s  is  just  as rc l iab lc  an inc lcr  I 'oss i l  as are thc bcst  o l  zorra l

lr t.t.r n.tott itcs.

l 'ulttertttt ologt'

A rcprcscntat ivc sui tc  of  specimcns o l  I luc l t iu  t tketn is  s .  la to i l lust rat ing thc

runsc of  in l raspcci l ic  var iat ion found in our  rcg ion is  shown t tn Platcs lV to X

and XXII .  P late lV shows thc typ ical  l 'orms and extrcme var iants f ronl  thc

basal bcds <tf I ltrt lt iu ttken,si,t zonc. Platc V shttws those frttnt its nlidcllc part. allcl

l ) l r tcs VI  and XXl l  thosc f ront  thc top par t  o l  thc zone.  The typ ical  forms and

cxtreme var iants f ronr  thc lowcr to middlc par ts  of  thc r tvcr lap beds between i t

ancl the- Brtchiu urcitoit le.s z()nc arc shown in Platcs VII and XXII. and those frt ln.t

thc-  tc ' rp par t  of  thc ovcr lap bcds are shown in Platcs VI I I  and lX.  The rarc

represcntat ives of  the spccies occurr ins in  h ighcr  beds are ent i rc ly  s imi lar  t t l  thosc

sho r i , n  i n  P la tes  V l l  t o  IX .
Thc typ ical  form of  IJ .  oket ts is  has been f igurcc l  by Cr ickmay (  1930a.  Pl .  X.

l igs. l-2) under thc namc ,4 trcellu t 'uscurien.ri.r. Thc holotypc ttf A. r 'tt,st 'ttt ierr.sn is.

howcvcr ,  inc l is t inguishable f rom thc lc f t  va lvc of  the Russian representat ivc of  the

spcc i cs  l i gL r r cd  by  Pav low  (  1907 .  P l .  l .  l i g .  l lA ) ;  i t  i s  r e l i gu red  he re  i n  P la t c  X .

l igure 2.
pavlow's (  1907.  Pl .  l .  t i -s .  l lA-c)  Russian spccimcn of  R.  okensi . r '  f rom thc

'l ' t i l i t t 
(Subcruspetlites) .rpa,r.sAe,l.ri.r zonc of middlc Russia is hcrcwith sclectecl as

thc Icctotype of  the spccics.  So far  as i ts  s izc and r ibbing habi t  arc conccrncd,  th is

spccimen is ncar thc middle of the variation scries of B. okensi.r. Such forms arc

raro in the lower and midcllc parts of Ruc'hiu okensis zonc of our region and not

p lc .nt i fu l  in  i ts  upper par t  and ovcr lap beds.  Cr ickmay's (  1930a.  Pl .  X.  1 igs.  l -2)

a- )



. . lurassic and Cretaceous I ' -ossi l  Zones,  ( lanadian Western Cordi l lera

rerpresentatives ot B. okensis f. typ. wcrc probably collccted cithcr in the upper
part of Buchia okensis zone or in thc ovcrlap bcds with Iluchiu uncitoide:; zctne .

Aucellu canutliunu Crickmay ( 1930a, Pl. X, l igs. 3--5) is but an extremc

morphological variant of IJ. okensn s. lato charactcrized by much coarser ancl
widcr  spaced,  fo ld- l ike conccntr ic  r ibs.  As shown in Plates lV to Vl l l  and XXl l .
IJ. okensis var. c'onatlioarr has the samc time range as othcr morphological variants
of  the spccics and is  connected wi th thcm by innumerable t ransi t ional  forms at  a l l
lcvcls. The specimen of IJ. okensi.r fronr thc Knoxvil lc beds ol'Califttrnia l igurcci
by Pavlow (  1907,  Pl .  l .  l ig .  l0)  nppcxls  to be t ransi t ional  betwccn R.  okensis L

typ. and var. c'unutliunu.
As understood in th is  rcpor t .  IJ .  oken,v i . r  s .  la to inc ludcs not  only  R.  t t ts< ' t t -

t lensis and IJ. c'unurliunrr but also sr.rch E,urasian forms as 11. sprrs.rlen.ri.r '(Pavlclw.
1907 ,  P l .  IV ,  f i g .20 ;  Gc rass imov .  l 9 -5 -5 .  P l .  X l l l .  f i gs .9 ,  l 0 ) .  l J .  . subokens i s
(Pav low .  1907 .  P l .  l .  f i g .  l 7 )  and  R .  e l l i p r i t u  ( i b i d . .  P l .  I ,  l i g .28 ) .  O f  t hcse

fnrms B. spusskensis is synonynrous with R. .subttkertsi.r '  on infraspccil ic levcl and

this namc is not usecl. B. ell iptit 'u is. hor.vever, a distinctive morphological variant

characterized by its angular outl inc. R. oken.sis var..subokenlt,r and var. ell iptic'a

arc both characterizcd by finer and morc closcly spaced ctlncentric ribbing than

IJ.  okensis f . typ.  So far  as thc r ibb ing habi t  is  concerncd.  thcy arc on the

opposite cnd of thc variation scrics from l]. oken.vis var. cunudiunu. Although

thcir ribbing habit is primitivc and similar to that of R. t ' i .st ' l teriunu s. lato. B.

okensis var. suhoken.r'n and var. ell iptictr havc about the samc timc rangc as the-

morpho log i ca l l y  morc  advanced  va r i an t s  o f  t he  spcc i cs  (P l .  V l .  l i g .3 ;  P l .  V l l .

l igs.  4,  6,7;Pl .  XXI I .  t ig .  4) ;  they in tcrgracle wi th IJ .  un<i l t t ide.r  var .  . rprrs . rAer i .s-

o i t les (Pl .  V l l l ,  l igs.  t3 ,  12,  c tc .  )  in  thc over lap bcds and arc conncctcc l  wi th /1.

okensis f .  typ.  by innumerable t ransi t ional  forms at  a l l  levels .
Contrary to thc widespread bclief. thc shapc of thc shcll <tt I l  . okensi.t s. Iattr

is  ext remcly var iablc .  In  our  mater ia l  i t  rangcs f rom angular-subquadratc t l r

trapczcJike in l l  . okensis var. ell iptittL (Pl. V. t ig. tt) to a regularly pcar-shapecl

one  i n  i t s  unnamed '8 .  t ' o l ge t r , t i , s - l i k c ' va r i an t  (P l .  V ,  f i g .  - 5 ) .  Long  sub t r i angu la r
fo rms  (P l .  V l l ,  f i g .  l ;P l .  V l ,  l i g .  t 3 )  c l osc l y  r cscmb l i ng  somc  l a rgc  rep rcscn ta t i v r ' s

ttt B. unciloit les s. latcl arc also common. Thc pcar-shapcd and long, subtriangular
lcft and right valvcs can only bc clistinguishcd from thosc ol B. volgensi"^ (Lahusen)
(P l .  X .  f i gs .  4 ,  - 5 )  and  B .  un< ' i t o i t l e . r  s .  I a to  (P l .  V l l l ,  f r gs .  10 ,  l l )  by  t hc i r  c ( )a rsc r
ancl wider spaccd ribbing habit.

Dcspi tc  i ts  grcat  var iabi l i ty  in  shapc.  IJ .  oker t .s is  s .  la to is  casi ly  rccognizablc
bccausc of its large to giant sizc conrbinecl r. l ' i th thc uniqucly coarsc ancl u'iclcly

spaccd concentr ic  ornamcnt .  Addi t ional  c l is t ingLr ish ing fcatures inc luc lc  thc exccss
of  width ovcr  height  in  most  rcprescntat ivcs.  gre i l t  convexi ty  and considcrablc

thickness of thc left valvc as opposcd to tlrc much thinner to almost f lat right valvc
(P l .  V ,  f i gs .  7 ,  l 0 ;  P l .  X ,  t i g .  7 ) .  an  unusua l l y  l a rge  and  angu la r  p t r s t c r i o r  ea r  i n

both valves, feeble but regr.rlar downward clrrvalurc and thc abscncc of coil ing of

the lc f t  beak.  which lacks thc abrupt .  hook- l ikc bend of  [ ] .  r 'o l l4ensis  (Pl .  X.  t ig .

48) left beak.
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The character is t ic  appcarancc.  evolut ionary gradc.  and inf raspeci f ic  var ia-
t ion of  thc byssus car  and thc lc f t  bcak of  IJ .  oken.s is  s .  la to have a l ready becn
dcscr ibcd in  conncct ion wi th thc c l iscussion of  thc i r revcrs ib lc  of thogcnct ic  t rcnds
in Bttchiu.

Thc cxcess o l  width ovcr  hc ig l r t ,  thc wel l -def incd.  largc and angular  car .  thc
markccl ly  postcr ior ly  obl iquc shapc of  thc shcl l ,  and the a lmost  f la t  to  gcnt ly  c( )nvcx
right valvc dist.inguish IJ. okertsi.r s. lato fnrrn ccrtain variernts of Brtclt iu pu(it ' i(u
n .  sp .  (P l .  XV l .  f i gs .  4 .9 ;  P l .  X lX .  f i gs .  3 .6 .  t 3 )  anc l  I l .  ke ) ' se r l i ng i  s .  l a to  (P l .  X .
f ig .  l ;  P l .  X lX.  l igs.  5.  7)"  which may acquirc  coarsc ancl  d is tant  r ibb ing habi t
closely similar to that <>f I l . oken,yis f. typ. and var. sultokensi,s. B. putit ' i tu n. sp.
has,  fur thcrmorc,  pronounccd lc f t -handccl  incurvature of  le f t  beaks.

Largcr  s izc,  morc d is tant  ancl  coarscr  r ibb ing.  wcl l -dcf rncd.  large ancl  angular
postcr ior  car .  predominant ly  s t ra ight  to  fccbly  lc f t -handccl  incurvaturc of  lc f t  bcak.
and thc grcater  th ickncss of  thc le f t  va lve d is t inguish B.  okensis s .  la to f rorn i ts
apparcnt anccstor I). t ' ischeriunrr (d'Orbigny, ltt4-5) s. lato. Somc halfgrown or
mecl ium-sizcd rcprescntat ivcs of  I j .  oken.s is  var .  s t tboket i ,srs  (Pl .  IV.  f igs.  5.9;  Pl .
Vl .  l ig .  3 ;  Pl .  V l l .  t igs.  6,  7)  and t ransi t ional  forms bctwecn th is  var iant  ancl
IJ. unc'ittt ide.r var.,rpa.rskett:;oide.s (Pl. Vll l , f ig. t i ). which havc left beaks fccbly
incurvcd to r ight  may,  howevcr ,  bc harc l  to  d is t inguish f rom largc representat ivcs of
R. l i .tcltcriunrr s. lato if thcy arc founcl alone.

Appurcnt ly  cont inuous scct ions br idging thc J urassic-Crctaccous l rounclarr ,
<rccur  in  sevcra l  arcas of  Arct ic  Canacla (F ig.  2) .  and Bucl t iu  faunas of  thesc
scct ions arc s t i l l  be ing studicc l .  The rcsul ts  a l rcacly  obta incd sLlggest  that  / i .
okensis-ttrtt i lr., lr ie.r stock desccndcd from the latc Uppcr Tithonian B. f i.scherianu-
lsitx' lr i i-terebrutrtloides spccics group (all threc l 'clrms may possibly bc conspccil ic )
nat ive to that  rcg ion.  The t ransi t ional  faunas bctween thcse twrr  spccics group\
scem t ( )  bc abscnt  in  Arct ic  Canada.  So far  as known. the g iant  lorms of  I i .
okensis appcar suclclcnly in thc basal Bcrriasian bccls of that rcgion ancl B.
rttrt ' i toit le.t s. lato is not known to bc associatcd with thcm thcrc. This suggcsts that
thc transmutation of B. f isclrcriuno-pioclti i-terebrutttktit les spccies group into thc
lJ. okensi,t '-ttttt ' i toides spccics gr()up ()ccurrcd cithcr in Northern Eulasia or in thc
western Corc l i l lc ra of  North Amer ica.  The formcr hvpothesis  is  favoured hcre
( F i g .  3  ) .

ln  the Canacl ian wcstcrn Corc l i l lc ra thc Uppcr  T i thonian rocks urc unknour. r
(F ig.  l )  ancl  thc basal  bcds t> l  l luc l t iu  oket ts i .v  zonc mzty bc abscnt  a lso,  as i ts
o ldcst  known rcprcscntat ives sccm to be morc ac ivancccl  morphological lv  than thosc
occurr ing in  thc mixcd faunas of  Cal i forn ia.

On thc wcst  coast  of  Vancouvcr  ls land numcrous reprcscntat ivcs of  B.
t t kens i s  s .  l a to  (P l .  lV ,  l i gs .  3 ,  u ,  12 ,  l - 5 ,  19 ,  23 )  appca r  sudden l y  a t  t he  basc  o f
1he C' rc taccous rocks.  l t  is  thc dominant  Ruc'h iu form in these rocks.  ln  thcsc and
slightly youngcr becls comprising thc lowcr part of Btrchiu okensi.s zonc. IJ. t*ensis
s.  la to is  associated wi th scarccr  buchias t ransi t ional  tc t  [ ] .  f ischer iunu s. Iato (PI .  tV.
l ig .  l4) .  R.  terehrutr rk ide"-  s .  Ia to (Pl .  lV,  hg.  l7  ) ,  and B.  unc ' i to ide.s s .  Ia to (Pl .
lV .  f i g .  l 6 ) .  Rcp rcsen ta t i vcs  o f  I J .  t t n< i l o i de . r ' s .  l a to  (P l .  IV .  f i gs .2 .7 .  l 3 )  a r c
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also fa i r ly  common in thesc bccls .  Numcrorrs t ransi t i t tna l  f t t rms conncct  a l l  thcsc

I l r r<. l t i t t  forms.  Except  for  lack of  thc g iant  forms of  IJ .  oken.s i ,s  s .  la t t l .  which arc

so  common  i n  t he  m ick l l e  anc l  uppc r  pa r t  o f  i t s  zonc  ( see  P l s .  V -V l l l .  XX l l ) .

thesc car l iest  known palaconto logical  popLr lat ions of  thc spccics inc i t ldc l r l l  i ts

k r tou n morpholr rg ic l l  vr t r i l t r t ts .

ln  the Harr isctn Lakc arca thc basal  2.10 fcct  of  thc Pcninstr la  Forml t t io t l

(F ig .4 )  i s  un fgss i l i f c rous  exccp t  f o r  a  i cw  be l cmno ic l  r cma ins  (C r i ckmay .  1962 .

p.  7) .  I ts  yoLlnger  becls  conta i r r  g iant  19.  t tket ' r .s i ,s  forms c l iagnost ic  of  thc n l ic lc l le  or

Lrppcr part <'tf Brtchiu okett.si.; zonc. All ol thc isolatccl collccticlns of /J. t.,/ 'r 'r i .rt.r s.

la to avai lable f ront  othcr  ercas of  thc f 'anacl ian wcstc l 'n  Cordi l lcra and i td jacc l t t

par l -  o l '  thc Statc of  Washingion appcar to bc rc fcrablc tc l  thc mie l t l lc  o i  t lpp l r

part of []uchiu o/'en.tl.t zollc.
ln  thc C'anadian \ \ 'cstcrn C'ord i l lc ra IJ .  to t t i lo i t le . t  s .  la to not  only  i tppcars

s i r r ru l taneously lv i th  IJ .  t tkensi .s  s .  la to but  occurs thror- rghot i t  i ts  z t tnc.  Thc rat io  o l

thcsc two spccies mav varv st ronglv ancl  i r rc l lu lar ly  l rom t tnc bccl  to  thc t l thcr

i . r ' i th i r r  Brr ' l t iu  okensi .y  zonc.  but  l l  .  oken.s is  s .  la to is  morc numcr()L ls  than 1 i .

ttncitoit le"- in mctst bccls. Highcr up l). oker ur.r s. lato graclually bcctlmes lcss

nuntcrous unt i l  both spccics bccomc about  ccpra l ly  common. St i l l  h ighcr  up in  thc

sect i r rns thc percentagc o i  /1 .  oker t .s i .s  s .  la to c l imin ishes fast  whi lc  that  of  R.

trrt<'ittt ide.s s. lato incrcases cquall l '  fast' Abtlvc this Ievcl IJ. rtttt ' i l t t ide'l s' lattr

becomes tlre clominant species comprising from 75 to 9-5 per ccnt of thc palactlnto-

logical  populat ions o l  lJ t t t 'h iu in  a l l  bcds unclcr ly ing Rtrc ' l t iu  t r t lmutsc l t t twi  zonc.

Onl1, 's ingle to r i i re  rcprescntat ives of  B.  oken.s is  s .  la t t t  occur  in  thc Lrppcr  two

th i rds of  these bcds and nonc \ \ 'as sccn i r r  thc t ransi t ior ra l  bcc ls  to Rrrchiu

t()lntu!schowi zonc.
Thc zonc of  Rr t t 'h iu oken.s i .s  propcr  can b ' :  c lc t incd as thosc beds whcre th is

spccic-s prcc lominatcs ovcr  R.  t rnt i to i t le . r 's .  la to.  o l tcn compr is ing 60 to 90 pcr

ccnt  of  Buc 'h iu populat ions.  Thcsc bcds arc about  -50 fcct  th ick on thc wcst  cc last

r t f  Vancouver ls land.  but  secm to be much th icker  in  thc Harr ison Lakc arca

and c lscwhere on thc main lancl  of  Br i t ish Columbia.  Thc next  younger bcds whcrc

R. t tkensis  s .  la to and l l .  ur t t i to i t les s .  la to are about  cqual ly  numcrous arc dcsig-

natcd thc- 6verlap beds bctwecn IJtrc' lt iu okett.si.t a.ncl I lut'hitt unt' i toide.s zoncs; thcy

are ab6ut  105 fcet  th ick on thc wcst  coast  of  Vancouver ls land.  The over lap bcds

iLrc recclgnizablc as an inclcpcnclent subzonc whcncvcr larger fttssil samplcs arc

available; they are, howcvcr. treatcd as thc uppcr part of l luchiu okensis zonc in

Figures I to 4. Thc becls whcre 1J. unt' itoides s. lato strctngly prccltlminatc can bc

clcfinecl as Butliu unc'itoide.s zonel they arc about 270 fcet thick tln thc west ct.rltst

of  Vancouver ls land.
IJ. okensi,g s. ltrto and 1i. rtncitoit les s. lato arc conncctcd by uninterruptccl

scr ics of  t ransi t ional  l 'urms at  a l l  lcvc ls  and so cannot  bc sharply  scparated in  our

rcgi i rn (F ig.  3) .  In  thc Canadian wcstcrn Cbrdi l lcra.  thcreforc.  R.  okensis s .  la to
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i lppcars to bc no n lorc Ihun an cxt rcnrc ly  c l is t inct ivc m()rpholo-c ica l ly  but  t r lns icnt
cvolut ionary phase' .  o l ' thc North Paci l ic  lJ t rc l t iu  l incagc;  i t  dominatcs th is  l ineagc
Ior  a shor t  wl t i lc  c lcvc loping a host  of  huge ancl  morphokrgical ly  cxt remc forms
trn ly  to c l is lppcar  again in tc l  lcss d is t inct ivc but  Iongcr  last ing IJ .  r tn t ' i to i t le . t  s .  la to.
I l  .  okensi . r  s .  la to is .  thus.  a typ ical  examplc of  thc revers ib le.  qLrant i t i r t ivc mtt rpho-
Ios i ca l  sh i f t  i n  t hc  scnsc  o f  Jc le t zky  (19 -5 -5 .  pp .  484 -86 )  so  f a r  as  t hc  evo lu t i ona r t '
ccntrc  of  thc North Paci l ic  I l t tch iu l inca-ge ( that  is  the Canacl ian wcstern Corc l i l lc ra)
is  c t rncc-rnccl .  Thcrc would be no val id  rcason to scparatc IJ .  o l iensi . r  s .  la to
spccifically frt lm 11. rrttt ' i l t t i t le.t s. lato wcrc thc formcr conlinecl to thc Canaclian
wcstcrn Cordi l lera.  IJ .  oken.r is  s .  la to is .  howcver,  comnton thr t tughout  thc
C'anacl ian Arct ic .  Eur t tpean Arct ic  and Northcrn E.urasia ancl  sccms to be a c l is-
t inct ivc ancl  sharply  l imi tcc l .  cryptc lgcnic species throughout  th is  vast  prov incc (F ig.
3) .  For  that  rcason,  and bccause of  i ts  or . r ts tanding b iochronoktg ical  va luc.  i t  is
t rcated as an indcpendcnt  spccies in  th is  repor t .

I ]  uc h i  a  unc i t  o id es Tone
.S/rutigrupltt'

Thc bcst knowtt sccti()rts of Rtrclt iu unti loit le.s zonc havc bcen nreasurccl on
thc wcst  coast  of  Vanct luvcr  Is lancl  where i t  ovcr l ics gradat ional ly  IJ t r t l t iu  oken.s i . t
zone. In that area f]uchiu untitoide.y fauna has becn rcfcrrcd to as Aut'ellu cx cr.
terehrul tt loit lr,.r '  fauna (Jclctzky, | 9-50, p. 40 ).

f  n  thc Harr ison Lakc arca IJur ' l t iu  t rnt i to ide.s launa occurs in  thc samc st rat i -
graphic posi t ion as on thc wcst  coust  o l  Vancouvcr  Is lancl .  Therc 11.  ur t t ' i to i t les
has bccn.  howcvcr .  c lescr ibed unclcr  thc namcs of  Aucel lu  ut t t l i r r ts tu! t r ,  A.  <u! t t -
t r torp l tu,  ancl  A.spusskensoi t le .s  by Cr ickmay (1930a,  pp.  46-11 ,  P l .  9 .  l igs.  2- ,1) .
'Ihc 

ztrnal valuc of R. urtt ' i /oit le.r was n()t rccognizccl by Crickmay ( 1930a). prob-
ably bccar-rsc of thc occltrrcncc of ovcrlap beds betwecn this zone and IJur' lt iu
ttJi.ert.si.r zonc. I ltrclt iu uttc' i loides fauna is also known fntnt the lower part of thc
Elc lorac lo Group in thc L i l looct  and Br ic lgc Rivcr  map-areas.  in  the Pr inccton map-
i r rca,  and in sevcra l  othcr  areas ot  thc Canacl ian wcstcrn Cordi l lera.

fn Cal i forn i t r .  B.  r tn t i to i r l r , . r  is  known to occur  in  the basal  beds of  the Pas-
kcn ta  Fo rn ra t i on  (Andc rson ,  l 93 f l ,  p .  105 ) .  Anc l c r son ' s  (  1938 .  pp .  106 -107 .  P l .
tt. f igs. 8-9) Aut'ellu luhuseni from thcsc beds represents, furthermorc. an cxtrcnrc
r. 'ariant ctf []. rrtrc' itoirles transitional to B. tolmuls('hov,i -s. lato.

In Cal i forn ia 'Aute l lu  crus.s ico l l i .s ' ,  as used by lmlay (  1959,  p.  163.  1960).
appears to bc a comprehensivc,  long-ranging specics that  amalgamatcs our  R.
rtncittt ides s. lato with scvcral younger specics of thc samc lineagc. Thc Canaclian
zcrne of B. uncitoit le.r probably corresponds with thc lower part of lmlay's ( 1960.
pp. l1 l-2) Kil iunellu cra,ssiplic'Lta zone. in part at least (l ig. 2).

On the wcstern slope of thc Richardson Mountains Bu<'hiu un<itoides zonc
occurs betwecn Buc'lt iu oken.vi.t and Buc'hia voll4ensis zoncs (Jeletzky, l96l a ).
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Elscwhere in  the Richardson Mounta ins i t  was only doubt fu l ly  recorc lcd in  thc

same st rat igraphic posi t ion.  I t  is  not  known to occt l r  in  any othcr  arca of  Arct ic

Canada or  in  Alaska.

['ulaeontology

A reprcscntative suitc of IJ. trn<ittt ide:; s. lato i l lustrating thc rangc of infra-

spcci f rc  var iat ion found in our  regi t tn  is  sht lwn in Platcs lV to Xl .  Most  of  thc

specimens figurccl are from thc samc nrcasurccl scction on thc west coitst ol

Vancouver ls land.
Plate lV shows the ear l icst  known forms of  thc specics t . rcct t r r ing in  thc

lowcr and midclle parl of fJtrc' lt iu o/isir.s/.r z<,.nc. Platc V, {igurc I shtlws thc rarc.

large rcprescntat ivcs f rom the middlc par t  of  thc same zt lnc.  Thcst 'arc t r i tns i -

t ional  between the '8 .  v6 lgensis- l ike 'var iant  of  IJ .  t tken.s i , t 'shown in Plate V.  l igurc

5. ancl B. unc'itoide.r var. .r 'pa.r'.r i ensoide.r'. Platc Vl shows the rarc but fairly typical

rcprcsentatives of the fecbly sculpturecl variant of thc spccics from the uppcr part

t t f  IJut 'h iu oAerrs is  zone.  Simi lar  forms a lso occur  in  i ts  mic ld lc  par t .  P latc  Vl l

shows the more prolif ic and variable forms of I l . trnt' i ttt ide.l s. lato from thc upper

par t  of  Rut l t iu  okensis zonc ancl  thc l t lwcr  and mic lc l lc  par ts  of  thc ovcr lap bcds.

t rn{  Plates Vl l l  ancl  IX shor ,v  an cvcn nrore pro l i f ic  ancl  var iablc  asscmblagc f ronl

the top par t  of  thc samc bccls .  Thc la t ter  asscmblagc inc luc lcs mtts t  t l f  thc morpho-

logical  v l r iants charactcr is t ic  of  thc ovcr ly ing Rrrr ' l t iu  r rn<i l t t i r le , ;  zonc prope r .  T 'h is

r ladc i t  pctss ib lc  to l imi t  thc i l lust rat ions of  thc la t tcr  asscmblagc to a few abcrrant

r t r  o therwise in tcrcst ine fornrs,  thcsc arc - .hown in Platcs X ancl  XI .  t r r r  ac lc l i t i t ln  t t r

thc.  representat ives of  somc l igurecl  spccinrcns o l  Cr ickmay (  l930rr)  sht l lvn i r l  I r l l l tc

X.  f igurcs 6.  12,  13.  th is  sui tc  inc lud ' -s  a complctc shcl l  o f  I ] .  t tnc i l t t i t [e , r  f .  typ.  (Pl .

X.  t ig .  8)  idcnt ica l  wi th Atrcel l t t  uct r t is t r iu tu Cr icknray 1930 ancl  that  of  z t  t ransi -

tit;rral form bctwecn thc forntcr variant an,J ALtt 'elltr ctt lunorphu Crickmay' 1930

(Pl .  X,  l ig .  9) .  Another  feebly sculpturec l  to  semi-smooth fornr  c losc ly  approaching

A. r 'u t t rmorpl l r r  is  shown in Platc Xl ,  f igLrrc U.  Also shown are thre ' :  l r r t rut lcr  l tnd

f lar tcr  le f t  va lves (Pl .  X.  l igs.  3.  10.  I l )  inc l is t rnr :u ishablc f rorr  thc A.  ,s l t t t .ss l i l ' t t t -

o i r le . r  Cr ickmay.  1930,  and an cxt rcmely narrow ancl  h igh-archccl .  co l r rsc l ) i  r ibbccl

var iant  rvhose beaks havc pront luncccl  lc f t -handcd incurvaturc ( f lg .  l4  ) .  
' l 'hc

lirttcr variant is transitional to 11. ttt lnttt l.sclrtttt ' i  s. lato.

Thc namc [ ] t rc 'h i t r  t tnc ' i to ide. t  was in t r t lc lucccl  by Pavl t lw (  1907.  p.  61.  I '1 .  V.

l igs. I4, I 5 ) for angr-rlar and k>ns. I lu(' l t i6 frlrms othcrwisc sinli lar I<t IJ ' lere'

l t ru t t t lp ide; ;  (L2huscn) .  Al l  h is  spccimens wcrc f ronr  " l - t i l iu .s tet tontp l tu l tL 'bcds o1 '

thc European Rnssia and'Pr i lvpt l 'c 'h i tes 'bcc ls  of  the eastcrn s lopc of  Northcrn

Urals.  This  spccics can.  howcvcr ,  bc bct tcr  in tcrpretcd f rom thc cxccl lent  t i l t t r rcs

o f  Soko lov  (  1908b .  P l .  I .  l i gs .  IO -13  r ron  l 4 ) .  wh i ch  c l ca r l y  show thc  cha rac t c r i s t i c

n-rorphology of  i ts  byssus car ,  shapc of  both valvcs.  var iat ion t l l ' t l rnanrct l t  f ronl

re lat ive ly  heavy an<j  widc ly  spaced r ibbing to l ine st r ia t ion.  c tc .  St lko lov 's  spcci -

mens are from Toll ia stenontphultL bccls of thc Eurtlpcan Russia ancl apparrntlv

cquivalent  beds of  Eastcrn Sibcr ia.
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As i r l ready mcnt ionccl ,  cr ickmay's (  1930a,  Pl .  lx ,  hg.2 l  Aut 'e l lu  ucut i : ; t r io tu
is the junior synonym of the typical fornr of IJ. unc'itoides s. lato (.see pavlow, 1907,
Pf  .  v ,  l igs.  14,  l -5 ;  Sokolov.  l90t ib .  Pl .  I .  f ig .  l0) .  His A.  spusskensorr les (op.  c i t . .
l '1 .  IX,  f igs.  3,4;  th is  paper.  Pl .  X,  f igs.  6.  l3)  is  an exrremc var iant  of  the s i rme
spccies characterized by the coarscr and wider spaccd concentric ribs; it is closcll,
s imi lar  to  thc specimen shown in Sokolov 's  papcr  (  1908b.  Pl .  l .  l ig .  I  l )  but
incluclcs larger fttrms with even wider spaced and coarscr conccntric ribs, which
arer transiticrnal to B. oken.ti.s var. subokenri,r. The close affinity of A. spu.s.skens-
oides wirh the Iast-mentioned form was clearly perccivecl by Crickmay ( 1930a.
p.47)  and is  ret lcctcd in  thc namc givcn to th is  var iant  o l  R.  unci to i r l r , .s  s .  la to.
As alrcady mentioncd, B. rtnt'itoitle.r var. .rpas.rfr en.soitle.t and 11. okensis var. subo-
ken,sis ( B. spusskenr,i.r Pavkrw) are conncctcd by an uninterrupted scries of
transitional forms in tlrc ovcrlap becls of thc wcst coast of Vancouvcr lslancl.
cr ickmay's (  I930a.  PI .  tx ,  l ig .  3)  hokr typc of  the var iant  is  onc of  thcse forms;
i ts  unl igured lc f t  va lvc is  c losely s imi lar  to  those shown in Plate Vl l l ,  f igurcs 7,9.
A.  cututTtorp l tu (op.  c i t . ,  PI .  IX,  I ig .  -5 )  is  inc l is t inguishable f rom thc f inc ly  s t r ia ted
r ight  va lvc <t f  R.  t tnc i ro i r le . r 's .  la to l igured by Sokolov (  l90 i lb ,  p l .  I .  f igs.  l3A.  B) .
S im i l a r  l e f ' t  va l ves  a rc  shown  i n  P la t c  lX ,  f i gu rcs  13 .  l u ,23 ;  p la te  X I ,  f i gu rc  8 .
fhis extrcmc variant of I). uqcitoit les s. lato is probably ancestral I<t IJ. tolmut-
. tchov, i  s .  la to which is  charactcr is t ica l ly  f ine ly  s t r ia tcd.

IJuc'lt i tt ttttc' itoide.v s. lato is an irregularly rounded to markeclly angular.
obl iquely e longatc (postcr ior ly)  shcl l ;  charactcr is t ica l ly .  i t  is  consic lcrably  longer
than widc but  some cxtrcmcly wic lc  var iants may bc only s l ight ly  longcr  than wic ic
( P l .  v l l ,  f i g s .  1 3 .  I 4 ;  P l .  I X ,  f i g s .  1 . 2 . 3 . 4 .  1 6 .  1 9 ) .  T h e s e  c x t r c m r - .  v a r i a n r s  n r r v
be ' t r ans i t i ona l  t o  t he  ea r l y  f o rms  o f  R .  kevse r l i ng i  s . l a to  (p l .  X ,  f i g .  l ; p l .  X r .  r i gs .
1 . 5 ;  P I .  X l l ,  l i g s .  1 . 2 ) .  T h c  s h e l l  i s ,  g c n c r a l l y  s p c a k i n g ,  n a r r o w .  h i g h  a r c h e d
and angular  in  cross-scct ion whcn v iervcd f rom thc bcaks (p l .  lx .  f igs.  -5D,  l3D.
l 9D .22D) .  Th i s  f l a t  t oppcd  c ross -scc t i on  comb incd  w i th  morc  o r  l css  s teep l y
s l t lp ing f lanks is  par t icr - r lar ly  charactcr is t ic  of  thc la tc  forms of  the spccies.  Thc
th ickncss of  thc shcl l  is  c i ther  s l ight ly  lcss than or  cqual  to  i ts  width in  thc typ ical
f o rms  (P I .  X ,  l i gs .  8 ,  9 )  and  l a t c  va r i an t s  (p l .  X .  f i g .  l 4 ) .  B .  unc i t o i r l e . r . va r .
.s l t t t . rs l ie t tso i t le , i  (P l .  X.  l ig .  I2 .  c tc . )  and other  (most ly  car ly)  \ ,ar iants (Pl .  VI l .
f i gs .9 .  l 2 )  may ,  h t twcvc r .  bc  cons ide rab l y  t h i nne r  t han  w ide  and  have  g rac lua l l y
i r rch ing l lanks in  cross-scct ion.  Thc cxt rcme var iabi l i ty  of  thc shapc of  both valvcs
r locs not  lcnd i tsc l f  to  a concise dcscr ipt ion;  i t  can be morc rcadi ly  appraised
v i sua l l y  ( . r ' ee  P Is .  V l l  t o  X  ) .

In  typ ical  forms of  thc spccics (Sokolov.  1908b.  p l .  l .  l ig .  l2 ;  th is  papcr .
Pl '  X.  f igs.6,  l l )  conccntr ic  r ibs arc charactcr is t ica l ly  l ine and c losely spacccl ;  thcy
itre trftcn very sharp (in R. uncitoide.s var. (t( 'utistriotu) in the spccimens with wcll-
prcservcd shcl l  sur facc.  This fcaturc is ,  howcvcr ,  t i rxonomical ly  unre l iab le.  bc ing
largcly ctlntrolled hy thc modc of prcservation. Thc conccntric ornament is als6r
f r cqucn t l y  v i s i b l e  on  thc  su r face  o f  i n t c rna l  cas t s  (p l .  X .  f i gs .  3 .  9 ,  10 .  l l ) .  l n
IJ. unc'itoides v'dr. (utumrtrphu crickmay, I930, thc surface of both shell and cast
is coverccl only by finc striac and growth-lines with a fcw coarscr ribs and welts
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intcrspe rsed lcrcally. R. utt(itoile.t var. .\pds.tken.\oile.\ '  C'rickmay. 1930 arlt l

rc.latcd forms are. on the contrary. covcrccl by much morc widcly spacccl, collrs;.rr

conccn t r i c  r i bs  (P l .  X .  l i gs .  12 .  13 .  e t c . ) .  T I r i s  va r i an t  i s  on  thc  oppos i t c  cn ( l  ( ) l '

thc' variation scries from B. trntitoit les yar. ( 'utLuttorpltu, so far as thc naturc of th,-'

( ) i l l i lmt 'n t  is  conce rncd.
The lef t  va lvc of  B.  t rnc i to i t le , r  s .  la to is  commttr r l l 'not  much largcr  or  th icLcr

than  i t s  r i gh t  va l ve ;  bo th  t cnd  t0  havc  s in r i l a r  shapcs  (P l .  X .  { i gs .9 .  l z l ) .  H t tu ' -

cver. B. un(itoide.r var. sprr.r.rAc tt.soitle.; ancl othcr carly variants transitit lnal to 11.

okensi . r  s .  la to may possess mLlch l l i r t tcr  ancl  broaclcr  r ight  va lves s inr i lar  to  th i r l

o f  IJ .  vo lsensls and B.  oker ts is .
Thc long. sharp, moclerately bcnt clownr'varcl but mostly not ctti lcd beak ol'

thc le f t  va lvc docs not  normal ly  (or  only  s l i i :h t ly)  ovcrh l rng thc sorncwhl l t  shor tcr '

anc l  sma l l e r  bu t  equa l l y  sha rp  anc l  i ncu rvcc l  r r gh t  beak  (P l .  X ,  f i gs .  t 3C ,9C .  l 4C) .

Srrme rare, abcrrant forms resembling 11. lo!ntulst'how'i var. urneri( '.tr?.I and prob-

ably ancestra l  to  i t  (P l .  V l l .  f igs.  -5.  l l )  nray.  ho 'uvevcr .  havc pronouncecl ly  bcnt

clownward and more or lcss strongly coilcd lcft b:aks.

Thc charactcristic latcral curvature of lcl ' t bcak oi R. unti loiles s. lato allcl

i ts  in f raspcci f ic  var iat ion and cvolut ionary gradc,  and a lso the character is t ic

appearance of  thc byssus car .  i ts  in f raspcci l ic  var iat ion.  ancl  evolut ionary grac lc .

have a l ready been dcscr ibed (PP. 6-1.  l2) .
The anter ior  sur face of  byssus car  is  charactcr is t ica l ly  bcnt .  l ts  uppern, 'ost

par t  forms an angle of  40 to -50 dcgrccs wi th the p lanc o1 '  contact  of  thc valvcs.
'fhis 

angle thcn incrcases to 6-5 to 90 dcgrccs witlr in thc upper part of thc surlacc

(P l .  lX ,  I ' i gs .  l 4D ,  2OD.2 l  D ) .  Thc  l ower  ha l f  o f  t hc  byssus  ca r  p ro t rudcs  i nwarc l .

forming a sharp-edged.  c law- to bcak- l ikc protubcrancc (Pl .  lX,  l igs,  l4E,  15F. .

2 lE )  .  This  protuberance cnters thc c lceply inc iscc l .  t r iangular  ar t icu lat ion p i t

(  "Gelenkgrube")  of  thc lc f t  va lvc;  i t  is  longcr  ancl  sharper  than thc prot t rbcr ' -

ance of  the most  ac lvanced form of  R.  p i rx ' l t i i  s .  la to (Pl .  l ,  f ig .  3E).  The bysstrs

car crf R. unc'itoides s. lato is distinctly more ach,anccd than that of eithcr 1i.

okensis s .  la to.  or  B.  vr ; lgensl ,y  s .  s t r .  and /1.  ke l 'ser l ing i  f .  typ. l  i t  is  much morc

simi lar  to  that  < ' t f  I ) .  in f lu l t r  s .  la to (Pl .  I .  l igs.  7,  t i )  in  i ts  shapc,  rc lat ive s izc ancl

r t r ientat ion.  The only s t r ik ing d i lTcrcncc bctwccn thc two is  thc much narrowcr

ancl  longer,  pronounccd wcdge- l ikc out l ine t l f  thc profoundly cxcavatcd inncr

surfacc of byssus car in B. unciloides s. lato.
B. uncitoides s. lato dilTcrs from its hotngeomorph B. r,tt lgensis s. str. (Pl. X.

l igs.  4,  5)  in  i ts  narrower,  morc cktngated,  th ickcr  and most ly  d is t inct ly  s t tb-

triangular valves. The narrowly subtriangular. markcdly bcakccl and thick right

va l ve  o f  B .  unc i t o i de . t  s .  l i l t o  (P l .  lX ,  f i gs .  l ,  2 .  14 .  15 .20 .21 ;P l .  X ,  l i gs .  t tB ,98 .

l48,  14C) contrasts s t rongly wi th thc i r regular ly  rounded.  broad.  fccbly  convcx

to slightly depressed, often clcarly earcd but slightly bcakecl right valvc of B.

vo lgens i s  s .  s t r .  ( Lahusen .  18U8 .  P l .  I l l ,  f i gs .  2 ,3 ,  - 5 ,6 .  13 .  l 4 '  l 5 ; t h i s  pape r '  P l '

X, f ig. ,5). B. unc'itoit les s. lato also cliffers from B. volgensis s. str. in its mucir

thinner. distinctly pinched, more or less rcgularly ancl moderatcly downward bcnt

l e f t  beak  (P l .  V I I I .  f i g .  l 0B ;  P l .  X .  l i gs .  38 ,  8C ,9C .  l lB ) .  l n  B .  vo lgen^ r i s  ( , r ec
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Pl.  X.  l ig .  4)  ancl  in  1J.  af l .  ro lg( t t . \ ' i . t  (see Pl .  l l l .  t ig  l )  thc broaclcr  ancl  b lunt . - r -

beak is  abrupt ly  or  i r rcgr , r lar ly  hookccl  and ovcrhangs thc nrL lch smal lcr  ancl  shor tcr

r i gh t  bc r r k  ( . r ' ce  a l so  Lahuscn .  l u t i l J .  P l .  l l l .  t i gs .3 .  - 5 .  I 3  and  l 4 ) .  Thc  l c f t  bca l i

c t f  IJ .  r t r tc i t t t r r le . r  s .  Ia to is  commonlv incurvccl  to  thc lc f t  ivh i lc  that  t t f  R.  t ' t t lgetr t i .s

s.  s t r .  is  incurvccl  to  r ight  or  s t ru ight .
Somc largc rcprcscnt i r t ivcs of  1J.  tu t t i to i t le .s  s .  la to (  Pl .  V.  f ig .  l ;  P l .  V l l .  l igs.

10.  I  I  )  coulc l .  pcrh i rps.  bc consic lcrcc l  cxt rcmc var iants <t l '  l ) .  t ' r t lgetr , r i . t  s .  s t r .  i l

lourrd a lonc;  thcv a lu 'ays occrr r ,  howcvcr .  in  ass()c iat ion u ' i th  ntuch ntorc I t t ln lc t ' -
ous,  typ ic i t l  rcprcscntat ivcs of  th{ l  spccics.  No typ ical  rcprcscntat ivcs o l  /1 .
volgetr .s i . t  s .  s t r . ,  sr , rch as c lominatc i ts  populat ions in  thc Canadi l rn Arct ic  ar l t l
Nor thcrn Eurasia.  havc bccn t i runcl  in  thc Canacl ian wcstcrn Corc l i l lc ra.  Thc santc
sccms t ( )  bc t rLrc of  thc wcstcrn Cordi l lcra o l  thc Uni tcd Statcs ancl  Alaska.  cxc.pt

l i r r  iso l r r tcc l  spccimcns of  /J .  a f i .  vo lgensi . r  (L.ahuscn )  louncl  in  thc basal  Crctaccot ts
bcc l s  o f  Ca l i f o rn ia  ( lm lay ,  1959 .  pp .  160 - l ) .  

' I hc  
w r i t c r  has  sccn  th rce  sp :c in r c r t s

of  l l .  a l l  .  r 'o iqcr i . r 'o  (Lahuscn) I ' rorn thc Nooksack area.  Washington (Pl .  l l l .  l ig .

l ) .  i ,vh ich arc c losc ly  comparablc wi th thc typ ical  rcprcscntat ivcs of  th is  spccies
I ' ronr  Arct ic  Canada (Pl .  X.  l igs.  4.  -5) .  Thcsc specimens lornt  par t  of  thc sanlc
t i rss i l  co l lect ion wi th I ) .  c l ' .  l t lun lor t ! iunu and R.  f i . tc l ter iur tu var .  (A-1902).  Thu
are,  holvcvcr ,  cnclosccl  in  thc b lu ish grcy sandstone instcad of  the purple vct lcat t ic
tuf l  or  tu f laccous b lack shalc.  in  which a l l  reprcscntat ivcs of  thc othcr  two spccics
irrc cnclosccl. Thcsc Ilrtt ' lr iu at7. volgen.si.r (Lahusen ) have presumably bccn tlc-
r ivcc l  f rom c l i l ic rcnt  (car ly  Lowcr Crctaceous' l )  bcds.

I ) .  ket 'ser l i r tg i  (Lahuscn)  s .  la to c l i f lc rs  f rom R. r tnc i lo i t le . r  s .  la tc l  in  being l t
nruch shor tcr .  broaclcr ,  rc lat ive ly  th inncr  and a lmost  cquivalve shel l .  whosc lc l t
bcak is  much shor tcr  ancl  b luntcr .  ncar ly  s t ra ight  or  s l ight ly  i r . rcurved to lc f t  ( l )1 .

X IX .  l i gs .  l . 2 .  - 5 .7 ) .  I t  has  much  morc  i : csu la r l v  ro r - rnc l cd  shc l l  ou t l i r r c  t han  / i .
rtttt i !oide.r s. lato. Evcn 1J. ttnt' i toit!e.s var. ,r7rrr.r '.r 'Aert.soiles cannot bc casily conl'ttscti
rv i th  /1.  ketser l i t tg i  s .  la to,  cxccpt  rvhcrc t ransi t ional  furms betwccrr  thc t rvo i t rc
involvcc l .  l t  shoulc l  bc notcc l .  howcver.  that  R.  ke1'ser l i t tg i  ( l -ahr- rscn )  v i t t .
l i . r ' rngerr , r ' l . r  Sokolov.  l90 l t  l rom Europcan Russia (Lahuscn,  l t t lJu,  Pl .  IV.  l igs
2l -23\ ,  i ts  la te Bcrr ias ian rcprcscntat ivcs f rom thc wcst  coast  of  Vancouver ls la t t t l
(P l .  X ,  f i g .  l t  P la t c  X l l .  l i g .  I  ) .  anc l  t hc  l a t c  Va lan -u in ian  fo rms  o l  t hc  sp : c i cs
(Pl .  X lX.  l ig .  -5 I  may somct imcs havc le l t  bcaks wi th fecblc to nrarkcc l  le f t -
hanclec l  incurvuture comparablc to thosc oI  R.  t rnt ' i t t t r r les s.  la to.

R.  tere l t r t i r r lo i les (Lahuscn.  l lJut l  emcncl .  Pavklw.  1907 )  is  more s inr i lar  to
l]. ttrtcitoide.r' s. lato than 11. kevserlingi is. I]. te.reltrutukides clit lers fronr R.
rrtt<itoit le.s s. Iato csscntially in thc samc fcilturcs a,s B. keyserlingi docs btrt it is
pcrsistcntly smallcr. lJ. untitoit le.r s. lato is bcst dist.in-euishecl from B. terebrutul-
o ide.s I ' ty  thc more narrow. longcr ,  and c l is t inct ly  angular  out l ine of  i ts  shel l
combincd wi th thc more or  lcss marked lc f t -handcd incurvature of  le f t  beak.  Thc
taxonomic rclationships bctwccn IJ. lerebratuloides and IJ. uncitoit le,t '  s. l irto rc-
main obscure ancl thcse two forms may bc in part conspecific. The name 1J.
rerebrutu lo i t les (Lahuscn.  l l i t t l t )  may be a junior  synonym of  B.  obl iqutL (Tul lbcrg.

I t i 8 l ) .  i f  t hc  cus tomary  i n te rp re ta t i on  o f  Tu l l bc rg ' s  (  l 8U l .  p .  23 .  P l .  X I I ,  f i gs .

t r
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J u r a s s i c  a n d  ( , l r e t a c e o r r s  F o s s i l  Z o n e s ,  ( l a n a d i a n  W e s t e r n  ( l o r d i l l e r a

l3-15) description ancl drawings of Au('ella kel'serlingiun.l fornta ohliquu is corrcct.
As a l ready ment ioned in conncct ion wi th thc dcscr ipt ion of  thc evolut ion of

lcft beak in Bu<'hiu, small to mcdir-rm-sizcd rcprcscntativcs of IJ. untitride.r s. Iato
such  as  a re  shown  i n  P la t c  lX .  f i gu rcs  -5 .  c ) .  10 ,  l l ,  12 ,  13 ,  l t 3 .  23 .  may  bc  con -
iused with the older I). pioclti i  s. lato. Espccially IJ. Ltncitoit les forms in which
t ln lv  thc ear l iest  par t  of  le f t  beak has lc f t -handccl  incurvature may be hard to
di f lerent ia te f r t tm B.  p iot 'h i i  s .  la to.  Onc has of ten to re ly  on thc h ighcr  cvolut ion-
ary grade of  thc byssus ear  of  r ight  va lve or  on thc i r  associat ion wi th f i l rms having
typical  (  i .c . .  morc markcd lef t -hanclcd incurvaturc )  lc f t  bcaks for  thc posi t ive
identif ication ancl dating of sr-rch homocomorphs of 11. piot'hii s. lato. lt sccms
possib le that  somc of  thc Cal i forn ian buchias customar i ly  idcnt i l ied as l ) .  p i r t th i i
s .  la to and datec l  accordingly  arc actual ly  such homocomorphic var iants o l '8 .
tutt ' i ttt i t les s. lato. Somc of thesc spccimcns hlrvc alrcady bccn idcntif icd as /1.
t l tc i to ides by Pavkrw (  1907.  pp.  61.  l t3  ) .

Thc closest ally and direct dcsccnclant of lJ. tttrt ' i trt i t le.r s. lato is lJ. tolmtt-
. tc l t t twi  Sokolov s.  la to which d i l l 'c rs  l rorr r  thc formcr spccics in  having a th ickcr .
of ten narrowcr shcl l  wi th thc pronounccd lc f t -hanclcd curvaturc of  both bcaks
( P l .  X I I I .  f r g s .  I . 3 .  z t ;  P l .  X l V ,  l i g .  l ;  P l .  X V .  f i - c s . 4 , 7 .  1 0 .  l l ) .  R .  t o l m u t s t ' l t o w i
s.  la to character is t ica l ly  lacks thc pronounced.  c losc ly  spaccd.  sharp r ibbing of
lJ .  unci l t t ide.r  s .  Ia to on thc shcl l 's  sur facc ancl .  cvcn more charactcr is t ica l ly ,  on thc
surface oi thc intcrnal cast. Thc right valve of IJ. tri lntut.sclrr,,r,r s. lato is nrorc
convex ancl narrolcr fhan that ol IJ. trrtt ' i t tt ir1i,. i s. lato.

R.  puc ' i l ic t r  n .  sp.  is  a much s i ror tcr  and th ickcr  shcl l  than IJ .  t r t r t ' i to i t la .y .  t t
clt les nclt tapcr gracfi-rally and cvcnly towarcls thc lowcr margin front thc placc ol'thr-'
nrax imum th ickncss Lrs R.  un( ' i t ( ) r r l r , . r 's .  la to c locs.  br , r t  is  sharply  t runcatcd in  t l la t
c l i r ec t i on  (P I .  , \V .  l i g .  I 2 ;  P l .  XV l ,  l i gs .  l - � 2 .1 -10 )  i n  rhc  an rc r i o r -p ( ) \ r c r i o r  asp , . c r .
Both beaks of  [ ] .  puc ' i f ic . r  n .  sp.  havc st rongcr  lc l t -hanclcd curvaturc anLl  arc s t rongcr
b c n t  d o w n w a r c l  ( P l .  X V l .  f i g s . 2 , A . 2 D . 3 4 . 3 t ' . 4 A . 4 C .  l t A .  t i c . 9 , A , 9 D ;  P l .
XVI l l .  f igs.  24.  2D) than thosc of  I l  .  unt i t t t i t le . r 's .  Ia to.  T l rc  much gr latcr  th ickncss
and markecl  t runcat ion of  thc r ight  va lvc t t f  B.  puci f i< 'a  n.  sp.  towarc l  th t - -  lowcr
margin arc par t icu lar ly  d is t inct ive i lnd hc lpfu l  in  i ts  c l i f fcrcnt ia t ion f rom thc rnuch
longer.  th inncr  ancl  grac lual ly  tapcr ing (backward )  r ight  va lvc o l '  IJ .  r rnt ' i to ides
s .  l a to .

I ) .  in l lu lu s .  la to.  IJ .  .s t rb luevi .s  s .  la to ancl  a l l icd borcal  fornrs (Pl .  XVI .  f ig .  6;
P l .  XV l l .  I i gs .  l - 6 )  a r c  a l l  much  th i ckc r  anc l  sho r l c r  ( o f t cn  g lobu lous )  shc l l s  t han
IJ.  t tnc i to ide.r  s .  Ia to.  Thcy have.  bcs idcs.  shor tcr  uncl  b l r - rntcr  bcaks.  Most  var iants
nf  IJ .  sr tb luevi . r  s .  la to arc,  fur thcrmorc.  bro i rc lcr  ancl  tencl  to  lack thc sharp,  rcgular
ct rnccntr ic  ornament  of  B.  t r r tc i torr /e. r ' (cxccpt  f< ' t r  B.  t tn t ' i t< t i t le .s  var .  cuturrut rp l tu)
and so c l i f fcr  f rom i t  a lso in  th is  rcspic t .  Thc r ibbing of  s t lme rcprcscntat ivcs o l '
R.  .v t th luevi : ;  var .  tnujustu l r  (Tul lbcrg.  I t3 lJ I )  may,  hor ,vcvcr ,  bc s imi lar  to  that  o l
IJ .  t rnc i to ide.r  var . . rprr . rs f ret tso ides ( I ' � I .  XVl .  l ig .  6) .  Thc sanrc is  t rue of  most  or
a l l  var iants of  B.  in lk tu s .  la to.  Anrong thcsc forms thc conccntr ic  ornamcnt  of  1J.
i t r f l u tu  va r .  t r ussu  (Pav low ,  I 907 )  (P l .  XV l l .  l i gs .  2 ,  4 )  i s  pa r t i cu la r l y  s im i l a r  t o
that of R. unciloides var. .rpa.r.r'lert.toidt,.;.
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I ' rooosed l iossi l  Zones

IJ. t 'ru.ssicoll i ,r '  s. str. and its variants are commonly smallcr. broaclcr and

shorler shclls than IJ. trncitoide.r s. lato. lts lcft beak is, furthcrmore. longer.

s t rongcr  bcnt  downward ancl  more or  less markcdlv coi lcd (Pl .  XX,  f igs.  lB '  98 '

l 0 B ;  P l .  X X l .  f i g s . 2 B .  - 5 1 1 . 6 B . 7 8 ) .  O n l y  s o m c  r e t r c ,  a b e r r a n t  f o r m s  o f  I J .

t t t t t : i to ide,s s .  la to (Pl .  V l l ,  l igs.  5,  l l )  may bc s imi lar  to  /J .  c ' r r t . rs f t ' r . , / / rs  s .  s t r .  in

th is  rcspcct ;  thcy arc.  howcvcr ,  much longcr  and s lender f t l rms wi th markcd to

pronouncccl lcft-handcd incurvaturc of lcft beaks. I]. t 'russittt l l i .r is a much nlorc

incquivalvc shel l  than IJ .  turc i to ide.r 's .  la to.  i ts  r ight  va lvc being only feebly convex.
h roac l c r  and  morc  i r r cgu la r l y  roundcc l  (P I .  XX .  l i gs .  13 t s .  l t c .  l lA .  I  lB ;  P l .  XX .

f i g . 6 ) .

Irr addition to its rranrc spccics. thc But' lt iu t ltcitoit les z()ne carrics rarc cilr ly

f r r rms of  R.  ket ,ser l in lqr  s .  la to.  Thcsc inc luc lc  th ickcr ,  morc coarsc ly  r ibbcd,  sub-

triangtrlar shclls apparcntly rcfcrablc to B. - kel,,serlinqr var. .sibiric'tt ( Sokolov.

1 908 )  (  P l .  X l ,  f ig .  3  )  and th inncr .  more rcgular ly  r r tunclcc l  shel ls  apparcnt ly '
rc ferablc to R.  Ao' . r 'er ' l i r rgr  var .  t is ingen,s is  (Sokolov,  l90t t )  (Pl .  X.  l ig .  l ;P l .  X l .

l i g .  l ; P l .  X I l ,  l i g s .  1 , 2 ) .  T h c s e  l o r m s  h a v c  b c c n  f o u n c l  o n l y  l o c a l l y ,  a n c i  t h c n

rarc ly .  in  thc uppcr  I (X)  fcc- t  or  so of  | l t t t l t iu  t r t r t ' i lo ides zonc.  Thcy sccm t t r  in tcr -
grac lc  wi th thc cxt rcmcly broad.  shor t ,  and markccl ly  r ibbed var iants of  fJ .

t t t r c i t o i des  s .  I a to  f r om thc  samc  anc l  o l c l c r  bcc l s  (P l .  lX .  l i gs .3 ,  l 9 ) .  The  l c l t  bcaks
of  thesc forms tcnd.  fur thcrmorc.  to  havc st rongcr  lc f t -hanclcd incurv i i turc (Pl .  X.

l i g .  lA ;  P l .  X l l .  l i g .  l )  t han  thosc  o f  t hc  youngc r  B .  / r e l se r l i ng i  t .  t yp .  i r om Eas t

G r e c n l a n c l  ( P l .  X I X .  l i g s . 2 A , . 2 C . 7 A ) .  O u r  I ' o r n r s  c o u l d  p o s s i b l y  b c  n o t  t h c

inrmiqrants from thc Arctic bLrt an indigcnclr-rs offshoot <tt IJ. u;tcitoirlr.r s. Iato
that  bccame homoconrorphical ly  s imi lar  to  B.  ler ' . rer ' l r i rg i  s .  la to.

Age uttd (-orrelutiott

Diagnost ic  Tcthvan (nt i t in ly  Incro-Paci l ic  or  Arrdcan) antn lor t i tcs occt t r  rarc l l '

in thc mirlcl lc part of lJttthiu uncitoit le: z()11c on thc wcst coa-st ttf Vancouver islancl.
- l 'hcsr-  

anrmr ln i tcs inc luc l  t :  S l t i t i t 'aru.s ( .S1t i t i t 'c ru.s)  c ' .1  . .scr ipr t ts  (Strachcy)  (Pl .  X i l .

f ig .  ,1  )  .  S l t i t ic t , r t ts  (Spi t i t t ' r t t .s)  c l  .  t r to j . t t ,ur i  tJh l ig  ( I ' � I .  X l l .  l ig .  5  ) .  SPi t ic 'eru.s
( .Spi t i t 'eru. r )  sp.  inc lc t .  juvcn.  ( l '1 .  X l ,  f igs.  2.  31,  Sl t i t i terus (Ort teber icerr is l  sp.

inc lc t . ' l  (P l .  X l .  l ig .  7) .  I ler r iusel lu  ( l ' ro t t t t ' tur t l t t td i . rc 'u . t ; )sp.  nov.  nt l .  B.  ( l ' . )  n t i< ' l te i -

c r r s  (Bouosk rvsk r ' .  1 t397 )  (P l .  X I .  t i g .4 ) .  and  Ne txo r t t i l e , r  ( s .  l a to )nov .  sp .  i ndc t .

( P l .  X l .  t i g . 6 ;  P l .  X I l . l i g . 6 ) .
' l - hc  

l i r s t  i dcn t i l i l b l c  Bc r r i i r s i an  an lm( )n i t c  i s . \T t i t i ce ru . s  (Sp i t i <e rus )sp .  i ndc t .
juvcn.  founcl  abt l r - r t  I76 fcet  ubovc thc Jurassic-Crctaccous cont i tc t  ancl  ? l  fcct

abovc thc assigncrl basc of I lut' l t iu urtt ittt i le.E zonc proper. Thc last iclenti l iablc

Bcrriasian ammerrite is IJerritr. iellu (l ' t 'otut'trn!h<tt! i.sttr.s) n. sp. a1T. l l  . (P.) miclteictts

t t luncl  about  322 fcct  abovc thc Jr . r rass ic-( - retaccous contact  and somc 103 fcct

bc low thc top of  I l t r t l t iu  to t t i to ides zonc.  Thc gcncr ic  and speci t ic  af f in i t ics of  th is

anrmoni tc  fauna (or  faunas' l )  inc l icatc that  thcse bcds.  at  lcast .  arc t l f  la tc

Berr i i rs ian agc.  C'onsidcr ingt  the supcrposi t ion of  . lJ tu l t i t r  r rnc i lo ides zot . tc  t tn  the
prcsumably carly l lcrriasian Ruchiu okensi.s zonc. thc formcr zonc mllst bc largcll '
or conrplctcly cclLrir. 'alcnt tct thc Thurnrunnite.s hoissieri zone of southwcstcrn Eurttp;
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J r r r a s s i c  a n d  ( l r e t r c e o r r s  F o s s i l  Z o n e s .  ( l a n a d i a n  \ \ ' e s t e r n  ( b r d i l l e r r

(  F ig.  I  )  ancl  . tpr t icet  us dunte. \ i  zonc of  Argcnt ina (  Lcanza.  l9-15 ) .  Thc i rss ign-
mcnt  of  the uppcr  103 fcet  of  Btr t l t iu  t rnc i to ides zonc to thc la tc  Bcrr ias iarr  is .
ht rwcvcr ,  basccl  onlv  on thc L-sscnt ia l  cont inLr i ty  of  l ]L t t l r iu  fat rna throughor-r t  th is
zone.  ancl  may bc subjcct  to  rcv is ion csprc ia l lv  i l 'onc considc ls  thc s inr i lar l r
slendcr clata usccl for corrclation of the Iou'cr oart of IJtr<'lr it lolnrut.scltow,r zonc
( . r 'eg be I< lw)  .

Thc corrc lat ion u ' i th  thc borcal  prov incc of  Northcrn F.r - r ras ia is  morc c l i f i icu l t .
As alreadv mcntioncd. Btrclrio rtncitoit le.y zortc ovcrlics confornrably anel gracla-
t ional ly  tsuc 'h iu okensi . r  zonc.  As thc la l tcr  is  corrc latcc l  tcntat ivc ly  wi th thc
Berriu.sellu (Riu.sunite.;) rjusunensis zonc of thc Europcan part ()l U.S.S.R.. it secnts
Itrgical to corrclatc Rtrclriu rut<'itoide,; zonc with thc ncxt youngcr boreal zone- of
7'oll iu (Subt'ruspedites).s1tu.r.rken.ris. lJ. oketr.si.s is. Irolvcvcr. knrlr,rn [o rurrgu irrto
thc la t tcr  zonc and thc hcrc-acccptcd prcscncc r l l  nrorc than onc Bcrr ias ian fauna
in thc Ryasanian bcds is far from provcn. Thc corrclation of l lrrchiu trrcitt ide:
zone proposcd in Figurc I is. thcreforc. offerccl as a tcntativc sr-r-ugcstion only. ancl
thcrc is  vct  other  rcason to qucst ion th is  cr t r re lat i r tn .

Iltrchiu tutcitoides zonc is confornrably ancl graclationally or, 'crl l in l ' ty Bttt lt iu
ttt ltnut.schow'i zonc. which appcars to bc corrclativc with "-l-oll iu,ttenornphultr" z{)nc
(rcnamecl  T 'o l l iu  to l l i  zonc in  th is  rcpor t ; . ier  F igure I  uncl  unclcr  thc d iscussion o l
agc of Buchiu tolmutsthttvt' i  zonc). " '[oll iu.sterrotnplrulu" zonc appears to be cor-
re lat ivc wi th thc Lowcr Valangin ian of  nor thwestern ancl  southwcstcrn Europc
( Plutyletticeru.s gevril i  zonc ) bccausc ol thc gcncral all init ies of its amnronitc
fauna and s imi lar  s t rat igraphic posi t ion.  Thc occurrcncc of  Rr t t l t i t t  in f lu tu (Toula)
and i ts  vLtr .  ( rus. \u (Pavlow) in  th is  zonc is  sLrggcst ivc of  an cvcn youngcr  a! rc .
judging by the occurrencc of thcsc forms in IJttt lt i tt l tucil i ttr zonc of our rcgior-r
(see p.46) .  The Lowcr Valangin ian agc of  " ' l -o l l i t r  . r te t rotnpl tu l t t '  z-onc is  accorc l -
ing lv  acccptcd as val ic ' l  in  th is  rcpor t  (  F ig.  I  ) .  A l l  Russian lvorkcrs (  Pavlor i .
1907;  Sokolov.  l9Otta)  ins is t .  horvcvcr .  that  in  U.S.S.R.  IJ .  t r t r t i to i t le .s  s .  la to is
ctrnfinccl to "Toll iu .stenotrtpltalu " zonc ancl asccncls into thc appilrcntly youirgcr'
"Pt t l t 'p t t 'c l t i te .s"  bcc ls .  ln  thc Carrac l ian wcstcrn Corc l i l lc ra th is  spccies docs not
ascend into the apparcnt ly  corrc lat ivc l lu t 'h iu to l t t tu ! .sc l rot t ' r  zonc but  is  conf lncd to
thc 'under ly ing beds which carry la tc  Berr ias i i ln  ammoni tes in  thc i r  mic ld!c  par t .  Thc
rcason for  th is  a"pparent  d iscrepancy in  vcr t ica l  rangc o l ' [J .  t tnc i to i t le . r  s .  la to in
North Amcr ica and Northcrn Eurasia is  not  c lcar .  I t  coLr ld possib ly  b: :  c luc to
st rong condensat ion of  bcds in  thc cr i t ica l  car ly  Lorver  Crctaccous sect ions of  thc
Russian p lat form rcsul t ing in  concentrat ion of  indcx foss i ls  of  sevcra l  ac l jaccnt
zt tnes in  one and the samc th in becl .  This  cxplanat ion scenrs feasib lc  as thc
Berr ias ian and Valangin ian be c ls  of  the Russian p lat form arc punctuatcc l  b1 '
h iatuscs,  rcpresentcd by g lauconi t ic  and phosphor i tc-bear ing sancls (of ten pcbbly) .
ancl  are extremcly th in as comparcd wi th thc contcmpurary rocks e lsewherc (sec
Gerassimov,  l9-5-5,  pp.  12-13) .  Other  possib lc  explanat ions inc ludc the rework ing
of  Berr ias ian buchias f rom the undcr ly ing Ryasanian beds or  thc prcsence of  an
older. so far unrccognizcd, fauna in the lower part of "Toll iu stenomphala" zonc.
The lat tcr  explanat ion is  favoured by thc c i rcumstance that  Gerassimov's  ( loc.  c i t . )
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foss i l  l is ts  t> |  " ' l 'o l l iu . \ tenotn l ) l tu lu"  zone inc ludc most ly  la tc  Berr ias ian specics but
fcw (e.g.  [ ] .  i r l lu tu)  or  n()nc of  thc Lowcr Valangin iun ammoni tcs ancl  buchias
ci tcc l  ancl  par t l \  l igurcc l  f rom thc samc zonc by Pavlorv (  18u9.  1907).  Sokolor
(  l90 lJa.  b)  and othcr  workcrs.  Sasonov (  l9-5 l .  p .  62)  has a lso suggestcc l  thc
prcscncc of  morc than onc I 'auna in " ' l 'o l l iu  , ; tenontp l ru lu "  

zonc.
Thc abscncc t l r  ( ' l )  cx l rcmc rar i ty  o l  thc typ ical  lJ t r t l t iu  t ' t i lgen.s i .s  thmushotr t

thc r " 'cstcrn C' t l rc l i l leran bc l t  o f  North Amcr ica ( inc luc l ing Alaska' / )  contrasts
shl r rp lv  wi th thc i tbunclat rcc of  th is  spccics throughout  Arct ic  Canada (Jelc tzk-r .
I  9-58.  1960.  l96 l  a.  b )  .  In  thc Arct ic  Cana d 'a I l  .  vo l .eerr . r ' i . r  s .  s t r .  charactcr izcs.
bcsiclcs. a wcll-clclinccl zttnc of i1s or', 'n 1Fig. 2). Thcrc Errr' lr irr yt.,1gcrr.v.r zorrc
rrvcr l ics c i thcr  lJr r r ' l r iu  t tker t . t i .s  z( ) l rc  or  IJ t rc l t iu  unt i /o i i le .y  z ,c tnc (onl r , ' in  thc
Richtr rc lson Mor-rnta ins ' l  ) .  ant l  appcars to bc c l i rcct lv  t tvcr ia in br , ,  thc Lr t rvcr
Vrr lan-g in i i rn  ' l - t i l l iu  (7 'o l l iu)  c l  .  to l l i  ' , tnd [ :JLrc l t iu  ket ' .ser l i t rg i  f .  tvp.  zonc.

Thc gctlgritphical rcstriction ol lJrtr ' lr iu rtncitoir!e.r itnd Rrtclt iu lrrlgerr.ri.r in
North An.rc l ' ica ancl  thc l rppror i l ru tc  contcmporanci ty  of  thc i r  zoncs in  tcr r rs  of
thc Bcrr ias ian r rntntoni tc  zoncs suggcst  t l ra t  lJ t r t ' l t iu  tu t t i to i t le .s  zonc is .  gcncra l l l
spcakinu.  but  a North Pl rc i l ic  fuunal  l 'ac ics of  thc Arct ic  unel  Eurasian Btr t l i iu
roL.qer t . ; i .s  zonc (  F ig.  2 ) .  Thc prcscncc of  both zoncs in  supcrposi t ion in  thc
l l icharc lson Mot tnta ins ( . lc lc tzk i ' .  l96 la)  c locs nol  contrac i ic t  th is  in tcrpru- tat ion as
thc rcgion ct tnccrnccl  l ics at  t l rc  bounclary of  thc rcalnts o l  both specics rvhcrc thc i r
in tcr l ingcr ing an(1, . ' ( ) r  nr ix ing c ln bc cxpcctcc l .  

- f l re  
rcpor tec l  associat ions of  11.

tutc i /o i r les ancl  B.  r 'o1,qcrr . r ' i . r ' in  Sibcr ia ancl  Europcan Russia (pavlor i , , .  1907:
Sokok r r ' .  l 90ua .  b )  can  a l so  bc  i n t c rp rc t cd  as  m ixcd  faunas  ( . t , e  abovc ) .  B .
rrtlgett 't is and 11. Ltttci/tt i t le.s appcar to bclong rcspcctivclv to thc Arctic ancl North
Paci t ic  I lu t l iu  l incagcs (  F ig.  3 1.  Thcy arc,  indcccl .  not  onlv  geographical l r
iso latcc l  but  cxhib i t  thc prcv iouslv  c l iscr- rssccl  important  c l i l lercnccs in  morpholour
oi  lc f t  bcaks ancl  bvssus cars.

IJ rt c h i t t ol rtt u ! sc h ou'i 7<tne

"\trutigrupltv

On the ucsl  c t last  t l f  Vancouvcr  ls land I l t r th iu ur t t ' i to ide.s zone is  ovcr la in.
apparcnt ly  c t ln formatr ly  ancl  grac lut ional ly .  by a scquence of  bcds about  I l9  fcct
th ick charactcr ized by the abLrndancc of  Rtrchiu to lmut . tcht tyr . , r  (Sokolov.  190t3)  ancl
its variants. This Ilut'hiu fttuna was first rcferred t<> trs Aut'el1rr c-x gr. luhuseni.
c tc . .  faLrn i r  (Je letzky.  1950.  p.  . l  I  )  ancl  then later  as I lu t ' l t iu  urner i tunu taun; t
(Je letzky.  l9-59.  p.  24) .  Thc bulk o l '  thc l l r tch iu forms of  th is  fauna is .  howcv.- r .
rc fcrablc to the typ ical  fornr  o l  IJ .  to lnut .sc 'htn, i  (Sokolov.  1908b.  p.  I3 ;  p l .  I I .
{ t gs .  1 -2 ) .  o f  uh i ch  I J .  un te r i c t t nu  Soko lov  (  1908b ,  p .  16 ,  P l .  l l l .  l i gs .  - 5 -7 )  i s  on l )
an cxt remL' .  morphological  var iant .  Hencc thc proposed changc of  thc zonal  foss i l 's
name.

Isolatcd lots of B. /tt l tnulscJrr.,r.r ' i  and all iecl fclrms havc bcen seen from scveral
arcus of  the Br i t ish Colunrbia 's  main lancl  (c .g. .  Harr ison Lakc area.  Br idgc Rivcr



. l u rass i c  and  C re taceous  Foss i l  Zones ,  ( l anad ian  \ \ ' e s te rn  ( l o rd i l l e ra

arca, ctc.). So far as known. this z-one occupics thc same stratigraphic position

thcre as on the west coast of Vancor'rvcr lslancl.

As a l rcady notec l  by Sokolov ( l90ub,  pp.  I5-16)  typ ical  examplcs o l  both

IJ. tt i lmtttsc.holvi ancl B. lolmutsclun'i var. (tmeri( 'unu occur in thc Paskcnta F-tlr-

matk)n in California. There B. tolmut,st' lu.rN'r s. lato occurs in thc Toll iu ( ' l 'ol l iu)

murul t i l is  zone of  lmlay (  1960,  pp.  174-175),  that  is  to  say in  the uppcr ,  but

not the uppermost. part of the comprchcnsive 
"lttcello c'nts:;ic'tt l /r,r zone" tlf Inrlav

(  19 -s9 .  pp .  t 75 - t76 ) .
Btrchiu kt lmutst 'h tnt , i  zone is  unknolvn in  nor thcastcrn Br i t ish Ct l lumbia.

Yukon, an{ Alaska. probably becausc of palaeozt' lclgcographical reasons. Nor has

it bcen recorcled tcl the writcr's knowleclgc- from thc Canadian and Europcarr

Arct ic ,  western Sibcr ia or  European Russia.

I'ulueontoktgv

A represcntativc suitc of specimcns of lJrrt ' lr iu loltn(tt.\( ltowr s. lattl is shilwn

9n Platcs XI l l  to  XV.  B.  lohnutst ' l touT s.  la t t l  is  a large,  th ick.  a lmost  cquivalvc

(P l .  X I I I .  l i gs .  1 .3 -4 )  t o  marked l y  i nequ i va l ve  shc l l  w i t h  s r - rbpa ra l l c l  t o  s tecp l y

s loping f lanks and f la t tencd uppcr  sr- r r faccs o l  both valvcs.  This t la t tcn ing rcsul ts

in the rc lundccl - t rapczoidal  to  roundccl -quadrangular  cross-scct ion of  the shcl l  (P l .

X l l l ,  l i gs .3C .48 )  when  v iewcc l  fmm thc  bcaks .  Thc  shc l l  i s  a lways  h ighc r  t han

widc.  narrc lw,  long to very lc lng (maximum lcngth at  lcast  dt tubles thc maximum

width)  and subtr iangular ;  i ts  grcatest  th ickncss is  gcncra l ly  c losc ly  behind thc bcak

part ,  whcrefrom i t  tapers re lat ivc ly  fast  ancl  abrupt ly  toward the t ips of  thc bcaks

anc l  t he  h inge  marg in  (P l .  X I I I ,  f i gs .3B .  -+C1 .  Thc  tapc r i ng  t t twa rd  t hc  l owc r

marg in  i s ,  convc rse l y ,  more  o r  l ess  g radua l  (P l .  x l l l ,  1 i gs .  38 .4C ;  P l .  X IV .  f i gs .

lB,  lD) .  In  some rcpresentat ivcs thc maxintum th ickness is  in  the nr iddlc  of  thc

shel l  ( in  antcr ior-postcr ior  aspcct)  and thc taper in-U is  abor . r t  cqual ly  gradual  in

both d i rcct , ions (Pl .  X l l l ,  f ig .  lD) .  The antcr ior-poster ior  out l inc of  such shcl ls

is nrgre or lcss regularly roundcd throughttut as oppttscd ttt the wcdge-likc shape

of  other  v t r r iants.  Beaks may be shor t  and of  about  equal  length (Pl .  XM, l igs.

l . 3 .4 )  o r  l ong ,  i r r cg t r l a r l y  bcn t ,  anc i  t r nec lua l  i n  l cng th ,  t he  l c f t  bcak  bc ing  thc

longc r  (P l .  X IV .  f i g .  l l  P I .  XV ,  l i gs .  7 .  10 .  l l ) ;  t hcy  i r r c .  h ( )wevc r .  a lways

strongly bent  downward and havc pronouncccl  lc f t -handcd incurvaturc.  Whcrr

thc beak of  the le f t  va lve is  shor t  i t  c locs not  ovcrhang that  of  thc r ight  va lvc.  When

thc left beak of B. lolmols(lrr.rui var. utneric'urtu is l<lngcr. howevcr. it tcrrcls to

strongly overhang thc shorter right beak and may bc tightly coilcd.

The sur tace of  thc shel l  is  charactcr is t ica l ly  c levoid of  rcgular ly  spaced.

st r ( )ng concentr ic  ornament ;  i t  is  covcrcd e i thcr  by f inc st r iae wi th or  wi thout  i r

few pronounced constr ic t ions ancl  wcl ts  (Pl .  XIV.  l ig .  I  )  or  by i r regular ly  spaccd

concentr ic  r ibs and furrows (Pl .  X l l l ,  l igs.  3-4) ;  thcsc nray bc c i thcr  fceblc or

st rong.  The sur tace of  the in ternal  casts has thc same sculpturc-  as the shel l 's

sudace. The minority of specimens of B. tolmulschr.,tt i  s. lato, which are largcly

transitional eithcr to R. uncitoitles s. Iattl or ttl R. ltttt'ific'u n. sp. and cgnfincd to

the basal or top beds of the zone. may hzrve stron-q, regularl l, spaccd concentric:
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r ibs on par t  or  a l l  o f  the shcl l  surr 'acc (most ly  on i ts  bcak par ts  only) .  Even in
thcse specimens, howevcr, thc surfacc of thc internal cast is largely cievoicl of
t h e s e  r i b s  ( P l .  X V . l i g s . 7 ,  1 0 .  l l ) .

Thc charactcristic appeilrance, infraspecific variation and cvolutic' lnary gradc
trf byssus car and lcft bcak ctt R. tolrnut,sthow,i s. lato havc alrcady bcen clcscribecl
in  c t rnnect ion wi th the d iscussion of  i r revers ib lc  or thogcnct ic  t rends in  Ruc'h iu.  

- I -hc

byssus ear cloes not scem to dil1er matcrially from that of B. unc'itoirle.t.s. lato.
Thc mt ldcratc ly  long.  a lmost  cquivalvc,  shor t -b:akccl  reprcsentat ives of  R.

tu t lmu tsc 'how ' i  s .  l a to  (P l .  x l l l ,  f i gs .3 .4 ;  p l .  XV ,  f i g .4 )  ag ree  w i th  t hc  Eas t
Sibcr ian cotypcs of  th is  spccies f igurecr  by Sokorov (  l90gb,  p l .  l l ,  f igs l .  2)  in  a l l
csscnt ia l  dcta i ls  of  thei r  morphology.  Thcsc typ ical  forms of  B.  ro lmurschew, i  arc.
howcver.  associated wi th much morc s lcndcr .  pronouncedly inequivalve forms wi th
longc r  and  more  downward l y  ben t  bcaks  (p r .  x r v .  t i g .  l ; p r .  XV ,  l i gs .  7 ,  10 .  i l ) .
Tho Iatter forms arc indistinguishablc from thc cotypes of B. r.ra.r.slcoll is v1r.
ar t ter i< 'unu Sokolov (1908b,  Pl .  l l t ,  t r igs.  -5-7)  in  a l l  essent ia l  morphological
details. They arc here cclnsiclcrccl to be but an cxtreme morphological variant of
R. tolnntschoh,r s. Iato as they have the same stratigraphical range as the typical
forms and the two intcrgrilde at all levcls. Anothcr cxtreme vlriant oli I]. tol-
mu!s<'ltov'i s. lato is rcprescnted by cxtra thick forms strongly swollcn in the midcllc
(P l '  X l l l '  f i g .  I ) .  Th i s  va r i an t  cha rac t c r i s t i ca l l y  l acks  coa rsc .  sha rp  r i bb ing  bo th
on thc shcl l 's  sur facc and on the sur facc of  thc in ternal  c i is t .  i t  has shor t  beaks
ancl  is  a lmtrst  equivalvc.  Thus i t  is  very s imi lar  rc t  B.  sublueyr . r '  var .  mujusc ' t r lu
(Pl .  XVI '  f ig .  6 ;  Pt .  XVI I ,  l ig .  l )  but  c l i f lers consistent ly  t rom th is  younger fgrm
in having st r ( )ngcr  lc f t -handcd- incurvecl  bcaks ancl  in  lack ing coarse,  sharp.  regular
ribbing. This variant has the samc ranse as the typical fornr ctt B. t6lnrut.sc.ltr71t' i
and in tcrgradcs wi th i t  a t  a l l  lcvels .

IJ. ttt lmul'st 'ht.rtt ' i  s. lattt intcrgradcs into B. untitoide.r s. lalo 1t thc base of its
zonc and nr ixcc l  faunas of  both spccics occur  in  thcse basal  beds (over lap beds) .
Exccpt  for  thc t ransi t ional  forms in these ovcr lap beds ancl  thc rarc aberrant
spccinrcns h ighcr  in  thc zonc,  IJ .  lo lmut ,yc l t rnui  s .  la to is  rcacl i ly  c l is t inguishablc
fronr its anccstor (. iee unclcr the clcscription t 'tt Ruchiu unc.itoit le.s).

At thc top of its zonc IJ. tolnut.sclrrn,i s. lato intcrgrades into R. puc'i l i t 'u r-t.
sp. in thc sanrc fashion as it intergrerdes into Il . trntitoide.s in thc basll part qf its
rangc. A mixecl I 'auna of both species occurs in thcsc becls. B. ttt lmtilstltou,i
clif lcrs from its dcsccndant B. puc.if it(/ n. sp. in thc abscncc of regularly spacecl.
sharp ct lnccntr ic  r ibb ing on the sur facc of  i ts  shel l  and intcrnal  cast .  in  i ts  con-
s iderably grcater  lcngth and lcsser  wic l th ,  ancr  in  the graclual  taper ing f rom thc
lcvc l  t l f  maximum th ickness to the lower margin as opposed to thc charactcr is t ic
t runcat ion of  the shcl l  in  B.  poci f i tu .

Fron.r  IJ .  in f tutu s.  Ia to ancl  lJ .  subluevi .s  s .  la to (p l .  xvr .  l ig .  6 ;  p l .  XVl l .
l i-qs. l-6). R. ttt lmtttscltttwi s. lato diffcrs in thc same featurcs as from B. pucificu
n.  sp.  cxccpt  that  these spccies lack the t runcat , ion of  thc shel l  tc lward the lowcr
margin characteristic of R. pucific'u. Thc bcaks of these forms have less markecl
l c f t - h i r n t l ed  i nc t r r v i r t r r r t .

J I



. I u r r s s i c  a n d  C r e t a c e o u s  I r r ; s s i l  Z o n e s ,  ( i a n a d i a n  W e s t e r n  ( l o r d i l l e r a

R. to lnr t i l .s tho[ , i  is  s imi lar  to  R.  r ' r 'a , r , i fur , r /1 i . r 's .  s t r .  in  thc sur lacc sculpture of

i ts  shcl l  ancl  in tcrn l l  cast ;  i t  is .  howcvcr .  a largcr .  morc c longated.  more ncar ly

cquivalve shell than thc last-ntentionccl spccics. l]. l t i ttttt l .stlutv' i :r lstl dif lers fronl

Il . <.russit:t i l l i .r s. str. in its lcft bcaks havin-e pronouncctl lcft-handcd incttrvaturc

au.J mnclcratc clor.vnward bcnd. This is ir.r contrast w'ith thc somcwhat tightlt"

co i lcd.  forwarc l  d i rcctcd.  and st rongly ovcrhanging lc f t  bcaks o l ' I l '  c ru.ss i t ' r . ' / l rs  s .

s t r .  I -hc lc f t  bcak of  B.  t t t lnut .s t l rowi  v l r .  t rnrer i t tLr t t t  is  cxact ly  s imi lar  t t l  that  o1 '

IJ .  r ' r t r . ; .s i to lh. r  s .  s t r .  in  thc dcgrce of  co i l ing ancl  ovcrhanging.  1-hesc t \ \ ( r  f ( ) rn ls

can.  thcrcforc.  only  bc-  d is t inguishcd bccausc R.  lo l r rur t .s thot l i  v t t r .  u t r ter i t t tnu I ' t , ts

pronoutrcedly le f t -handecl - inct r rvcd bcaks.  and is  bc l l -shapccl ,  Iargcr .  morc pt )s-

tcr ior ly  ektngatcc l  and less inequivalvc shcl l  th ln i ts  votrngcr  ht r l roet ln lorph.

Diagnost ic  ammoni tes havc onlv bccn lour . tc l  in  thc uppcr  par t  of  l lu t  l t iu

to lm( i l .1c l tow'r  zonc which inc ludcs bccls  t ransi t ional  to  thc o lcr ly ing IJ t r t 'h iu

l t t t t i f i t t r  n .  sp.  zonc.  Most  i r rc  rcprcscntat ivcs o l  t l rc  l lorcal  subgenr, rs  7-o l / r t t
pavlor,r,, l9 l:1. 56mc- arc spccil ically iclcntical rvith 

' l 'ol l iu ( l 'ol l iu) ttrrrtult i l i .s

(S tan to l  s .  l a to )  (P l .  XV .  t i gs .2 .6 .  u ,9 ) .  O t l r i - ' r s  a rc  spcc i l i c i i l l f  i c l cn t i c r r l  w i t h

the c losc l l ,  a l l iec l  East  Glccnlancl  spccics 
' l 'o l l iu  ( ' t  t i l i iu)  pt t t t ( i ( ( ) . \ t ( r l t r  L)onovar l  (Pl .

X l l l ,  f i g s .  2 .  5 - 7 . 9 ;  P l .  X l V .  l i g s .  4 - 6 ) .  Y c t  o t h c r s  r t p p c a r  t o  b :  t r i i n s i t i o n a l

betwcen thcsc two species (Pl .  X lV.  I ig .  f i  ) .  Ri t rc  forms c losc lv  a l l icd t t l  7r r1 l l r r

(T.ot l iu ' ! )  s in tp lex (Bogt ls l t lvsky, .  l9( )2)  anci  . .^5rr l . l le 's , ,  
l l t l re t 'k t le l l . t ' i , l 'Sast ln i l r .  l95t

havc  a l sg  bccn  founc l  (P l .  X l l l .  f i g .  t 3 ) .  Fccu l i a r  c raspcd i t i c l  an tmo t t i t t - s .  sen t t s

ancl  spccies inc let .  (Pl .  XIV.  I ig .  2 )  havc bccn f t t t rnc l  in  associa l i t ln  iv i th  7 ' r r l / r r r

( ' l 'o l l i t t )  l tu t r t i t .os lu!u Donovan in sr tmc sect i t lns.  Thcsc fornrs a l ' , :  s in l i lar  t t r
"Negcrtrspetl ites" evoltrlrr.r Donoviln and "|y'." greenlurtl ictr.t Dtlnovan (DtlnoVatl.

l9-53.  Pl .23,  f igs.3-4)  anci  so a lso have Arct ic  af l in i t ies.  Neot 'omi te.s  ( l 'urut r t l icerus)

cf .  rot t t  Spath occr . r rs  rarc ly  in  associat ion rv i th  
' l  

.  ( ' l ' . )  tnLt luhi l i .s  in  ouc othcr

scct icrn.  
' f  

.  (7 ' . )  puuc ' icostutu Donovan.  
' l ' .  (  l - . )  a t1.  s i tnple-r  and thc pecul iar  cras-

pedi t ic l  ammoni te.  gcnus and spccies inc lc t .  havc not  bccn loLtnc l  in  associat ion wi th
' l ' .  (7 ' . )  mutuhi l i . r  s .  la to and N.  ( t ' . )  c t .  rotu.  This fact  ancl  thc associat ion < l f  thcsc

nrore typical 7-oil lrr spccies rvith the typical tsut' l t iu loltnu!s(lto\T Iauna suggcst that

they reprcscnt  a d is t inct  ancl  o ldcr  ammoni tc  launa.  7 ' .  ( ' l ' . )  n t t r tobi l is  s .  la to and

N. (p. )  c l  .  r<t tu have,  indeecl .  only  bccn found in associat ion wi th thc n. r ixcc l  fauna

<'tf Rtrchitr tslmtftsc'howi antl I luclt iu pttt if i t 'u zctne s at thc top <tt lJrrt lr iu !t ' l-

rttutschow,i zone. The trvo ammonitc faunas conccrncd havc ntlt bccn obscrvccl

in supcrposition in onc and thc sarne scctic'ri ' t . This and thc rarc tlccurrcncc tl l  7 .

( ' l '") pttttc.ic,o.rtatd Donovan in association with 
' l ' .  (7'.) nttrttrbil i .s s. lato and rnixccl

But :h ic t  fauna in Cal i forn ia (Pl .  X lV.  l ig .3)  makc i t  possib lc  that  both faunas arc

bgt  faunal  phascs of  onc ancl  the salne ammoni tc  zonc.  Thc zc lnal  indepcndcncc

of both fzrunas is. nevertheless, favourecl in this repttrt (Fi-s. l). Toll iu ( ' l-oll iu)

ltuuc'ic'ostttto fauna is accorc'l ingly rcproducecl as a separatc cntitv in Platcs XIl l

and XIV whereas Toll iu (7'oll i tt) ntutubil i.r fauna is rcproducccl on Platc XV.

I m l a y ' s ( 1 9 5 6 , p p ' 1 1 4 4 - - 5 ; 1 9 6 0 ' p p ' 2 0 0 - l ) a s s i g n m c n t o l r ' ( ' t ' ) t n u t u b i l i s
s. lato to Homolsomites Crickmay, 1930 is nnt followcd herc. The writcr considcrs

that the typc species of Homolsornites (Olt 'tt.\tepltunus qtttrtsintsensi,s Whiteaves.
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1882) is not congcncric with 
' l ' .  (7'.) mutubil is s. lato. Homol.somites is, further-

nrore, considered to be junictr synonym ctf Dichotomites Koencn 1909 s. lato
( Neocraspedites Spath 1924)1 .

Dichotomite.s quutsirutensi.y (.see p. 52) difTcrs from T. (7.) mutubil is in lhe
following important featurcs :

I . ln thc late stages of growth the ventcr is much morc narrowly roundccl
and thc whorl is markcdly subtriangular in cross-section with the maxi-
mum th i ckness  nea r  t hc  umb i l i ca l  edge  (P l .  XX I ,  f i gs .44 , .  B ) ;

). Coarse. strongly forward-inclincd ribbing and somctimcs weak btrt
swollen basal parls of thc primaries are retaincd on the penultimatc ancl
body whor ls  u l ' tcr  thc f lanks becomc v i r tual ly  smooth (Pl .  XXl ,  hg.  l l ) :

-3 .  Suturc l inc is  very st rongly asccndant ,  has vcry long and s lcndcr  lobcs.
and is much strongcr fri l lccl than that of 7-. (7.) mutubil is s. lato;

l .  Ribbing is  predominant ly  b id ichotomous dur ing the mic ld lc  s tagcs o l '
g row th  (P l .  XX ,  f i gs .6 ,4 .  l 4A .  B ) .  On l y  on  thc  ea r l y  who r l s  i s  t hc
bidichotomous ribbing rcplaced by thc 7'oll iu-l ike dichotomous to tri-
chotomous r ibbing charactcr is t ic  of  

' l ' .  (7 . )  ntutubi l is  s .  la to (Pl .  XX.
t i g s . 3 - 5 .  l . 1 3 ) ;

-i. In carly ancl middlc srowth stagcs ribs arc much morc crowdecl anil
l iner .  Thc pr imar ies are shr l r tcr  ancl  thc pc l in t  c l f  thc i r  subdiv is ion
gcnc ra l l y  l i es  vc ry  l o l v  on  thc  l l anks  (P l .  XX ,  l i gs .3 ,A .6 .4 .  13 .  l 48 ) ;

6.  Umbi l icus is  much narrowcr at  a l l  s tages of  growth (  Pl .  XX.  f igs.
2 A . . 1 A .  l 3 ;  P I .  X X l .  l i g s .  l 0 A .  I  I  )  ;

t -  .  No morpht t log ical  or  s t rat i t raphical  over lap is  knorvn to cx is t  between 1) .
cltrtt l .sinttensi,s' ancl 7'. ( ' l ' .) n'tutubil i,r s. lato. Thesc two specics ahval,s
occur  separatc ly  and in rocks of  c l i f lc rcnt  agcs.

Oluts lepl tur t t ts  (Sinr l t i r .vk i tes)  r r tu luhi l is  Stanton s.  la to is  a typ ical  reprc-
scnt .at ivc of  thc subgenus 7ol / r r r  Pavlow l9 l4 in  most  of  i ts  d iagnost ic  features.  I t
has thc- typical ribbing habit of 

' l 'ol l iu 
chartrctcrizcd by krng. oftcn sontcwhat

incurvccl  and p inchecl  pr imar ics thut  b i furcatc.  t r i furcatc.  or  quadr i furcate c losc ly
I r b o v c  o r  b e l o w  t h e  m i c l d l c  o f  t h c  l l a n k s  ( P l .  X l V .  l i g . 7 ;  P l .  X V .  l i g s .  1 . 2 . 3 ,  - 5 , 6 .
t t .  9  ) .  A l tcrnat ing b i furcat ing ancl  t r i furcat in_e r ibs arc at  that  rcst r ic tcd to thc
car lv  u, 'hor ls  (Pl .  XV.  f igs.2.  t t .1  wi th thc t r i furcat ion being prcdominant  on t l " rc
I t r tcr  r .vhor ls  (Pl .  XV.  { igs.  l ,  3 .  4.  6.  9) .  Somc qr- radr i furcat ing r ibs arc in tcrcalatec l
rv i th  thc prcdonr inanl  t r i lurcat ing r ibs c losc to thc bcginning of  thc l iv ing chambcr
(Pl .  XV.  l ig .  64) .  Singlc  r ibs ntay occur  at  in tervals  at  any stage of  the growth.  7 ' .
( ' l ' .) trttttubil ls s. lattt has numcrous constrictions and becomes complctcly smooth
(cxccpt  for  constr ic t ions ncar  thc cnd of  the pcnul t inrate whor l  )  (Pl .  x lv .  f ig .9)
just as typical 7'o11irr spccies clo. It alsu rcachcs as largc size a.s docs 7'. ( ' [.) tt i l l i
s. lato. Thc extcrnal suturc l inc of 

'1'. ( ' l ' .) mutdti l is s. lato is. gcnerally spcaking.

lS incc  th rs  was wr i t t c t t  lhc  wr i le r  h ls  c ramincr l  spcc in rcns  o l '  D .  l t i t l i tho tonr r r . r  (Leyntc l i c l  and ,V . . re r i i r ' -
. /ac l i . i  {Koencr r )  in  thc  p r ivn tc  co l lec t io l r  o f  Mr .  C .  W.  Wr igh t ,  [ -ondon,  Eng lanc l .  They  show wc l l -p rcscrvcc l
\u tu rcs  o l 'po lyp tych i t i c l  ra thcr  t l ra r r  c raspcr i i t i c l  t ypc .  Thc  typc  spcc ics  o l -  D ic l rc to tn i tes ; t t ' t t1  Ncot ro .spet l i tes
a t  l cas t  t rc  l l r c rc lb rc  o lcos tcphan id  honroconrorphs  o f  thc  c rasped i l id  Honut lsomi t ts ,  u , l r i c l r  narnc  is
i rccord ing l l ,  ra l i t l  l b r  "OI t  os t t 'p l tu r t t t . s "  q ru l . \ ino t ' i l . \ i . \  an t l  a l l iec l  Nor th  Am0r ican c rasncd i t ids .

-19



. lu rass ic  and ( l re taceous F-oss i l  Zones .  ( lanad ian  Western  Cord i l le ra

fo l l iu- l ike (Pl .  XIV.  f ig .9) ; i t  is  only  fcebly ascendant  and has four  f i rs t  ordcr

auxil iary lobes and sadcilcs. The first lateral lobe is about iLs long as thc vcntral
Iobe. thc sccond is about thrce-quartcrs thc lcngth of the first onc, and the auxil iarl"
la tcra l  lobcs gradual ly  c l imin ish in  s ize towarc l  thc umbi l ica l  margin.  On thc pen-
ultimatc whorl the lateral lobcs are rclatively stout, although markedly nrorc

s lcnder than thosc t f t '1- .  (7. )  to l l i  s .  la to or ' l ' .  (7 ' . )  J tuucicostutu,  and but  l i t t lc
f r i l led.  They bccome morc s lender.  longcr ,  and st ronger f  r i l lcd on the scmi-
smooth paf t  o f  thc penul t imate whor ls  ckrse to thc bcginning o l ' thc l iv ing chambcr
(Pl .  X lV.  f ig .9) .  These last -ment ionecl  suturc l incs bccomc crowclec l  and bcgin
to over lap.  T.  (7. )  mutuhi l i .s  s .  la to has a re lat ivc ly  low,  s t ron-{ ly  embracing.  morc
or  Icss e l l ip t icat l  cross-sect ion wi th the re lat ive ly  broadly rounclcd venter  ancl
subpa ra l l e l  { 1anks  (P l .  X lV .  l i g .  7B ;  P l .  XV ,  f i gs .  lB .C .  38 ,C .  6B) .  Thc
umbi l icus is  re lat ivc ly  narrow ancl  c leep at  a l l  s tagcs of  growth,  about  one s ix th ot '
cach prcccding whor l  is  cxposcd.

Thc d is t inct ions of  7 ' .  (7- . )  t r r t r tubi l is  s .  la to f rom thc typ ical  borcal ' fo l l iu
spccies ( inc luding 7 ' .  ( ' l ' . )  put t t i t 'o . t !u tu I )onovan ancl  7 ' .  ( ' f  . )  unuburer t , r ' l . r  Pavklw
from the car ly  Valangin ian bc 'ds )  arc thus l imi tcc l  to :

I  .  somewhat  s to l l tcr ,  subel l ip t ica l  ( instcad of  h igh or  low oval  )  crc lss-
scct ion of  thc whor l  wi th morc broacl ly  roundecl  vcnter  ancl  subparal ic l
f  lanks:

2.  somewhat  more s lcncicr  ancl  long latera l  krbcs of  thc suturc.  and thc
crctwding and ovcr lap of  thc suturc l incs in  thc prox imi ty  o l ' thc l iv ing
chambcr;

3.  Genernl ly  considcrably grcatcr  c lcnsi ty  of  r ibb ing (Pl .  X lV,  f ig .  7) .
' I 'hcsc 

c l is t inct ions arc too t r iv ia l .  in  the wr i tcr 's  opin ion.  for  gcncr ic  ( ) r '  t '  \  L  r l

sr-rbgcncric scparation of 
' l ' .  (7-.) ntutti l t i l i .r s. lato frttnt other 7'ol1lrr sp:cics.

consider ing thc extrcmc inf raspeci l ic  var iabi l i ty  o l '  th is  spccics ( lmlay,  I960;  th is
paper,  Pls .  XIV.  XV).  Simi lar lv  s lendcr  and long latera l  lobcs occur  in  thc
tvpical  Arct ic  7 'o l l i t t  species.  such as 7 ' .  ( f  . )  unuburer ts is  (Pavlow) (  1914.  Pl .  lV.

f igs.  3A-3B) and in other  yet  undcscr ibecl  Canacl ian forms in thc col lcct ions o l '

the Geological  Sr- r rvcy of  Canada.  Also crowding ancl  ovcr lap of  thc adul t  suturc

l incs occur  in  somc of  thcse forms.
Other distinctivc fcatures arc highly variablc within all 

' [ 'ol l iu 
spccics knotn

tcr  the wr i ter .  
' f  

.  ( ' t . )  mrr tubi l is  s .  la to inc ludcs,  for  examplc.  ext rcmc vul iunts
indis t inguishable ' f rom 7- .  (7. . )  l tu t t ' icostutu (Pl .  X lV,  f ig .3) .  The wr i tcr 's  co l -
lect ions r>f  T.  (7 ' . )  puuc ' ic 'o . r tu tu f rcm the west  coast  of  Vancouver ls land s imi lar l l '
inc lude var iants indis t inguishablc f rom the more col r rse ly  and sparsc ly-r ibbci l
var iants of  T.  (7. )  mutubi l is  s .  la to (Pl .  X lV,  { ig .  t3) .

All thcse morphological distinctions of 7'. (7.) mtrtult i l i .r s. lato combincd with

the age of its zone indicerte its being the youngcst known (latc Lclwer Valanginian)

cvolutionary stage (palaeontological specics) of the 7-ti l l iu l ineagc. 
' l ' .  (7.) rtttr!tt-

bil i .r s. lato apparcntly arose directly out of thc morc typical yet morphologically

advanced ancl geologically yor.rng (earlicr Lower Valanginian) 
'f 

. (7'.) parrcitosltrttt

Donovan.  The lat tcr  species may.  howcver.  bc a junior  synonym of  T ' .  (7. )  ut r t r -
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harensis (Pavlow).  whether  I ' .  ( ' l ' . )  toL l i  s .  la to is  the ncxt  o ldcr  s tagc of  the
l incagc character ized by morc s lender and h igher  whor l  and stouter  la tera l  lobcs
is  not  known. l t  may be but  a gcographical  subspccies or  a morph<tkrg ical  var iant
of 

' l ' .  (7-.) unuburensis ('! (7'.) ltutrcic'<t.stcttct).
The ct rarscr  ancl  csscnt ia l ly  d ichotomously r ibbcd' t 'o l l ia  (7-o l t i r i l  cx gr .

.t inrple.r Bogoslovsky appcar to be an oldcr evoluticlnary stage- of the 7-oll io
cvtrlr-rt itrn than 7'. ( ' l ' .) ptttrt ' icosl(t lu, Lrs they charactcrizc uppcrmost Ryasanian bccls
i n  Russ ia  (Sasonov ,  l 9 -5  1 .  p .  62 ) .  On  the  wcs t  coas t  o f  Vancouvc r  I s l anc l  ( a r r c l
in  thc Canadian Arct ic  as wcl l ) .  sLrch pr imi t ivc I -o! ! iu  t<t rms rangc howevcr  up
int t r  thc bccls  wi th 7 ' .  (7 ' . )  l tur t< icostutu and 7 ' .  (7 . )  c l  .  to l l i ,  ant l  secm t ( )  bc con-
nectcd by t ransi t ions wi th thc la t tcr  spccics.  Thc same appears to bc t ruc of
"7-o l l iu  s tenot t rp l tu lu"  zonc of  Russian p lat form (Gcrassimov.  195-5.  pp.  l2-13) .

Thc in t imatc cont tcct i t tn  ot '1  .  ( '1  . )  nr t tuhi l i :s  wi th o lc lcr  7r . r / /1rr  spccics.  in-
c luc l ing i ts  pr imi t ivc la tc  Be r r ias ian to car l icst  Valangi r r ian reprcse ntat ives (  7 'o l1rr r
.s impler , ' l 'o l l iu  poreckoensis,  etc . )  inval idatcs a l l  gcncr ic  names proposccl  for  thc
inc l iv ic lual  evolut ionary stages (palaconto logical  spccies)  of  thc f r . ,1 / izr  l incagc i1
rcccnt  -vcars (St t i tes Sasonov,  1951.  Churulntnr in tv iu Sasonov.  1951.  Homtt l -
- to tn i tes Cr ickmay cmcnd.  Imlay 1956 ) .' l '  

. (7-.) rntttubilt. l  could bc an i lnccstor ol I)i< hotornites gigurttel.r irnri
t lttulrinttensi,v, which arc. in the writcr's opinion. carly reprcscntativcs gf Dichoto-
t t r i te ' t .  This  is  s t rggcsted by thc morphokrgical  s imi lar i tv  of  thesc threc spccics.
thc i r  s t rat igraphical  rc lat ionships.  i rnc l  occurrcncc in  thc same faula l  realm. 7.
(-[.) nntubilr.r s. lato is, neverthclcss, nruch closer to typical 7i.,11ra species than
thesc-  two youngcr  species and so shoulc l  bc le f t  in  that  subgcnus.  I t  s imply appears
to bc a t ruc conncct ing l ink (s t rat igraphical ly  as wel l  as morphological ly)  bc-
twcen thc morc typ ical  Tol l iu  spccics on thc onc hancl  and ear ly  rcprc-scntat i res
t t l  Dichot t t tn t l r '^v  on thc other .  In t roc luct ion of  a ncw -qener ic  name for  i t ,9r  i ts
transfcr into thc Dicltotomite.r', woulcl onll '  obscurc its genetic relationships ancl
cvolut ionarv s igni f icance.

A {!e dntl (' orrelul iott

Thc btrrcal ammonitcs tlccurring in thc Lrppcr part rtf I luchiu tolmutst'Jtt lr i
zonc indicatc that  th is  par t  t l f  the zonc,  i r t  lcast ,  is  of  e ar ly  Valangin ian age in tcrnrs
of  thc in tcrnat ional  s tanclard stages.  This corrc lat ion is  supportcc l  by thc af f in i t ics
trf thc /lrrr ' lrrrt f i iuna of this zttne. All i ts I lut'hia forms (e.g., Rucltiu tolmulscltttu.i
ct var. umericunu) <lccur in association with the cliagnostic IJttt. l t iu spccics of thc
so-callccl 7-oll iu .\ ' tenotnphulu zone of thc Eurclpcan and Asiatic Russia in Eastcrn
Sibcr ia (S<rkolov,  1908b).  Thc Russian ' l 'o l l iu  

s tenomphulu zonc shclu lc l ,  ho*. -
evcr ,  be rcnamed.  As pt t in tcc l  or- r t  by Jeletzky (  l96 lb) .  thc ammcln i tc  custontar i l r ,
idcnt i f icd by the Russian workcrs wi th thc Bcrr ias ian (  In f ravalangin ian)  7r . r / / i r r
(Subc'ruspedites) stenompltnltt.r Pavlow emend. Spath. 1947 is an carly Valanginian
7'oll ia s. str. It is closely all ied to 7'oll iu ( 'I-t i l l ia) tolt i Pavlow s. lato (inclu<ling'l'. 

tolrnutsc'httv',i ancl 7'. lutelobuttL) but seems to difler from it in its coarser ancl
morc d is t inct  r ibb ing and in thc krwcr  and stouter  whor l  sect ion.  In  these rcspects
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the only figured Russian specimcn of "7-oll ia stenomphala" is even closer to 
'f 

. (7'.)
qnubarensis (Pavlow) and 7. (7.) ptruc:icct,ttota (Donovan) and may well bc

specil ically identical with onc of these forms (which themselves may be synony-

mous at the specific levcl ). This indicates that the Canadian Toll iu ( 'foll iu) pauci-
( 'o.ttdtct bcds on Vancouvcr lsland are approximately contcmporary with somc part

ctt "Toll iu stenomphultL" zone of the Europcan and Asiatic Russia (Fig. l).

Thc occurrencc of  T.  (7. )  i lekensi .s  (Sasonov,  195l ,  P l .  l ,  l igs.5-6;  pp.

6 l -62)  in  the "Tol l ia .s tenomphuld '  zonc of  European Russia indicates that  th is
zonc also includes cquivalents ol the'l-t i l l iu (Toll ia) mutetbil is beds of our rcgion.
' l-. (T-.) i lekensis is, inclced. eithcr closcly all ied to or spccil ically identical with 7'.
( ' l ' . )muruh i l i s  (< t tmpore  P l .  XV .  f i g .9 ) .

As 7'oll iet (7'oll iu) to11r Pavluw s. Iato apparcntly occurs in bcds cquivalcnt t<r
Lhc "' l 'ol l iu stenompltti l t l" zonc, it has bccri propttsccl (Jelctzky, l96lb) as thc
zonal indcx for this zonc instcad of thc taxonomically invalid "T'oll iu stenornphulu"
t r f  the Russian workers (F ig.  l ) .  The customary corre lat ion of  theT-ol l io  to l l i  z"onc
r.vith thc Iate Berriasian is untenable as Toilrrt toll i  s. latr>.7-oll iu cl . toll i  s. lato
i rnd a l l iec l  forms a lways occur  in  associat ion wi th Ruchiu kevser l ing i  (Lahusen) l .
tvp.  arrd r r ther  forms of  " ' l ' t t l l iu .s tent tntp l tu lu"  zonc in  the Canadian and Sibcr i i rn
A rc t i c  r cg ions  (F ig .  1 t .

Considering thc csscntial unity of []tr<'hiu fauniL throughout l lrrc' lr iu tol-
ntdts(1rc\ , i  zone,  the cvolut ionary gradc of  the 

' l 'o l l iu  
specics occurr ing in  i ts  t rppcr

par t .  and the gradat ional  supcrposi t ion o l  th is  zonc on thc la tc  Bcrr ias iarr  bcc ls  wi th
.\lt i t icerus spp.. ctc.. all of thc IJtrclt iu trt ltnut.tcltov'i zone is here crlrrclatctl
tcntativcly with "' l 'ol l iu slenorrtpltt lu 

" 
zonc (now 'l 'ol l iu 

toll i  rcne') of Rnssia anil
ri ' i th thc apparcntly contcnrporary l ' lutt lenticerus lteleroplertrttnt zonc ol norllt-
wcstcm Er. r ropc (F ig.  I  ) .  Somc objcct ions to th is  corrc lat ion havc brcn l t ' tcr r -
t ionccl  in  connect ion wi th dat ing o l  Rt t t ' l t iu  tu t t i lo i t le .s  zone.

Primitivc 7'rrl/ ia forms (7'. afl ' . .; i tnple.r ) comparablc to thosc of thc latcst
Ryasan ian  bec l s  i n  Russ ia  (Sasonov .  1951 .  p .  62 )  occu r  i n ' l ' o l l i u  1 ' l ' o l l i u )  l t u t r c i -
cr r . r . la l r r  b tds.  This ncecl  not  ncccssar i l l 'bc in tcrpretcd.  howcvcr .  as suggest ive
ol thc latcst Bcrriasian agc of the- lr lr 'vcr part of Rttclriu lolrnulscltov,r zonc, which
trnclerl ies iIs 

' l 'ol l iu ( ' l 'ol l iu) lttttrt itosltttu bcds. Similar. coarsc-ribbcd lornrs with
prcc lominant ly  r l ichotontous modc of  r ibb ing arc.  indccd.  known to asccrrd in  t i rc
carlr Valanginian bcds with'l rt l l iu ( ' l ' t i l l i t t) cf . toll i  Pavlow ancl Rtrclt iu kev,serlingi
( l -ahuscn)  f .  typ.  in  thc Er"r ropean ancl  Canacl ian Arct ic .  ancl  in  thc Er-r ropean par l
t r f  LJ .S .S .R .  (Donovan .  l 9 -53 .  P l .  XX I  I l .  l i g .  2 ;  Gc rass imov .  1955 ,  pp .  12 -13  )  .

' l 'ol l iu ( ' l 'ol l ia) pattcit 'oslaI(r ( Donovan ) ancl "Neocruspetli le.l" spp. closely
all ied ttr thc craspediticl anrnronitc. gcnus and spccics inclct. ol ' 7'oll iu ( ' l 'ol l iu)

l t tu t t ' i t ' t ts lu l t t  beds of  our  region occur  in  thc Valangin ian rocks o l '  East  Greeniancl
(Donovan .  1953 .  l 9 -57 .  p .201  ) .  Thc rc  t hcy  a rc  assoc ia t cc l  w i t h  t yp i ca l  B t t t h i a
kevser l ing i  (Lahusen) (PI .  XIX.  f igs.2.7) .  Othcr .  rc lat ivc ly  rarc lJr rc l r ia  l i r rnrs
rrf this fauna include B. alT. inlluru (Toula). 11. .vubluevi.s (Kcyscrling) and the
tbrm apparently indistinguishable fron R. cnrssit 'oll i .s vur. grucil i .r (Sokolov. l90tJ
rron Lahuscn.  1888).  Numemus polyptychi t id  ammonj tes c l iagnost ic  of  mic l -
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Valanginian Pttlyptyc'hites ke.y-serlinl4i zone ol' northwcstern Europe and Russia arc
associated with thc ab'ovc-mcntioncd Tolliu and Buc'ltiu forms.

Unless 7'. (1-.) puucicoslulu and "Neocrospedite.r" spp. range into the Arctic
cquivalents of Buchiu pucificu n. sp. zone, the Trail lsland bcds of East Greenlancl
that  y ie lded th is  in tcrest ing fauna must  inc ludc la te Lower Valangin ian rocks.
Not only the 7-olliu (Tollia) mutuhilis beds of our region, but the underlying 7'ol/irr
( 'toll iu) ptrucito.rtutu beds should be represented by the' Trail Island fauna if thc
Canaclian rangcs of the above-mcntioned ammonites hold true in East Grcenlanci.
fhL:  puzzl ing composi t ion of  the Tra i l  ls land fauna could pcrhaps be bcst  cx-
plaincd by assuming it tcl be a mixcd fauna rcsulting from the condcnsation of
fossils of scveral Valanginian zones in a single thin l imestone bcd. lf so, the lo\\ 'cr
part of thc Btrc'hiu keyserlingi zone of the Canadian and Europcan Arctic (Jcletzkv.
l95t i .  1960.  l96 la-b)  inc ludcs bcds that  are the Arct ic  fauna. l  fac ies of  Buchiu
/olmutscltowi zone.

In California and Orcgon "Homolsomites" ntulubilrs zone of lmlay ( 1960,
pp. 174--5) is obviously cquivalent to thc Toll iu ( ' l-oll iu) nttrtobil is beds of thc'
Canaclian westcrn Cordil lcra, which occur at the top of our Bucliu tolntatsclttnt' i
zone.  Not  only  does 7- .  (7- . )  mntuhi l r . r  s .  la to occur  in  both scquences.  but  thc i r
I l t rch iu fauna is  idcnt ica l  as wel l .  To i l lust ratc  the ident i ty  of  both faunas wel l -
preservcd rcprcsentat ives of  7 ' .  ( ' l ' . )  mutubiLr , r  s .  la to (Pl .  X lV.  l igs.7,9;  Pl .  XV.
l i gs .  1 .3 ,  - 5 ) ,  Ruc 'h iu  t o lmu tsc 'how i  va r .  an te r i cunu  (P I .  XV .  F ig .7 )  and  i i .
puc'if ic'u n. sp. (Pl. XV, fig. l2) from the California Academy of Sciences (abbrcvi-

atcd to CAS in th is  rcpor t )  loc.  No.  I349 near Paskenta,  Cal i forn ia arc repro-
duccd in this report. Typical B. tolmutsc'ltowr also occurs al this locality. All thcsc
Cal i l i r rn ian forms are idcnt ica l  wi th those occurr ing in  thc t ransi t ional  beds betwcen
IJtrc'hiu tolrnolschowi and Ruthiu pucific'u zones on thc west coast of Vancouver
I s l and  ( . r ee  P l .  XV  ) .

In  Cal i forn ia 7 ' .  (7 ' . )  mutubi l i .g  s .  la to occurs only  in  thc uppcr  par t  of  thc
ctrnrprehensive "Aucellu crussicrtl l is zonc" of Imlay ( 1960. pp. 114-5) scveral
hundrcd feet bcneath thc topmost beds of this zone apparently corresponding to
thc h ighest  bcds of  Buchiu pcrc ' i f tcu n.  sp.  zone (Fig.  2) .  Whether  T.(7 ' . )  n t t t rubi l is
s. l irtcr asccnds into the Buc'hiu ptrc' if ic:u zone in California is not known. This
possibility is suggestcd by the occurrcnce of Neoc'omites (Parantliceru)^) cf . ntter ancl
indeterminate craspcdi t id  ammoni tcs in  the basal  beds of  th is  zonc on thc wcst
coast  of  Vancouver Is land.

Buchio pacifico n. sp. Zone

Strutigruphv

On thc west coast of Vancouvcr lsland Buchia lt i lmutschowi zone is grada-
tionally ovcrlain by about 98 feet of beds characterized by Buc'hiu forms
closely all ied to but spccifically distinct from Buc'hiu inflatu (Toula) s. lato. Thcsc
forms are described bclow as Iluc'hiu pac'iftr 'a n. sp. This species, its variants and
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all icd forms often clominatc thc fauna of thc zonc almost to thc cxclusion of other
Buchia spccies.

Buchia puc:ifico n. sp. faLrna hacl bccn refcrrcd to as thc Atrcellu (ru.\sicolli,\
fauna by Jeletzky (1950.  pp.  1 l -42)  and rvas rcnamcd lJuchiu crns^rn fauna
(Jeletzky,  1959.  p.  24)  rvhen i t  became obvio l rs  that  thc customary North
American intcrpretation of Buc'hiu cru.ssicoll i.s was erroncous (.rcc hclow). l 'hc
renaming of this zonc proposed in this rcport is neccssitated by thc circumstance
that most <tf its Buchiu forms cannot bc matchcd cither with Buchia influtu L lyp.
or B. influtu var. crusso of the Canadian ancl Eurasian Arctic regions ancl appcar
to bc ncw to science.

The basal -50 to 60 fcet ol ' Bttc' lt iu putif it 'u n. sp. zonL- cirrrying "Polyptychite,s"

(now Toll iu (Toll ia) mulubil is s. lato) iLre now trcated as the top part of Buc'lt iu
tolmatsc'howi zone (i.e., transitional bcds betwcen IJuchiu lolmutsc'how,i an<] I]uc'hiu
puci f icu zones) .  thus ra is ing thc lowcr bounclary as compared wi th i ts  prcv ious
interpretat ion (Jc letzky,  1950.  pp.  4 l -42:  1959.  p.  24) .  Thc uppcr  par t  of
Ruchia pacifica zonc and its contact with thc ovcrlying Buchiu trrr.r.slcr.,// i ,s s. str.
zonc are not  cxposed on thc west  cc last  of  Vancouvcr  ls land.

Unlike relativcly l i tt lc known Iltrc' lt iu un<itoides and Ruthiu !olmutschowi
z,oncs, Butlt iu ltuciftcu n. sp. zone is widcsprcad in thc wcstern Corcli l lcran belt ol '
Nor lh Amer ica f rom Alaska tc l  Cal i forn ia.  ln  thc Canadian westcrn Cordi i lcra th is
zone occurs in  many arcas (c .g. ,  thc west  coast  of  Vancouvcr  ls lancl ,  [ - i l looct  : r rca.
Br idgc River  area,  Harr ison Lakc arca.  Pr inceton arca,  Car ibou arca.  ancl  south-
wcstern Yukon).  In  nor thwcstcrn Washington i t  is  only  doubt fu l ly  rcprcscntcc l  in
the Nooksack area.

I'ulaeontologt'

A representativc suitc of Rtrclt iu puti l icu n. sp. spccimcns from the wcst coast
of  Vancouvcr  Is lancl .  o ther  arcas o l  Br i t ish Columbia ancl  Cal i forn ia is  shown on
Plates XV, XVI,  XVl l I .  X lX,  ancl  XXI I .  

' fhc 
wel l -preserved and typ ical  lc f t

valvc from thc Eldorado Group of thc Briclgc Rivcr arca is herewith sclccted as
i ts  holotypc (Pl .  XVI ,  f igs.  lA,  B;  Pl .  XXl l .  f igs.  3A-C).  T l rc  namc " l tu t i f ic t i '

'"" 'as selectcd to strcss the fact that. in the present statc of our knowlcclgc at lcast.
this specics is restricted to both sidc-s of northcrn Pacil ic occan.

B.  pu<: i f icu n.  sp.  is  zr  large,  shor t .  th ick and commonly hcavi ly  sculpturcd
shel l .  The concentr ic  r ibb ing is  cqual ly  sharp and prominent  on the sur facc of
t he  she l l  anc l  on  t he  i n te rna l  cas t ;  i t  may  bc  densc  (P l .  XV l ,  f i gs .  l , 3 .7 ;  P l .
X l X ,  f i g . 4 )  o r  m o r e  o r  l c s s  w i d e l y  s p a c e d  ( P l .  X V I ,  l i g s . 4 . 9 ;  P l .  X l X .  f i g s .
6.  t t ) .  The extremc var iants are a lways connectcd by t ransi t ional  forms (Pl .  XVI .
f i gs .2 ,  t i ,  l 0 ;  P I .  X IX ,  f i g .3 ) .  Va r i an t s  r v i t h  w idc l y  spaccd  concen t r i c  r l bs  may

Lrecomc similar ro Buthiu okensis of this report. ln some abcrrant forms con-

ccntr ic  r ibb ing may bccomc obsolcte on the sur face of  ccr ta in par ts  o l 'shel l  or

c a s t  ( P l .  X V l ,  f i g s . 2 , 3 ; P l .  X V I l l .  f i g . 2 ;  P l .  X l X .  f i g . 6 ) ,  a n d  a  f e w  c o m p l c t e l y
smooth shel ls  have been secn (Pl .  XXl .  t ls .  3) .
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The shell is more or less markcdly incquivalve. despite both valvcs bcing

most ly  th ick and swol lcn (Pl .  XVI .  f ig .  l ;  P l .  X lX,  l ig .4) .  The lc f t  va lve is  a lways
largcr, thickcr, and longer. A sharp, modcratcly long, strongly incurvcd left bcak

commonly overhangs the shorter and smallcr but ncverthclcss sharp and incurved
bcak  o f  t he  r i gh t  va l vc  (P I .  XV I ,  1 i gs .  1 ,2 ;  P l .  X lX .  l i g .4 ) .  I n  m i rny  r cp rc -
scntatives. howcver, the lcft beak cither does not or only slightly overhangs thc
r i g h t  b e a k  ( P l .  X V I ,  f i g s . 4 ,  8 , 9 ;  P l .  X l X , I i g s .  3 , 6 .  U ) .

Although smaller, the right valve is mostly thick to very thick and swollen in
thc 'm idd le  pa r t  (P l .  X lX .  l i g .4 ) .  Re la t i ve l y  t h i n  r i gh t  va l vcs  a re ,  howevc r .  no t
uncommon (Pl .  XVl ,  t ig .  7) .  Heavy constr ic t ions and wel ts  occur  of tcn on both
valvcs (Pl .  XVI ,  l igs.  l .  l0 ;  P l .  XVl l l ,  l ig .  2) .  Both beaks of  Buc 'h ia paci f ican.  sp.
have pronounced lef t -handcd incurvaturc (Pl .  XVl ,  f igs.  3C.4C,8C. 9D; Pl .  XIX,
tigs. 3C, 4A.B, 6C). The morphology, evolutionary grade, and infraspecific vari-
abil ity of left beak and byssus ear have already been clcscribcd in conncction with
thc discussion of the irrcvcrsiblc orthogcnetic trcnds in Buchiu.

Instcad of  taper ing gradual ly  toward the lowcr margins f rom the p lacc of
thei r  maximum th icknesses.  as is  so wi th a l l  a l l ied Buchia forms.  both valves of
B. pac'iftc'u n. sp. mostly bcnd abruptly toward each othcr within thc lower part of
t h e  s h c l l  ( P l .  X V l ,  f i g s .  l , 2 , 7 ,  t 3 . 9 ;  P l .  X I X ,  f i g s . 4 , 6 . 8 ) .  T h i s  r e s u l t s  i n  t h e
truncaticln of thc lower part of thc shcll. In cxtremc ctrses thc shell becomes
"n tush room-shaped"  (P l .  XV I ,  f i gs .  l , 2 ;  P l .  X lX .  1 ig .4 ;  P l .  XX l l ,  f i g .3 ) .  Somc
lcf t  va lves arc t runcatcc l  both I 'orc and af t  (Pl .  XVI ,  I \9 .2) .  A l though but  feebly
c leveloped in some specimcns (Pl .  XVl ,  l igs.  3,  4,  l ,  l0 ;  P l .  XIX,  f ig .  3) .  th is
pcculiar truncation of both valvcs is perhaps the most diagnostic singlc feature of
B. pucificu n. sp.

Thc strong swcll ing ancl truncation of both valves of I). pacific'u n. sp. appears
to bc an adaptation to the extreme crowding of its shclls, which mostly occurs
in thick banks similar to thosc of prcscnt day oystcrs or Mytilus. Thc strong
swcll ing and abrupt bcnds of thc valves during thc growth ctf B. pnc'if i t 'd n. sp.
probably delayed its bccoming covcrcd by the sedimcnt or bcing overgrown by thc
younger shel ls  of  thc same specics.  This adaptat ion appears to be s imi lar  to  that
of the- Grypheu-like forms. which repeatedly arosc out of Ihe O.streu-like shclls
in  the course of  the evolut ion of  the Ostre idae,

R. puc'if icu n. sp. has been traditionally confused with the geologically
younger spccies IJ. crussitolh.l s. str. by North American workers (e.g., Anderson.
1938 ,  P l .  8 .  f i gs .  1 -7 ;  Je le t zky .  19 .50 ,  pp .4 l -42 ;  Im lay ,  1959 .  pp .  161 -4 .  P l .  19 .
l i g s .  3 - 6 ,  9 - l l ,  l 3 - l u ,  1 9 . 2 0 . 2 4  ) .  C r i c k m a y  (  1 9 3 0 a ,  b ;  1 9 3 2 ,  p .  5 .  f o o t n o t e  4 )
was apparcntly the only North Amcrican workcr who has corrcctly usecl thc namc
B. c'rassit'olli.r s. str.

Among Eurasian workcrs,  Pavlow (1907,  Pl .  V,  l igs.  25-26\  reproduccd B.

1tu<'if ic'u n. sp. from the Shclton's Ranch ncar Paskenta, California, under the name
,. t [  B.  so l id t r  (Lahusen) var .  Sokolov (1901]b.  Pl .  I I ,  l igs.3-4)  has,  however.
rccognized the distinctiveness of R. puc'if ir:u and its morphological similarity with
B. influtu f . typ. et var. ('ra.r.Tc.
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As al ready pointed out  (Je letzky.  1959.  p.21) ,  thc t radi t ional  North Amcr i -
cun usc of the namc B. cru.tsicoll is for thc Butlt iu form now designated as 11.
pacifica n. sp. is erroneous. B. cru,s,sicolhs s. str. dif lers from B. pucificu n. sp. in
thc abscnce of the regular heavy ribbing. B. c'ru:;:; i t 'ol lr.r s. str. is vcry fincly ribbccl
or f incly striated and thc sudacc of its internal cast is mostly smooth. Only a ferv
deep and broad, irregularly spaced constrictions irnd welts interrupt this vcry finely
ribbed tcr smooth surface of the shcll. The right valvc of IJ. t 'ru.s.sicoll ls s. str. is.
ns a ru le,  much th inner  than that  of  R.  puci f i t 'd  n.  sp.  and a l l icd f r t rms;  i t  contrasts
strongly with the swollen and strongly arcl.rcd but not truncatcd left valvc of /1.
crqi'sicoll is s. str. whosc shapc alonc rescmblcs that of R. pucifictr n. sp. Furthcr-
more, the left beaks <'t l B. r 'ru.s.sicr.,//r,r s. str. havc fccblc lcft-handed incurvature or
are st ra ight  (Pl .  XX,  f igs.  1.9.  l0) ,  ancl  may cven bccome s l ight ly  incurved to
r ight  (Pl .  XX.  l ig .  t t ) .  This  is  in  s t rong contrast  wi th thc ct lns is tent ly  pr t l -
nounced left-handecl incurvature of ts. puc'ifttzl n. sp. The blunt anc| short, feebly
lcft-handed incurved right beak of B. r 'rrr,r.rlcrr/1i.r s. str. is cven morc unlikc that ol
I). pacific'u n. sp. R. c'rossicoll i.s s. str. is, f inally, a smallcr shcll than B. pu<il itu
n.sp. ,  i t  character izcs younger bcds and seems to bc an of fshoot  of  thc Arct ic
Ruc'h iu l ineagc ( . ree bc low).  In  the Canadian westcrn Cordi l lcra.  at  least .  B.
crussit 'oll is s. str. ancl B. pacil icu n. sp. clcl not occur togcthcr, except in thc
t ransi t ional  beds between thc i r  zoncs (e.g. ,  in  Nooksack arca,  Washington; . ree Pl .
XX[ ,  f igs.  2,3.  5- i  and in Br idgc Rivcr  arca;  see Pl .  XXl l .  l ig .  I )  wherc mixed
faunas of both species may occur locally.

Morphological  d is t inct ions of  R.  put i l icu f rom thc a l l ied forms,  such as lJ .
uncitoit les s. lato and B. tolmut.sclutw,i s. Iato. have alrcacly bccn discusscd.

From B. influtct f. typ. et vLrr. crusso and all hitherto described Buc:hiu spccics
ttt North America and northcrn Eurasia, I). ptrcif ir 'u n. sp. differs in its larger sizc.
th icker  and more,  swol len shel l .  in  thc b izarrc t runcat ion towards thc lowcr
margin and. in many specimens, the 'mushroom-likc' shape clf both valvcs. Thc
pronounced left-handcd curvature of both bcaks is anothcr distinctivc fcaturc.
Some of these tbrms (cspccially I). influtu var. cru.\.tu), may however. be closclr'
similar to some variants oti R. putif it 'a in thcir morphology (,rer: bclow).

In North America, B. put' if icu n. sp. appcars to be rcstrictcd to thc wcsterrr
Cordil leran belt, whcrc it abounds in its zonc cvcrywhere from California to
Alaska (see below).  Outs ide of  westcrn North Amcr ica i t  is  known only (as
Buchia afr. inflatu; Sokolov, 190[Jb, Pl. l l . f igs. 3-4) from thc Pacific slope of
Siberia. The species seems, thcrcfore, to occur only within the marginal regions
of the northern Pacific Ocean.

In the Canadian western Cordi l lera,  and apparent ly  a lso in  Cal i forn ia ( lmla1".
1959,  Pl .  X lX,  f igs.  l ,  2 ,  U,  l -5) ,  the lJuchiu puci f icu zonc commonly conta ins
variable amounts of other tsuc'hier species. Most or all of these Buc'hias arc closel-v
all ied to or conspecific with Buc'hiu inflatet (Toula. 1874) f. typ. and var. crassu
(Pav low ,  1907 )  (P l .  XV l l ,  l i gs .  2 ,  3 ,4 ,6 )  and  B .  sub luev i s  (Keyse r l i ng ,  1846 )  s .
lato (Pl. XVII, f igs. l. -5). Other than these forms. only B. keyserlingi (Lahuscn.
1t388) s. lato occurs more or less rarely in Bucltiu pttcif icu zone. All thesc forms
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are tentativcly interpretcd as immigrants from the Canadian Arctic or Pacil ic slopc
of Siberia unrelatcd Io B. put' iftr?/ n. sp. and forming part of the Arctic Btt<'lt i tt
I incage. Thc reasons fbr this intcrpretation have alrcady becn given in connection
with the discussion of irreversiblc, orthogenetic trends in Buchia. Some rcvisicx
of this concept may, howevcr. be ncccssary as some variants of B. influtu s. Iato
(cspccially R. crus,su) sccm to intergrade into thc typical forms of B. pttcif i<'tr n. sp.
( P l .  X V I f  .  l i g .  2 ;  l m l a y ,  1 9 . 5 9 ,  P l .  X l X ,  f i g s .  3 - 6 ,  t 0 .  I  l ,  1 4 .  1 6 - 2 0 , 2 4 ) .  i n  t h e
degrec of truncation of their krwcr parts ancl that of the left-handed incurvation
of  thc i r  beaks.  The samc is ,  fur thcrmorc.  t ruc of  thc Russian represcntat ivcs of
t h i s  spec ies  (Pav low ,  1907 .  P l .  V l ,  l i gs .7 -9 ;  Soko lov ,  1908b .  P l .  I l ,  f i gs .5 -6 ) .  l t
is possible. thcrefore, that B. inflcrtct s. lato (or at least somc of the forms incluclctl
by thc writer in this comprehcnsivc spccics ) is an oflshoot of thc North Pacil ic
Bu<'hiu l ineage that bccame homoeom<lrphically similar to the mid- to latc-
Valanginian rcprcscntativcs ol' thc conscrvativc Arctic l ineagc ancl spread into thc
Canadian Arct ic  and Northcrn Eurasia.

I t  secms l ikc ly  that  thc Arct ic  buchias abovc mcnt ioned are largely rest r ic tcc l
to the uppcr part of Brrc'hiu puc'if ic'u zonc t-hroughout the wcstern Cordil lcran bclt
trf North Amcrica whcre they may be more numcrous than B. puc'if icu n. sp. ancl
its variants. Thc common association of thesc forms with Dic'hotomites gigutteu.s
and simifar ammonitcs is, in particular, suggcstive of this. If so then thc l luclia

Ttucifictt zone may bc furthcr subdivisiblc. More field work is needed, howevcr, to
prove or tn disprovc. thesc phylogcnetic and stratieraphic relationships betwecn /J.

lttr<'ilicu n. sp. irnd R. ex gr. influtu-strbluevis-kel,serlingi.
Other  than phyl locerat ids and ly tocerat ids,  which are not  d iagnt ls t ic  in  the

prcsenI state of our knowledge, thc only ammonites found in Ihe Bucltiu Ttucificu
zonc of our rcgion arc Neo(otnites (Porurulic'eru.s) cf . rotu Spath (Pl. XVI, f ig. -5t.
inclctcrminate craspeditids, possibly all icd to T. (7'.) mutulti l is s. lato, and Dit ' l toto-
tn i le . r  c f .  g iguntetrs  ( lmlay,  1960).  Thc f i rs t  two of  thesc ammoni tcs wcre found
only in the basal bcds of the zonc on thc west coast of Vancouver Island whcrr-'
thcy are rarc. ly'. (P.) cf . r()la was alsn found in tlre samc section in the topmost
beds crf I"hc Buc'hiu tolrnulschowi zonc associatcd with T. (7-.) mutabil is s. lato (.sec
abovc). This suggcsts that thc Toll iu (Toll ia) mutubil i.s zone of Imlay (1960)
cmbrarces at least ther basal bcds of Bu<hia puc'iftcct zone in addition to the uppcr-
mrrst beds ctt Buc'hiu tolmut.yc'howi zone (Fig. 2). D.cf. gigunteus (lmlay, 1960)
appcars to bc common in the uppcr part of Buthiu puc'if icu zone in thc Bridgc
R ivc r  a rea .  B r i t i sh  Co lumb ia  (P I .  XV l l l .  f i es .  l .  6 .7 ) .

Aqe lnd ()orrelulion

Because of its occurrcnce between thc carly Valanginian Buc'hia tolmutschov'i
zonc and the latc Valanginian Bu<'hia crassic'ollis s. str. zone, Buc'hia par:ifica zonc
must be largely or cntirely of the mid-Valanginian age in the sense of Koenen
( 1902). It is tentativcly correlated with the Polyptychites keyserlingi zone (or
Polvptvchites mic'hul.tki i zone of some Russian workers) of northern Eurasia (Fig.
I ) . The bulk of thc polyptychiticl ammonites of the Trail Island fauna of Donovan

17



. l u rass i c  and  ( l r e t aceous  Foss i l  Zones ,  ( l anad ian  Wes te rn  Co rd i l l e ra

( l9-53. 19,57) is bclievcd to reprcsent Poll:ptt,chites ket'serlingi zonc of northern
Eurasia and Buc'hiu po(' iftcu zone of the wcstcrn Cordil leran belt of North America.
I). puc'if ic'u n. sp. is apparently complctcly nbscnt in East Grccnlancl and rcplaced
thcre by B. kel,serlingr anC all iecl ArcIic But'hia fgrms (Fig. 2).

In the Canadian Arctic and northeastcrn Brit ish Columbia Buc'lt iu pttt ' i f i t ' tr
zone should correspond to the middlc part t. l l '  Brrchia kevserlingi zone whcrc ltoly,p-
rt'c'hites ex gr. ke.v,serlingi s. lato ancl l)iclrotomites ct. gigunleu,r occur locally
( Je le t zky .  l 95 t l ,  1960 .  l 96 la .b ;  t h i s  pape r ,  F ig .2 ) .  l n  no r thcas tc rn  B r i t i sh
Columbia a peculiar small /1. atl. pucifi<'u characterized by strong swell ing and
truncation of the lower margins of both its valvcs combincd with very l ine ribbing.
occurs locally in this part of Buc'hiu kevserlingi zonc, which conflrms the abovc
corrclation. A very similar and probably conspecific Bttc'hiu form has bcen
desc r i bed  and  l i gu red  by  lm lay  (  1959 .  p .  l 6 l .  P l .  XV I I I .  f i gs .  l - 6 ,  l l  )  f r om
Alaska undcr  the nzrme of  R.  subluevi .s  (Keyser l ing,  l l t46) .  This  form di f fcrs .
howcver. from the Russian spe-cir-s conccruccl in the alrcady mentioned marked
truncat ion of  the lower margins of  both valvcs.  In  Alaska "B. ,subluevi ,T"  occurs
clirectly bclcrw l. crossicttl l is Kcyserling emcnd. Imlay, 1959. Thc local occurrence
of  B.  ke; , -ser l ing i  f .  typ. .  B. in f la tu f .  typ.  et  var .  ( rd: isu,  and 11.  . ruhlaevi .s  var .
rttctju.rc'ulu (Pl. XVll, I ig. l) in I). pucificu zone of the Canadian westcrn Cordil lera
f'r-rrther supports thc external corrclatictn of this zonc proposed hcre.

B. pocificct n. sp.. l ike l i. tutt ' i toit les and ll. tolmutst'futwl, appcars to bc an
ir.rdigcnous North Pacitic spccies and thc last evolutionary stage of the indigcnous
Buc'hiu l incage (see below and Fig. 3). Thc contcmporary Buchiu faunas of thc
American and European Arctic appear to lack B. pucil icu n. sp. and arc dominatcd
by unrclated local species. mcmbers of the Arctic I lur. ' l t iu l incagc (c.g..ts. ke,,-ser'
l ingi, B. subluevis, and B. influtu f. typ. ct var (ra.r.r(r). As alrcady mentioned, only
sporadic represcntatives of these Arctic spccics pcnctrated into the western Cor-
cli l leran belt crf North America during ts. puti l i tu t ime.

All Arctic forms of Bttc' lt iu (l l  . kev,serlingi , B. inlluttL f. typ. ct var. <ru'r 'stt)
occurr ing in  Buchiu puci l i tu  zone of  thc Canadian wcstern Cordi l lcra arc con-
sidcred by Russian workcrs to be diagnostic of the so-callcd 'Toll ia s!enomphala'
zonc and they have been reported to occur in association with IJ. tolmulsc'hr.rwi et
var .  umer icunu in Eastcrn Siber ia (Sokolov.  l90Ub).  Whethcr  th is  apparent
nrixture of two zonal Buc'hitL faunas is dr-re to lack of accuratc collecting or to ttther
rcasons is not known (see undcr thc discussion of agc ancl corrclation clf Btuhiu
trncitoit les zone).

ln California, But'hiu pucific'u zone must corrcsponcl to the upper part of thc
comprehcnsive 'Aucel lu  cru.ss ic ' t i l l is  zonc '  of  Imlay (  1959.  1960).  There [ ]uchia
pacifica zonc apparently includes dl Buchiu-ltcaring bcds overlying thc bcds char-
actcrized by the association of B. toLntatschowi s. Iato, B. pac'if ic'u n. sp. and 7'ol/ ia
(Tol l ia)  mutubi l is  s .  la to (CAS loc.  1349 near Paskcnta,  Cal . ) .  Even the topmost
Btrchiu beds of California characterized by a mixed fauna of R. pucifica n. sp. and
[J. crassicolLls s. str. (CAS locs. 144 and 3-5502) are belicvcd to be in thc top
part of Bnchiu puc'if icu zonc because of the occurrencc of l) ic'hottttnite.s gigunleus
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and abscncc of D. qu(uriitr<tertsi;;. This cclrrclation is conlirmcd by thc prcsence
of thc rich fauna of typical Ruchiu puc'iftc'a et var. uncontaminatcd by the
faunal elcments of adjaccnt IJuc'hiu zoncs at the University of California.
Bcrkclcy loc. A-7296. Another collection of similarly typical Buchiu pctcif icu
f  auna has bcen macle avai lable by Mr.  Stcwar l  Chubcr ,  Stanford Univers i ty  f rom
Glenn County,  Elk  Crcek Quadranglc (  |  5  ) .  Exact  local i ty  is :  "Map 194u.
l : 62 -5 (X ) .  Su rvey  Coord ina tcs :  NE I /4  NE I /4  SE l14 ,  Scc .  16 .  T .  20N .  R . .  6W.
Un i t  No .4 ,  16 ,000  f cc t  abovc  basc .  Sa l t  C rcek  Scc t i c ' r n ;50  ya rds  E  o f  N  o f
Stony Gtrrge Dam in grcywackcs bearing coquinoid Buchiu c'russittt l l is." More
l ic ld  work is  needcd for  a morc prec ise del imi tat ion of  l luchiu l tuc ' i f ic 'u  zonc in
Caf i forn ia and Orcgon f rom thc rc l incd I lu t l t io  zones undcr ly ing ancl  ovcr lv ing i t .

I luchiu crussicol l is  s .  s t r .  Zone

"\rrut igraphv

Exccpt for ther unclocumcntcd rccorcl ctf Buc'lt iu letrloburgettsl.r (Weerth) lrt lnt
thc presunrably Hautcrivian Yutuliu lev,isngctssiz,i beds of thc Harrison area (Crick-
may,  1930a.  p.  491,  1962,  p.  9)  and othcr .  s imi lar ly  unsuppt ' r r tcd.  rccolds c l is-
cussed by lmlay ( 1959. pp. 163-4). B. c'ru.ssic'ol/ i.r s. str. is the youngest lJuc'lt iu
spccies known in thc Canadian wcstcrn Corcli l leran region. No youngcr Buc'hitt
spccics arc authcntically knorvn tcl cxist anywhcrc in thc whole ol thc weslcrn
Cordil leran bclt of North Amcrica. Buthia crus.sicoll is zone is widcsnrcad in this
vast  rcg ion.

Only B. crussittt l l is s. str.. B. r '. vur. solidu and IJ. t ' . v'ar. grucil is Liihusen.
1888 nr.,rr Sokokrv. l90tl are common in this zone. cxce'pt for its basal beds where
nrixcd faunrs of Ilttt'hiu c'russic'olli.r s. str. and Buchiu pttc'it'i<'u zoncs may occur
locally. B. subluevis ( Keyserling s. lato ) , I). kevserLingi ( Lahusen ) and its
cxt reme. g iant  var iant  I ) .  ke l , ,ser l ing i  var .  g igas (Cr ickmay.  1930a) occur  rare ly
in some parts of IJuchiu t 'ru.s.sicoll is s. str. zone in thc Canadian wcstcrn Cordil lcra.

Buc'lt ict cru.ssic'oll is s. str. zone is unknown on thc west coast of Vancouver
ls land wherc thc car ly  Lowcr Cretaceous succcssion ends somewhere in  thc middlc
part of IJucltiu pu<'it ' ic'tt zone (see above. and .lclctzky, 1950. p.42). lt is. howevcr.
r'vidcsprcad in QLratsino Souncl. 

^fhcrc 
Ru<'hiu crussit 'oll i .r s. str. zonu- is thc olclest

Crctaceous zone known (Fig.  , l  )  and ovcr laps t ransgrcssivc ly  middlc Jurassic
int rus ivc rocks (Coast  in t rus ions) .  

' Ihe 
samc sccms to be t rue in  San Juan ls lancls

(Mclellan. 1921 , and Fig. 4). whcrc on Spicden Island only tsuc'hio crussic'oll i ,s
s.  s t r .  fauna has bccn found so far  in  thc Spiedcn Is land Format ion.  Howcver,  in
thc Harr ison Lake.  Br i t ish Columbia and Nooksack,  Washington Areas Rtrchiu
c'russicolli.s s. str. zonc overlies oldcr IJur'ltitr zones (including Btrchiu Ttucilicu zone)
in apparcnt conformity. A short pcriod of volcanic activity preccded thc dcposi-
titrn of I luchiu crtrssicoll i :; s. str. zonc in the Harrison Lakc area (Fig. 4). As
already mcntioned. IJtrc'hiu c'rossir:oll is zone appcars to be absent (a hiatus?) in
California (Fig.2) although thc topmost Buchia-bearing beds in California could
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conceivably include its basal part in adclit ion to thc topmost bcds of l luc'hict
pocific! zone.

fsolated collcctions r>f IJuchiu cros.\i(oll is s. str. fauna arc known fron.r
several  othcr  arcas of  Br i t ish Columbia.  southwestern Yukon and Alaska ( lmlay.

19-59,  Pl .  19,  l ig .  12) .  No infbrmat ion is  avai lablc  about  thei r  s t rat igraphic
relafionships with other Buchiu zoncs ciescribed in this report. It is assumcd,
however, thaL But' lt iu crussic'oll is s. str. zone occurs in the same stratigraphic
position in thcsc arcas as it does in the better knorvn scctions of thc Canaclian
westcrn Cordil lera and northwcstern Washinst()n.

Palueontoktgv

A reprcsentative suitc of IJuc'hiu cru.r.sit 'ol l is s. str. and its rnorphological
varict. ies solidu (L'ahvsen, l i i lJu) ancl srucil i .s (Lahuscn, ltJfl l l  norr Sokolov, l90tt)
f rom Quats ino Sound.  thc Nooksack arca.  Washington ancl  Spiedcn ls land (San
. Iuan Is lands,  Washinglon)  is  rcproclucccl  in  Platcs XX and XXI.  Rcprcsentat ivcs
of B. keyserlingi var. grgas (Crickmay 1930a) fronr Iltrchiu tru.ssitt i l l is s. str. zonc
o f  t he  Ha r r i son  Lakc  a rca  (P I .  X IX ,  f i g .  l ;  P l .  XX .  t i g .  l 6 )  and  thc  m ic l -  t o  l a t c -
Valangin ian rocks of  East  Grcenlancl  (Pl .  X lX.  l igs.  l ,  -5)  arc a lso reproducecl
herein. as well as B. puc'if i t 'a n. sp. from Ruchiu crus.sic'oll is zonc of thc Nooksack
area (Pl. XXI, l ig. 3) and B. aff. cru.s.titt l l i ,s vtrr. soli lu from thc samc. beds of
Br idge River  area (Pl .  XXl l .  l ig .  I  ) .

B. c'russic'olLi,r s. str. is a small to nrediunr-sizcd, rclatively short and plump
she.ll; i t is normally completely dcvoid of thc regr-rlar, hcavy ribbing charactcristic
of B. pacific'd n. sp. lts surface shell is either fincly to very tincly ancl closely
r i bbed  (P l .  XX .  f i g .  I  lA ;  P l .  XX l ,  l i gs .  - s -7 )  o r  l i ne l y  s t r i a ted  (P l .  XX ,  t i g .  8 ) .
and  i t s  i n te rna l  cas t s  a rc  mos t l y  smoo th  (P I .  XX ,  f i gs .  1 .9 ,  l 0 ;  P l .  XX l .  l i g .2 ) .
Only a few decp and broacl, irrcgularly spaccd constrictions and welts intcrrupt
thc  su r face  o f  t hc  shc l l  o r  t ha t  o f  t hc  i n t c rna l  cas t  (P l .  XX .  f i gs .  I ,  9 ,  10 ,  l l ;  P l .
XXI ,  f igs.  -58.78) .  The r ight  va lve is  much th inncr  than the lc f t  ancl  i ts  sub-
t r iangular ,  feebly convex shape (Pl .  XX.  l igs.  t lB- l tC,  l lA,  B;  Pl .  XXl ,  l ig .  6 ts i
contrasts strongly with that of the thick. swollen, strongly convcx and hook-likc
bent  lc f t  va lve (Pl .  XX,  l igs.  l ,  8 ,  I0) .  Both valvcs most ly  taper  gradual ly  ancl
more) or less cvenly torvard the lowcr margin from thc placc of thcir maxirnum
thickness at  or  near  the middlc par t  of  the shcl l  (P l .  XX.  f igs.  lB,  98,  l0B,  l28) .
Only in  some representat ives of  R.  r ' .  var .  so l idu Lahusen l8t i8  (Pl .  XX,  f ig .  8C)
does the lower part of the shell becclme morc or lcss markedly truncated in
anterior-posterior aspcct and reminiscent of the extreme. late fclrms of B. pacifrcu
va r . ' l  (P l .  XX I ,  f i g .3 ) .

Thc beak of the right valve is short, small, moderatcly sharp and som-^what
incurved to le f t  (Pl .  XX,  f igs.  t tB,C,  l l ;  P l .  XXl .  l ig .  6) .  The lef t  beak is .  on
thc contrary, long, esscntially straight or only fcebly incurved to lcfl (Pl. XX, l igs.
l ,9 ,  l0  and l2) .  Beaks wi th s l ight ly  r ight-handcd incurvature may occur  rarc ly
in B. c'rassicoLlis s. str. (Pl. XX, fig. 8A). The beak is strongly bent downward
and  more  o r  l ess  s t rong l y  co i l cd  (P l .  XX .  l i gs .  lB .  l 0B .  l 24 ;  P l .  XX I .  f i gs .28 .
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-58.78) .  Thc le f t  beak more or  less markt- -d ly  ovr- rhangs the much smal ler  r ight
beak (Pl. XX, fig. ttC). Thc morphology. evolutionary grade. and infraspecil ic
variation of the byssus car have alrcady bccn describcd in connection with discus-
sion of the irrcvcrsible orthogcnetic trcnds in Buc'hiu.

The morphological distinctions of B. c'rossiutl l is s. str. frnm othcr Buc'hiu
spccics havc. alrcady been discus:;ed in connection with the description of the olclcr
lJ t r t ' l r i t r  spccics of  our  rcg ion.

R. cnrssiutl lt.r 's. str. is herc interprcted csscntially frclm thc dcscription and
l i gu rcs  o f  Lahuscn  (  l t i t tS .  pp .24 -25 .  P l .  V ,  t i gs .  8 -16 ) .  Lahusen ' s  (18u8 )  wo rk
is thc ofdcst publication thal. pcrmits thc unequivocal intcrprctation of I l . t 'ru.s.sitoll i ,s
s.  s t r .  as novn'uscd by Eurasian workers.  Thc wr i tcr  is  unable to in tcrprct  wi th
cer ta inty  the or ig inal  dcscr ipt ion and f igurcs of  lJ .  t russ icr . , / / ls  (Keyscr l ing.  l t t46.
p.  300,  Pl .  XIV.  l igs.  9-12 ) .  Takcn at  Iace valuc.  they could represcnt  c i ther  /1.
cru.s.ricoll is Lahusen. lttt ' i f l  or sonrc of its older homoeomorphs. such as B. gruc'i l is
Strk t r lov.  l90 lJ  r rorr  Lahusen.  I tJ t tu  or  R.  / t i lmutsr ' furu, r  var .  umer i t 'unu Sokolov.
1908.  Thc wr i tcr  fc l lkrws.  howcvcr ,  t l rc  Russian workers who have a l rvavs un-
rcscrvedly acceptcd t l te  spcci l ic  ic lcnt i tv  o l  R.  crassi to l l is  (Kcyser l ing,  1t t46)  wi th
thc Bucl t iu  forms so c lcar ly  f igurcd and dcscr ibed under thc same namc by Lahusen
(I t3t t {3)  ancl  Sokolor '  (  l90t3a) .  ShoLr ld thesc two I 'orms pro 'n 'c  to bc spcci l ica lh
c l is t inct .  i t  wor . r lc l  bc ncccssary to usc thc namc 1J. .1r . , / t r ia  (Lahuscn.  I8 t l8)  for  thc
spccies hcre rc fcrrcc l  1o as 1J.  t ' rus.s i<ol l i .s  (Kcyscr l ing.  1846) s .  s t r ' .  This  possib lc
t tontcnclatura l  changc woulc l  nc i thcr  rcv ive thc t rac l i t ional  North Anrer ican usc of
tl ' tc t i irnrc l]. ct 'us,si<'ol1r.l '  nor aflcct thc writcr's introcluctioit ol t lrc ncw nantc
B.  puci t ' icu n.  sp.  for  thc North Amcr icarr  l i r rnr  h i thcr to known unclcr  t l rc  n l rnrc of
lJ . t ru.s.s i t' t tl I i.s.

Thc st rat i -uraphic rc lat ionships bct i r . 'ccn I ) .  pur i f i ( . /  n .  sp.  ancl  l i .  r ' rus.s i to l l i .s
s.  s t r .  ancl  the ' .  occurrcncc of ' thc mixcr l  faunas o l  thcsc two spccics ncar  thr 'bounr i -
itrv of thcir zot.tcs arc sonrcr'vhlt sLlggcstivc ol R. crus.sicr.,/1r.1 s. str. bcing a dirccl
t fcsccnclant  o l ' l ) .1 ; t r t i l ic . r  n .  sp.  Somc ol  lhc I l r t t ' l r i t t  forms occurr ing i r . r  thcsc nr ixcc l
l ' i t ttnits sccr.n t() [rc morphologically trirnsit ional bctu'ccn thc two spccics ct:rnccrnccl
( P t .  X X I .  f i g .  3 :  P l .  X X l l .  l i g .  l ) .  N o n c  o f  t h c  c r i t i c a l  s e c t i o n s  w a s .  h o u , c v c r .
co l lcctcc l  bcd b1 bccl .  I t  is .  thus.  unknovurr  rvhcthcr  R.  puci f icu n.  sp.  actual ly  t rans-
mr i tates in to thc \oungcr  IJ .  <rus. t i to l ! i . r  s .  s t r .  in  a scc l r - rcncc of  nrorphological l l
ovcr lapping palaconto logical  populat ions or  whcthcr  thc nr ixcc l  launas conccrnccl
arc c i t r " tscc l  bv t l rer  acc idcntu l  chror to loc icul  ancl  palaeozoogeographical  ovcr lap o i
t rv t r  l romocomorphical lv  s imi lar  but  unrc latcd IJ t r th iu spccies.  Thc convcrgcnt
cvolut ion in  ncar lv  c( )ntcmp()rury spccies bc longing to a l l icc l  but  indcpcnclcnt
l incagcs is  a common phcnorncnon in thc.  gcolc lg ica l  h is tory o l 'a  grcat  many foss i l
sroups:  i t  has a l rcady causccl  many crrors in  thc in tcrpretat ion of  thc gc l tc t ic
lc lat ionships of  thc spccics conccrnccl .  I t  is .  thcreforc.  impt ' lss ib lc  to ntakc ant '
t lcl jrritc conclusions about thc gcnctic connection bctwecn I). puc'if icu and /1. r 'r 'rr.r ' .r 'r-
col1i.s s. str. Thcrc is. fttrthcrntorc. othcr cvidcnce oppused to their gcnetic ccln-
ncction. Thc shcll morphology of IJ. cv'rr.s.rlcr.,//1.r s. str. is. for cxamplc. vcry similar'
to that of thc tincly ribbccl ancl rclativcll, thick rcprcscntatives of B. ket,serlittgi nntl
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IJ .  sublaevi"^ ,  cspccia l ly  of  thc ' ( ru l . rs lc 'o11rs- l ike ' forms <l f  th i - -se spccies.  
- fh is  

s imi-

lar i ty  was a l rcady noted by Sokolov (  l90t ia ,  pp.  23.  2-5 )  ancl  t rcatcd as indicat ivc

6f the genetic all inity of IJ. c'russitol/ l.r s. str. with thc B. Ae1,,rerl irrgi spc'cics gr()ttp.

The  p rescnce  o f  B .  ke t se r l i ng i -hke  va r i an t s  (P l .  XX l .  l i gs .  5 ,7 )  i n  some  popu la -

tion samples of B. r 'rus.sict., i1ls s. str. supports this conclusion; all thc mtlrc so as

thcsc samplcs scem to represent thc basal bccls of Bttclt itt cru.ssirtt l l i . : z-one .

The stratigraphic relationships of Btrt 'hiu f 'ornts cttncernecl are cttmpatible with

IJ. t rus.;it 'ol lrs s. str. being a spccializccl oflshoot of thc Il . kevserlingi-.tttbluevis-

inftttttt f incagc. l]. c'rtr.ssicoll l .r '  s. str. is widcsprcacl in ntlrthcrn Eurasia (.ree bclorv )

ancl  i ts  zonc rcsts c l isconformably or  cvcn unconl i r rmably on o ldcr  rc lcks in  scvcra l

. r reas of  thc Canadian wcstern Corc i i l lc ra.  Al l  thcsc c lata sLlppor t  thc in tcrprctat ior t

of 1J. r 'rris.r ' icoll is s. str. as an oflshoot ttf the cttnscrvativc Arctic I luc'lua l incage

brought  in to the North Paci l ic  faunal  re l lm of  North Amcr ica by the la tc  Valan-

g in ian t ransgrcssi t tn  (F ig.  3 ) .
The shcl l  nrorphology of  R.  r ' r r . r . r rco11r. r  s .  sLr .  l i ts  wcl l  in to thc prev iousl l '

r l iscusscd gcncra l  cvolut ionary t rcncl  of  thc consct 'vat ivc Arct ic  IJ t tch iu l incagc bt r t

docs not  f i t  a t  a l l  in to that  of  thc North Paci t ic  l l t r th iu l incagc o l  North Antcr ica.

T9 interpret it as a clirect dcsccndant of I). pucific'.I tt. sp. onc would hrtvc ttt assLtmc

that  the previously  d iscussed ' i r rcvers ib lc  or thogenct ic  t rcnd '  in  thc cvolut ion of  thc

beaks ceased 10 [g:  opcrat ivc ancl  bccame st rddcnly rcvcrscd in  thc North Paci l ic

IJ t tc l t iu  l incage in la te Valangin ian t imc.  Al lhough aclmi t tcc l ly  possib lc .  th is  sccms

to be less probable than above c l iscusscd a l tcrnat ive in tcrprctat ion t t f  thc or ig in t t f

R. crussic'olli.t s. str.

Considcr ing a l l  c la ta avai lable.  thc lvr i tcr  tcntat ivc ly  assuntcs IJ .  t ru.s .s i t t t l l i . t '

s. str. tg bc an offsht)ot of thc conscrvalivc Arctic Bttt lt irr l incagc rathcr than an

immccl ia te c lesccndant  < '>f  I i .  put i f i t . r  n .  sp.  (F ig.  3 ) .  Aclc l i t ional  l ic ld  work ancl

carefu l  foss i l  co l lect ing in  the cr i t ica l  sect ions of  thc wcstern Ct t rd i l lc ran bc l t  t l f '

Nor th Amcr ica and Northern Eurasia is  nccclc t l  f t t r  a  l ina l  so lut ion of  the problcnt

of  i ts  or ig in.
The ammclnile Dicfuttornites qutft.sinoett.si.s ( Whiteavcs. I 882 ) is contnton itt

thc lowcr parl of Buchia crus.ric'tt l l is zonc in Ilr it ish Coluntbia and northwcstcrn

Wash ing ton  (PL  XX .  l i gs .  2 -7 .  l 3 -15 ;  P l .  XX l .  f i gs .  ' 1 .  9 - l l ) .  Th i s  spcc i cs  was

or ig inal ly  dcscr ibed and f igurecl  by Whi tcavcs ( l t i l t2 .  p.  82.  F ig.  l )  as Olcr t .sre-

plrctnus qutttsinoensi"^. The closc sinri larity oi thc typc spccimcns ol'O. quutsittoensis'

Ict Ammonites (Olcosteplunus) bidiclrrtrotrtu,r' Leymcrie has bcen rightly strcsscd in

the or ig inal  dcscr ipt ion.  Later  Whi teaves ( in  Dawson.  l t l87,  p.  l l4B) rcdescr ibcc l
(). qutttsiruten.l'is under thc name of Scupltite.r qrtulsinttensi.i. Thc type ma.terial is

from the lower part of Buc'hiu crussit 'oll i .r zone of Fttrwarcl lnlct. Quatsino Souncl,

rvhcrc thc specics is fairly abundant.

D.  qt tuts inse2srs (Whi tcavcs,  l l l t32)  has becn dcscr ibcd b l  Mclc l lan (1921 .

p. l l5, Pl. 12, t igs. 3-5) undcr the namc Httlctnli 'st 'tts' l stuntttni n. sp. and by

Cr ickmay (1930a,  pp.  63-4.  Pl .  21,  I igs.  l -4)  undcr  thc name Honui lsont i ta5

pset' i loc.hotomus n. sp. Neithcr of these workers wiis aware of the previous publi-

ca t i on  o f  t hc  spec i cs  by  Wh i teavcs  ( l t t 82 ,  1887 ) .  Im lay  (1956 '  pp .  l 143 -46 .P1 .
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1l20)  rccognizecl  that  Homol .yomite: t  poeci l ( ) ( ' l t ( ) t . ) tnu. \ 'Cr ickmay.  1930 is  a junior .
synonym of  Hol todis t 'u , \ ' !  . \ tuntoni  McLel lan,  1921 .  Jc lc tzky (  1959,  p.241 pointcr l
out thc priority <tt Olttt.rtepltonus quut,\ inr.,en,rrs Whiteavcs. l lJ82 over Holc'odist'tt.r ' l
.s lur t toni  Mclc l lan.  I  927.

whi tcavcs '  (  l t t t32.  t r ig .  I )  f igurcd holotype of  o.  quut .s inoensis ancl  h is
runt igurcc l  paratypc of  the species are reproduccd (Pl .  XX.  f igs.4,  l4) .  togethcr
w i th  t h r cc  sma l l  t opo typcs  co l l ec t cd  by  t hc  w r i t c r  (P l .  XX ,  f i gs .3 .  - 5 .  l - 5 ) .  Thc
holotypc and onc of  thc paratypcs o1 'Cr ickmay's (  1930a.  Pl .  21,  f igs.  2 ancl  4)
Httnutl.xttrri les ptteti ltxlrolotnus from thc Iltrchiu cru.rsic'ri l l is zonc of thc Harrison
Lakc  a rca  a rc  r cp roduced  (P I .  XX ,  f i g .  l 3 ;  P l .  XX I ,  l i g .  l l )  t o  dcmons t ra t c  t hc i r .
spccil ic identity with O. quut.rinoensis. Scvcral topotypcs ol Holcodisr:us'l sturttotti
Mc l -e l l an ,  1921  (P l .  xx .  l i gs .  2 ,  6 ,7 :P l .  XX I .  hg .4 )  a rc  rep roduccc l  f o r  t he  samc
purp0sc.

O. quutsinrterr.r ' i .t '  is herc prttvisionally placcd in thc Dit 'hototnite.r Kocncn.
1909 s.  la to bccausc of  i ts  character is t ic  suturc l ine.  prcdominance of  b id ichoto-
nrotrs  r ibb ing habi t  in  the middlc s tagcs o i 'growth,  subtr iangular  cross-scct ion of
thc whor l  in  ac lu l t  s tatc .  loss of  thc r ibb ing in  thc middlc of  the f lanks in  ac lu l t  s tate.
and thc prcscnce of  wcakly dcvcl t tped but  ncvcr theless srvol len pr imary r ibs ncar
the -  umb i l i ca l  marg in  o f  t he  l i v i ng  chamber  (P l .  XX l ,  f i g .  l l ) .  Thc  namcs  Neoc : ru . s -
pedite.r Spath. 1921 and Honuil.sontite.r Cricknray. 1930a are. in thc writer's
opinitrn. jttnior svnttnyms of I)ichotomite.r. The morphology cf [). quotsirutensi.t
and its distinctions from 7'oll iu 1'l 'olt iu) rtttrtu!'t i l is s. lato have alrcadv been
clisc u ssccl.

The closcly rclated ancl possibly ancectral I)ic' l totornite.r cf . gigunterr.r ' ( lmla1,.
1960) (Pl .  XVl l l .  f igs.  1.6.7 )  occurs in  the uppcr  par t /  o f  Ruc 'h iu puci t ' iccr  zctnc
in Bridgc River arca. This form dilTcrs from D. quut:; inoenst.r in the bctter-clevclopecl
swc l l i ng  o f  p r imary  r i bs  nca r  t hc  r " rn rb i l i ca l  marg in  (P l .  xv l l l .  l i g .7A) ,  w ide r
umbi l icus (  Pl .  xv l  I I .  l ig .  I  ) .  markeci ly  l )cxcc l  appcarance ot  r ibs.  lack of  thc
u 'c l l -def incc l  b ic l ichotomous r ibbing habi t  in  thc middlc s tages of  growth (Pl .  XVI l l .
t ig. 64 ) ancl consiclerably shorter. thicker ancl less fri l lcd lateral and auxil iary lobcs
(P l .  XV l l l .  f i gs .64 ' , 78 ) .  Th i s  ca r l y  D i t l t o tom i tes  f o rm  may  poss ib l y  bc  a  co r r -
necting l ink betwccn T-oll iu ( '[oll io) rntttubil is (Sti inton. lU9-5) and morc advanccci
rcprcsentatives of thc- gcnus l)icirrt lornite.s Kocnen s. lato.

Anrong Europcern spccics, I)ic'hotomite.s cttrnplunutrr.t '  Kocncr.r ( 1902. Pl. V.
f i _es .  l l - 13 ;  P l .  V l .  f i gs .  18 ,  l 9 )  appea rs  t o  bc  t he  ck rscs t  known  a l l y  o f  D .  qum-
.sirroertsi"^. D. turrltt luttts Kocncn ( 1902, Pl. V. f igs. -5-7) and ctu-teroni (d'Orbigny)
(184 l .  p .  209.  Pl .  61.  f igs.  l -3)  are othcr  c losely rc lated forms.  l ) .  q t r t t ts inoet ts i . t
cl ifTcrs from thcse mainly in the abscnce or fecble dcvclopmcnt of the swollcn
primary ribs ncar thc r.rmbil ical margin in the late stagcs of growth. This distinction
is  merely  quant i ta t ive.  as thc holotype of  Cr ickmay's (1930a,  Pl .  21,  f ig .  2;  th is
1cpor1, Pl. XXl. f ig. l l  ) Homol.somites poeciloc'hti lomus has weakly developcd.
but nevcrthelcss swollen, primary ribs near thc umbilical margin. Other distinctions
of D. quut.sinoensis from tlrc European forms. such as the greater forward projec-
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t ion of thc secondaries on the venter ancl somewhat dcnscr and coarser ribbing in

the early stages of growth. arc even morc trivial '

Aee antl Correlulion

Al l  European a l l ies of  D.  quut .s inoensis arc ear ly  Upper Valangin iun forn ls  in

thc sense of  Kgencn (1902,  p.  33) .  This  indicates the gencral  la te Valangin ian agc

of the restrictccl Buc'hia crtrssi<'oll is zone of our rcgion (Fig' | ). l ts lower part

carrying D. quatsinoer?.s/.! '  is presumably oldcr than thc Jrt,vloceru'\ r;erruc()sunt

zgnc of  thc uppcrmost  Valangin ian.  In  the borcal  rca lm ol  nor lhern Eurasia thc

restrictcd Buchiu t 'russittt l l i .s zone should corrcspttncl to the Polr2t\ 't l t i tes pttlt 'pr1'-

<.lrrr.r. and Dic,hotomites hit l ir ' lrtstttn?r1.f z()ncs. which ovcrlic thc micl-Valanginian

l',, I t '  I t | .t '  t '  I t i  I t ' .r k e.t s e r I i  n gi zt r n c.

There is l i tt le doubt that IJut'hiu cru.s.tiutl l i .v zonc. i ls hcrc rcstrictcd. corrc-

sponds to Olcostepht tnt rs  pet 'k i  zonc of  lmlay (  1960,  pp.  175-6)  This is  ind icatcd

b,v- thc assgcilt ion of D. quutsinoensis lvith O. petki in ntlrthwcstern Washington,

by thc ( )ccurrcncc ct l  Okt ts tepl r t t t t t t .s  pe<ki  at  the vcry top o l  thc Valangin ian ( i .c .

IJru.lt i tr-bearing) sequencc in Orcgon, and by tl.tc ttccurrencc <tf 
' l 'ol l iu ( ' l 'rt l l iu)

mtt t4bi l is  zonc in  Cal i forn ia,  Oregr . rn ancl  Br i t ish Columbia scvcra l  hundrcd fect

bclqw lJrrr./rru t.ru:;si<oll i.r zone that localiy contains I). qtrut.t ituterr,rr.r. Thc ()ccLlr-

rcnce pf D. gigurtteu.t ', as wcll as the abscncc of O. petki ancl L). qtttrl.sittttert.st.r ir l

thc tcrpmost  Rut 'h iu-bcuing bcds o l  Cal i forn i i l  agrccs lvc l l  wi th thc assunlct l  abscncc

ol  Rtrc l r iu  ( ' rL t . ts i ( ( ) l l is  zonc thcrc (F ig.  2 ) .

Unl ikc o lc lcr  L.ower Crctaceous North Paci l i  c  I l r r< l t i t r  Iauni ts .  IJ .  t rus 'v ic t t l l is

s.  s t r .  f lun i r  is  widcsprcud in thc southcln par t  of  Err roplan Russia ancl  in  s t lmc

par ls  of  Sibcr ia (Lahr . rscn.  l t l lJ tS.  Pavkru ' .  1907.  Sokolov.  lc)08a) .  In  thc Er : ropcat t

Arct ic  i t  is  prcscnt  in  T iman rcgion.  in  Spi tsbcrgcn.  and in King Char lcs Land

(Soko [>v .  l 90ua ;  F rcbo l c l .  1929 .  l c )30 .  p .43 .  P l .  X \2 .  l l g .4 ) .  l n  con t ras t  i t  i s

runkngwn  i n  Eas t  S ibe r i a  (Soko lov .  I 908 .  pp .  I 5 -17 ) ,  G rccn lan t l  ( acco rd ing  to  t hc

rvr i ter 's  survev of  thc l i tcraturc ancl  thc rcv is ion t t t  Rt tc l r iu  col lcct i r ) l ls  f rom Trai l

ls lancl  ancl  Wol laston For lancl  prov ic lcc l  by Dr.  D.  T.  Donovi tn) .  Bol 'shczcmcl 'sk l rya

l ' L rnd ra  (Soko lov .  1926 ,  p .  3 t i  ) .  and  o thc r  a rc t t s  o l  t hc  Eu ropcan  A rc t i c '  l t s

stratigraphic position in relation to othcr IJttclria zoncs ancl to thc stanclarcl ammtl-

r r i tc  zoncs is  not  c lc i i r  in  nor thcnr  Eurasia.  Nor c locs a l lv  c lcar  gcographical

rcgularity in tlre absencc ()r prcscncc ol'R. r 'ru.s.tit ' t t l l i .s s. str. in thcsc rcgions umcrgL-

f r6nr  perusi t l  o f  the l i tcraturc.  T l r is  possib lv  rcst r l ts  f rom thc f rcqucnt  occurrcnce

of n.rixecl Rttt 'hia faunas. ancl espcciallv fronr thc assttciatittn of , lJ. (l"rl.tJi(()/11,t s. str.

rv i th  the- ,  s t rat igraphical ly  and, /or  taxononr ica l ly  mis intc lprctcc l  la te Valangin ian

forms of the B. ket,serlingi-.ttrbluet' i,s-itt l l tLlrr l incagc. Thc allegecl asstlciation of

IJ. c,ru.ssicoll i.r s. str. with mid-Valan-uinian lJtrt ' l t iu fornts ancl with those <tl '  " ' I '<il l iu

.stenomphrtlct" zonc may havc becn causcci by misiclcnti l lcatiorr of IJ. ttt lmal,s<'httv' i

yar. trmeric't ln(t and othcr early to nricl-Valanginian homttcomtlrphs (c.g. R. crussi-

r . r r1 l r . r ,var .  eruc i l is  Sokolov.  1908 r r rur  Lahuscn.  lSt t l l ) .  l t  is .  pcrhaps.  s igni l icant  in

th is  connect ion that  Sokolov (19013b.  pp.  l -5-17;  lL)26.  p.  38)  c l id  not  f ind an1,

gncloubtecl B. c'rct.ssit 'oll i .r '  s. str. in associatittn rvith I). inflttttr ct var. cnr't.ut, R.
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lu( i l i (u  n.  sp. .  lJ .  !o lntut .ych.)11 /  v i l r .  (uner i (ut ru,  i lnd 1J.  ( t 'dss i ( ( ) l l i , \  var .  8r( l (  i l l . r

Sokolov.  l t )08 r r r . r r i  [ -ahuscn.  I  8u8 in E.astcrn Sibcr ia and Bol 'shczcntc l 'skt t ]a
' I - t t t lc l r l t '  

Sokolov (  l90 lJb '  p '  17"  gcnct ica l  c l iagram )  c t lns idcrs '  fur thcrnrorc '  that

thc t rLrc lJ .  t ru. ts ico l l l , i  is  a 1, ,ountcr  sp l rc ics ihan uny of  thc l t t rn ts  n lcnt ioncd hcrc.

ln  North Amcr ica l j .  crus.s i t r t ! l i . r  s .  s t r .  scrms to bc abscr t t  in  thc Arct ic

C'anacla cast  of  Alaska.  Nor has i t  yct  b;cn rccorc lcc l  f r t lm nor thc i ls tcrn l l r i t ish
( i r lLrntb ia.  This i ,v i rs  bc l icvcc l  to  bc c lue to a rcgional  rcgrcss i t tn  o l  thc sca f ronl

t hcsc  i r r c i r s  c l L r r i ns  t hc  n r i d -Va lang in iun  t i n t c  ( Jc l c t zky ,  l 9 -58 .  1960 .  l t ) 6 l a .b ) .
' fhc 

nr t r rc  rcccnt  l i l tc ls  o1 ' r rmntoni ic : i  c losc ly  compar i rb lc  wi th 1) l r ' l i r . , l r t t t r i tes qt t t r l -

s i t to t ' r r . t i . t  and / ) .  .q igut t t tu . r ' iu  nor thcustcrn IJr i t ish ( 'o lunr [ r ia  anel  Cunudiur t  Arct ie

Arc l r ipc l l tgo (El lc l '  Ringncs t r : ; l i rnr !  )  in  associat ion rv i th  rcprcscntat ivcs o l '  lJ r r r ' l i i r r

ke1'.serlinui-.stthluevi.s-inllrrlrr l incagc inclicatc. howcvcr. that thc absencc ttf / i . r 'r 'rr.r. i i-

co1l r , r 's .  s t r .  in  thcsc rcgions is  r l r rc  to palacozor)gcographical  rathcr  than st r i t t i -

g laphical  rcusons.  Dur ing la tc  Vulungin ian t inrc.  Arct ic  C'anacla and nt t r thcastcr t t

l l r i t ish f 'o lunrb ia apparcnt ly  bc longcr l  to  t l rc  sanrc faunal  r r .a lm as East  Grc ' ;n l l t t t t l
r , i "hcrc / i r r r ' l r i r r  o f  thc ket ' .s t , r l i t tg i - .s t t l> l t rcr , i .s- i r t l l {1 / ( r  group (Pl .  X lX.  1rg.5)  r i rngc t rp

into thc h ighcst  Valangin ian bcds of  Mourr t  Nicscn scct ion and B.  r ' r r t . r . r tco/1 i . r 's .  s t t ' .

i rppr i r rs  to bc abscnt . ' [ -hc occurrcncc o l  Lt ' t i t t t t 'eru.s in  thc h i -ghcst  l l r r r ' l r l r r -bcar in i r

Vi i lungin ian rocks of '  t l rc  Mount  Nicscn scct ion in  Crecnlancl  (  Donovan.  l i ) -57.
p.  6. { .  6 t3-72.  F ig.  l3  )  inc l icatcs thc la tc  Valangin ian agc of  thcse bccls  ant l  thc i r

contcr . ! rporanci ty  wi th IJ t r t ' l r i t t  t rus.sr t t t l l is  s .  s t r .  zonc of  thc North Paci l lc  faunal
rciLlnr. I lttt l t iu l iet '.serlittgi-.s'trbluet,is-inllrrlrr I 'aur.t ir ol this section inclr.rcles. ltrrthcr-

nrorc.  g iarr t  l i t rn ts  apparcnt ly  ic lcnt ica l  iv i th  B.  key ' . ter l ing i  var .  grgas Cr ickmay' .
I t ) 30a  (P l .  X lX .  l i gs .  l .  5 ,  P I .  XX I .  f i g .  l )  I r om thc  I J r r< ' l t i u  c russ i t o l l i . s  s .  s t r .  z ( )nc

of  Harr ison L-akc arca.  TI r is  f r r r thcr  supports  thc wr i tcr 's  conclus ion that  thc uppct
prrlt ol IJttt lr iu ker.serlingi-.tLrhluet,is-influto zotlc of nttrthcastcrn l]r it ish C'oltrnrbia.
Arct ic  Ci rnacla.  uncl  East  Grccnlunt l  is  but  thc faunal  fac ics of  I l t rc l r iu  cru.s.s i t t t l l i .s
s.  s t r .  / -o l rL-  of  thc wcstcrn Cordi l lcran bc l t  o f  North Amcr ica ( t r ig .2) .

Latest Valanginian Rocks?

As tlrc agc of thc top part of I lut;hiu cru,s.tit 'ol l is zonc of thc Canitdiart rvcstern

C'orc l i l lc ra in  tcrnts of  thc ammi ln i tc  zoncs of  Europcan Uppc-r  Valangin ian is  not

dc l in i tc ly  establ ishccl ,  thc uppcrmost  Valangin ian rocks of  our  region may possib ly

bc rcprcscntcd by thc unfossi l i fcrous sancistone.  local ly  t lccurr ing (c .g. .  in  Quats inrr
Sorrrrcl ) betwccn Ihe Iluchiu cra,y.yirtt l l i .r s, str. zone ancl thc carly Hautcriviart
l) ir ' l tolornites oregttnen.si.r zone. Thc lattcr zonc is bcyclnd thc scttpc of this rcpol't.
l l . is. horvcvcr, more probablc IhaI Rrrchiu crcrssitoll i .s s. str. zonc embraces all ol '
thc Uppcr  Valangin ian.  inc luding Sut 'nctcerus verru(ost t t t t  zone (Fig.  l ) .  This .  in
particular. is suggcstcd by thc circumstancc that l). quutsinoensi.r is apparcntly

rcstrictecl to thc lowcr part of []uchiu <'rassic'oll i ,s s. str. zonc in thc Canadian
\ \ ' c s t c rn  Co rd i l l c ra  and  i n  Wash ing ton  ( lm lay .  1960 .  p .  175 ) .
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PROVINCIAL CHAITAC-TER OF FAUNAS

A pccul iar  but  b iochronological ly  important  fcature of  the la tc  Uppcr  Jurassic
and early I-owcr Cretaccous marinc faunas of thc Canaclian wcstcrn Corcli l lcra is
thei r  mixed character .  The samc is  t ruc of  thc cnt i rc  wcstcrn Cordi l leran bc l t  o f
North America from Alaska to California. Somc of thc zonal faunas discusscd in
the preccding pagcs are characterizccl by a rather unusuirl association of thc
Tcthyan (most ly  Anclcan and/or  Inc lo-Paci l ic)  ammoni tes and .Br l ( / r ia  spccies
with thc local ammonites ancl Btrcliu spccics and,'()r thc well-known boreal ammo-
ni tes and buchias.  In  othcr  instances thc borcal  faunas a l tcrnatc e i thcr  wi th thc
Andcan or iand Indo-Paci f ic  faunas or  wi th thc indigcnous faunas.  

- I -h is  
faunal

mixture gre-atly facil i tates intcrregional ct:trrelation of thc latc Uppcr Jurassic ancl
carly Lower Cretaceous rocks of our region irncl their placcment in thc intcrnational
standard stages bascd on scctions of southwcstern Europc containing Tcthyan
faunas (F ig.  I  ) .  The faunal  scquencc of  thc Canacl ian wcstcrn Cordi l lera,  p lavs an
important rolc in claritying. for thc first t imc. the timc rclationships bctwecn sevcral
classical Bcrriasian trnd Valanginian zoncs ol' thc Tcthyan provincc and the carlv
Neocomian boreal zones (Fig. l). The faunal scqucncc of thc Canadian wcstern
Cordil lera is more valuablc in this rcspect than the mixcd faunal sequenccs of the
Ccntral Russia (Ryasan province) and thc northcrn Caucasus, which includc only
one or two mixcd faunas ancl arc partly (c.g.. in Ryasan province) rcprcscntcd bv
condensed deposits.
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PHYLOGENY AND ZOQGEOGRAPFIY OF
NORTH AMI]TTICAN BUCHIA SPECIES

P o m p e c k j  ( 1 9 0 1 ,  p p .  3 4 1 - 9 ,  P l .  X V l l ) ,  P a v l o w  ( 1 9 0 7 .  t a b l c  o p p .  p .  8 4 ) .
and Sokolov (  l90t3a.b)  concl r - rc lcc l  tha[  most  or  a l l  o f  thc Buchiu specics of
nodhcrn Eurasia and E,uropcun Arct ic  rangecl  over  wcstcrn and nor lhwcstern
North Amcr ic i r  ancl  that  e i thcr  fcw or  no iocal  Rt t t 'h iu spccics cx is ted in  North
Amcrica. Accorcling to thcsc wrlrkers. somc of thc F.urasi:rn and Arctic Rut' lt iu
spccies rangccl cvcn into South Amcrica (/J. cnt.vsitoll i ,y var. brusil ien.l i.r Whitc, /1.
lerebru l r t lo i t le . r ' [ -ahr , rscn) ,  Inc l ian Pcninsula ( l ] .  c 'o t t t 'e t t r r ic 'u  ( .  ' !  B.  l t ronr t i )  v i t r .
legttrtt ittostr Stoliczka, I lrrclt iu tttosquen.si.r s. lato) and Ncw Z-e-aland (R. cnr.s.ricoll is).
Thcsc conclus ions havc bccn and arc s t i l l  gerrcra l ly  accepted as val id  thc wor lc l
ovcr ,  par t icu lar ly  by a lmost  cvcry nroc lcrn North Amcr ican worker ,  inc luc l ing
Anclcrson (  l93 lJ .  I94-5)  and lmlav (  1951 ,  19-59) .  l 'hc dcscr ipt ion of  the-  la tc
f.Jppcr Jurassic and carly Lower Cretaccrous Ilut'hiu spccics of the Canadian rvcstcrn
(-orc l i l lc ra g iven in th is  repor t  shows.  howcvcr .  that  thc cvolLr t ionary h is tory t t f  thc
gcnus Errr' lr irr ( Au<'ellu) is much mnrc complcx than hithcrto belicvcd bv North
Anrer ican ancl  Eurasian workcrs.

A grcat many important clctails of thc cvolutionary historv tlf lJrrc' lr irr sti l l
rcntain tlbscurc. Enough is known, howcver, to assert that thc clevcktpntcnt ol '
North Anrcrican Buc'hiu species oftcn procccded inclcpendcntly fronr that of thc
contcmporary spccics of thc European Arctic ancl northcrn Eurasia. As thc fLrl lcsl
possible undcrstancling of the cvolt-tt ituary history of the North Amcrican Ilrrt 'hitt
spccics is a necessitry safcguard for their proper biochronological usc, an attempt
wi l l  bc madc herein to summarize our  knowledge of  the subject .

Pompeckj  (  l90 l ,  pp.  341-9,  PI .  XVI  I  )  concluded that  the:  evolut ionarv
centrc of the Iluchiq was situated in the vast circumboreal Arctic (or boreal ) realm
during most or all of its known timc range (at least from the late Calkrvian to thc
late. Valanginian). This conclusion is undoubtcdly valid. All students <>f Bu<:lt iu
agrcc that its principal, circumborcally ranging species form an unintcrruptecl
lincagc bcginning with Buchia lutu-IJ. concenlrica ( ? B. bronni) spccies group
ancl cnding with Buc'hiu keyserlingi-sublaevis-inflota (or with lJuchitt t'russicollis s.
s t r . )  species group (e.g. ,  Lahusen.  1888,  p.26;  Pompeckj .  190I .  p .  399;  Sokolov.
1908a,  pp.  4-1.  1908b.  p.  17) .  Pavlow (1907.  table opp.  p.  84)  is  the only
cxception. His alleged "gcnctical series" <>f But'hia arc, howevcr, clnly morpho-
logical serics bearing no relation whatsoever to the cvolutionary l ineages of thc
genus.
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- l u r a s s i c  a n d  C l r e t i r c e o t r s  F o s s i l  Z o n e s .  ( l a n r r d i a n  W e s t e r n  C l o r d i l l e r a

In  thc \ \ , r i tcr 's  opi l t ion.  thc gcnct ic  rc lat ionships of  thc pr i r ic ipal ,  c i rcunr-

borcal ly .  ran-c ing Btrc l t iu  spccics arc cvcn s inrp lcr  than wrts  bc l icvcc l  by thc abovc-
prcpt ioncd workers iF ig.  3 ) .  Most  o1 1hc spccia l izcc l  t l l ' lshoots of  th is  IJ t tc l r iu

l incage postu latcc l  by thcnl  sccnt  [ ( )  bc noncxis tcnt ;  thcy wcrc postu l i t tcc l  b i :cat tsc

of  thc cxccccl ingly  narro 'uv and st r ic t lv  tvpolouicul  spccics conccpl  t t l  thcsc rvorkcrs.

L- .vcn Sokoiov (  l90t3a.  b.  1926 )  d ic l  n() t  apprcc iatc  t l rc  rangc of  in t raspcci f ic

var iat ig l  in  l l r rc ' l r ic t  spccics.  t rcat ing rnost  o l  thc i r  cxt rcntc m()rphological  v t t r iants

(not  to  ment ion gcographical  s t rbspccics)  as tu l l  spccics ancl  cvolut ioni t ry  s tagcs

of  inc lcpcnclcnt  l incagcs.  l r r  thc undcrstan( lablc ,  arrc l  ia t rc lablc  protcst  agl inst  thc

crccssivc spl i t t ing o l '  lJ t r t  l t i t t  spccics.  Inr lay (  lc) -59 )  rcccnt ly  leanccl  t t to  I ' l t r  i t t  the

rrppositc clircction ancl lunrpccl tortctltcr scvcrit l polytypicit l IJtrchitr spccics cot.t-

s ic{cred bv thc wr i lcr  to  bc inc l t rb i tably  val i t l .

Thc pr inc ipal  I l t r t l r iu  l incagc that  inh i rb i tcc l  a  vast  c i rcuntborct t l  Arct ic  (or

t torc i r l  )  rca lm of  thc la tc  Jurassic  uncl  car lv  [ - t tu 'cr  ( ' rc taccot ts  t in tcs was l t l rcath

nanrcd thc conscrvat ivc Arct ic  l i i rcugc for  rcast l t ls  a l rcucly  fu l ly  d isct rssccl  in  c t ln-

nL 'c t i ( )n wi th thc dcscr ipt ion of  thc cvolut ion of  t l rc  bcaks and byssus cars in  IJ t t th iu.
- l -hc 

stuc ly  o l 'cxtcnsivc l i rss i l  co l lcct ror . rs  l ' ronr  Arct ic  ( 'anacl i t  i tn t l  H, i rs t  Grccn-

larrc l .  as ' "vc l l  as thc stuc ly  of  thc rcgional  l i tcraturc anr l  l ic lc l  rvork (Jc lc tzkv,  l95 i i .

19 .5c ) .  1960"  l 96 la -b ) .  i nc l i ca t cs  t hu t  t hc  gcog raph i ca l  r angcs  o l 'mos t  o r  a l l  t hc

pr inc ipal  spccics of  thc consL-rvrr t ivc Arct ic  (or  borcal  )  I l r t th iu l incagc inc l t rc lcc l

Grccnlancl .  Arct ic  Canada,  ancl  r ro l thcastcrn l l r i t ish Colunrbia;  they show cssct l t i -

a l lv  thc samc gcnct ic  rc lat ionships the rc  as in  nor thcrn Etr ras ia (F ig.  3 ) .  Thcsc

Ntrr t l r  Anrcr ican rcgions fornt .  thcrcfofc.  par t  of  thc cvolut ionary ccntrc  t t l  l l t t< ' l t i t r

and thc i r  scquencc <t f  l l r r t ' l t iu  zoncs is  csscnt ia l ly  thc s i tmc as that  t l l '  nor thcr l l

[ : - - r - r ras ia.  Spi tsbcrgcn.  and King Char lc-s [ -ancl  (F ig.  2) .  Mint t r  c lcv iat ions in  l l rc

evtr lu t ionary h is tory ancl  zonul  scqLlcncc ct | '  lJLrc l t i t t  spccies in  thcsc st tbpr t lv i t . lccs

o1' thc brr rcal  realm (c.g. ,  thc pre-sencc or  abscncc of  lJ tu l t io  cru.s.s i t t t l l is  s .  s t r .  zo l lc
( ) r  ( )ccurrcnce o l  IJ t r ' l r iu  at l .  puci f icu zonc in  nor thcastcrn Br i t ish Colr , rmbia)  arc

r lc l iberatc ly  d isregardccl  in  th is  gencral izcc l  account  of  thc l ) r r t l r i r t  cvolLt t ion.

Thc rc lat ionships in  thc lndo-Plc i l ic  faunal  rc i r lm arc a l togcthcr  d i f fcrcnt .

.As irircaclv cmphasizecl. cven Rtrtlt iu plicutu-biuttlordiuna-.strltpullusi spccics grotrp

of  th is  realm appears to bL-  an inc l igcnot ts  s tock,  perhaps cvcn a l ineage.  a lbc i t

clcrivccl from. and sti l l  cklsclv all iccl to thc borcal fJtrchiu tntt.s'qtten.ri.s ( BLrch )
\peci r 's  ur( )up (  F ig.  .1  1.

So far  as thc:  "Br t  l t i t t "  tnu lut 'or r tuor i t t t  s tock is  c t tnccrnccl ,  thc t rndcscrvccl ly
ncglected conclus ic ln of  Cr icknrav (  1932.  p.  5,  for l tnc l te  6)  that :  "Aucel l t te  f r<tn ' t

thc nt r t re southcr ly  local i t ics.  c .g.  Inc l ia .  unr l  Ncw Zcaland,  are vcry d i l l 'c rcnt .  ancl

hard ly  congener ic" : rppears lo  bc corrcct .  Not  only  arc thc t imc ranges of  thc

reprcsentntives of this Indo-Pacific I luclio stock quitc clif lercnt from thosc ol'thc

nrorphologically similar IJuthiu cortcerttricu ( ' ! bntnni) - IJ. futu spccics grotrp

o f  t he  bo rea l  r ca lm  (F lem ing .  1960 .  pp .  261 -8 .  t ab l c  l ; t h i s  repo r t .  F igu rc  3 ) ,  b t r t

thei r  h inge st ructure is  pecul iar  in  sevcra l  rcspccts (FIeming.  19-5t3,  pp.37u-9.

Figs.6-7.9) .  The "Buchi t i ' rn t iu t 'or r tut t r icr r  s tock (a l incagc ' l )  n lay wcl l  bc an
indcpcndcnt offshoot of Meleugrittella ctr anothcr pscudomonotid gcnus that becamc
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htrnr t rc t rnt t r rphic i r l ly  s inr i lar  to  thc IJ t rc l t i t r  ( ( )n(( t t t r i (u  ( .  ' !  brpr tn i )  -  B.  lu lu
spccics group ( ) f  thc borcal  rca lnr .  FLrr thcr  c l iscLlss ion of  th is  lasc inal ing tuxonomic
problcm is  bcvoncl  thc scopc of  thc prcscnt  rcpor t l .

Thc la t r r ra l  rc lat ionships in  thc ucstcrn Corc l i l leran bc l t  o1 'North Anrcr ic i r
i t rc  rathcr  complcx uncl  o l ' tcn c l i f ic rcnt  I ' ronr  c i lher  thosc in  thc l 'x t rca l  or  th()sc in
t l rcr  ln t l t l -Paci l ic  faunal  rca lnt .  As onc n"oulc l  cxpcct .  bccausc.  of  thc c iosc gco-
graphic l r l  prox in l i tv  o l ' thc rvcstcrn Corc l i l lc ran bc l t  to  t rhc boreal  rca lnr .  thc bore.u l
t r f l in i t ics of  i ts  lJ l r ' lur r  I 'aunas arc most ly  nruch st ronscr  thun thei r  l r rdo-Paci l ic
af i in i t ics.

As far  as lvc k t tou ' .  ancl  thc rc l iab le c lata arc nrost ly  scarcc.  thc Oxford ian to
nt id-Pt l r t l l rnc l ian rocks of  thc w.stcnr  Cordi l lcran bc l t  o f  North Anrcr ica arc
charactcr izcc l  by thc samc lJr rc l r r r r  spccics as tht lsc of  nor thcastcrn Br i t ish C'o luntb ia.
Albcr ta.  Arc l ic  Canacla.  and thc rcst  of  thc borc l r l  rca lm. Thcsc spccie.s occur  i l r
t l tc  sanlc s t ra l igraphic orc lcr  l r r r r l  sccm to huvc thc samc gcnct ic  t ics in  r , restc ln
Nor th  An rc r i ca  as  i n  t hc  o thc r  r cg ions  abovc -mcn t i oncd  (F ig .3 ) .  l t  i s  no t  vc t
knt lwn.  ht lwcver .  rvhcthcr  or  not  thc cvolut ionary c lcvc lopmcnt  of  ( l .x ford ian to
nr ic l -Por t lancl ian (s .  s I r . )  l l r rch iu spccics o l '  rvcstcrn Nt t r lh  Amcr ica c lupl icatcc l  th l t
o f  thc Arct ic  / l r rc l l r t r  spccies in  a l l  csscnt ia l  c lc t i r i ls .  Thc occurrcncc of  thc inc lo-
f ) r rc i t ic  c lcntcnts (c . ! r . ,  R.  r 'o t t t 'en l r i tu  var .  !egtur t ino.r ' r r  Sto l iczka ancl  /1 .  cx gf .
. tp i t iensi .s  Holdhaus )  in  thc la tc  Oxl i r rc l iar r  ancl , ior  ear ly  Kimmcr ic lg ian IJ t t r ' l t i r t
f aunas  o f  Vanco r - r vc r  l s l anc l  has .  f o r  cxump le .  bccn  c la imed  by  Jc le t zky  (19 .50 ) .
S im i l a r  f u rms  wc rc  subscqucn t l v  f ounc l  by  lm lay  (1957 .  l 9 -59  )  i n  t hc  l a t c
Oxford ian or  et t r ly  Kimmer idgian rocks of  Alaska.  l t  is .  hc lwcvcr ,  s t i l l  uncer ta in
whcthcr  thcsc Rrrr ' l r iu  forms arc t ruc conncct ing l inks bctwecn the borcal  Buc ' l t iu
l incagc and thc IJr rc l t iu .s l t i t ien. ; i .s  s tock of  thc Indo-Paci f ic  rca lm or  merc ly  borcal
homocomorphs of  th is  la t tcr .  Only ac lc l i t ional  f ie ld work ancl  carefu l  co l lect ing can
solve this problcn.r.

The faunal  rc lat ionships changc abrupt ly  in  la tcst  por t landian (?)  t imc (F ig.
I ), as the Ruchiu cf . hlunfordiunu fauna of the Canadian westcrn Cordil lcra and
Alaska is  apparent ly  an enclavc of  thc Indo-Paci t ic  faunal  rca lnr  in  the westent
cordil leran belt of Norlh Amcrica ( Fig. 3 ). This Ruchiu species appears to bc
unrelated to the next oldcr RuthitL fauna of thc rcgion dominated by But' lt ia pio<'hii
vttr. ru.s.siensrs (Pavlow) ancl all icd boreal fornrs and an offshoot of the Buchia
plic'utu-blunfortliunu-subprrl/rr,rl species groLlp. B. cf . btanlortlionu of the wcstern
Cordil lera region apparcntly dicd out without issuc, just as its Indo-Pacific rclativcs
did (F ig.3) .  Somc rcv is ion of  th is  concept  may,  howevcr ,  be ncccssary in  thc
future as we know almost nothing abor-rt t l .re Uppcr Tithonian Buchia faunas clf
the Canadian western Corcli l lera and only assLrnre thcm to be identical with thosc
of the boreal rcalm.

r  Sincc th is was wr i t ten,  t l rc  wr i ter  was able to undcrtakc a spccia l  s tu<Jy of  "Buchiu" r t ra la) ,onwor i tu
(Krunrbcck,  19231 and lound i t  to be an unrelatcd honroconrorplr  o l  Buchio toncentr i tu (Sowcrby)
nrore closely rclatcd tol Melcagrinella lhan to Buthiu. A ncw genus MokDonunrira had to be crccted to
receivc "Bu<hia" nnlayotnaor i tz .  This genus proper ly belongs in the subfami ly Oxytonr inac Ichikawa,
1958 togcthcr with Meleogrin<'lla, Autellinu, ancl Ar<totis. Tlre results of this study just appeared in
Palaeontokry.y (London),  vol .  6 ( l ) ,  pp.  l4 l l -160,  p l .  2t .  I963.
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The Ruc'l iq cf . blonfordiuttu faunii of northwcstcrn Washington. Brit ish

Columbia, ancl AIaska appcars to bc surroundccl by the boreal Btrcliu faunas on

thrce sides. unless the rare and insufl iciently undcrstood 11. aff. R. mosquensi.s and

R. c f  .  ts .  mo. tquensis of  Andcrson (  1945.  Pl .  lV,  f ig .  l2 ;  Pl .  X l l .  l ig .  3)  shoulc l

provc to be thc Californian reprr-sentativcs ol B. cf . blunfordi(tnu. Thc latest Port-

landian and early Upper Tithonian (or fttr that nlattcr latcst Jurassic\ Bu<'hiu

faunas of  Cal i forn ia,  nor theastcrn Br i t ish Columbia.  and nor thcrn Alaska scem to

lack any Indo-Paci l ic  e lements whatsocver ;  they arc at  any ratc complctc ly  c lomi-

nated by Rtrchiu piot' l t i i-ftsclterirrnrr species groLrp. Thesc faunal rclationships may

well bc due tcl thc fragmcntation of thc wcstcrn Cordil lcran gcosynclinal belt ol '

North America in thc wake of thc Nevaclan orogeny. Thcy could also bc causcd by

thc c lccanic currcnts or  var iat ion in  the c l imat ic  condi t ions.  Thc rcmarkablc

uniformity of the Oxfordian to mid-Portlandian l lrtchiu faunas suggcsts. on thc

contrary, easy marine conncctions bet.wecn all parts of geosynclinal bclt prior to

the Ne.vadan orogeny and/or the far-reachirrg unifirrmity of thc climatic conclit ions

all ovcr this belt.
The latcst Jurassic Buc'hiu l isclteriuna fauna is so far unknown in the Canaclian

western Cordi l lera.  l t  is  assumccl ,  howevcr .  that  i t  is  (c l r  was)  present  therc- .  as i t

is  present  in  Cal i forn ia,  Oregon and Alaska (F ig.  3) .
The lowermost Crctaceous Bucltiu faunas of the western Clordil leran bclt of

North America, appear to bc direct dcsccnclants of the Upper Tithonian Iluchiu

fist 'heriunct-piochii-terebruluktide.v spccies group, i.e., dircct descendants of thc

ctrnservative Arctic But'hiu l incagc (Fig. 3). This applics tt l both IJ. okensi, ' s. lat()

and B. unt' itoit les s. lato. Thc formcr spccics occurs throughout weslern Nttrth

America, just as its immecliate ancestor B. f ischeriuna s. lato docs. This apparcntly
reflects thc widesprcad [Nrrcal transgrcssion during latcst Jurassic and carlicst
C-rctaceous t imcs and/or  thc far- reaching lcvel l ing of  the c l in tat ic  condi t ions

throughout northcrn E,urasia, Arctic ancl North Amcrica.

B. unc'itoides s. lato is much more restrictcd geographically than arc eithcr

lJ. ttkensis s. lato or l). f ischeriunu s. lato. This specics occurs in eastcrn Sib'-�ria.

southern Urals, and Central Russia. and throughout thc westcrn Cordil lcran belt

of North America (inclr-rcling northcrn Yukon ancl Mackenzic district of the Nttrth-

west  Terr i tor ies) .  I t  is  not  authent ica l ly  known to occur  c lscwhere,  c i thcr  in  thc

European and American Arctic or in northcrn Eurasia, and sccms to be rcplacccl

l ' tv B. volgensls s. lato in thesc parts of thc boreal realm (Fig. 3). B. uncilrt ides

s. lato probably originatccl in thc more southerly rcgions of northern Eurasia as an

offshoot crf latest Jurassic forms of B. terehrutuktitles-fi,scherirlra stclck ancl spread

to thc North Pacific faunal rcalm.
In wcstern North Americl B. rrtrt ' i toides s. lato is important in rcprcscnting

the root form of the now enrcrging incligcnous Buc'hiu Iincagc, of which l l . okensis

is  only  a t ransient  but  morphological ly  ext reme phasc.  This l ineagc doninatcd

IJuchiu faunas of the westcrn Cordil leran belt of North Amcrica during thc lalc

Bcrr ias ian,  ear ly  Valangin ian.  and mid-Valangin ian t imcs (F ig.  3)
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The extrcmely grcgarious. often bank-forming. somewhat Gryphett-l ike. l:ttc
Berriasian to mid-Valanginian BLtchiu stock of the wcstcrn North America (ancl

castcrn Sibcria) was alrcady dcsignatcd as the morphologically progressive North
Pacil ic Btrc:hict l incage because of thc early appcarance of thc pronounced lcft-
handcd incurvaturc of lcft beaks and morphologicallv advanccd byssus ears in this
l incage and i ts  rcst r ic t ion to the North 'Paci l ic  faunal  rca lm (see p.  l4) .

Bcginning in But'hiu uncitoides time. thc juxtaposition of the borcal ancl North
Pacil ic I ltrthiu faunas bccomes mrlrc and morc pronounced unti l the end clt thc
micl-Valanginian timc. lt sccms corrcct to say that a new (North Pacitic) faunal
rcarlm dominated by the progressivc North Pacil ic Ruc'hiu l ineagc emcrgccl tcnr-
porarily at that t imc between thc btlrcal and Indo-Pacific faunal realms. Thc
contemprlrary Iluchiu faunas ol' thc northeastcrn Brit ish Columbia, Canaclian
Arctic, and Grcenlancl werc, on thc contrary, dominatcd by the rL-prescntativL-s
trf thc conservativc Arctic Rut'hia l incage, such as B. r,t i lgensis s. Iato and B.
key'serlingi-suhluevis-inflctla species group (Figs. 2 and 3). The faunal peculiarit l '
of ther late Berriasian to mid-Valanginian Norrh Pacific faunal realm of North
America is not l imitcd to its Rtrchiu faunas. The almost completc (see Pl. XXl.
f ig. t3) absencc of reprcscntatives of the boreal genus Pol1,pt1-clt ites (including sub-
genus Erlr.r,ptl 'L'hites) s. str. and thc common occurrcnce of thc craspcditid genera
I'oll i tt 'an<l Dicltotontite,r ' arc equally charactcristic of this rcalm. The considerablc
admixturc of the Tcthyan faunal clcments (lytoceratids, phylloceratids, Neocontites,
.Spiliceru.r, Grceberi<:erets'! , Pntlac'unthotlisc'us, Okttstephunrr.r, etc.) is yet another
distinctivc featurc of the North Pacific realm.

There is not enough data availablc to attempt a comprchensivc review of the
gcographical distribution of the contemporary reprcsentatives otl the conservative
Arctic and progressive North Pacific IJut'hiu l incages in northcrn Eurasia, Spits-
bcrgen.  ancl  King Char les Lancl .  l t  should be noted,  howcver.  that  thc la te
Berriasian ancl carly to mid-Valanginian Bucltirr f i iunas of eastern Siberia (Sokolov.
l90lJb) appcar to bc identical with thosc ol'the western Cordil leran bclt of North
America and distinct from the contcmporary Buc'hiu faunas of othcr parts of
Etrrasia and Europcan Arctic. Only B. uncitoide,y s. lato ancl B. okensis s. lato
occur  e lsewhere in  nor thcrn Eurasia.

It seems Iikely that the progressivc Norlh Pacil ic Buc'hia l incage branchecl o1T
ther conscrvative Arctic I lut'hiu l incagc (Fig. 3) in rcsponsc to considerably warmcr
c l imat ic  condi t ions of  thc westcrn Cordi l lcran bc l t  o f  North Amer ica (and eastern
Sibc.ria) during latcst Jurassic, tscrriasian. and early to mid-Valanginian time.
Thc marked provincialism of thc Bcrriasian and Valanginian l luc'hiu faunas clf
wcstern Nor.th Amcrica, Canadian Arctic, and northern Alaska could. of coursc.
also bc cxplaincd by the cmcrgence of land barriers across Alaska and Yukon
du r i ng  the  t imc  (Yukon ia  r . , l  Schuche r t ,  1910 .  p .475 ,P I .49 ) .  The  improvcmcn t
ol'cl imatic conditions in thc North Pacil ic realm could, in fact. be dircctly causccl
by thc rcstriction of inflow of cooler Arctic waters into that realm by thesc land
barriers. The writer belicves, howcvcr, that thc gcneral climatic conditions (i.e..

climatic belts) of the Berriasian to mid-Valanginian time, and not the land barriers.
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werc the c lont inant  factors in  thc cnte-rgcncc of  thc indcpcnclcnt  North Paci f ic  f l r t r l la l

rcu lm. Thc common occurrencc o l '  the-  mixcd Tcthytrn an( l  bofcal  l r l l lm(r l l i t t  i r r l ( l

bc lcmni tc  faunas (c l imat ica l ly '  t ( ) lcrant  foss i l  groups )  in  that  rca lm is  harc l  l t r

rundcrstancl  otherwisc.  Thc incrcasingly  luxur iunt  [ rowth and crowclcd habi tat  o l

thc.  North Paci l ic  l luchiu spic ics awuy f ronr  thc Arct ic  c i rc lc  conlb incc l  wi th thc i r

th ick shcl l ,  progressivc ly  largcr  s izc ancl  b iz i t r rc  shi tpcs point  in  thc sanl ' l  c l i rcct i t ln .

as  l l sg  c l ocs  t hc  p rog rcss i vc l y ' i nc rcas ing  adn t i x tL r r c  o1 ' t hc ' l - c thy i r r r  l r n l n l ( ) l l i t c \

au 'ay l rom thc Arct ic  c i rc lc .
Thc pcrs is tcncc of  thc broad.  rc lat ivc ly  l la t -va lvcc l .  th inncr  shcl lcc l .  n()n-bank-

forming reprcscntat ivcs o l  thc conservat ivc Arct ic  l inc i rgc in  thc n lorc castcr lv  ancl

n() r theastcr ly  rcg ions of  North Antcr icu.  in  Grccnlant l .  and c lscwhcrc in  thc borc i l l

rca lnt ,  is  a lso bcst  cxpla incc l  nt l t  bv thc in l lucncc o l  l i rnc l  b l r r r icrs  but  t ry  coolct '

c l imat ic  concl i t ions.  which c l ic l  not  lavour  l in tc-sce r t - t inq pr( )ecsst 's  and dcve lopnicnt

of  thc extrcmely crut rvc lcc l  c t t lon ics t ' t l '  IJ tu l t iu .  Thc f rcqtrcnt  occurrL-ncc t l l ' thc n l ixct l

I l t rh iu f lunas of  the t rvo l incagcs in  the bor . rnelary bc l t  bc lwccn thc borcal  ancl

North Paci t ic  fauni t l  rca lnts  is  especia l ly 'sr - rggcst ivc o l ' t l rc  abscncc of  any impcnc-

t rablc  land barr icrs scparat ing thcst  rca lms.

The c l imat ic  contrc l l  was apparcnt ly  c l lcct ivc in  prcvcnt ing thc n lass pc l lc t r l l -

t ion of  thc rcprcscntat ivcs of  thc conscrvat ive-  Arct ic  / l r r r ' l r i r r  l incagc-  in to thc North

Pacitic faunal rcalm. Somc stragglcrs ol ' thc l luchiu kev.serlingi-.subluevis-influtu

specics group wcre.  ncvcr thc lcss.  ablc  to sct t le  thcrc occasi t tnal ly  as shown by thc

prcsencc of rarc carly forms of IJtrcliu ket'.rerl itrgi s. lattt irr Rucltitr ttncilrt ide.s zonc

ancl that ol ' more common rcprcscntativcs of 11. itrt ' lulu-sttbluer' ' is-ket'sarlingi spccics

-rlroup in Btu'hiu put' if ic'u zonc. Thc samc sccms to bc truc ol' thc North Pacil ic

f 'aunal  rca lm of  castcrn Sibcr i r  (Sokolov.  l90ub).

The North Paci f ic  Ruchiu spccies wcrc apparent ly  much lcss to lerant  of  thc

climatic conditions than thcir Arctic countcrparts. Except for 11. ofrert.sn ancl

B. unt' itoide.r, thc root lorms of thc l incagc. not a singlc occurrcncc of thc reprc-

scntativcs of thc Norlh Pacitic I lut' l t iu l incagc has bccn authcntically rcctlrdcd in

thc Berr ias ian to mid-Valangin ian rocks of  thc borcal  realm in North Amer ic i i -

The same scems to be truc of the European Arctic and northern Eurasia, althilugh

an cxhaustive search of thc gcological l i tcratr.rrc concerncd ctlulcl conceivabll '

nccessitate some changes of this concept.
According to the intcrpretation tcntativcly acccptcd in this report, thc domi-

nation of the Norlh Pacific Bu<'hiu l incagc (and with it thc existence of thc North

Pacitic faunal rcalm) ended morc or less abruptly at the beginning of late Valan-

ginian timeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee(Fig.3). Whethcr thc assumed cxtinction <tf B. pucil iccr n. sp., thc

youngest known representative of the nativc Rut'hia stock, and the re-cstablishment

of the representatives of thc conservative Arctic Buc'hia l ineage in western North

America was favourect by the detcrioration of climatic conditions is not known.

It could be that the cxtremely specializcd R. pucific'tt n. sp. simply could not com-

pete with thc vigorous, less specialized offshoot of the conservative Arctic stock.

which emergcd at that t ime.
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' fh is  
br ic f  sunrnrarv of  thc cvolut ionary h is torv of  the gcnus IJucl t iu ,  as i t  is

r - row kno\ \ i r ,  sht l rvs that  lhc rc lat ionships o l ' thc Eurasian.  Arct ic .  North Anrcr ican.
and fndo-Plrc i l ic  I l t rch iu spccics arc much morc complcx than h i thcr to rcal izcd.
Fur thcrnrr r rc .  thc in tcrprov inc i i r l  cxchi rnge , t f  I l t rc l i iu  f i tunas on spcci l ic  lcvc l  u 'as
much nrorL)  l inr i tcr l  in  spucc a i rc l  in  t imc.  

- fhc 
lack t l l  rca l izat ion of  thcsc rc lut ion-

ships has.  n() l  unn[r tur i r l ly ,  rcsLr l tcr l  in  mun-V r r iscorrc lat ions of  s t rata l . rccuusc o1
thc un ' " i ,ar rantcr l  usc o l  zot ' ta l  inc l iccs rvc l l  hcvoncl  thc i r  t ruc gcographical  r { rngcs.
J-hc b iochronolos ical  usc o l '  I l t r t  l t iu  spccics is  consic lcnrb ly  conrpl icatcc l  b1"  t l re
r ca l i za t i on  o l  t hc  con rp l cx i t y  o l  t l r c  cvo l r r t i o r ra r r ,  h i s to r l , o l ' t hc  gcnus .  Th i s  i s ,  ho r i -
cvcr .  lnrp l l  compcnsatc( l  tor  by incrcasccl  rc l iab i l i t r '  < t1 '  IJ t r< l r iu  spccics us zor . r r r l
inc l iccs on r r  rcg ionul  l rn t l  p lov inc ia l  basi : ; .
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ZONAL CORRELA-TION OF SOME KI]Y SECTIONS

IN SOUTHERN BRITISH COLUMI}IA

AND NOR'THWESI'EI{N WASHINGTON

Survevs of  la tc l  Upper Jurassic  ancl  ear ly  Lowcr Cretaccot ts  rocks of  thc
region in sull icient dctail to permit zonal correlation havc been fcw.

Some clf thc: bcst kno.,vn sections of sor,rthwcstern Brit ish Columbia and north-
western Washington are correlatcd biochronologically in Figurc 4 to dcmonstratc
the extcnt of facies and other changes of thc uppcrmost Jurassic ancl early Lower
Cretaccous rocks.

Thc l ithology of thc contcmp()rary rocks of all thc sections cnnccrnccl has
litt le in common, and only thcir fossil cc'rntent enablcs us to rccognizc that thc
hcaly cclngkrmerates of the Spiedcn lslancl Formation, arkoses ancl pyroclastics of
the upper Brockenback Hil l Formation, and thc greywacke sandstoncs of Ouatsintr
Sound all represent the restrictccl Rut'hiu <'russitt i l l i .y zone. The same applies to thc
approximate geological contemporancity of pyroclastics and arkoscs ttf the lowcr
Brockenback Hil l Formation with sandstclncs and siltstones of thc wcst cttast ol '
Vancouver Island. Only thc fossil content dcmonstratcs, l inally. that thc l itho-
logically identical sanclstones and siltstones of thc west coast of Vancouvcr Islancl
zrnd Quatsino Sound are totally dif lcrcnt in agc ancl were dcposited by two succcs-
sive transgressions of thc carly Lowcr Crctaccous scas.

Also the extcnt in timc and the degree of complcteness of thc inclividual
scct ions shown in F igurc 4 vary st rongly.  The Quats ino Sound scct ion inc ludcs
only Iltrt 'hia c'russicctl l is s. str. zone and youngcr Cretaccous rocks transgrcssivcly
overlapping Middle Jurassic Coast intrusions. The older l ircl l irr zoncs appear l()
bc absent. Thc section of the adjacent part of thc wcst coast ol ' Vancouvcr lslancl
includcs all oldcr Btrchiu zoncs discusscd in this report. Buthiu crus,sit 'oll is z<:nr:
is. on the contrary. unknown on thc west coast, probably because of thc lack of
cxposures.  On the west  coast .  fur thcrmorc,  only  a br ic f  h iatus,  and possib ly  a
regional unconformity, occur at thc Jurassic/Cretaceous boundary and a thick
sequence of late Jurassic mcks completely absent in Quatsino Sound occurs bcncath
th is  h iatus.

As now known (Cr ickmay,  1962),  thc Harr ison Lakc scct ion appears t t t  hc
complctely lacking in thc late Upper Jurassic Brrc'hiu zones of thc wcst coast of
Vancouver Is land.  l t  inc ludes,  howcver,  the completc scquencc of  the car ly  Lower
Cretaceous Buchiu zoncs ancl some vollnger Crctaceous rocks. Soicden lsllnd
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. l u r r r s s l c  r n d  ( l r c t a c e o u s  F - o s s i l  Z o n e s .  ( l a n a d i a n  r r V e s t e r n  ( l r : r d i l l e r t

\ect ion.  as no\ \ '  knovn'n.  i rpparcnt ly  cxposcs onl r  Err t  / i i r r  (  ru. l . t i ( ( ) l l i . \  s .  s l r .  z( ) r tc .
- Ihc 

th ick s i l ts tone-sandstonc sect ion of  thc Nooksack urca.  Washingt( )n.  is  too
poof lv  cxposeci  to  bc summarizcc l  graphical l l  .  I t  inc luc lcs.  hovncvcr ,  scvcra l  But  l t i t t
zones o l ' the wcst  coast  ( ) f  Var . rcouvcr  Is lancl  scct ion rv i th  thc ac ld i t ion of  IJ t r t l t i t t
c ' russ i t 'o l l i .s  z( )nc ncar  thc top o[ ' thc succcssion.  The only c l is t inct ion bctwccn thc
Harr ison Lakc ancl  Nooksack arca scct i ( )ns is  thc appi r rcnt  abscncc o l '  l ) t rcJr i t t
trAert.v.t ' , I l trr ' l t iu rrnti loit le.s, nnd lJtrclritr I()lnrut.\ '( ltt)\ 'r zoncs (probably lack ol'
faunas o l  of  the corrcsponcl ing ( ) r i tcrops nr t l rcr  than u l ruc h iatus)  und in thc
occurrcncc of pvroclast.ic rocks in thc /lrrr ' l i i t t cf . hltttt lortl i trttu t-ttne in thc Ntxrksack
a rca .

Complcx as thc u l lcac iv  knovu'n fac ics chl rngcs of  thc uppcrmost  Jurassic  unr i
r 'ar lv  Lowcr Cretaccous rocks of  lhc rcs ion arc.  thc actual  p ic t l r rc  is  bc l icvcc i  lo
he much morr-  complcx.  Thcrc arc in t l icat ions th i r t  thc car ly  l .owcr ( ' rc taccotrs

IJ t t t ' l r lu  zoncs arc local lv  rcprcscntcd bv shalcs anr l  s i l ls toncs.  in  par t  i l t  lcast .  as
for  cxamplc in  Br idgc Rivcr .  L i lkroct .  anr . l  Hazcl ton arcas o l '  southcrn Br i t ish
Co lumb ia .  Thc  uppc rmos t . l u rass i c  and  ca r i , \ ' Louc r  C ' r c tucco r . r s  scc t i ons  o f  t hcsc
arc i ls  arc too l i t t lc  known to bc graphical l \  co lnparcc l  rv i lh  thc scct ions shonn in
Figurc 4.  Thc fac ics re lat ionships of  thc la tc  Uppcr  Jurar is ic  ancl  car lv  [ -oucr '
Cretaccous rocks in  ccntra l  and nor thcrn I l r i t ish Colr" rmbia an( l  southwcstcrn
Yukon cannot  even bc gucssccl  at  bccausc o l  thc l l rck of  nrcasurcc l  scct ions f r ( )nr
n 'h ich cnough foss i ls  have bccn col lcctcc l .
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PLATES I to XXII

Unless otherwise indicated, all specimens are reproduced natural
size. In order to facilitate the comparison of their shapes, the laterally
viewed Buchia valves are oriented with their hinge margins uppermost,
except where lack of space has made such an arrangement impossible.



PLIIB I

Figures lA-lC. Buchia mosquensis (Buch, 1844) q. lato.- Northeastern Richardson Mountains,,N'W.T., J\4a*enzie Distr ict '- - 
E;siiiob; ot ef<iiuif.-ning!, louttrei" side'of nameless creek falling_into Husky^ph.annel;'about %.9t a mile south of the

top of fnlounl GfIoA 
-CofiiiteO 

on the float of the basal part of ihe Lower 
-Shale-siltstone 

Division. Mid- to Upper
Kimmeridgian. GSC No. 17009.---A;-; ; t ly 

for* "f  i tr 'e-sb-edibs somewhat transit ional to Buchia,ex gr. _concentr ica (S-owerby)-err ingt.oni,(Gabb)..  1A,

Lateral view of interioi of'ri;hitatve ouiltt " vvs11-pleierved shqll layei..Inner surface of -byssus ear is simply grooved and
;p;;t"d ipirr.iiii-iiili-in-tir6--itune of cotrtict of 

'valves. 
18,_ Anterior view of the byssus ear, looking straight into

the wide 6ien anteri<jr enO of^ the groove ioutlined in white) that occurs on its inner surface, X3. lC, Lateral .view
of interior of bear-bart-oi lgrri vaive irrowGg itructurat Oefaif of inner surface of byssus eaf. Byssus notclr is painted

white. Oriented exactly as in figure 1A, X3.
Fjgure 2. Buchia ntosqttensis (Buch, 1844) s. lato. Same local i ty and age as {or specimen shown in f ig'  1. The same early

form of the species as that shown in fig. 1. GSC No. 17008.
Lareral vierv of lxiei ioi  of interial cui iuf-rf i tr i  valvc. Central part,  including beak part,  is strongly abraded.

Byssus cer (outl inccl in rvhite) is oriented in plane 6f contact of valves and shows hardly any bend towards left  valve.

Figures 3A-E. Buchia piocfui i  (Gabb, 1864) var. rrssiensis-,(Pavlow, 1907). Princ-e P_a_tr ick I_sland, N.W.T', Qistr ict of Frank-- ' l in. 
Moulcl Bay, tai.  lO"tO'iO"N,' long. '119"2'7'9"W; col l i :cted on the f loat of the Mould Bay Formation' Late Port landian

s .  s t r .  GSC No.  17010.
A well-preserviA,'partty matrix-covered right valve. 3,A, Lateral view of exterior.. Byssus ear is strongly bent

towards lefi valve uirtife iirat of B. mosqneisis s. lato shown in tigs. 1-2. 38, Anterior view of the same. Autenor
surlace of byssus eai i i iatfr".  high in this aspect (measured from let i  to r ight)_. . '3C, Posterigr vie.w of the same. 3D'
Lateral view of theinterior, X3.-Inner surfaCe of the byssus ear is pronouncedly'spoonJike'.(anteriorly closed; comparc
ngure fSj ln Lonirist with its simply grooved appeardnce in B. m6squensis s. llto-- 3E, Hinge margiq and beak vicwed
irbm- above, io show structural detail bf'the beak,^ligamental plato and byssus ear, X3. Anterior surface of byssus ear forms
an angle of'some 80" with the plane of contact of v-alves. Anlerior end of the grooYe occurring on inner sut'face of byssus
ear is almost closed up by ridge-like anterior rtm of byssus ear.

Figures 4A-E. Buchia piocltr i  (Gabb, 1864) var. mniot 'nikensis (Pavlow, 190?). Prince Patr ick-Isl :and,N.W.f.,  Distr ict of" '*hl"utrt i in-. '  
Lui i  i i . i6 oi MoutJ-Biy, zth miles norrh of Mould Bay weather stat ion, about 135 feet above base of Mould

_Bi tFormat ion . ta tepor t land ians . 'd t r .GSCNo.  lT l l? .Awel l -p rese ivedr igh tva lveof  as t rong lyconvex . fo rmof  thevar ian t .-- 
A{,-'L;r"iitliew of exterior. 48, Lateral view of inteiior._ Byssus ear is distinctly 'spoonJike' but is much more

shallow than that oi E. pio'chii var. rusiiensjs shown in figures 3D,8. 4C, Anterior view of exterior. Anterior surface
oT-tvr.uJ-"irr is "onriOe.aUly lower in this aspect than th;t of B. biochii.vai..- russiensis shown in figure 38' 4D,-Beak
piri",ji-ttr. lnt".ioi, 213 inO ori"ut"O as in tig'ure 4ts to show-struitural detail of the byssus ear.and notch. --48' Hinge
;drC- u"A tn" bea( viewcd from above to sho-w structural detail of the beak, ligamental plate,. and byssus ear. The anterior
il;i;;;.ii-tiil-UiJJ"i "ir-ioimi in angle of 45' to 50" with the plane. of contact,of the valves. The anterior end of the
groove occurrrng on the inner surface 6f the byssus ear is, howev-er, almost completely closed by the ridge-like anterior
iim of the lattei. l]he surface of the ligamentai plate is slintecl inward even stronger than in the specimen shown in figures
3D, 3E.

F-igures 5A-E. Buchia piochi i  (Gabb, 1864) var. mniovnikensjs (Pavlow, 1907)..  Samo local i ty, 1ge, etc.,  a.s for the.specimen- "-;6;" 
- ng. +. C'SC No.'17118. A well-preservecl r ight_yalv.e of a f lat variant resembling 8.. ' t 'olgensis s. str.  in i ts f lat-

ness ancl outl ine. 
-- ia, 

iateral view of the exterior. 
- .58, 

Anterior view of the same._The byssus ear resembles that of
the specimen shown in hg. aC but no-t_that of the specim.eri .shown.in f ie. 38. 5C,Oblique,posterior,view showing the
g,ine,*f n"i*Jt of 

- i tre 
va-tve. 5D, Hinge margin bnd the-beak viewed from above, X3. The I igamental plate, beak, and

BtGG-e;;T tfrf-spiiimen are esseritially-similaito those of .the specimen slown in fi1.4), ex.cept.that the anterior end of
tiie groove occurring on the rnner surfac-e of the byssus ear is only ^partly closed. up by the ridge-like anterior rim of the
Uiir i i - iui .  ni i i  ipe-cimen-i i , ' i t rus, transit ional in t ire morphology-oj i ts-groove.between the representative.of .8. piochi i
var. russiensis stro'wn-i ir-ngJ. ' fO, 3E and that of B. ntosqiensi i-s. lato shown in f igs. lA-C. 5E Lateral view of the
inrerior of the beak puii oi"ttte uilve oriented exac[y as in figs. 3D-and.4Dr X3-. The byssus-ear almost l?cks the'sn9o1-ljk9-
ippiirince Oiagnosti'c of most iepresentatives of B. piochii s. lato and so is clearly transitional to that of B. mosquensis s. Iato
shown in figs. lA-C.

Figures 6A-D. Buchia piochi i  (Gabb, 1864) var. russiensis (Pavlow, 1907). Same local i tY, o8€, etc.,  as for the specimen
shown in f igs. 3A-E. GSC No. 17119.

A well--preserved but somewhat fragmentary (at the low-er_end), small  left lalve.
OA, iiti.at view of ifrC exterior. 

-68, 
Adteiior view of tLe sarie_.^ 6C-,_ObIgue posterior view of.the same. Th-e tip

of the beak ls corrceaiecl Uv tt.te matrix hcre and in the tigs. 58 and 5D. 6D, Hinge margin ancl the beak vierved from
above.

Fieure ?. Btrchia inflata (Toula, 1g74) var. lormosg (Sokolov, 1908). An early, slend,er form transitional to B. key'setlittgi"-"il"ri"riti;."?;;i'-cr;;i;0, 
_t"_""'t Wollaston_Foieland_,. section north of- Sum,pdalen -(M+v{,g, 1949, pp. 66-68' bed 2).

i-rpi i" i"V^it i"gr" i in-t:Ubper'Polyptychitan of Spath, 1924 table opp. p. 80). Min. og Geol. Mus. propertv.

Ante'or "r"*-oi bo-tiivalves atriost in the living-position showing the appearance of the-byssus.ear and its articttlatiot.t

wigr'itre--uv}rjJ-rinii;i-th;l"ft""t"e. The external alppearaqce of the byssus ear is essentially similar to that of tlre most

advanced iepresentatives of B. piocltii s. lato shown in lig' 3'

Fiqures gA-E. Buchia inf lata (Toula, 1874) s.- lato. East Gr.eenland, Trai l  Island, local i ty 92 of Donovan (1953, pp.5l-
- '  

5r. Nl idt l le or? late Lower valangin_ian. Min. og Geol. Mus..property.
An almost coripieG-rigtrt vitve] Surface of shlu is strongly abraded in lhe middle; its- we_ll-preservcd ornament elsc-

where is, rrorueu"t, ' iulJuefi-1no transit ional to that ol B. sublaevis s. lato. Hinge_ is completely agd.w.9l]  preserved. 8A,

tut".ai"i"w of tfri eiterior. Byssus ear is so strongly-bent-to_wards the left valve that it is almost invisible in.this aspect."----glt,-iii"rar 
..,i"ri;'.f itri inierior. Byssus ear is-relatively_larg-er, deep_er_and its.excavated inner pa.rt is wider than in

trre .Jpi."i""iii*ei-of E. iiocttii s. laro. shown in fig9. 3D, 48, 4D, and 5E. It.is,. furthermore, not constricted at its posterior

end and so is .emb"ay;;;i'--;uthti ttran 'spoon-fike'., Inner sur{ace of th.is bysstts_ear has completely lost its grooved

apo.aianc". rn ttrJauoue-menlioned representativqs gl.A, piochii s. lato this grooved appearance is still apparent, in part,

;ii!ii;."--'gc; die;ib; view of the extirior. 8D, Hing-e margin a-nd_ the beak viewed from above. Anterior surface of

uiriu, iu, rorrirs in-inir" oi io.. to.80' with tlre plane of contact of the valves. 8E, Lateral.view of jnterior of beak

oart. X3. Tilted a Uit tii6i6 iowaias the camera than in figure- 8.B. Urtlike that of the representatives of .8. pioclrii s. lato

;fr;;;'il n;;. 3E, 4E;ild Sb, itre ligamental plate^is tuined. inward at some 50o and the lower margin of the anierior

iurfaie of t-he tyssui '" i i ioe'"ot sh;w any sign of indentation. Byssus notch is narrower than that of B. piochi i  s. Iato.

Fieures gA-E. Buchia piochi i  (Gabb, 1864) var. ntniovnikensr's (Pavlow, 1907). Same local i tY, dE€, etc" as for specimen
- 

shown in f ig. 3. GSC No. 17120.- - 
A wef-preseriJi,'iomptEie, and large. left valve.ge.nerally similar to that of B. t'olgensis (Lahusen) s. str. in most

features. 1.iri titter ii. however, more oSlique posteriorly, ge-nerally lacks the wtll-clcveloped, angrtlar postcrior car (fig.

9A) and the long and'salgirt hinge line (fibj 9!) of B. piochii var. nmiot'nikensis.' 
9A. Laterat-vftr.i ;i-ift exte-rior. 

' 
9!, Lateral vlew- of the inl.erior. .9C, Anterior vicrv of the exterior. 9l)

post6iior vie* of tir! exterior. 9E, Hinge margin and the beak viewed from above.

Figures 10A-F. Buchiaconcentrica (Sowgr^b.v, 1827) var..erringt?n,i (Gabb, 1-86^1).. Southwestern British Columbijt' Tyauqlrton- -'-l,ive--irea. 
north'-sid=e- oi-tiiJ riiss 17* 

'miles-northwest 
of the peak of Sheba. Lower part of Eldorado Group. Early

Kimmeridgian? GSC No. 17012.--- 
A;;frti"t. liti.it"'i'Juri-*i0t valves in an ap.proximately-living position. Small patch-es-of the inner- shell laver are

p..r"*JO-l5iifiv." Stiiirs eir ii iareely preserve'd as an_ internal cast. Although short and blunt as in all representatives

;i- ihi ,  speci"s grori l ,- iJr-t  b;; t i - .hi l ;4. mirkcd r ight-handed incurvature. 10A, Lateral view of exterior of left  velvc.
"^ " i-osl iat"r ir  

i iJr i ,Ji- . i iJr i" i-oi i ight vatve s-howins^the l iga.mental plate and the protrudins part of the left  beak.

iocl entei ioi ; i ; ; ; i ; i i ; i " i ; i  
"both 

valves. 10D, obl iqtre posterior view of the same. lOE' Hinge margit ts

ancl beaks of botir virv"Jvii*"lo from above. 1OF,.Same view a1 in figure l0B, X3. only hinge and beak parts of tlre

shell are shown. 
'biJiui-""r 

is structurally llosely similar to that of B. ntosquertsis s. lato shown in fig. 2 and completely

Ols-simifir to *at &."n.iiiAiiii iato (figs. r-S) and B' inflata s.lato (fiss. 7'8).





Pl.lrn Il

Figures lA-C. Buchia mosquensis (Buch) yar. rugosa (Fischer, 1837). Portlandian (Lower Volgian)
stage, Moscow. Original in the Mus. National d'Histoire Nalurelle, Paris, France. GSC No. 16576.

Plaster cast of a typical, medium-sized specimen. Internal cast with no shell layer pt'eserved.

1A, Lateral view of exterior of left va.lve. lB, Same view of right valve. lC, Anterior view of
exterior of both valves.

Figures 2A,8, Buchia cf. blanfordiona (Stoliczka, 1866). West coast of Vancouver Island. West side
(tidal shelf) of the main body of Grassy lsland. Upper shale member of Division 8,501-503 feei
above base of the section and 3 to 5 feet below the Jurassic/Cretaceous contact. Uppermost Pori-
landian (s. str.)? GSC No. 16577.

An internal cast of left valve witl remnants of the inner shell layer preserved here and therc.

2A, Lateral view of the exterior. 28, Anterior view of the same.

Figures 3A-C. Buchia cf. blanfordiana (Stoliczka, 1866). Presumably frorn the same locality and section
as tho specimen shown in fig. 2. Collected from a fossiliferous boulder presumably derived from a bed
503-506 feet above base of the section and immediately below the Jurassic/Cretaceous contact. Upper-
most Portlandian? GSC No. 16578.

Internal cast of an almost complete shell with some remnants of the inner shell iayrer.
3A, Lateral view of exterior of left valve. 38, Same view of right valve and that of the projecting

beak part of left valve. 3C, Oblique posterior view of exterior of both valves.

Figures 4A-C, Buchia cf, blanfordiana (Stoiiczka, 1866). Locality as for specimen shown in figure 2.
Uppermost Portlandian? GSC No. 16579.

Internal cast of an incomplete left valve. 4A, Lateral view of exterior. One of the growth lines
(same as in fig. 4C) marked in white to show the outline of the valve. 48, Exterior of a fragment
of right valve viewed obliquely, and underside of beak part of left valve. 4C, Anterior vicw of
exterior. One of the growth lines is marked in white.

Figure 5. Poorly preserved ammonite resembling Substeueroceras stanloni Anderson, 1945. Locality and
section as for Buchia shown in fig. 2. 503-506 feet above the base of the section and immediately
below the Jurassic/Cretaceous contact. Uppermost Portlandian? Lateral view of the only crushed
specimen found. GSC No. 16580.

Figures 6A-C. Buchia cf.. blanfordiana (Stoliczka, 1866). Locality as for specimen shown in fig.3. GSC
No.  16581.

Internal cast of an almost complete shell with considerable patches of the inner and outer shell
layers preserved on the beak part (see fig.6C). Same views as for specimen shown in fig. 3.

Figures 7A-D. Buc,hia cf. blanlordiana (Stoliczka, 1866). Black shale from Church Mt., ofl the Mt.
Baker highway in the eastern part of Sec. 28, and 35, T40N, R7E, Washington, U.S.A. This locality
is on the Church Mt. trail. Uppermost Portlandian? Whatcom, Co., Washington, U.S.A., U. of Cal.
tserkeley, Cat. No. 34707.

Internal cast of a small but almost complete shell with some patches of shell layer. 7A, Lateral
view of exterior of left valve. 78, Lateral view of exterior of rigitt vaive with tvell-preserved
byssus ear and protruding beak part of the left valve. 7C, Anterior view of exterior of both valves.
7D, Oblique posterior view of exterior of both valves.

Figures 8A,8. Cylindroteuthis aff. obeliscoides Pavlow and Lamplugh, 1892. Same locaiity, etc., as for
the ammonite shown in fig. 5. GSC No. 16582.

8A, Ventral view. Note the long ventro-apical furrow. 88, Left lateral view. Ventral side is
on right. Alveolar part is not preserved.

Figures 9A,B. Poor oppelioid ammonite resembling Cymnodiscoceras Spath, 1925. Locality as for
ammonite shown in fig. 5. GSC No. 16583.

9'{, Lateral view of the only flattened specimen found. 9ts, Same view as in fig. 9A X2 tcr
show tle details of the sculpture and the serrated keel on the charnbered part of whorl.
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Pr-'rrr III

Figures 7A,8. Buchia afr. volgensis (Lahusen,. 1888). Black shale from church Mt' off the Mt' Baker

highway in tne eastern p"li.i S,it Zs and 35, 
'i+oN, R7E, Washington, U'S'A' This locality is on

the Church Mt. trail. Lowermost Cretaceous (Berriasian?)? Whatcom Co', Washington' U'S'A' U'

of cal., Berkeley, cui No. 3470g. Although from the same fossil collection as the uppermost

portlandian? n. t. iinioriiiro uia B. fisciirtira var., this specimen is presumablv derived from

younger beds (see PP. 3 1' 35 ) .

Internal cast of a large and almost complete left valve with small patches of shell layer' 1A'

Lateral view of exter.ior. 18, Anterior view'

Figrres 2A-C. Buchia fischeriana (d'Orbigny, 1845) var.-Same locality.(but presumably derived frorn

difierent bed) as f". th; rp""ilen ,hoivn.in figtire l. Uppermost Portlandian? U' of Cal" Berkeley'

almost complete specimen. 24, Lateral view of ,exterior of left valve'

2C, Oblique posterior vierv of exterior of both valves'

Figures 3A-C. Buchia fischeriana (d'orbigny, 1845) var. Same locality .(and 
presumably derived from

the same bed) as for the specimen shown in ng. Z. Upp"tmost Portlandian? U' of Cal" Berkeley'

Cat. No. 34709.
Internal cast of an almost complete, small specimen. .considerable 

patches ,of the. shell. layer

preserved in places (;;fi;:'fi).le', rui..uf uiew of exterior of left valve' 38' Same view of right

valve. 3C, Otlique posteri'or view of exterior of both valves'

Buchia cf. blanfordiana (Stoliczka, 1866). Same locality (and presumably derived from the
";; 

i;;;;";il;" ,no*" i"-ig. i.' Uppermost Portlandian? U. of Ca1., Berkeley, Cat. No.

,A.lmost complete left valve of a small specimen with considerable

served on posterior Part of valve.

4A, Laleral view of exterior. 48, Oblique posterior view'

Cat. No. 347i0.
Internal cast of a large,

28, Same vierv of right valve.

Figures 4A,8.
same bed)
34711.

patches of shell laYer Pre-

Figures 5A-C. Buchia cf. blanlordiana (Stoliczka, 1866). West,coast of vancouver Island' west side

(tidal shelf) ot tir" maln-6oay .t Giassy Island. Upper shale member of Division B' 501-3 feet

above base or tire section und 3 to 5 feet below the Jurassic/Cretaceous boundary' Uppermost

iort landian? GSC No. 16584.

5A, Lateral view of exterior of left valve. 58. Same view of fragmentary right valve' and under-

side view of the hinge a-n! t="uf purr of left valve. 5C, Anterior view of exterior of left valve'

Figures 61\,8. Buchia cf. blanfordiana (stoliczka, 1866). West coast of vancouver Island' west side

(tidal shelf ) ut -uir,'Uoiv 
'.t 

itt C*.y. Island. Upper shale member of Division B' 503-506 feet

above the base of trrl .."iio" and immediately below- the Jurassic/Cretaceous contact' Uppermost

Port landian? GSC No. 16585.

An internal cast of almost complete and large left valve with remnants of the inner shell layer

here and there. 6A: ;;;;i;iew of exterio.. Le, Anterior view. The truncated appearance of

posterior margin of shell is caused by its deformation'

Fizures 7A-C. Buchia cf. blanfordiana (Stoliczka, 1866). Same locality,(and presumably derived from
"'":"u",,.,;il; 

"r'r". tt";;;l;";;h.;n in ng.'2. Uppermost Portlandian? U. of cal., Berkelev, cat.

No.  34712.
Almost complete medium-sized specimen still covered by inner shell layer' 7A' Lateral view of

exterior of left valve. 
-iir,^s"-" 

"i.w of right valve, and view of the underside of beak part of left

uui* *".ttunging it. 7C, Anterior view of exterior of left valve'

Figures 8A-C. Buchia cf. blanlordiana (Stoliczka, 1866). Spruce-Lake' B'c' Eldorado Group (lower

part?). Upper-ort poit lundian? col i '  by C' E' Cairnes' GSC No' 16586'

Internal cast of an almost complete shell of large typical representative of the species' 8A'

Lateral view of exteri;; oi l"ft uulu.. 88, Sanre view of ight valve and view of the beak of left

uulu. ou..h"nging it. 8C, Anterior view of exterior of both valves'

Fieures 9A-C. Buchia plicata (zittel, 1864). Waikato South Heads, New Zealand' coll' by J' A' Bartrum'
"""U"i"irJ" 

"ier"ri".J. pLotogiaptrs of.plaster cast of one of the topotypes of the species figured by

Fi; i"g (1959, p. S9j, ng. 3). 
"Lower 

Ti ihonian (Puaroan)'  GSC No' 16587'

9A, Lateral view of exterior of left valve. 98, oblique posterior view of same. 9C, Hinge

-u.g-in and beak purt "1"*"J i.om above. Hinge margin is visible on left of beak.
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PrarB IV

Figures lA-D. Buchia o(eyis, (Pavlorv, 1907) var. canadiana (Crickmay, 1930). Wcst
coast of Vancouv_er- Island, B.C., west sidc of main body of Grassy ti l ind. dne Tree
Formation, 512-13 feet above the base of the section anil 6-l feet above the Jurassic-
Cretaccous contact. Lower (basal?) Berriasian. GSC No. 17435.

An internal cast of a fragmentary, meclium-sizcd right valvc. Patches of sheii
layer.preserved-here and there. The eitrcmcly hcavy and ividcly spaccd concentric ribs
are diagnostic of the variant.

^. _. 1A, Lateral view of exterior. i\fost part of postcrior ear is broken off. 18,
Obliquc posterior view of thc same.

lc, Anterior vierv of the same. Byssus ear is broken ofi. 1D, Hinge margin
and beak viewed from above. Byssus eai and most part of postcrior are'brok6n off. 

"

Figurcs ?A-D. Buchia uncitoides (Pavlow, 1907) var. Samc locality as for specimcn shown
in fi-9. 1. One Tree Formation 506 fci:t above the base of the"section and 0-4 inchcs
abcve the Jurassic-crctaceous contact. Basal -tscrriasian. GSC No. 12436.

Internal cast of a small left valve with considerable patches of pocrly preservcd
inncr shell layer. Dificrs from 13. piochii s. lato and B. teribratuloides .s. lato cssentially
in its angular shape and clearly left-handeclly incurvecl beak. 24, Lateral view oi
exterior. Unlike srnall reprcsentativcs af B. oliensls (figs. 12, 15) and transitional forms
bet'uveen B. terebratuloides-uncitoides ancl B. oke.nsis ("fies. 9. ti-t+. 16) the concentric
ornament is closely spaced and relatively fine throughoit. 28, Antelioi vicw of sarnc.
2c, Posterior view of same. 2D, Hinga margin and beak vie'uved from above.

Figures 3-A-C. Buchia a^kensis-(Pavlow, 1907) t. typ. Same locality, age. etc., as for the
specimen shown in fig. 2. GSC No. l i  1.5l.

A mostly sheil-covered, fragmcntary ri-eht valve introducecl to demonstrate the
presence of B. okensis f..typ. right above tho Jurassic-Crctaceous boundary. 3,A, Latcral
view of exterior. Postcrior-ear-is completcly preserved and the concentric ornament is
characteristically much finer and mu6h m6r6 closely spaced than in B. okensis yar.
csnadiana (see also Pl. -x, ng. D. 38, Posterior vicw of same. 3c, Hinge
margin and beak viewed from above. Byssus ear is missing.

Figures 4A-D. Buchia ^okensis (Pavlow, 1907) f. typ. Same locality, age, etc., as for the
specimen shown in fig. 1. GSC No. 1i 431 .

An internal cast of a small but otherwise typical right valvc. Some patches of
poorly p_reserved .shell- Iayer occlr. 4.A. Lateidl view 

-of 
exterior. Compicte byssus

car. is. clearly visible in the right-upper corner of the photograph. 4n, obiique
posterior view of same. 4c; Anterior view of same.' 4-"D,' Hingc margin and
bcak viewed from above. Anterior surface of byssus ear forms an angl"e of 3ito 40''ivith the plane of contact of the valves.

Figures 5A-D. Buchiq okensis (Pavlow, 1907) var. subokensis (Pavlow, 1907). Same
locality, age, etc., as for specimen shown in fig. 1. GSC No. 17438.

A mostly shell-covered, large left valvc of a form transitional betrveen B. okensis
var. subokenris ancl B. fischeriana s. lato. The large and angular posterior car and the
appearance of. the coarse, wldety spaced concentric ribs on the iate stage of grov,'th
indicate the placement of this forni in B. oken,cis var. subokensis (-,va!. spasikensis
Pavlow, 1907). Same views as for left valve shor'vn in fig.2. Most of beak is broken off.

Figures 64-D B.uchia oke11i1 (Pavlow, 1907) f. typ. Same locality, age, etc., as for speci-
men shown in fie. 1. GSC No. 17439.

An internaf cast of ,a complete, meclium-sizcd right valve. Some patches of shell
layer preserved here and there. Anterior surface of ihe bvssus ear is^not anv higher
!!un 4g.t o_lB. piochii var. mniovnikensis 1!or.v1 in Pl. I, fig. 4E in the anterior asiect
(fig. 6C). When vierved from above (fig. 6D) it forms an-angle of some 40. to 45'
with the plane of contact of the valves (ng.en). Thc byssus eir rctains, therefore, the
evolutionary grade of B. piochii s. lato. The samc views as for specimen shown in fig. 1.

Figur-es 7A-c. Buchia cf. uncitoides (Pavlow, 1907) s. lato. Same locality, age, etc., as
for specimen shown in fig. 2. GSC No. 1i440.



An internal cast (some patches of poorly preserved shell layer occur here and
there) of a fragmentary, smail right valve that cannot be positively identified but
probably belongs to the same variant of B. uncitoides s. lato as that shown in fig. 2.
On morphology alone this specimen could almost as well be placed in B. terebratuloides
or B. piochil s. lato.

7 A, Lateral view of exterior. 78, Anterior view of same. 7C, Hinge margin and
the beak viewed from above. Anterior surface of byssus ear forms an angle of about
45o with plane of contact of valves.

Figures 8A-D. Buchia okensis (Pavlow, 1907) aff. var. subokensrs (Pavlow, 1907). Same
locality, age, etc., as for specimen shown in fig. 2. GSC No. 1744I.

Internal cast of an almost complete, small left valve transitional between B. okensis
var. subokensrs and B. okensis f. typ. in its shape and coarseness of the ribbing. Beak
part is somewhat incurved to right, The same views as for specimen shown n fig. 2.

Figures 9A-C. Buchia aff.. okensis (Pavlow, 1,907) var. subokensis (Pavlow, 1907). Same
locality, age, etc., as for specimen shown in fig. 1. GSC No. 17442.

An internal cast of a complete, medium-sized left valve strongly resembling B.
fischeriana var. trigonoides (Lahusen, 1888) in its sculpture and shape. The large and
angular posterior ear and the long, markedly, left-handedly incurved left beak indicate,
however, that it is a transitional form between B. okensis s. lato and B. uncitoides s.
lato superficially similar to B. fischeriana s. lato. 9A, Lateral view of exterior. 98,
Anterior view of same. 9C, Hinge margin and the beak viewed from above.

Figures 10A-C. Buchia okensis (Pavlow, 1907) atr. var. subokensrs (Pavlow, 1907). Same
locality and formation as for specimen shown in flg. 1. 506 to 514 feet above the base
of the section and up to 8 feet above the Jurassic-Cretaceous boundary. Lower Berriasian.
GSC No. 17443.

An internal cast of a large, almost complete right valve with considerable patches
of inner shell layer. Specimen is transitional between B. okensis var. subokensrs and B.
okensis f. typ. being closer to the former in its subtriangular outline (fig. 10A) and
feebly developed posterior ear (not visible); its ribbing is identical with that of B.
okensis f.typ. (see fi1.34). Byssus ear is even more primitive than that of the
specimens shown in figs. 4C and 6C. Same views as for specimen shown in fig. 7 .

Figures 11A-D. Buchia okensis (Pavlow, 1907) var. subokensis (Pavlow, 1907). Same
locality. age. etc., as for specimen shorvn in fig. 10. GSC No. 17444.

Internal cast of a medium-sized, almost complete left valve typical in its outline
and beak but transitional to B. okensis f. typ. in the coarseness and spacing of its
concentric ribs. Same views as for specimen shown in fig. 2.

Figures 12A-D. Buchia okensis (Pavlow, 1907) var. subokensis (Pavlow, 1907). Same
locality, age, etc., as for specimen shown in fig.2. GSC No. l '7445.

An almost complete, small left valve partly covered by the poorly preserved shell
layer. A broader and shorter form of the variant than that shown in fig. 11. The tip
of th" beak is broken off (figs. 128,C). Same views as for specimen shdwn in fig.2.^

Figures 13A-D. Buchia uncitoides (Pavlow, 1907) s. lato. Same locality, age, etc., as for
specimen shown infig.2. GSC No. 17446.

An incomplete, small left valve partly covered by the shell layer. Transitional to
B. okensis var. subokensis in its coarser and more distant ribbing habit. Same views as
for specimen shown in fi5. 2.

Figures 14A-D. Buchis aft. fischeriana (d'Orbigny, 1845) s. lato. Same locality. age,
etc., as for specimen shown in fig. 2. GSC No. 17447.

A medium-sized, almost complete left valve partly covered by the poorly preserved
shell layer. This specimen resembles B. fischeriana s. lato in its general shape but is
transitional to B. okensls var. subokensis in its coarser and more distant ribbing habit.
Same views as for specimen shown infig.2.

Figures 15A-D. Buchia okensis (Pavlow, 1907) var. subokensis (Pavlow, l9O7). Same
locality, age, etc., as for specimen shown in fig. 2. GSC No. 17448.



A complete, almost entirely shell-covered lcft valve. Like specimen shown.in fig.
12, this specimen probably is a half-grown representative of the variant. Same views as
for spccimen shown in fig. 2.

Figures 16A-D. Buchia afr. uncitoit les (Pavlow, 1907) s. lato. Same locality, age, etc., as
for specimen shown in fig. 10. GSC No. I7 449 .^A 

small, almost cdmplete left valve partly covered with the shell layer. This speci-
men is transitional between the late formf of i). piochii s. lato and B. uncitoicle.r s. lato.
Same views as for specimen shown in fig. 2.

Figurcs 17A-D. Buchia aft. terebratuloides (Lahusen, 1888) s. lato. Same locality, age,
etc., as for specimen shown in fig. 1. GSC No. 17450.' 

A medium-sized, partly s[ell-covercd, complete ]cft valve indistinguishable from
that of B. terebratulo,iries ii shape. Thc coarse and fairly distant concentric ribs suggest'
however. that it is rather a trinsitional form betweei B. uncitoides s. lato and B.
okensis var. subokensis. Same views as for specimen shown in fig. 2.

Figures 18A-D. Buchia okensis (Pavlow. 1907) s. lato. Same locality, age, etc., as for
specimen shown in fig. 1. GSC No. 17452.' 

A complete, pirtly shell-covered, medium-sized left valve transitional between B.
okensis f. ty'p un.i uo.. cqnadiana in ihe coarseness (but not spacing) of its concentric
ribs. Same views as for specimen shown in fig. 2.

Figures lgA-D. Buchia oken.sis (Pavlow, l9O7) var. cctnercliano (Crickmay, 1930). Same- 
locality, agc, etc., as for specimen shown in fig.2. GSC No. 17453.

A'cJmplete, mostly'shell-covered. mediim-sized left valve combining the.. sub-

triangular o,itlin. and ili-defined posterior ear with the heavy and widely spaced ribbing
diagriostic of the variant. Same views as for spccimen shown in fig. 2.

Figures 20A-D. Bttc'hia okensis (Pavlow. 1907) var. canatliona (Crickmay, 1930). Same
- 

locality, age, etc., as for specimcn shown in fig. 1. GSC No. 17454.
An almost complete, partly shell-coverel, large left valve. The ribbing is typical

of the variant and the beak is somewhat incurved to right as in most early represent-
ativcs of B. okensis s. lato. Same views as for specimen shown in fig. 2'

Figures 21A-D. But:hia okensis (Pavlow, 1907) s. lato var. Same localitY, a}e, etc.. as for
the specimen shown in fig. 1 . GSC No. l7 455.'An 

internal cast 1#ith some patches of shell layer) of an almost complete. large left
valve transitional between B. okensis f . typ. and vir. siubokensrs in its shape and ribbing

habit. The beak has feeble left-handed iniurvature and the posterior ear is very large

and angular. Same views as for specimen shown in fi5. 2.

Fizures 22A-D' Buchia okensis (Favlow. 1907) s. lato var. Same locality, age, etc" as for
- 

specimen shown in fig. 1. GSC No. 17456.' 
A partly shelllcovere<l, medium-sized, almost complete lcft valve of the same

variant ds thit shorvn in fig. 21. Same views as for spccimen shown in fi5.2.

Fisures 23A-D. Buchicr okensis (Pavlow, 1907) var. subokensis (Pavlow, 1907). Same" 
locality, age. etc.. as for the specimen shown !n fig.?. GSC No. 17457.

A sh'ctt-covered, almost iomplete, smallish 
*left 

valve transitional between B.

fischeriana and B. oLensis s. lato in its'pronouncedly elongated and posteriorly oblique
ifrup. It is. however, strongly swollen and hut coar;e, wid-ely spaccd ribs characteristic
of B.1kensis s. lato.'Beak"is essentially straight. Same views as for specitrren shown

in fig. 2.

Fizures 24A-D. Buchia okensis (Pavlow, 1907) var. subokensis (Pavlow, 1907). Same
" 

locality, age, etc.. as for spccimen shown infig. 1- GSQN9. 17458.
A'pu"aty shell-covered, almost complete, medium-sized left valve of a form similar

to that ino#n in fig.23. Posterior ear is large and- angular, and, beak- is^ess^entially
straight. Tip of beik is broken ofi. Same viervs as for specimen shorvn in fig. 2.





Pl,lrE V

Figures 7A,8. Buchia uncitoides (Pavlow, 1907) s. lato var. West coast of Vancouver Island. Main
body of Grassy Island. One Tree Formation. Isolated rocky hill on its SII side overlooking the beach
about 100 feet SE from the only group of trees on the island. Collected from about 2-foot thick
sandstone bed. Lower Berriasian. GSC No. 16588.

Internal cast of medium-size variant transitional towards Ihe Bucltia volgensis-like variant of B.
oken,sis s. lato (see fig. 5). 1A, Lateral view of exterior of left valve. 18, Anterior view of same.

Figures 2A,8. Buchia okensis (Pavlow, 1907) s. lato. West coast of Vancouver Island. West side of
main body of Grassy Island. One Tree Formation, 514-516 feet above the base of the section and
8-10 feet above the Jurassic/Cretaceous contact. Lower Berriasian. GSC No. 16589.

Internal cast of an incomplete giant left valve transitional between the typical form of the
species and var. canadiana (Crickmay, 1930). 24, Lateral view of exterior. 28, Anterior view of
same.

Figures 3A,8. Btrchia okensis (Pavlow, 1907) f. typ. Same locality as for the specimen reproduced
in f ig. 1. GSC No. 16590.

Internal cast (a small patch of the shell layer preserved at the posterior margin of the valve;
see fig. 3.A) of a medium-sized left valve of the typical representative of the species.

3,{, Lateral view of exterior. 38, Anterior view of same.

Figures 4A,8. Buchia okensis (Pavlow, 1907) s. lato var. Same locality, etc., as for specimen repro-
duced in f ig. 2. GSC No. 16591.

Internal cast of a complete left valve of a small-sized, Buchia-volgensis-like shaped variant of
the species that has the ribbing habit of B. okensis var. canadiana, 4A, Lateral view of extericr;
48, Anterior view of same.

Figures 5A,B. Buchia okensis (Pavlow, 1907) s. lato var. Same locaiity, etc., as for specimen repro-
duced in f ig. 1. GSC No. 16592.

An internal cast with considerable patches of the inner shell laycr in places. Large left valve
of an extreme Buchia volgensis-like variant of the species. 5A, I-ateral view of exterior. 58, Anterior
vielv of same.

Figures 6A,8. Buchia okensis (Pavlow, 1907) s. lato var. West coast of Vancouver Island. McQuarry
Island; middle part of the main body. One Tree Formation, 8-10 feet above the Jurassic-Cretaceous
contact. GSC No. 16593.

A mcdium-sized left valve of a representative of the species transitional to B. okensis var. canadi-
ana (Crickmay, 1930) in its ribbing habit. 6A, Lateral view of exterior. 68, Anterior view of same.

Figures 7A,8. Buchia okensis (Pavlow, 1907) var. conadiana (Crickmay, 1930). The same locality,
etc.,  as for specimen shown in f ig.2. GSC No. 16594.

An internal cast with considerable patches of the inner and outer shell layers preserved in places.
An almost complete, giant but otherwise typical right valve of the variant. Small valve of Buclia
uncitoides s. lato is visible on upper left side of fig. 78. 74, I-ateral view of exterior. 78, Oblique
view of posterior and hinge margins of same.

Figures 8A.B. Buchia okensis (Pavlow, 1907) var. elliptica (Pavlow, 1907). Same locality, etc., as for
specimen shown in f ig. 1. GSC No. 16595.

An internal cast of medium-sized left valve. Thc shell is irregularly deformed in the proximity
of its lower margin. 8A, Lateral view of extcrior. 88, Anterior view of same.

Figures 94,8. Buchia okensis (Pavlow, 1907) s. lato var. Same locality, etc., as for specirnen repro-
duced in f ig. 1. GSC No. 16596.

Internal cast of a large left valve transitional between the typical form and B. o. var. elliptica
(Pavlow, 1907). Some patches of inner shel l  layer preserved in places. Shell  is irregularly deformed
in the posterior corner of its lower margin. 9A, Anterior view of extcrior. 98, Lateral view of same.

Figures 1AA,B. Buchia okensis (Pavlow, 1907) t. typ. West coast of Vancouver Island. West side of
main body of Grassy Island. One Tree Formation,551 feet above the base of the section and about
45 feet above the Jurassic/Cretaceous contact. Lower Berriasian. GSC No. 16597.

An internal cast of a large and tvpical right valve almost duplicating the right vahe of Aucella
cascadensis figured by Crickmay (1930a, Pl. X, fig. 2). l0A, I-ateral view of exterior. l0B, Posterior
view of same.
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PurE VI

Ficures lA-D. Buchia okensis (Pavlow, 1907) .ffat. canadiand (Crickmay, 1930). West coast of Vancouyer Island, B.C., wesr
side of the main body of Grassy Island. Ooe Tree Folnation, about 551 feet above the base of rhe s€ction an.l 47 feel
above the Jurassic-Cretaceous contact. Lower (but not the basal) Berriasian. Top part of Bu.ita o/.ersis zone proper.
GSC No. 17459.

I ternal cast of an almost compl€te but somewhat defoim€d and sheared left vatve of the giant representaiive of the
variantr which is distinsuhhed frcm B. okensis t. typ. in its concentric ribs beinc coarser and rnuch n;re s.idety spaced.
This particuiar representariye of B. okehsis yat. ca'?adr4na is much wider rhar high.

1A, Laterai view of exterior. Most part of posterior ear is broketr off. 18, Anterjor view of same. lC, Oblique
posterior view of same. 1D, Hinee dargin and beak yiewed from above.

Fisur-es 2A'D. Buchia okensis (Pavlow, 1m?) .miat..ahailiana (crickmay, 1930). Same locariry, ase, etc., as for specimen
shown in 6s. 1. GSC No. 17460.

Intqnal cast of an almost complete, undistorted left valve with some patches of rhe shell Iayer preservect here and
tlere. This smater specimen is transitional to B. akensis t. typ. in jts iess distant and finer conce;tric ribbine habit; jt is
almost as wide as long, and so is traDsiiional between the specimers of B. o/rens,r var. .ar4dia'4 shown iD fiss. I and 5

_ 2A, Lateral view of exterior; 28, Anrerior view of same; 2C, Obtique posterior view of same; 2D, Hinse marein
dd beak viewed from above.

Fisures 3A,D. Buchid okznsis (Pavlow, 1907) \,ar. subakensis (Pavlow, 1907). Same locatity, age, eic., as fo{ specimen i,
f i s .  1 .  GSC No.  17461.

Internal cast of an almost complete, medium'sized, almost undislorted left valve. This specimen belongs ro rhe
bioad, subt isonal form of the variant. Unlike tbe basal Berriasian .epresentaoves of the varianr, the beak is slighuy
incuryed to left.

3A, Lateral view of exterior; 38, Anterior view of sahe; 3C, Oblique posterior view of same: 3D, qinge marsin
and beak viewed from above. Tip of beak is broken off.

Fjsu.es 4A D. Buchia okeatis (Pavlow, 1907) ^fr. ya.. canadiana (Crickmay, 1930). Sane locality, age, e!c., as for spe.imen
shown in fig. 1. GSC No. 17462.

Internal cast oI ar almost complete! larse left valve. This specihen is aberrant in jts cotrcentric ribbine becoming
obsolete and jn the local intercalalion of weaker iibs between the principal ones. The unDsu3lty tone and pi;ched beak
parl of the valve has matked left-handed ircurvature, which may be paruy due to its deformatioD. All these featur€s ar€
suggesfive of this specimen being somewhat lransitional towards B. uncitoides \ar. spaskehsoialcs.

4A, Lateral view of ext€rior; 48, Anterior view of same; 4C, Oblique posterior vie\r of same; 4D, Hinge margin and
beak viewed from above.

Fjgures 5A-D. Buchia okensis (?avlow, 1907) iat. canadiana (Crickmay, 1930). Same locality, age, etc., as for specimen
shown in  f ig .  l �  GSC No.17463.

Inte.nal cast of complete left valve of a giant repressntative of the variant. This specimen is much longer than wide
and so represents the other extreme form (as compred with that shown in fig. 1) of the va.iantj it almost dupticates the
specimcn shown in Pl. X, ng. 7.

5,{, Lateral vicw of €xt€rior; 58, Anterio. view of same; 5C, Oblique posterior view of sme; 5D, Ilince marcin
and beak viewed fiom above.

Figues 6A-D. Buchia okensis (Pavrow, 1907) \ar. cana.liana (Crickmay, 1930). Sane locarity, age, erc., as for specimeD
shown in 6e. 1. GSCNo.1746,1.

Inte.nal cast of an alftost complete, large left valve ot a specimen transitional betveen that shown jn 6gs- 5 an.t 8. It
is also transitional to B. okerrlr L typ. in its concentric ribs beins more clos€ly spaced.

64, Lateral view oI exterior; 68, Anterior view of same; 6C, Oblique poslerior view of same; 6D, Hjnge marejn and
b€ak viewed from above. The tjp of tle somewhat lelrhandedly incurved beak is broken ofi.

Fisnres 7A-D. Bu.hia uncitoides (Pavlow, 1907) rat. .atamotpha (crickmay, 1930). Sam€ locality, age, etc., as fof speci-
men shown in fig. 1. GSC No. 17465.

Internal cast of an almost cornplete, medium-sized left valve. This specimen seems to be indistineuishable from some
representatives of B. ln.ttoid.s s. lato from the upp€r part of its zone (ree Pl. IX, fic. 9); it lacks, however, rhe resular,
closely spaced coDceDtric ornament of its typical representatives.

7A, Lateral view of exterior. The beak shows modeiate lefrhanded i.cDrvature; 78, Anterior view of same: ?C
Oblique posterior view of same; ?D, Hinse marsi. and beak viewed froD above.

Fisures 8A-D. Buchia okensis (Pavlow, 1907) s. lato var. Same locality, ase, erc., as for rhe specimcn shown in fis. t. cSC
No.1?466.

Internal cast of an almost complete, laree left valve. Transitioral between the B. fs.hetiaaa a^.. trisonoiderlike
variana of B. o&drrd shown in fic. 9 and ils extreme late form shown in Pt. VI, fig.4 and Pl. VII, fig. 1. Also transftional
between B. okenrjr var. canadia4a afi B. oftsrsii f. typ. in ilre coarseness and spacins of its concenrric !ibs.

8A, Lateral view of exterior! 88, Arterior yiew of samet 8C, Oblique posterior view of samei 8D, Hinse rna.gin and
beak vi€wed from aboye. Tle tip of tlle essentialy straieht beak is broken off.

Fie res 9A-D. Buchia okensls (Pavlow, 1907) s. lato var. same localily, age, etc., as for specjmen shonn in fis. 1. CSc No.
77461.

Internal cast of a complete, large left valve. This nnnaned variant is only distinsuishable from the representative of
B .  f \ che t iaao \a t .  t t i sono ides , lsy red  by  Lahusen (188-8r  P l . . I l .  F ,E \ .21-22  in  i t s  la rger  s ize  and nore  wrdety  spa.ed

t .  r lp .  ( r?e  l . t .  ^ .  ng ,  r ,  t r  oners  ln  ns  subLf langu lar  shape and in  t le  a tmosL complere
absence of posterior ear.

9,A, Lateral view of exterior; 98. Anterior view; 9C, Oblique posrerior view; 9D, Hidse margin and beak viewed
f.om zbove. The unusual flatness of the valve also allies it with B. fschetiand \^r. ni|onoiltes (L^iusen kon pa\low).





Pl,ers VII

Figures 1A-D. Buchiq okensis (Pavlow. 1907) s. lato. var. West coast of Vancouver- 
Island, B.C., west side of the main body of Grassy lsland. One Tree Formation, 606
to 606r/z feet above the base of the section, and 100 to lJOVz feet above the Jurassic-
Cretaceous contact. Lower Berriasian. GSCNo. l1 468.

Internal cast of a complete left valve of a giant representative of thc variant shown
in Pl. Vl, fig. 8.

1A, Lateral view of exterior; 18, Antcrior view; lC, Posterior view; lD, Hinge
margin and beak viewed from above. The flat-topped appearance of the cross-seclion
is caused by the lateral deformation of the valve.

Figures zA-D. Buchia okensis (Pavlow, 1907) s. lato var. Same locality and formation
as for specimen shown in frg. 1, 600 to 601 fcct above the base of thc section and 94
to 95 feet above thc Jurassic-Cretaceous contact. Lower Bcrriasian. GSC No. 11469.

Intemal cast of the complete, medium-sized left valve of an unnamed, B. volgen.sis-
like variant of the species. The ribbing habit is aberrant in the sarne way as that of the
specimen shown in Pl. VI, fig. 4.- 

2A, Lateral view of the exterior; 28, Anterior view; 2C, Oblique postcrior view;
2D, Hinge margin and beak viewed from above.

Figures 3A-D. Buchia okensis (Pavlow, 1907) var. c.anudiana (Crickrnay, 1930). Same- 
locality and formation as for specimen shown in fig. 1, about 607 feet above the base
of the section and 101 feet above the Jurassic-Cretaceous contact. Lower Berriasian.
GSC No. 17470.

An internal cast of a medium-sized, almost complctc lelt valve of thc broad form
of the variant transitional to B. okensis f. typ.

34, Latcral view of the exterior; 38, Antcrior vierv; 3C, Postcrior view; 3D, I-Iinge
margin and bcak viewcd from above.

Figures 4A-D. Buchia okensis (Pavlow, 1907) s. lato. Same locality and formation as for- 
specimen shown in fig. 1, 600 to 601 feet above the base of the scction and 94 to 95
feet above the Jurassic-Cretaceous contact. Lower Berriasian. GSC No. L7471.

Internal cast of a somewhat fragmcntary, fairly large right valve. The early growth-
stagcs have the ribbing habit of B. okensis var. subokensls while the late growth-stages
have that of B. okensis f. typ. The outiine is typical of B. okensis f.typ.

44, Lateral view of eiierior; 48, Anterior view; 4C, Oblique posterior view. The
byssus ear is rnissing; 4D, Hinge margin and fragmcntary bcak viewed from above.

Figures 5A-C. Buchia aff' uncitoides (Pavlow, 1907) s. lato. Same locality, age, etc., as
for specimen shown in fig. 1. GSC No. 17412.

Fragrnentary left valve of an extremely narrow and high, B. ,crassicolllslike form
that appEars to be transitional between the.extrcmely narrow-and elongate variant of
B. okiisis s. lato (fig. 1) and similar variant of B. uncitoides s. lato (figs. 9, l3).
The upper part of the valve is shell-covered throughout while.its lower part- is a somewhat
weatheied-6ut internal cast. The pronounced left-handed incurvature of beak and thc
heavy, widely spaced ribbing habii differentiate this peculiar form from B. crassicollis
s. str.

54, Lateral view of exterior; 58, Anterior view; 5C, Hingc margin and beak
viewcd from above.

Figures 6A-D. Buchiaaff.f ischeriarra (d'Orbigny, 184-5) uar. str,emoultovi (Puvlow, 1907).- 
Same locality and formation as for specimen shown in flg. 1. 542 to 543 feet above the
base of the-section and 36 to 37 feet abovc the Jurassic-Cretaceous contact. Lower
Berriasian. GSC No. 17413.

Internal cast of a somewhat fragmentary. mcdium-sized left valve of a form that
can only be distinguished from the Upper Tithonian. B. fischeriann s. lato because of
such fliinsy featur6s as its large and angular postcrior ear and the sudden appearance
of widely 

-spaced 
concentric ribs near the lowcr shell's margin. lf found alone, this



specimen would probably havc bccn mistaken for B. fischeriana s. lato and datcd
accordingly.

6,{, Lateral view of the cxterior; 68. Antcrior vicw; 6C, Oblique postcrior vicrv;
6D, Hinge margin and bcak viewed from abovc.

Figurcs 7A-D. Buchia okensis (Pavlow, 1907) var. subokensis (Pavlow, 1907). Samc
locality, agc, etc., as for specimen shown in lig. 4 (preserved on the samc piece of
rock) .  GSCNo. 11414.

An internal cast of a completc, small right valvc probabiy rcprcscnting thc early
growih-stage of the variant shown in fig. 4.

TA,Latcral view of thc exterior;78, Anterior view; 7C, Obliquc posterior view;
7D, Hinge margin and beak viewed from above.

Figures 8A-C. Buchia okensis (Pavlow, 1907) aff. var. subokensis (Paviow. 1907). Samc
locality ald formation as for specimen shown in fig. l, 553 feet above the base of the
section and 47 feet above the Jurassic-Cretaceous contact. Lorver (but not the basal)
Berr ias ian.  CSC No.  11415.

lnternal cast of a somewhat fragmcntary, largc right valvc transitional between
B. okensis var. subokensls and the extremo forms of B. wtcitoides var. spassftensoides
in its finer and more closely spaced concentric ribs. The ribs tend to occur in pairs
separated by widcr intervals from adjaccnt pairs.

8A, Lateral vicw of the exterior; 88, Antcrior view. The byssus ear is missing;
8C, Hinge margin and bcak viewed from abovc.

Figures 9A-D. Transitional form between the B. volgensis-like variant of B. okensis s. lato
and B. uncitoicles var. spasskensoicles. Same locality, ?g€, ctc., as for specimen shown
in fig. 8. GSC No. 11416.

Internal cast of a largc but incomplete lcft valve. Concentric ribs are closely spaced
and relatively fine throughout and the beak shows marked left-handecl incurvature (fig.
9A). Such specimens have been designated by the writer (1950, p. a0) as "Attcella

ex. gr. volgensis"; they differ, however, from Buchia volgensis (see Pl. X, fig. 4) in
their longer, pinched left beak and its pronounced lelt-handed incurvature.

9,A,, Lateral view of exterior; 98, Anterior view. Unlike that of B. volgensis, the
beak is not hooklikc bent and does not overhang tho right valve; 9C, Oblique posterior
vicw of the samc; 9D, Hingc margin and beak viewed from abovc. Bcak has markcd
left-handed (right-handed in this aspect) incurvaturc.

Figures 10A-C. Buchi(r afr. okensis (Pavlow, 1907) s. lato. Same locality. age, ctc., as for
spccimen shown in fig. 8. GSC No. 17477.

Internal cast of a form apparently represcnting thc extreme development of thc
B. volgensis-likc variant of B. okensls s. lato (see fi5. 2); tt may, howcver, bc
transitional between this variant and the Buchia forms shown in fiss. 9 and 13. Althoush
it is inclistinguishable from B. volgensi,r s. str. (.rr:e Pl. X. fig. 4") in its shape, p.opo-.-
t ions ancl the thickness clf thc prcservcd part of thc bcak. this spccimcn is belicvccl t<r
be unrelatcd to it becausc of its Buchia okensi:;-like postcrior cur-anrl heavv and witlell'
spaced conccntric ribbing (fig. 10A).



10A, Lateral view of extcrior; 10B, Anterior vicw; l0C, Hingc rnargin and beak

viewed from above. Most of the beak is missing.

Fisures 11A-C. Buchia afi. uncitoicles (Pavlow, 1907) s. lato. Same locality andJormation- " 
u, for the specimen shown in fig. l, 6O7tA to 6O7Vz feet abovc the base of the section

and lolVs io 101Vz feet abovJthe Jurassic-Cretaccous contact. Lower Berriasian. GSC
No. 17478.

A complete left valve of the same extremely narrow and higll, B. crassicollis-like
form as thai shorvn in fig. 5. The upper half is mo!,tly covered by poorly" prcserved

in"tt tiy"r while the lowJr half is an^i-nternal cast. 
'fhc 

ornament is strongly reduced

throughout suggesting that this specimen is cioser to B. uncitoirles s. lato than that shown
in fig. 5."11A, 

Lateral view of the exterior; 118, Antcrior vicw; l lC, Hinge margin and

beak viewed from above.

Fizures I1A-C. Buchia uncitoides (Pavlow, 1907) var. )'pqsskensoi(/es (Crickmay, 1930).
" 

Same locality, age, etc., as for specimen in fig. 11. GSC-No ' 11419'
A partly sh-eii-covered, medium-sized, -incomple.te left valve of a specimcn transi-

tional betwcen the variant of B. okensls shorvn ln tig. t and the typical represcntatives
of the variant (see fig. l4).

12A, Lateral vlew of the exterior; 128, Antcrior view. The beak's hook-like bend

is the rejult of deformation; it is actually only slightly lcft-handedly incurved; 12C,

Hingc margin and thc bcak viewed from above.

Figures 13A-D. The same transitional form between B. uolgensi.s-like variant of B. okensis
- 

s. lato and Bucltia uncitoides var. spasskensoides as that shown in fig. 9. Same locality,

age, etc., as for specimen of a similar form shown in fig.-8, GSC No' 11480'" ' 
lnternal casi of an essentially complete, fairly largc left valve. This_ sp-ecimen.rctains

sorne heavier ancl widely spaced concenlric ribs against the background of strongly sub-

dued,  f inc and c losely spaccd r ibbing.
l3A, Lateral vicw of the exteiior; 138, Anterior view; 13C, Posterior (obliquc)

vierv; 13D, Hinge margin and beak viewed from above.

Fisures 14A-D. Buchia uncitoit les (Pavlow, 1907) var. spusskensoitles (Crickmay' 1930).
" 

The same locality, age, etc., as for spccimen shown in-fig. 2..GSC No. 11481 '
Internal casf oi an almost complete, fairly small specimen with thc valves still in

the normal position. The right valve matches ilosely_th-at.of the holotype of the variant
(Pl. x, f ig.'13). As alrcacl-y noted by crickmay _(1930), B. u. vat. sp,ass.kensoides
stronslv rjscmbles B. okensiis var. subokensis (. . B. spa,rskensls Pavlow) in its gcncral

shape"'and ribbing habit; it only differs from it in its fceble to marked left*anded
incurvaturc of left beak.

14A, I-ateral view of exterior of the left valve; 148, Anterior vicw of both valves.

The tio of the left valve is brokcn off; 14C, Obliquc posterior view of both valves;

14D, Hinge margins and beaks of both valves vicwed from above'





PLATI' VIII

AI I  specimcns shown in l igrr res I  to l2 inc lusive are f rom"West coast  of  Vancottvcr  Is land,  B.C., in the middlcof
the southern part of the main body of Grassy Island. Or.rc Trcc Formation,66I lo 66lyz feet above thc base of the sec-
tion and 155 to 155/2 feet above thc Jurassic-Cretaccous contact. Lower Bcrriasian, top part of thc overlap beds be-
tween Buchia okensis and Buchia uilcitoides zones",
Figurcs lA-D. Buchia okensis (Pavlow, 1907) s. lato var. GSC No. 17482. Internal cast of a fairly large, incompletc left

valve of an unnamed late variant of the species combining the angular outtine of B. okensi.s vat. elliptica (see Pl. V,
fig. 8) with the heavy and very widely spaced concentric ribbing of B. o. var. canadiuna. The strong left-handcd in-
clrrvature of beak is characteristic of this variant.

1A, Lateral  v iew of  the exter ior ;  lB,  Antcr ior  v icw; lC,  Obl ique poster ior  v iew; lD,  Hinge margin and
beak viewed from above.

Fignres 2A-D. Buchia atr. okensis (Pavlow, 1907) s. lato. CSC No. 17483. A fairly largc but incompletc posteriorly,
partly shell-covered lcft valve of a lorm transitional between the variant of B. okensis s. lato shown in fig. 1 and -8.
uncitoides var. spasskensoides shown in fig. 8. This fornr combines the angular outlinc, great thickness and marked
left-handed incurvaturc of beak of the former with the hcavy but much more closely spaced and often paired con-
centric ribs of the latter.

Same viervs as for specimen shown in fig. l.
Figures 3A-D. Buchia okeniis (Pavlow, 1907) s. lato var. GSC No. 17484. Large and almost complete, partly shell-

coverecl left valve of another unnanre<l late variant of the spccics con.lbining the heavy and very widely spaced con-
centric ribs of B. o. var. canadiana with the B. volgensis-like outline (fig.3A) and B. uncitoides var. spasskensoitles'
like cross-section and pronounced left-handed curvattlrc of the beak (fig' 3D).

Same views as for specimen shown in fig. l.
Figures 4A-D. Buchia okeniis (Pavlow, 1907) s. lato var. GSC No. 17485. Internal cast of a conplete medium-sized

left valve of a latc variant retaining most of tl.re diagnostic featurcs of B. okensis f. typ.; its beak is, however, long
rvith slight left-handed incurvature, and tl.re outline is largcly B. volgensis-like,

Same views as for specinen shown in fig. l.
Figures 5A-D. Buchia aff. o/<ensls (Pavlow, 1907) s. lato. GSC No. 17486. Intcrnal cast (with some patches of the shell

layer) of a large, almost complete left valve transitional betwccn I]. okensis s. lato var. shown in fig. 4 and B. aff.
uncitoide,g var. spasskensoides shown in fig. 9. This specimen is still close to B. ol{enti.t s. lato in its gcneral shape;
its conccntric ribs are subducd, horvever, and finer, second order ribs are intercalated locally rvith the hcavier ribs.

Samc views as for spccimen shown in fig. l.
Figures 64-D. Buchia okeniis (Pavlow, 1907) s. lato. GSC No. 17487. Intcrnal cast (with some patchcs of shell layer)

of a largc and complete left valve combining the pear-likc outlinc and ill-dcveloped posterior ear of a B. volgensis-
like variant with th! coarse and distantly spaced concentric ribs of B. okensis var. canadiana. The dichotomous rib
in the middlc of the shcll is a pathological feature.

Same views as for specimcn shown in fig. I'
Figures 7A-D. Buchia aff. okersn (Pavlow, 1907) s. lato. GSC No. 17488. A partly shell-covcred, somewhat incom-

plete, large left valve transitional between that of.B. okensis s. lato var. shown in fig. 4 ancl that of B. aff. uncitoides
iar. spasikensoides shown in fig.9 in its outline and ribbing; it is, however, considerably thicker than either ofthem
and approaches the lcft valve shown in fig. 2 in this respcct. The beak is unusually short and obtuse.

Same views as for specimen shown in flg. 1.
Figr-rrcs 8A-D. Buchia aff. uncitoides (Pavlow, 1907) var. spasskensoides (Crickmay, 1930). GSC No. 17489.

Internal cast of a large and complcte left valvc transitional betwecn B. okensis v'ar, sultolrensis (see Pl' VI, fig. 3;
Pl. IV, fig. I l) and B. uncitoides var. spasskensoides (see fig. 12; Pl. IX, fig,. 22; Pl. X, fig. l2). This spccimen com-
bines the-general shape, fecbly right-handcdly incurved beak and the large, angular postcrior ear of thc early forms
of .8. o. vai. subokensis (Pl. IV, figs. 1 I , I 5) with the heavier but closer spaced and somctimes clcarly paired concentric
ornament and the greater thickness of B. u. var, spasskensoides,

Same views as for spccimen shown in fig. l.
Figures 9A-D. Buchia aff. uncitoides (Pavlow, 1907) var. spasskensoides (Crickmay, 1930). GSC No. 17490.

A partly shell-covered, large but incomplete left valve combining the broad and angular shape of B. okensis
af| var. ettiptica and related foims of the species shown in figs. I and 2 with thc ill-dcfined posterior ear and hcavy
but more closely spaced and locally paired concentric ribs of B. u. var. ,spasskensor'rles. Transitional bclwecn these fotms

but morphologically closer to the latter.
Same vicws as for specimen shown in fig. 1.

Figures l0A-D. Buchia uncitoides (Pavlow, 1907) var. spasskensoicles (Crickmay, 1930). GSC No. 17491.
Internal cast (with some patches of the shelt layer) of an unusually large, almost complete lcft valve of the ex-

treme B. volgensis-iike form of the variant. This specimcn matchcs closely the original specimen of B. u. var. spassken'
sordes showi in Pl. X, fie. 12in its outline; it is, however, mr-Lch thicker than this latter and the morc widely spaced
but lower concentric ribbing of its early growth stages is replaced by more closely spaced but higher and sharper
concentric ribs in the later growth-stages (fig. l0A). This specimcn rescmbles closely somc shells placed in Buchia
t,olgensis by Pavlorv (1907, Pl. II, figs. 10, l2) and was originally identilicd by the writcr (1950, p' 4O) as Aucella ex
gr.-volgeniis Lahuscn; it is, however, a considerably thicker and narrowcr shell with the longer, strongerpinched
in<l mirkedly lcft-handedty incurved beak. The latter lacks, furthermorc, the hook-likc bend and does not over-
hang the right valve in B. volgensis-like fashion.

Same views as lor specimen shown in fig. l,
Figures I lA-D. Buchia uncitoides (Pavlow, 1907) var. spasskensoides (Crickmay, 1930). CSC No. 17492.

A partly shell-covered, incomplete, large left valve of the same extrcme form of thc variant as that shown in

fig. 10. Thijspecimen is er"n moi" similai to B, volgensis in its hook-tike bend and sonlewhat overhanging beak;
it differs from -8. volgensis, however, in all other above-mentioned (see under descr. of fig. l0) features.

Same views as for spccimen shorvn in fig. l.
Figures 12A-D. Buchia uncitoides (Pavlorv, 1907) var. spasskensoides (Crickmay, 1930). CSC No. 17493.

Internal cast of an almost conlplete, small left valve of a fairly typical rcpresentative of the variant. The almost
complete absence of the posterior cir and the coarse but closely spaccd and locally paired concentric ribs distinguish
i t  f rom the otherwise c losely s imi lar  B.  o l ;ensis var.  subokensis. l fcncountered alone,  smal l  spccimens of  th is typc can
easily be mistaken for B. fscheriana s. lato; they can only be distinguishcd from thc lattcr becausc of the coarser and
higher concentric ribs and more or less nrarkcd left-handed incurvature of left bcak.

Same views as for specimen shown in fig. l.





Pt'nrl IX

All specimens shown in figures 1 to 23 inclusive arc ftom "Wcst coast of Vancouvcr Island, B'C., in the middle of

tlrc southern part of the main b*ody of Grassy Islancl. One Trcc Formation,66l to 66lt/z fcct above tl ic base of the- scction

and 155 to l55yz fcet above the Jurassic-Crctaceous contact. Lower Bcrriasian, top part of thc overlap beds betwecn

Buchia okensis and Buchia uncitoides zones".

Fisures 1A-D. Buchia uncitoides (Pavlow, 1907) var. spasskensoides -(crickmay, 1930). GSC No. 17494.""-- 
inii irrr"J"J;' is;;;;;;hd oi p.r6rtv pieservec'str"i i- i,rv.; ir bt' i  large, ircomplbte r:sht valve of a form transitional to

s. u.' i ir ' . ' i" it i i l) ir* 
-nvii"SLii jemJio-ti 

ur-.sipi. i i i ioi iutrrlo ti iJ plane'of conlact of the valves because of its

incomplete preservation (fi9. 1D).
1A. Lateral view ot di eitlxior; 18, Anterior view; lC, Oblique posterior view; lD, Hinge margin and beak viewed

from above,
Fieures 2A-D. Bttchia uncitoides (Pavlow, 1907) var. acutistriatd (Crickmay. 1930), 9S-C No. 17495.""-'-" -ititinui;;;;i';-i;i;ly 

r-e|, Clr'-;t"t6 iG'trr ""ini.- Gtisictertble-patche's of slrell ller occur around the beak. con-

centric ribs are much nnei,- 'muifir irdre i losety ipaced, ir ibn"i ' i" i i- ini!-pii ' i i i in tnose-of i. u.. var. spasskcnsoide-s (see fig'

l). 'r[ i i ' I i ;;; ' ; i i '6"' i ;#r;;;;; i ;;;t i ; i  oiltt i3i ' . i t 'r surtacc. shme views as for specimen shown in fie. 1.

Figures 3A-D. Buchia uncitoides (Pavlow, 1907) var._s_passkensoides (Qrickmay, 1930). GSC No. 17496.
Internal cast ot a comp-Gieiirieitiid*t""'p.diiiUty Oetongi"g to'the youn-g'repreientative of the transilional form shown

in Pl. VIl l. f is. 8.
Same views as for specimen shown in fig' 1.

Fisures 4A-D. Buchia uncitoides (Pavlow, 1907) var. spasskensoides (crickmay, 1930).- GSC No. 17497.' '"" '" 
i, i ta"ritJi j i f . ' i '" 'J."iptdt" j,]""t i ir l  ieft vatve'or . t ipic,, i rcprcsentaiive of the variant. The vrlve is relstivelv more

narrow ina eio.gate; it ii, iuitrrdimore, covered ty moii'it"rity spaced antl sharper ribs than that of the left valve shown

in fig. 3. Same views as for specimen shown in fig. 3.

Ficures 5A-D. Buchia uncitoides (Pavlow, 1907) s. lato vrr. GSC No. 17498'- 
Internal cast of a sm'Ji-atii-iirc,ihpr-eiji"iivalte oi'ui'liti"ileii niirow and elonsate Yariant of the species. This

unnamed variant can ue *iifiionTiri"a.yiti B. piochii J.-di. lC dineii, however,_fro-{r it in its marked left-hand.ed incuna-

i"iJoi ueai irig. so)' uno iii lte iiuin niiiowei ano higtrJilio.r'section (figs. 58, 5D). Same views as for specimen shown

in fig. 3.
Figures 6A-D. Buchia uncitoides (Pavlow, 1907) var. spasskensoides.(Crickmay, 1930)' GSC No. 17499.- -. 

A prtti itreu-covet"Ol-i-iffl inO'compiete rigirt,vatve transiiional beiween-var. snasskensoitles and var. aclttlstrlata

in its-.ir;uit,'g riiuit. trrJihtdil"i'sit.t"i"- of trtJ io?pr"i.:tv- pi"liiucd 
-uvsius 

ear (fie. 6D) forms an ansle of onlv40 to 45'

with the plane of contact JilfrJvifvii; iils, ionsequ""itv,-,if lfri i"-e evblutionary giade is that of some forms of B. piochii

var. rassiensi.r (Pl. I, fig. 5). Same views as for specimen shown in fig. 1.

Fieures 7A-D. Buchia okensis (Pavlow, 1907) s. lato var. C}SCNo. 17500 Internalcast (with,somepatc-he-s.9-f-th^eshell laygr-)""1?u'i;.;; 
b;;il;;;;i;;n'.i aiiiori"o iidniuui"e p.ouuLrylip."*nti'ig the hte yariant shown in Pl. vlII' figs. I and 2'

Moit oiitre-posteriorind byssus ear is brok-en ofI. Sime vie*s as for specimen shown in Ug. l.

Figures 8A-D. Buchia okensis (pavlow, 1907) s. latq v-ar._GSC No. 1?501. 4 nq.tty shcll-covered incompl-ete juvenile left valve

Drobabtv betonsins to tne rali laii i i tf irr. i." i. Fr. Vfi i f i ;.-1. i ir; rr."i- itoius stronger left-hand-ed incurvature than is

hppareni in figsl8A and 8D. Same views as for the specimen in figure 1.

Figures 9A-D. Buchia uncitoid.es (Pavlow, 1907) s. lato var. CSC No- 1?i0ra A partly shell-covered, half-grown, incomplete
and somewhat deformed left valve of tire sarire variant ii shown ln fig. 5. Same^ views as for specimen shown in fig' 1 '

Figures 10A-D. Buchia uncitoides (Pavlow, 1907) s. lato var. GSC No. l?503. Internal cast of an almost complete juvenile

lelt valve of the same extreme variant as that shown in ngi. iu"a-9. Thi ieft-handcd curyature of the beak is apparently

iniieasea ui itie fiieitoi-ioiiitioi oiiot-iil." b} ttrc uaivc. S:me vicws as for specimen shown in lig. 1-

Figures l lA-D. Buchio uncitoides (Pavlow, 1907) s. lato var. GSC No. 17504. Intcrnal cast of an almost complete, juvenile

left valve of the same extreme variant as that shown in E!i. i  fr ita t0. This spccimen could hardly haYc been distir iguished

from B. piochli s. lato if found alone' Same views as for specimen shown in fig' l.

Figures l2A-D. Buchia uncitoides (Pavlow, 1907). s. lato,yar. CSC No. 17505. Internal cast of an almost co.mplete left valve

rransitional berween that.itG i-i"-"i i fr ir*n'in ndi.-S, q irnaitl, in,t it"t of B. uncitoides Yar. catanrctpha.shown.in figs'

1i ;;d 18. This specimen- is' i i i fy-ir i- i i i ireii i thiULe Iion 
's,.nl" 

tarirnts of B. piothii s. lato in the stronger left-handed curva-

ture of the end pait of its beak (fie. l2D). Same views as for specimen shown in fig. 1'

Figures 13A-D. Buchia uncitoides (Pavlow, 1901) var. c,atontorphtt,(Crickmay, 1930). GSc No' 17506'- -"---- 
a moitry rhexcoteiea,'f i". i i ir i i"" i irf "i i ic ol i i i ir i i  i ipi ir i l  put tralr-[ i;wn rapresentative of the variant. The-scxlptu.re

of the shell,s surface and-t'hai oilrri i i i i ' . .". i" i i is reii 'u. '" i to faint stria]e and grbwth-lines int€rrupted here and there by

isolated faint concenrric ri6'Jlii-ij"iiilitio"i.]tr"-uiit-'ihowi sirongteit-handed incurvature. Same views as for specimen

shown in fig. 1,
Fisurcs t4A-E. Buchia uncitoides (Pavlow, 1907) var. acutistriata (Crickmay, l9l0). CSC No. 17507.."""' '" 

i , i i"ri i ,r ;;;t ' i ; i lh';;;"p),iJri*i dr' irri irr" ' i i  r i i . i ' i '" i  rn 
-rlmost_-complcrc, 

metlium*ized risht valYe with well-

preserved byssus ear and anterio-r part. of the tigameniai piit, i ' inei'- l+o' pir,t1r9!.lqlt i"*tf+9ttf,tX" bvssus ear is

ihar rc te r is t i ia l l y  bent  in  the  midd le  and ends  in  a  sharD too l l ) - l i kc  r idge  pro jec t tng .upward  (ngs '  tqE '  l+u '  t+D) ' .

Fisures 14A-t4D are the same views as for tire spe6im-ei'ifii,i,i,iinind. t'; n'J."fqil. birtiqu? view'of the interior' The

beak aid ligamental plate are tilted towards the camera, X3.

F.igures 15A-E. Buchia uncttoides (Pavlow, 19-0?) s..lato var. GSC No. 17508. Inter-nal cast (with some patches of,-the shell

tayer) of a large, incompieiJti lr, i t ir"L of-a'uirianrcti i iuJtl. ir"o uv tl ie ircgular ancl subdued ornlment. .The bvsstts

ear is welr preserved u"ii i l- 'r iSiir ' . i ' i i i" i l . i tJir. j i i l ;-;*;;t;d m'm-inieri iat cast (f is. 15E). Sume views as ror

specimen shown in fig. 14.
Figures 16A-D. Buchia uncitoides (Pavlow, 1907) var. spasskensoitles (cricknay, L93.0). GSC No. 17509.- " - 

li moitty stretl-cove.iif" iitri" u,ii iricompiete rigrit-totuJ-oi i-bioarl for6'of the variant' Same views as for specimen

shown in fig. 1.
Figures 17A-D. Buchia unciloides (Pavlow, 190'7) s. -lato var. GSC No. 17510.

A mos6y snett-coverid','i-tia*i C.-rir"i6l.it varvJ or q Gri-grown^ specimen transitional between B' u. var. actrtls'

tr iatq and the extreme a.-pioii i i-t l i i" i i i inisrro*" in ngs. 5, 9, 1d-12. Srire vicrvs as for specimen shown in fig. 1.

Figures 18A-D. Buchia uncitoides (Pavlow, 190?) var. catarnorpha (crickmay,1930).' GSCNo.17511.
Internal cast or o""iiiost'c6i"pi*",-i,i6aiu-*ajJ i'.tt'ulrtui-eiii'nititiysimitar to the smaller valve shown in fig. 13.

Same views as for specimen shown in fig. 1.
Figures 19A-D. Buchia uncitoides (Pavlow, l9o7) var.-actuisrl;d/a (crickmay, 1930).-GSC No. 17512.

Internal cast or u "o"ipGt",-s.alt i"it "uiu" oi u Uio.ii'i.'* tra"iiti6nat to B. u. var. spasskensoides in its shape and

spacing of the concentric rib-s. Sime views as for sprcimen shown in fig. 1'

Fisures 20A-E. Buchia uncitoides (Pavlow, 1907) var. acutistt iata (Crickmay, 1930).-- csc No. 17513'^'"- '- '  
. i ' ir, i" 6;i ' ;;h;;i;;;;;r.t" ivpiiui i ieirt val"e ot t le viriant, moitly. shell covercd. The ligamentrl plale^ is com-

Dletelv Dresened uut moiioiit i  i 'nieiiors-urface of t i" 
-uyssui.i l , 

inctriding its shxrp ridge, is broken off (l ig. 20E).

Same-views as for specimen shown in fig. 14'

Figures 21,4.-8. Buchia uncitoides (Pavlow, 1907) s-. , lato var. GSC No. 1?514- - - 
lntemt i ist (consideiini" ' i . iabt'th" shell layer pieswcO aioirnd the beak- and hinge margin) of a^smrll- almost

compicie itgtrt varie ot trrJiCme variant as that shorvn i. i ie..rs, The lisamcntal plate and,bvssus S*,,1!9,:o--ryIl: i" l l-pI:-
serv6d and- typ ica l l y  deve loped ( f ies .20D,  E) .  The long i tud ina l  s l r i f , t ion  o f  the  I tg rmenta l  p la te  rs  c lear ly  v rs rD lc  ln  ng

208. Same views 
-as 

for dpecimen shown in fig. 14.

Figures 22A-D. Buckia uncitoides (Pavlow, 190?_) var. spasskensoii les (Crjckmqy, 19J0). GSCNo. 17515. -
Internal cast "t u" i imoit i"-it"id, miaium-sizeb left valve trimitional' io 4 -. u. vtr. acutistriata in rhe sharpness of

its conCeniric i ibs ana irit ie somdiim; transitional to B, okensis (Pavlow,. 1907) var. subokensis (P,avlow' 1907) in its
ri""U--i!iii1]ir"'O-ir,ntiilor-'iai i"O outtine. The beak is virnially straight,. w^trich is somewhat unusual for the species and

vaiiant at tie level of the overlap beds. Same views as for specimen shown in fig' 1'

Figures 23A-D. Buchla uncitoider (Pavlow, 1907) s. -lato var. GSC No. 17516." - 
A mosttv shell-cove;4. t;;.t;;ripi6te.'meOium-sized left valve of the same variant as that shown in figs. 15 and

Zf. fftis'"ri'tiufr"1j,E.'iiitinii:tiirJ va.ii.ii "'pp.i.iio be transitional betwe€n B. u. ytr, acutistriata and var. catamorpha.
:frie oiit frij pr,jnouriiia iiii:traniiio lniiriviture, which distinguishes this specimen from B. plochit s. lato at a glance.

Same views as fot specimen shown in fig' I'





Pt-,q.rs X

Figurcs lA-C. Buchia keyserlilryi var. visingensis (Sokolov, 1908). Wcst coast of Vancouver Island. Southern rocky fringc
ofGrassy Island. One Tree Formation,919-920 fcet above thc base ofthe section and 413 to 414 fcct above Julassic/
Cretaceous contact. Upper Berriasian. GSC No. 16599.

Internal cast of a large and typical left valve incomplete in the posterior part.
lA, Lateral view of the exterior; lB, Anterior view; lC, Obliquc posterior vicw.

Figure 2. Buchia okensis (Pavlow, 1907) f. typ. Harrison Lake arca, B.C. 350 yards wcst of the shore ol tl.re lake and
1,200 yards north of thc mouth of Deer Creek. Peninsula Formation. Lowcr Bcrriasian. GSC No. 9657.

Such forms ssem to be characteristic of the top beds of Buchia okensis zone and of the overlap beds between
Buchia okensis and Buchia uncitoides zoncs. This is the reproduction of the holotype of Aucella tascadensis Crickmay
(1930a, Pl. X, fig. 1). This typical specimen of B. okensis virtually duplicatcs its holotype (herein dcsignatecl) ligured
by Pavlow (1907, Pl. I, figs. llA-C).

Lateral view of the exterior of left valvc.
Figures 3A,8. Buchia uncitoides (Pavlow, 1907) var. spasslcensoides (Crickmay, 1930). Wcst coast of Vancouver Island.

West side of the main body oi Grassy Island ncar its soutlrcrn end. One Tree Formation, 678-679 fcet above the
base of the section and 172-173 fect above the Jurassic/Crctaccous contact. Upper Berriasian. Lower part of Buchia
uncitoides zone closely below beds with Spiticeras spp. ctc. CSC No, 16600.

An internal cast of a largc lcft valve closely similar to that of thc holotype of B. uttcitoides var. spasskensoides
(Crickmay, 1930),

3A, Lateral view of the exterior; 38, Antelior view.
Figrires 4A,B. Bucltia volgensis (Lahusen, 1888) s. str. Northern Richardson Mountairls, N.W.T. On Martin Crcck,

about l -3/5 mi les west  of  junct ion wi th Donna Rivcr ,  lat .  68 '12'N;  long.  135'34'W. Lower Sandstono Div is ion,
Buff Sandstone Member, Upper Berriasian. Buchia volgensis zone. Coll. by the Mobiloil Co. of Canada, Ltcl., 1946.
GSC No. 16601.

An internal cast of a fairly typical left valve. 4,{, Lateral view of the exterior; 48, Antcrior view of the samc.
Figures 5A,B, Buchia volgensis (Lahusen, 1888) f. typ. Same locality, ctc., as for specimen shown in fig. 4. GSC No.

16602.
An internal cast of a large and typical right valve. 5A, Latcral view of the extcrior; 58, Oblique anterior vicw

of the same. The byssus notch is at the extrcmc uppcr cnd of the photo. Note how flat thc valve is,
Figure 6. Buchia uncitoides (Pavlow, 1907) var. acutistriata (Crickmay, 1930). Holotypc. The sarne locality, etc., as for

specimen shown in fig. 2. Probably from the overlap beds betwcen Buchia okensis and, Buchia uncitoides zones. This
is the reproduction of the figurcd specirnen of Crickmay (1930a, Pl. IX, fig.2). GSC No.9656.

Lateral view of the exterior of left valve. Large specimen with preserved shell laycr.
FigureT. Buchiaokensis(Pavlow, l9O7)var,canadiana(Cr ickmay, 1930).Thesamelocal i ty ,etc. ,asforspccimenshown

in fig. 2. Probably from the overlap beds between Buchia okensis and Buchia uncitoide.t zones. This is a reprodlrction
ofthe figured specimen of Crickntay (1930a, Pl. X, fig. 3). CSC No. 9655.

Lateral view of the exterior of right valve and that of thc undersidc of protruding beak part of left valvc.
Figures 8A-C. Buchia uncitoides (Pavlow, 1907) var. acutistriota (Crickmay, 1930). Wcst coast olVancouver Island, B.C.

Southern fringe of Grassy Island. One Trec Formation, 829-832 lbct above the base of the section and 323-326 feet
irbove the Jurassic/Cretaceous contact. Upper Berriasian. Bcds with Spiticeras spp. etc. GSC No. 16603. Almost
complete and typical specirnen with the shell layer preserved.

8A, Lateral view of the extcrior of lcft valve; 88, Same vicw of right valve and that ofthe undorside olthe
beak part ol left valve; 8C, Oblique posterior view of the exterior of both valves.

Figures 9A-C. Buchia uncitoides (Pavlow, 1907) s. lato. Same locality and s(rction as for specimen shown in fig. 8. 769
to 773 feet above the base of thc section and 263 to 267 feet abovc the Jurassic/Crctaccor.rs contact. Upper Bcrriasian.
Beds with Spiticeras spp. ctc. CSC No. 16604.

An internal cast of a medium-sized, almost complete specimen transitional between B. uncitoides var. qcutistriata
and var. catamorpha. Some patches of shell layer preserved in places, especially on the right valve.

9A, Lateral view of the exterior of left valve; 98, Same vicw of right valve; 9C, Anterior view of thc exterior
of both valves.

Figures 10A,B. Buchia uncitoides (Pavlow, 1907) var. sposskensoides (Crickmay, 1930). Samc locality, etc., as for
specimen shown in fig. 3. GSC No. i6605.

Internal cast of a medium-sized left valve. l0A, Lateral view of the exte rior ; l0B, Anterior vie w.
Figures llA,B. Buchia uncitoides (Pavlow, 1907) var. spassltensoides (Crickmay, 1930). The sar.r.re locality, ctc., as for

specimen shown in fig. 3. CSC No. 16664.
An internal cast of a large left valve. I I A, Lateral view of thc exterior; I I B, Anterior vicrv,

Figure 12. Buchia uncitoides (Pavlow, 1907) var. spasskensoides (Crickmay, 1930). Paratype. I{arrison Lake, B.C. West
shore of a little bay on the southwest shore of the peninsula. Peninsula Formation. Upper Berriasian. This is the
reproduction of the specimen figured by Crickmay (1930a, Pl. IX, fig. 4). Probably collcctcd from tlre overlap bcds
between Buchia okensis and, Buchia uncitoides zones. GSC No. 9652.

Almost complete, large left valve with mostly preserved shell layer. This specirnen is transitional botwcen -8.
uncitoides vat. acutistriata and var. spasskensoides in the prominence and spacing of concentric ribs. Latcral view of
the exterior,

Figure 13. Buchia uncitoides (Pavlow, 1907) var. spasskensoides (Crickmay, 1930). Holotype. Harrison Lake, B.C. West
shore of a little bay on the southwest shore ol the peninsula, Peninsula Formation. Upper Berriasian. This is the
reproduction of the specimen figured by Crickmay (1930, Pl. IX, fig. 3). Probably collected from the overlap beds
between Buchia okensis a,nd Buchia uncitoides zones. GSC No, 9651.

Lateral view of the exterior of a medium-sized right valve, An internal cast. This specimcn is actually transitional
between more typical representatives of the variant and B. okensis var. subokensis.

Figures l4A-C. Buchia wtcitoides (Pavlow, 1907) var. West coast of Vancouver Island, B.C. Southern fringe of Crassy
Island. One Tree Formation,765 Lo 769 feet above the base of the section and 259 to 263 fcet above the Jurassic/
Cretaceous contact. Upper Berriasian. Beds with Spiticeras spp. etc. GSC No. 16606.

An internal cast of a somewhat distorted, almost complete specimen partly covered by remnants of the inner shell
layer. This specimen is transitional to Buchia tolmatschowi s. lato. l4A, Lateral view of the exterior ofleft valve; l48,
Same view of right valve; l4C, Anterior view of the exterior of both valves.
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PurB XI

Figures lA,B. Buchia keyserlingi (Lahusen, 1888) var. visingensis (Sokolov, 1908). The same locality,
etc., as for the specimen reproduced in Pl. X, fig. l. GSC No. 16607.

An internal cast of an almost complete left valve of a half-grown representative. 1A, Lateral
view of the exterior; 18, Oblique posterior view.

Figures 2A-C. Spiticeras (Spiticeras) sp. indet. juven. (possibly young representative of ,S. (S..) scriptus
Strachey 1865). West coast of Vancouver Island. Southern end of the main body of Grasiy Island;
699 to 702 feet above the base of the section and 193 to 196 feet above the Jurassic/Ctlta""orn
contact. One Tree Formation, Upper Berriasian. Beds with Spiticeral etc. GSC No. 16608.

24, Lateral view of the partly crushed specimen; 2B., LateraT view of the other side; 2C, Ventral
view of the earlier part of the whorl shown in figs. 2A,B.

Figure 3. Spiticeras (Spiticeras) sp. indet. juven. West coast of Vancouver Island. Southern end of the
main body of Grassy Island. One Tree Formatior, 682 feet above the base of the section and 176
feet above the Jurassic/Cretaceous contact. Upper Berriasian. Becls with Spiticeras, etc. This is the
lowermost bed in which representatives of the gents Spiticeras (Spiticeras) have been found. GSC
16609. Lateral view of the only partly flattened specimen found.

Figures 4A-D. Berriasella (Protacanthodiscus) nov. sp. afr. B. (P.) micheicus (Bogoslovsky, 1897). West
coast of Vancouver Island. Southern rocky fringe of Grassy Island. One TreJ Formaiion, about 828
feet above the base of the section and. 322 feet above the Jurassic/Cretaceous contact. Upper
Berriasian. Beds with Spiticeras, etc. GSC No. 16610.

44, Lateral view of the only fragment found; 48, Lateral view of the other side; 4C, Cross-
section-of the septate part of the same; 4D, Cross-section of the living chamber and the venter of
the earliest part of the whorl preserved.

Figures 5A-C. Buchia keyserlingi (Lahusen, 1888) var. sibirica (Sokolov, 1908). The same locality,
etc., as for the specimen shown in Pl. X, fig. l. GSCNo. 166ll.

Internal cast of a typical but fragmentary left valve of a half-grown specimen. 5A, Lateral
view of the exterior; 58, Anterior view; 5C, Oblique posterior view.

Figures 6A-C. Neocomites s. lato n. sp. indet. West coast of Vancouver Islancl. Southern rocky fringe of
Grassy Island. One Tree Formation, 793 to 795 f eet abovc the base of the sertion and, ig7 to 2Bg
feet above the Jurassic/Cretaceous contact. Upper Berriasian. Beds with Spiticeras, etc. GSC No.
16612.

6A, Lateral view of the complete specimen; 68, Ventral view of the early whorl that is covered by
tle part of the early whorl shown on the extreme lower left of fig. 6r\; 6C, Ventral view of the part of
the early whorl shown on the extreme lower left of fig. 6,4,. The specimen is septate to th! end,
even though it is almost smooth on the largest whorl (fragment) preserved.

Figure_7. Spiticeras (Groebericeras) n. sp. indet.? West coast of Vancouver Island. Southern rocky
fringe of Grassy Island. One Tree Formation, 789 to 792 feet above the base of the section and
283 to 286 feet above the Jurassic/Cretaceous contact. Upper Berriasian. Beds with Spiticeras, etc.
GSC No. 16613. Lateral view of the only uncrushed fragment found.

Figures 8A',8. Buchia uncitoides (Pavlow, 1907) var. catamorpha (Crickmay, 1930). West coast of
Vancouver Island, Southern rocky fringe of Grassy Island. One Tree Formation,Tg2feet above the
base of the section and 286 feet above the Jurassic,/Cretaceous contact. Upper Berriasian. Beds with
Spiticeras, etc. GSC No. 16614.

Internal cast of a medium-sized fairly typical left valve of the variant. This left valve matches
closely those figured by Pavlow (1907, Pl. v, figs. t4-15) and sokolov (1908b, pl. I, figs. 10, 12,
non l4). 8A, Lateral view of the exterior. 88, Anterior view,





Pl-qre XII

Fignres lA-C. Buchia keyserlingi (Lahusen, 1888) var. visingcttsi.r (Sokolov, 190tt). The samc locality,

etc.,  as for the ammonite f igured in Pl. Xl,  f igs.4A-D. GSCNo. 16615.

An internal cast of a medium-sized, typical left valvc. lA, Laieral view of the exterior; 18,

Oblique posterior view; lC, Anterior view.

Fignres 2A-C. Buchia keyserl ingi (Lahusen, lB88) var. r ' ls ingcn.r is (Sokolov, 1908). The same local i t-v,

etc., as for specimen reproduced in Pl. X, fig. l. GSCNo. 16616.

An interna.l cast with patches of ttre inner shell layer preserved. A half-grown represetttative

of the variant. 2A, LaLeral view of the exterior of lcft valve and that of the underside of the hinge

margin of right valve; 28, Lateral view of the exterior of right vaive and that of the underside of

the beak part and hinge margin of the left valve; 2C, Anterior view of the exterior of bolh valves.

Figures 3d,ts. Peculiar phylloceratid ammonite, genus and species indet. West coast of Vancouver Island.

Southern end of the central body of Grassy lsland. One Tree Formation, 710 to 713 feet above the

base of the section and 204-7 feet above the Jurassic/Cretaceous contact. Upper Berriasian. Beds with

Spit iccras, etc. GSC No. 16617. 3A, Lateral view of the only fragment found; 38, Ventral vtew.

Figures 4A-C. Spiticeras (Spiticeras) cf. scriptus (Strachey, 1865). Same locality, etc., as for thc specimen

shown in Pl. XI, f ig. 2. GSC No. 16618.
4,{. Lateral view; 48, Ventral view; 4C, Dorsal view.

Figure 5. Spiticeras (Spiticeras) cf. ntojsvari Uhlig, 1903. Same locality, ctc., as for the specinten showrt

in fig. 4. 724-725 feet above base of the section and 218-219 feet above the Jurassic/Cretaceous

contact. Upper Berriasian. Beds with Spiticeras, etc. GSC No. 166i9. Lateral view of the fragment

o f  the  l i v ing  chanrber .

Figure 6. Neocotnites s. lato n. sp. indet. Lateral view of the early whorl of the specirncn shown in

Pl. XI, f ig. 68. GSC No. 16612.
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Figures lA-D. Buchia tolmatscftowi (Sokolov, 1908) var. West coast of Vancouver Island' Clark's (One

Tree) Island. North part of western shore beanng due north from the only trees on the island and
some 20-30 feet from the water's edge at high tide. One Tree Formation. Lower Valanginian.
Beds with Toltia (Tollia) paucicostata etc., which correspond to the upper but not the uppermost part

of Buchia tolmatschowi zone on Grassy Island. GSC No. 16620.

Almost complete representative of an extremely sturdy and large variant. Shell layer preserved

over most paxt of boft valves.
1A, Lateral view of the exterior of right valve and that of tho underside of the beak part of

the left valve; 18, Hinge and beak parts of both valves viewed from above; lC, Lateral view of the
exterior of left valve; lD, Anterior view of exterior of both valves.

Figures 2A,8. Tollia (Tollia) paucicostata (Donovan, 1953). Same locality, etc., as for the specimen
shown in figure 1. GSC No. 16621. 2A, Lateral view; 28, Ventral view. .Iuvenile, partly distorted
representatiie of the species. Alternation of dichotomous and trichotomous ribs is characteristic of
this stage of growth it Tollia,

Figures 3A-C. Buchia tolmatsc&owi (Sokolov, 1908) s. lato. Same locality, etc., as for the specimen
shown in fig. 1. GSC No. 76622. Internal cast of a complete left valve with some patches of inner
shell layer preserved on its beak part. A form transitional between that shown in fig. 4 and B. tol'
natschowi 7ar. americana, 3A, Lateral view of the exterior; 38, Anterior view; 3C, Hinge margin
and the beak part viewed from above. The beak actually only slightly overhangs the right valve (as

in f ig. 4B).

Figures 4A-D. Buchia tolmatschowi (Sokolov, 1908) f. typ. Same locality, etc., as for specimen
shown in fig. l. GSC No. 16623.

fnternal cast of a complete and typical representative of the species. 4A, Lateral view of exterior
of left valve; 48, Hinge mirgins and 6eak paits of both valves viewed from above; 4C, Anterior view

of exterior of both valves; 4D, Lateral view of tlre exterior of rigbt valve.

Figures 5A-C. Totlia (Toltia) paucicostata (Donovan, 1953). West coast of Vancouver Island. South-
southwest end of a larger islet situated some 400 yards northeast of the main body of Grassy Island
and about the same diitance northw€st of Clark's (One Tree) Island. One Tree Formation' Lower
Valanginian. Beds with Totlia (Tollia) paucicostata equivalent to the upper but not the uppermost
part of Buchia tolmatsclrcwi zone on Grassy Island. GSC No. 16624.

5A, Lateral view; 58, Cross-section; 5C, Ventral view. Undeformed fragment of an intermediate
whorl showing characteristic ribbing and whorl shape of the species'

Figures 6A-D. Tollia (Tollia) paucicostata (Donovan, 1953). Same locality etc., as for specimen figured
in f ig. 1. GSC No. 16625.

6A, Lateral view; 68, Lateral view of the other side; 6C, Cross-section; 6D, Ventral view. Unde-

formed fragment of an intermediate whorl showing characteristic ribbing and whorl shape of the
species. Almost duplicates the fragment shown in fig. 5.

Figures 7A,8. Tollia (Tollia) paucicostata (Donovan, 1953) var. Same locality, etc.' as for the specirnen
shown in fig. 5. GSC No. 16626.

TA,Lateral view; 78, Ventral view. Fragment of an intermediate whorl of a more slender and
more linely ribbed variant of the species.

Figures 8A,8. Tollia (Toltia?) aft. simplex (Bogoslovsky, 1902). Same locality, etc., as for specimen

shown in fig. 1. GSC No. 16627.

8A, Lateral view; 88, Ventral view of the living chambcr. r\n almost complete but moslly flat-

tened specimen. Note the persistence of dichotomous ribbing habit to the end of the living chamber.

Figure 9. Tollia (Tollia) paucicostata (Donovan, 1953). The same locality, etc., as for specimen repro-

duced in f ig. 1. GSC No. 16628.
Lateral view of the living chamber of an almost complete but flattened representative of the

species. Although most or all of the living chamber is preserved, the sculpture does not become
weakened even at its verv end.
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Figurcs 1A-D. Buchia tolntatsclrori  (Sokolov, 1908) yar. antericana (Sokolov, 1908). Same local i ty,
etc.,  as for specimen reproduced in Pi. XIII ,  f ig. 5. GSC No. 16629.

Internal cast of a typical and complete left valve rvith a patch of shell layer preserved on its
beak part. 1A, I-ateral view of exterior; 18, Anterior view; lC, Hinge margin and beak viewed
from above. ileak actually overhangs right valve as shown in this photo. lD, Posterior view of the
same. Hinge margin is visible (obl ique view) underneath the beak part of the valve.

Figures 2A-C. Craspeditid ammonite, genus and species indet. (Apparently closely allied to "Neocras-
peclitcs" grocnlandicus Donovan, 1953). Same locality, formation, section, bed and age as for speci-
men reproduced in Pl. XIII, fig. 1. GSC No. 16630. 2A, Lateral view;28, View into the aperture;
2C, Ventral view of the oral end (living chambcr) and earliest part of the whorl visible in fig. 28.

Figtrre 3. Tollia (Tollia) paucicostatn (Donovan, 1953). Peskenta Formation, Tollio (Tollia) ntutabilis
zonc. Late Lower Valanginian. 6 miles NE of Paskenta, California, U.S.A., and Vz mile south of
lVi lcox house. CAS loc. 1349. CAS Cat. No. 12373.

Lateral vierv of an cxtremely coarsely and sparsely ribbed form indistinguishable from the
nrore densely ribbed morphological variants of T. (7.) partcicostata (Donovan, 1953) from Vancouver
Is land (see f ig .  8 ) .

Figures 4A,8. Tollia (Tollia) partcicostata (Donovan, 1953). Same locality, etc., as for the specimen
figured in Pl. XIII ,  f ig. 5. GSC No. 1663 1.

41\, L-ateral vierv of the somervhat defolmcd. fragmentary last wholl. Only the oldest fifth
of the whorl visible in the photo is septate. The rest is occupiecl by the living chamber. The orna-
mentation does not weaken at all on the living chambcr. 48, Cross-section of the living chambcr
and the venter of the septate part of the whorl.

Figrrrcs 5A,8. Tollia (Tollia) poucicostata (Donovan, 1953). Same locality, etc., as for specimen figured
in Pl. Xl[ ,  f ig. 1. GSC No. 16632.

5A, I-ateral view of a flattened specinren; 58, Same with part of the outer whorl taken off to
show sculpture of inner rvhorl with ils alternation of bifurcating and trifurcating ribs. A finely and
clensely r ibbed variant transit ional ta T. (7.) nttrt(rhi l is s. lL\to.

Figrrres 6,{,8. Tollio (Tollia) paucicostata (Donovan, 19,53). Same locality, etc., as for specimen figured
in Pl. XIII ,  f ig. 1. GSC No. 16633.

6.4, Lateral view; 68, Lirteral view of the other side. A typical coarsel), and distantly ribbed
represental ive of the species.

Figures 7A,8. Tollia (Tollia) mutabilis (Stanton) var. mutohilis Imlay, 1960. Same locality as for
specinen rcproduced in f ig. 3. CAS Cat. No. 12374.

7A, I-ateral view. Note extremely dense ribbing contrasting sharply with that of typical repre-
scntatives of T. (7.) paucicoslata shown in figures 3. 4, 6;7P�, Cross-section of the same.

Figures 8A-C. Tollia (Tollia) paucicostata (Donovan, 1953) var. Same locality, etc., as for specimen
leproduced in Pl. XIII ,  f ig. 5. GSC No. 16634.

8A, Lateral view; 88, Lateral view of the other side; 8C, Ventral view. As far as the density
and coarseness of ribbing is concerned, this variant is indistinguishable from the specimen from
Tollia (Tollia) mutabilis zone figured in fig. 3. It possibly had just as elliptical and obtuse a cross-
section as the typical representatives of T. (7.) tntttabilis s. lato but is too strongly deformed to be
certain about i t .

Figrrre 9. Tol l ia (Tol l ia) mutabi l is (Stanton, 1895) var. ntutabi l is Irnlay, 1960. Same local i ty as for
specimen reproduced in f igs. 3, 7. CAS Cat. No. 12375.

Laferal view of the penultimate whorl of a fl:rttened, large but otherwise tl,pical representative
of the species. The sculpture almost disappears near the end of the whorl, rvhich is septate to very end.
Fourth auxiliary lobe is concealed by steep unrbilical shoulder.
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Fignres lA-C. Tollia (Tollia) ntutabilis (Stanton, 1895) var. tchantaensis (Andersin, 1938). Holotype.
The same locality, etc., as for specimen figured in Pl. XIV, fig. 3. CAS No, 5943. Photographs of
the plaster cast of the specimen.

1A, Lateral view; 18, Ventral view; lC, Cross-section of the whorl and the venter of its
earlier part.

Figure 2A-D. Tollia (Tollia) mutabilis (Stanton, 1895) s. lato. West coast of Vancouver Island. Southern
end of the southern rocky fringe of Grassy Island. One Tree Formation, 1046-50 feet above the
base of the section and 540-544 feet above tbe Jurassic/Cretaceous contact. Late Lower Valanginian.
Beds with T. (7.) ntutabilrs s. lato, etc. GSC No. 16635.

24, Lateral view, X2; 28, The same Xl; 2C, Cross-section; 2D, Ventral view. The fragment
is somewhat deformed. Note the extremely dense and finc ribbing and the low cross-section of the
whorl diagnostic of the species.

Figures 3A-C. Tollia (Tollia) mutahilis (Stanton, 1895) var. burseri (Anderson, 1938). The same
locality. etc., as for the specirnen figrred in Pl. XIV, fig. 3. CAS No. 12376. 3,{, Lateral view; 3B,
Cross-section of whorl and venter of its earlier part; 3C, Ventral view.

Figtrres 4A-C. Bucltia tolmatrcliox'i (Sokolov, 1908) f. t-vp. Same localitv, etc., as for the ammonite
f igured in f ig. 2. GSC No. 16636.

Internal cast of a typical, almost smooth right valve with some patches of the shell layer. 44,
Lateral vierv of the exterior; 48, Oblique posterior view; 4C, Anterior view.

Figures 5A,8. Tollia (Tollia) mutabilis (Stanton, 1895) var. mutabilis Imlay, 1960. Same locality, etc.,
as for specimen figrrred in Pl. XIV, fig.3. CAS No. 12377. 5A, Lateral view; 58, Cross-section.

Figures 5A-8. Tollin (Tollia) mutabilis (Stanton. l8q5) var. tcltantaensis (Anderson, 1938). Same
locality, etc., as for the specimen shown in fig. 2. GSC No. 16637.

Partly flattened medium-sized specimen with pnrt of living chamber preserved. 6.4, Lateral
view; 68, Cross-section of the whorl and the venter of its earlier part. The but little deformed end of
the living chamber has obtuse venter and subparallel flanks typical of the species.

Figures 7A,8. Buchia tolmatschowi (Sokolov, 1908) var. americana (Sokolov, 1908). Same locality, etc.,
as for the speciment shown in Pl. XIV, fig. 3. CAS No. 12378.

Mostly shell-covered, medium-sized left valve. 7A, Lateral view of exterior; 78, Anterior view.
The shell layer is well preserved over most part of valve. A representative of T. (7.) mtttabilis var.
mutabilis is preserved in the same piece of rock.

Figures 8A-D. Tollia (Tollia) mutabilis (Stanton, 1895) s. lato. The same locality, etc., as for the
specimen shown in fig. 2. GSC No. 16638.

8A, Lateral view; 88, Cross-section; 8C, Lateral vie.v of other side; 8D, Same view as in fig. 8A,
X2. A juvenile specimen. Note the extremely dense and fine ribbing diagnostic of the species.

Figrrre 9. Tollia (Tollia) mutabilis (Stanton, 1895) var. burgeri (Anderson, 1938). Same locality,
etc., as for specimen shown in fig. 2. GSC No. 16639.

Lateral view of a flattened specimen with characteristic ribbing habit.

Fignres 10A-D. Buchia tolmatschowi (Sokolov, 1908) var. antericana (Sokolov, 1908). Same locality,
etc., as for the ammonite shown in fig. 2. GSC No. 16640.

Internal cast of large left valve with considerable patches of the shell layer. This specimen is
transitional to Bucltia pacifica n. sp. in its fairly regular and heavy ribbing.

10A. Lateral view of exterior; 108, Anterior view: l0C, Oblique posterior view; 10D. Hinge
margin and beak viewed obliquely from above. Hinge margin is on left.

Fignres 1lA-C. Buchia toltnotschowi (Sokolov, 1908) var. americana (Sokolov, 1908). Same locality,
etc., as for the ammonite shown in fig. 2. GSC No. 16641.

Well-preserved and complete left valve. The anterior part of the valve completely covered
with the shell layer. The posterior part is an internal cast. This specimen is typical of the late forms
of the variant.

11A, Lateral view of the exterior; 11B, Oblique posterior view; 11C, Anterior view.

Figures l2A,B, Buchia pacifica n. sp. The same locality, etc., as for the specimen figrrred in Pl. XfV,
fig. 3. CAS No. 12379. Well-preserved, shell-covered but incornplete left valve. The badly squashed
right valve is visible beneath the well-pr.eserved left valve. Note the tmncation of both valves towards
tle lower margin in anterior-posterior aspect.

l2A, Lateral view of the exterior. Most of the beak part is broken ofi; 12B, Anterior view of
the same.
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Figures lA,B, Buchia pacifica n. sp. Holotyp€. Bridge River District, 8.C., Tyaughton Lake area. In the
valley of Mud Creek, a northern tributary of Tyaughton Creek; about I/: miles above the mouth
of lVlud Creek, and 200 feet above its right bank. Some 200 yards NE of fos. loc. 249-F. Eldorado
Group ( lower part).  Mid-Valanginian. Colt.  C. E. Cairnes. 1937. GSC No' 16642.

Internal cart of typical left valve with small patches of shell layer preserved near hinge margin
(see fig. 1A). This specimen is also shown on Pl. XXII, fig. 3.

1A. Lateral view of exterior: 18, Anterior view.

Fignres 2A-D. Buchia pacificd n. sp. West co:rst of Vancottver Island. B.C. Southcrn end of the
southern rocky fr inge of Grassy Island. One Tree Formation, 1,103-1.104 fcet above the base of
the section and 597-8 feet above Jurassic/Cretaceous contact. I \{ id-Valanginian. GSC No' 16643.

An internal cast of typical left vahe with considerable patches of shell layer preserved in the

anterior part of the valve. 24, Lateral view of exterior; 28, Anterior view; 2C, Obliqtre posterior
view; 2D, Hinge margin and beak viewed from above.

Figures 3A-C. Buchia pacific,t n. sp. West coast of Vancouver Island. Southern end of the southern
rocky fr inge of Grissy Island (about 40 feet N from the sea). C)ne Tree Formation, 1,112-1.113
feet above the base of the section and 606-7 feet above the Jurassic/Cretaceous contact. Mid-
Valanginian. GSC No. 16644.

Internal cast of medium-sized left  vr lve rvith considerable patches of shel l  layer on the anterior
part. This specimen is much like B. tolnratschotyi var. americ'ana in its outline but differs in its heavy,
iegular r ibbing habit.  This specimen almost dupl icates that f igrrred by Sokolov ( l90Bb, Pl.  I ,  f ig '
l4) from McCarty Creek, California, and wronglv identified as Attcclla ttncitrtidc.s Pavlo'tr'. 3,4'
Lateral view of exterior; 38. Anterior view; 3C. Hinge margin and beak viewed from above. Hinge
margin is on the left .

Figures 4A-C. Buchia pacifica n. sp. var. The same locality, etc., as for the specimen shown in fig. 2.
GSC No. 16645. Internal cast of an almost complete. medium-sized left  valve. This exircme mor-
phological variant resembles strongly Buchiu ket'scrlitrqi f . Iyp.', it cliiTers from it, however. in the
angular shape and very coarse and widely spaced r i t  bing. 4l\ .  l -ateral view of exterior; 48, Anterior
view; 4C, Hinge margin and beak viewed from above.

Figures 5A,8. Neocomites (Parandiceras) cf. rota (Spath, 192-5). West coast of Vancouver Island, B.C.
Southern end of the sonthern rocky fr inge of Grassl '  Island. One Tree Forrnation, 1,057--59 fcet
above the base of the section and 551-5-53 feet above the Jurassic/Cretirceotrs conlact. Mid-
Valanginian. About 7 to 9 feet above base of Brrchiu pacifica zone. CSC No. 16646. 54' I-ateral
view: 58. Ventral view.

Figures 6A-C. Btrchia sublaeyis (Keys:erl ing. 1846) vrr.  ntujusorlo (Lahusen, 1888). Cenadian Arct ic
Archipelago, Distr ict of Frankl in, N.W.T., El lef Ringnes Island. Delta River, local i ty FH-101' Coll
H. Heywood, 1953. Mid-Valanginian? GSC No. 16647. Internal cast of a complete specimen
with considerable patches of shell layer.

6A, Lateral view of exterior of left valve; 68, I-ateral view of exterior of right valve and that of
underside of beak part of left  valve; 6C. Anterior vicrv of exterior of bolh valves.

Figures 7A,8. Buchia pacifica n. sp. The same locatity, etc., as for the specimen shown in fig. 3. GSC
No. 16648. N{edium-i ized r ight valve. This specimen belongs to the samc extremc varianl of the
-.pecies as that shown in fig. 4. The specinren is; completely covered by the inner shell layer'

7A. Lateral view of eiterior; 78. Anterior view. Bl,ssal notch is at extreme right of photo.

Figures 8A-C. Bttchia pacif iul  n. sp. f .  typ. West coest of Vancottver Island. The sott lhernrnost end of

the southern rocky fr inge of Grassy Island. Onc Trce Formation. Top bed of the section over-

looking the sea. 1.146 to I ,148 feet above the base of the section and 640 to 642 feet above the

Iurassic/Cretaceous contact. NIid-Valanginian. GSC No. 16649.
Internal cast of an almost complete left  valve with rernnants of the inner shel l  layer. A half

grown, typical specimen corresponding to the top ptrt  of the holot l 'pe only (. ice f ig. 18).
8A. Lateraf vierv of exterior; 88, Anterior view; BC. Hinge margin and beak part viewed from

above.

Fignres 9A-D. Bt.tchia pacificc n. sp. var. The sirme locality, etc.. as ft>r the specimen shown in fig. 2.

GSC No. 16650. An internal cast with considerable patches of the shell layer on the left side (scc

figs. 9A,B). Almost complete left valve of ertrem'ely short, wiclely. and coarsely ribbed variant of

the species superficially resembling B. okensis s. lato.
iA, tat"ial view of exterior; 98, Anterior view; 9C, Oblique posterior view; 9D, Hinge margin

and beak part viewed from above.

Figures 1QA-C. Brrchia pacif ica n. sp. var. The same local i ly, etc..  as for the specimen shown in f ig.2.
GSC No. 16651. Intlrnal cast of a fragmentary but large left valve. This morphological variant of
B. pacifica n. sp. was commonly confused with B. crassicctlli.s s. str. by North American workers.-10A, 

Lateral view of exterior; 108, Oblique posterior view; 10C, Hinge margin and fragrnentary
beak oart viewed from above.
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Figures 1A-D. Buclia st/llacyis (Keyserling, 1846) vat. maiuscula (Lahusen, 1888)' Bridge River

District, B.C., Tyaughton Lake area. Along the N. bank of Tyaughton Creek a few yards east of

GSC loc. No. 9447 (Field No. M-69-F) and apparently lower stratigraphically. Eldorado Group

(lower part). Mid-Valanginian. Collection by C. E. Cairnes, 1937. GSC No. 17330.

An internal cast of a complete, large specimen. 1.A, Lateral view of exterior of left valve;

lB, Lateral view of exterior of right valve and protruding beak of left valve; lC, Anterior view of

both valves; 1D, Hinge margins and beaks of both valves viewed from above.

Figures 2A-D. Buchia inflata (Toula, lS74) val. crossa (Pavlow, 1907)' Bridge River District, B'C''

Tyaughton Lake area. Along N. bank of Tyaughton Creek, a few hundred feet west of the mouth

of Camp Creek. Eldorado Group (lower part). Mid-Valanginian. Collected by C. E. Cairnes.

1937.  GSC No.  17331.
Internal cast of a complete, large specimen typical of the species and variant. Associated with

the predominant Buchia pacifica n. sp. 2A, Lateral view of exterior of left valve; 28, Lateral view

of exterior of right valve and projecting beak of the left valve; 2C, Anterior view of both valves;

2D, Hinge margins and beaks of both valves seen from above'

Figures 3A-E'. Bnchia aff. inflata (Toula, 1874) s. lato. Same locality, etc., as for specimen shown in

fig. l. GSC No. 17332. A complete, large specimen apparently transitional? between B. inflata s.

lato and B. pacifica n. sp. An internal cast with considerable patches of the shell layer on its lower

part (f ig. 3D).
34, Lateral view of exterior of left valve; 38, Lateral view of exterior of right valve; 3C,

Anterior view of both valves; 3D, Oblique view of hinge and posterior margins of both valves;

3E, Hinge margins and beaks of both valves seen from above'

Figures 4A-D. Buchia inflata (Toula, 1874) var. crassa (Pavlow, 1907). Same locality, etc', as for

specimen shown in fig. l. GSC No. 17333. Medium-sized, complete specimen typical of the species

and the variant. An internal cast.
44, Lateral view of exterior of left valve; 48, Lateral view of exterior of right valve and pro-

truding beak of left valve; 4C, Anterior view of both valves; 4D, Hinge margins and beaks of both

valves viewed from above.

Figures 5A-D. Buchia cf. sublaevis (Keyserling, 1846) s. lato. Bridge River District. Tyaughton Lake

area. Just north of Tyaughton Creek (1,000 feet plus), l7,4OO feet towards 280'from junction of

Tyaughton Creek and Spruce Lake. Eldorado Group (lower part). Mid-Valanginian. Collected

by V. Dolmap, 1928. GSC No. 17334. A complete specimen, apparently transitional between B.

keyserlingi f. typ. and B. sublaevis f. typ. but closer to the latter in its shape. An internal cast.

Associated with fairly numerous B, pocifica n. sp., B. loltnatschowi s. lato and Dichotomites cf.

giganteus (ImlaY, 1960).

5A. Lateral view of exterior of left valve; 58, Lateral view of exterior of right valve; 5C,

Anterior view of both valves; 5D, Hinge margins and beaks of both valves seen from above.

Figures 64-8. Buchia inflata (Toula, 1874) t. typ. Bridge River District. Tyaughton Lake area, 300

yards NW of the north end of Spruce Lake. Eldorado Group (lower part). Mid-Valanginian. Col-

lected by C. H. Crickmay, 1939. GSC No. 17335.

Internal cast of a cornplet'e but somewhat deformed (compressed laterally), medium-sized

specimen typical of the species. Associated with rare B. pacifica n' sp'

64, Lateral view of exterior of left valve; 68, Lateral view of exterior of right valve; 6C'

Oblique view of hinge and posterior margins of both valves; 6D, Anterior view of both valves. Right

valve is squeezed into interior of left valve tlus reducing considerably the thickness of the specimen

and making it similar to B. keyserlin7i t. W.; 6E, Hinge margins and beaks of both valves seen

from above.
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Figure 1. Dichotomites cf, giganteus (Imlay, 1960). Bridge River District,8.C., Tyaughton Lake area.
Along N. bank of Tyaughton Creek, a few hundred feet west of the mouth of Camp Creek. A few
yards east of GSC loc. No. 9447 (Field No. M-69-F) and apparently lower stratigraphically.
Eldorado Group (lower part). . Mid-Valanginian., Collected by C. E. Cairnes, 1937. GSC No. 17323.

Medium-sized, partly flattened specimen septate to tle end. Lateral view. Associated with B.
pacifica n. sp.

Figures 2A-D. Buchia pacifica n. sp. var. Bridge River District, B.C., Tyaughton map atea, /+ mile
west of Spruce Lake. Eldorado Group (lower part). Mid-Valanginian. Collected by H. Frebold,
1958. GSC No. 17324.

Internal cast of left valve of a large, B. crassicollislike variant of the species. The concentric
ribbing is subdued over most part of the valve but the pronounced leffhanded curvature of the
beak, large size and the posteriorly oblique shape of the valve distinguish it from B. crassicollis s.
str, 2A, Lateral view of exterior; 28, Anterior view; 2C, Hinge margin and beak viewed obliquely
from above. Beak is raised in order to show the ligamental plate preserved as an internal cast; 2D,
Same view as last but viewed directly from above to show the overhang of left beak over right valve.

Figures 3A-D. Buchia pacifica n. sp. var. Same locality, age, etc., as for specimen shown in fig. 2. GSC
No. 17325.

Internal cast of a large right vaive possibly belonging to the same individual as the left valve
shown in fig. 2.

3,4., Lateral view of exterior; 38, Anterior view; 3C, Oblique view of the hinge and posterior
margins of the same; 3D, View of the hinge margin, beak, and byssus ear from above.

Figures 4A-C. Acroteuthis n. sp. A. Bridge River District, B.C. Same locality, age, etc., as for speci-
men of Dichotontites cf. giganteus (Imlay, 1960) shown in fig. 1. GSC No. 17326.

A fragmentary grown-up guard of an unusually slender, Cylirtdrotcuthis-like Acroteutftis form,
which is common rn Buchia pacifica zone of the Canadian western Cordillera. It differs from true
Upper Jurassic representatives of Cylindroteuthis (see Pl. II, fig. 8) in its marked dorso-ventral flat-
tening and compression (see figs. 4C, 5C). All true Cylindroteuthis forms show, on the contrary,
a more or less marked lateral flattening and compression.

4A, Ventral view. Apical (lower) end of fragmentary guard shows a pronounced median furrow.
which disappears on stem part of guard; 48, Latcral view. Ventral side of guard is on left side of
photograph. Although most of apical part of guard is broken off, displacement of apical region
towards dorsal side is apparent; 4C, Cross-section of upper part of stem region (just below the apex of
the alveolus) at level of middle of three cracks visible in figs. 4A,B.

Figures 5A-C. Acroteuthis n. sp. A. Same locality, age, etc., as for specimen of Dichototnites cf.
giganteus (Imlay, 1960) shown in f ig. 1. GSC No. 17327.

A fragmentary guard of a half-grown representative of the Acroteutltis form shown in fig. 4.
This guard shows the same generically diagnostic dorso-ventral flattening and compression as the
grown-up guard.

5,A., Ventral view. Preserved upper part of apical region of the guard is broadly and shallowly
depressed rather than clearly furrowed. This feature seems to be diagnostic of the early growth-
stages of the species; 58, Lateral view. Ventt'al side of the guard is on left side of photograph.
Guard shows same displacement of apical region towards its dolsal side as its grown-up representa-
tive (see fig.4B);5C, Cross-section of the middle part of the stem region at the level of lower (of
two) crack visible in figs. 5A,B.

Figures 6A-D. Diclntomitcs cf. giganteus (Imlay, 1960). Sanre locality, age, etc., as for specimen
shown in f ig. 1. GSC No. 1?328.

An undistorted but fragmentary early whorl showing the suture line and the characteristically
flexed and polyptychoidally bundled ribbing habit. The latter lacks the bidichotomous branching
of primaries diagnostic of the corresponding growth-stages of D. qtntsinoensis. Note that the
suture line is much simpler than that of D. quatsinoensis.

6,4., Left lateral view; 68, Cross-section of end of whorl and venter of its earliest visible part;
6C, Two cross-sections of the fragmentary early part of whorl (see left side of fig.6.4.);6D, Ventral
view of the end part of whorl (see upper right side of fig. 6,4').

Figures 7A-C. Dichotornites cf. giganteus (Imlay, 1960). Same locality, age, etc., as for specirnen shown
in fig. 1. GSC No. 17329. Fragment of an older whorl septate to the end but showing a definite
weakening of the ornament in the middle of the flanks. Markedly swollen lower parts of primaries
are visible in fig. 7A.

7A, Lateral view of the mostly shell-coveled side; 78, Lateral view of other side mostly
preserved as an internal cast. The imperfectly preserved suture line is visible. Even at this latcr
growth-stage it is much simpler than that of D. quatsinoensis;7C, Cross-section (somewhatdeformed
lateraily ) .





Pl,rrr XIX

Figures lA-C. Buchia keyserlingi (Lahusen, 1888) var. gigas (Cricknray, 1930). East Greenland, Wol-
laston foreland. Mount Niesen section, No. 12. Coliected al 443-foot level. Mid-Valanginian. Ilrlin.
og. Gec.t l .  Mzs. No. 9001.

Internal cast of an incomplete left valve. 1A, Lateral view of the exterior; 18, Oblique posterior
view; 1C, Hinge margin and fragmentary beak part viewed from above. Most of the beak part is
broken off.

Figures 2A-C. Buchia kcyserlingi (Lahusen, 1888) f. typ. E,ast Greenland, Trail Island. Locality 92 of
Donovan (1953, pp. 5l-52). Middle or (?) late Lower Valanginian. Mitt .  og. Geol. Mls. No.
9002.

Complete and large left valve with perfectly preserved shell layer. 2A, Lzteral view of the
exterior; 28, Anterior vlew; 2C, Hinge margin and beak part viewed from above.

Figures 3A-C. Buclia pacificc n. sp. var. Same locality, etc., as for specimen figured in Pl. XVI, fig. 2.
GSC No. 16652.

Medium-sized left valve partly covered by remnants of the inner shell layer. This extreme
morphological variant strongly resembles B. kcyserlingi f. typ. et var. (scc figs. 1-2, 5, 7); it differs
fron-r it, however, in the angulal shape as well as in generally coarser and more widely spaced ribs.

34, Lateral view of exterior; 3B, Anterior view; 3C, Hinge margin and beak viewed from above.

Figures 4A-C. Buchia pacifica n. sp. f. typ. San-re locality, etc., as for specimen figured in Pl. XVI,
f ig .2 .  GSC No.  16653.

Internal cast of a medium-sized right valve. This right valve is typical of the species. Note
its swollen appearance and abrupt truncation of the lower part.

44, Lateral view of the exterior; 48, Hinge margin and the beak viewed from above; 4C,
Anterior view of the exterior. Byssal notch is on the cxtrenre right of the photo (painted white).

Figures 5A-C. Buchia keyserlingi (Lahusen, 18BS) var. East Greenland, Wollaston foleland. I\{ount
Niesen section, No. 20. Collected at 520-530-foot levc'I. Upper Valanginian (equivalent of Buchia
crassicollis s. str. zone?)? Min. og Geol. Mus. No. 9003.

Internal cast of large and almost complete left valve. This morphological variant (or evolu-
tionary stage?) of the species is similar to B. pacific'a n. sp. in its coarse and distant ribbing. It
differs from it, however, in its low and broad shape and the gradually tapering lower part of the
valve.

5A, Lateral view of exterior; 58, Anterior view; 5C, Hinge n-rargin and beak part viewed from
above.

Figures 6A-C. Buchia pacifica n. sp. var. West coast of Vancouver Island. Southernmost end of the
southern rocky fringe of Grassy Island. One 

'Iree Formation. Top part of a hogsback overlooking
the se4 1,129-1,133 feet above the base of the section and 623-27 feet above the Jurassic/Cretaceous
contact. Mid-Valanginian. GSC No. 16654.

Internal cast of almost complete, medium-sized left valve with considerable patches of well-
preserved shell layer. Same morphological variant of the species as that shown in Pl. XVI, fig. 9.

6,{, Lateral view of the exterior; 68, Anterior view; 6C, Hinge margin and beak part viewed
from above.

Figures 7A,B. Buchia keyserlingi (Lahusen, 1888) f. typ. Same locality, etc., as for the specimen shown
in fig. 2. Min. og Geol. Mus. No, 9004.

Almost complete left valve of a juvenile representative with the shell layer perfectly preserved
throughout.

7A, Lateral view of the exterior; 78, Anterior view.

Figures 8A,8. Buchia pacifica n. sp. var. Same locality, etc., as for the specimen figured in Pl. XVI,
f ig .2 .  GSC No.  16655.

Internal cast of a large and complete left valve with patches of well-preserved shell layer in its
middle part. Like the left valves shown in Pl. XVI, fig. 9 and Pl. XIX, fig. 6, this valve is B.
okensis-like in the coarseness and spacing of its concentric ornament; its beak has, however, pro-
nounced left-handed incurvature and the flanks slope steeply.

8A, Lateral view of the exterior; 88, Oblique posterior view.
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PI-rr,re XX

Figures lA-B. Buchia crassicol/ls (Kcyserling, 18,{6) s. str. Vancouver Island, B.C. Qultsino Sound, Fonvard Inlet.

No r t heas te rnsho reo f  W in te rHa rbou r .  l , 550ya rdsN .o f  t hcmou tho f  anan t c l essc r cek tha t f a l l s i n t o thc i n l c t op -
positc ths viltage of Winter Harbour. Somc l5-20 fcct abovc the base of the Crctaccotls section (an unconlornrity;

see fig. 4). Uppcr Valanginian. GSC No. 16656.
I-ntcinal'cast of a tlpical left valve of thc specics (a small patch of shell laycr is preset'ved in the beak part of

thc valve;  see f ig.  lB) .  lA,  Lateral  v icw of  the oxtcr ior ;  18,  Anter ior  v icw'
Figures 2A-C. Diciotonlites quatsiiloensis (Whitcavos, l8B2). San Juen Islands, Washington, U.S'A.' north shorc of

Spieden Island. Sandstone and shale member near thc base of Spiedcn Island Forntation. At the foot of Spieden Bluff.

Upper Valanginian.  U.  of  Wash.,  Pal .  Col l .  No'  6959.'  '2A,  
Latc ia l  v iew; 28,  Cross-sect ion showing globose inner whor l ;2C, Vcntra l  v icw of  younger part  of  thc shcl l .

Note the change from Toltia-lil<c to bidichotonrous ribbing habit near the end of u'horl.

Figures 3A-8. Diiho:omites quatsinoensis (Whitcavcs, 1832). Vancor-rver Island, B'C. Quatsino Sound, Forward Inlet.

SotLthcast end of a small rvoodecl islet insidc ol Wintcr Fiarbour and about 2,200 yards N. of Grccnrvood Point. Sornc

40-50 fect  above the v is ib lc base of  Cretaccous sect ion.  Uppcr Valanginian.  CSC No. 16657,
3A, Lateral view; 38, Vcntral view. Juvenile specimcn charactcrized lty lbe 

'1'ollia-like dichotonlo us to trichotomo'-rs

ribbing habit.
Fignres 4A--B. Dichotomites aff. quatsinoensis (Whitcavcs, 1882). Unfigurcd topotypc of Whitcavcs (1882). Vancouvcr

Is land,  B.C. Quats ino Sognd, Forrvard Ip lct .  East  s ide of  Winter  Harbour.  Col l .  by G. I l ' I '  Darvson, 18E5. {Jpper

Valanginian. CSC No. 4799a.
4X, Lateral vierv; 48, Cross-scction and ventral vie rv of carly part of whorl, This spccimcn dillcrs fl'om thc typical

representatives of the species in retaining tltc Tollkrllkc ribbing habit to a later growth stage and in beir.rg nrore

heivily ribbed; it rescmbles D. cf. giganteus in rnarkcd flexuosity of ribs'
Figures 5A-C, Diihotomites quatsinoeniii (Whiteaves, 1882). Samc locality, etc., as for tlie spccimcn shown in fig. 2.

U. of Wash., Pal. Coll. No. 6960.
5A. Laieral vierv; 58, Veltral vicw; 5C, Cross-scction. A juvcnile spccimcn characterizcd by the 7ol1la-like

ribbing habit throughout.
Figures 6A-C. Dichotoinites quatsinoensis (Whiteavcs, 1882), Sante locality, ctc., as for specimen showu in fig' 2. U. of

Wash.,  Pal .  Col l .  No.  6961.
6A, Latcral  v icw;68,  Vcntra l  v iew of  cnd part  of  whor l ;6C, Vcntra l  v iew of  car ly p:r r t  of  whcr l .  Intcrn. ]ediate

grorvth stage of the spccies sholving trarrsition from lol/ia-likc to bidichotomous libbing habit. This spccimcn relaitrs

Tollia-like iibbing habit to a latcr stagc thall most othcr reprcscntaiivcs of the spccics.
Figures 7A-C. Dicholontires qualsinoensi;(Whitcaves, 1882). Samc locality, ctc., as for spccimcn shown in fig. 2. U. of

Wash., Pal. Coll. No. 6962.
7A, Latcral view; 7B, Cross-section and ventral view of earlicr parts of thc whorl; 7C, Cross-scction of end ol

whorl, and the vcntral view of thc n.ridtllc part of whorl.
Figures SA-C. Buchia crassicol/ls (Keyserling, i846) var. sol'/n (Lal.ruscn, 1888). Same locality, etc', as for amnronile

specimcn shown in fig. 2. lJ. of Wash., Pal. Coll. No. 6963'
Wcll-preserve<l and complete rcprescntative of the variant covercd with thc perfcctly prcservcd shell layer

throughout. Only very fine antl closcly spaccd ribs or striac cover thc surfaqc oflhc shcll layer. Spccimen is believcd

to be only homoeomorphically similar to Buchia paci/ica n. sp. ligured in Pl. XXI, Iig. 3.

8A, iatcral view of extcrior of left valvc; 88, Same v.icw of right valve and tl.rat of undersidc of beak part of lcft

valve; 8C, Obliquc posterior view of extcrior of both valvos.
Figurcs 9A-B.' Buclt'ia crossicollls (Keyscrling, 1846) var..solL/c (Lahusen, 1888). Vancouvcr Island, B.C', Quatsino Sound'

Forward Inlct. West en<i of a'small *oocl",l islet inside of Vvinter Harbour and about 2,2C0 yards N. of Greenwood
point .  Col lected some 300 feet  h igher in the succession than thc specimcn shown in f ig l .  GSC No. 16658'

A complete, partly shell-coveied left valve. 9A, Latcral view of the extcrior;98, ObLique postcrior view-

Figurcs lOA-D.' Buitia ciassicollis (Kcyserling, i8.16) f. typ. Harrison I,akc, B.C- Lonetree Island, off the south tip

of  peninsula.  Cr ickmay's (1930a, p.4 l )  fo is.  loc.  No.40.  Cot lected by J.  A.  I {oddick,  1954. Uppcr Valanginian.

GSC No. 16659.
Smooth internal cast of a typical and complote left valve of thc specics'
l0A. Lateral  v iew of  "* t . t io . ;  10B, Anter ior  v icw; 10C, Obl iquc poster ior  v iew; l0D, Hingc margin and beak

viewed from abovc.
Figures llA-B. Buchia uassicol/rs (Keyscrling, 1846) f. typ. Samc locality, ctc., as for the specimen shown in 1ig. 1.

GSC No. 16660.
Internal cast of a typical r-ight valve with considcrable patches of wcll-preserved shell laycr. The cast's surface

is smooth while that of the shcll layer is densely and finely ribbed'
l lA.Latcral  v iew of  thc exter ior ;  l lB,  Obl ique postcr ior  v iew. Hingc margin (obl ique v iew) is  on lef t  s ide of

photo.
Figuies l2A-B. Buchia crassicollls (Keyscrling, 1846) var. sollrln (Lal.ruscn, 1888). Sarnc locality as for amnlonite shown

in fig. 3. Collcctcd some 150 feet above the visible base of the section. Upper Valanginian. GSC No. 16661.

lnternal cast ofan unusually wide left valve with sonc well-prcservcd shell laycr around thc bcak. The beak has

marked left-handed incurvature.
l24, Lateral vicw of extcrior; l28, Anterior view.

Figure 13. Dichotonites quatsinoensis ('V,lhiieaves, 1882). Harrison Lake, B.C.Eitst shorc of thcpcninsula,200yardsN.of

Lonetree Island. Upper Valanginian. This is a reproduction of onc of Crickmay's (1930a, Pl' XXI, fig. 4) paratypes

of Honolsomites poicilockttotturs introcluced for the pr-rrpose of conparison with the typcs of Olcostephanus quat-

s inoensis Whiteaves,  1882'  Lateral  v iew, X2.  GSC No.9696.
Juvenile specimcn. Notc change frorn Tollia-ltke to bidichotomous ribbing habit ncar end of whorl.

Figures l4A-C. Dichotomites quatsittoinsis (Whitcaves, 1882). Holotype. Thc same locality, etc., as for the unfigured

topotype of the spccies shown in fig. 4. Uppcr Valanginian' GSC No' 4799' -^ 
l'4i, Lateral'view. The parallef flanks and rclativcly widc umbilicr"rs of this spccimcn arc due to its strong dis-

tottion and purtial flattening. laB, Sam" as 14A, X2 to show tilc detail of charactcristic bidichoton.rous ribbing of the

spccies; l4C, Cross-scctlon.
Fieures l5A-B. Dichotomites quetsinoensis (Whiteaves, 1882). Sarne locality, etc., as for Brcftla spccimen shown in fig.

12.  GSC No. 16662.
15A, Lateral view; l58, Vcntral vicw. A juvenile specimen distorted and flattcned in exactly the same fashion

as the holotype of thc species (see fig. l4),
pig"ics iO^q.-S. 

'iluchia 
keyierlirgi'(Lahuscn, 1888) var. gigas (Crickmay, 1930). Samc localitv, etc., as for thc spccimen

shown in f ig.  10.  GSC No. 16663.
plasteicast of a rock mould (internal cast) of a fragmentary but undistortcd left valve of tlie variant. Compare

with the East Greenland rcpresentative of the variant, figured in I'1. XIX, fig. l.

i6A, Lateral view of the exterior; 168, Oblique posterior view'
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Pr-.rrr XXI

Figures lA-C. Buchia keyserl ingi (Lahusen, 1S38) var. gig'c,r (Crickrr-ray. 1930). Holotype of the
variant. Harriscrn Lake, B.C. The same locality, etc., as fol spccimcn of D. quatsittoertst.t shown
in Pl. XX, f ig. 13. GSC No. 9664.

Left valve is an internal cast while right valve is mostly covered with the shell layer. Specimen is
rlistorted and flattene<l in such a fashion as 1o simulate a large Buclia volgutsis (Lahusen, 1888);
its comparison with better-preserved topotypes (e.g. Pl. XX, fig. 16) reveals, however, its tn.re affinities.

14, Lateral view of exterior of left valve; 18, Same view of right valve and view of underside
of protruding beak part of left valve; lC, Anterior view of exterior of both valves.

Figrrres 2A-C. Buchiu cra.ssicol/ l ,s (Keyserl ing, 1846) var. graci l is (Lahusen, 1888). Nooksack area.
Washington, U.S.A. North shore of the North Fork of Nooksack River, 19l+ miles WSW of the top
of Church Mountain. Nooksack Group. Fossi l  loc. 8.11.55.1. Upper Valanginian. U. of Wash', Pal.
Coll .  No. 6964.

Internal cast of small but complete left valve with considerable patches of poorly preserved shell
layer. 27\. Lateral view of exterior; 28, Anterior view; 2C. Hinge margin and beak viewed fron-t
above.

Figures 3A-D. Iluchia pat'ificd n. sp. var. Same locality, etc., as for specinren shown in fig. 2. U. of
Wash., Pal. Coll. No. 6965.

An internal cast of a large and complete left valve. This peculiar fornt is only tentatively
assigned to lluchis pacifica n. sp.; it could also be an extreme form of Il. crassicolli's Keys, var. so/idc
and a homoeornorph of B. pacifica n. sp.

3A. Lateral view of the exterior; 38, Anterior view; 3C, ObliqLre posterior view; 3D, Hinge
margin and beak viewed from above.

Figures 4A,B. Diclrctomiter' quatsinoensis (Whiteaves, 1882). Same locality, etc., as for specimen shown
in Pl. XX, f ig.2, U. of Wash., Pal. Col l .  No. 6966.

4A, Lateral view; 48, Cross-section. Fragrnent of the living chamber with characteristic sculpture'
Compare with the specimen shown in fig. 11.

Figures 5A-C. Buchiq crassicol/ is (Keyserl ing. 1{J46) var. Same local i ty. etc..  as for specimen f igured
in f ig. 2. U. of Wash., Pal. Col l .  No. 6967.

A complete left  valve of a broad I).  ! ;cysarl ir tgi- l ike variant. About one half of the valve is an
internal cast. Another half is covered with well-preserved shell layer. Note the conlrast between the
smooth surface of the internal cast and the finely and closely ribbed sr"rrface of shell layer'

5A. Lateral view of the exterior; 58, Anterior view; 5C, Hinge margin and beak viewed from
above.

Figures 64.8. Buchio crus.;ic,o/ft^r (Keyserling, 1846) s. str. Same locality, etc., as for specimen shown
in f ig. 2, U. of Wash., Pai. Col l .  No. 6968.

A large and almost complete. typical right valve. Most of the valve is covettd by well-preserved,
thinly an<l densely ribbed shell layer. Note same conlrast between the surface of shell layer and that
of the internal cast as for specimen shown in fig. 5.

64, Lateral view of the exterior; 68, Anterior view. Byssal notch and byssus ear are in the
extreme right of the photo.

Figures |A-C. Buchia crassicollis (Keyserling, 1846) var. Same locality, etc., as for specimen shown in
fig. 2. U. of Wash., Pal. Coll. No. 6969.

Medium-sized and complete left valve, rvhich is almost completely covered by shell layer. An
extremely low and broad variant of the species r.esembling Buchia keyserlingi (Lahusen) in its
proportions and thickness; the lower part of the shell is. however, truncated as that of B. pacifica
n. sp. and B. aft, pacificd n. sp. from north-eastern British Columbia.

7A, Lateral view of the eiterior; 78, Anterior view; 7C, Hinge margin and the beak vicwed
flom above.

Figures 8A-D. Polyptychites s. lato sp. indet. juven. The same locality, etc., as for t};le Bucltia specimen
shown in fig. 2. U. of Wash., Pal. Coll. No. 6970.

8A-B. Two lateral views: 8C, Cross-section and the ventral view of the earlier part of the whorll
8D, Ventral view of the later part of the whorl.

Figure 9. Dicluttornites quatsinoensis (Whiteaves, 1892 ). Same locality. etc.. as fot Iluchia specimen
shown in f ig. 2. U. of Wash., Pal. Col l .  No.6971.

Lateral view of a fragmentary juvenile specimen showing transition from the Tollio-like to
bidichotomous r ibbing habit.

Figures 1OA-C. Diclrctomitcs quatsinoensis (Whiteaves, 1892). Same locality. etc., as for the Bttclia
specimen shown in fig.2. U. of Wash., Pal. Coll. No. 7011.

I0A, Lateral view; 10B, Ventral view; 10C, Cross-section. A somewhat fragmentary juveni le

spccimen that exhibits the Tollia-like sculpture to the very end.

Figure 11. Dichotomites quat.sinoensrs (Whiteaves, 1892). The same locality, etc., as for specimen shown
in Pl. XX, fig. 13. GSC No. 9697. This is the reproduction of the holotype ol Hontolsontitcs poecilo'
chotorntts Crickmay 1930a (PI. XXI. fig. 2). I-ateral view of the flattened and fragmentary living
chamber. Note the f:eebly developcd but broad and distinctly swollen basal parts of two prirnaries
at the umbil ical marsin.
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Figures 1A-8. Buchia aft. crassicollis (Keyselling, 1846) var. solida (Lahusen, 1888). Bridge River
District, B.C., Tyaughton Lake area, south side of the ridge between Gun and Leckie Creeks,
6,300 fcet elevation. Eldorado Group (lower part). Upper Valanginian. Associated with B. cra,s.si
collis f. typ. and advanced forms of B. keyserlingi. Collected by C. H. Crickmay, 1939. GSC No.
17336.

An internal cast of a complete specimen morphologically transitional between B. sublaevis var.
nrajusaila (Lahusen, 1888) (see Pl. XVI, fig. 6 and Pl. XVII, fig. 1) and B. cras.sicollis var. solida
(Lahusen,  1888)  (P l .  XX,  f igs .  8 ,9 ,  12) .

1A, Lateral view of the exterior of the left valve; 18, Anterior view of the exterior of both valves;
lC, Oblique posterior view of the same; lD, Lateral view of lhe exterior of the right valve and the
projecting part of the beak of the left valve; lE, Hinge margins and the beak parts of both valves
viewed from above. The beak of the left valve has only a feeble left-handed curyatur€ similar to
that of B. crassicollis var. solida or B. sublaeyi.r's. lato.

Figures 2A-E. Buchia cf. blanfordiana (Stoliczka, 1866). West coast of Vancouver Island, B.C., west
side (tidal shelf) of the main body of Grassy Island. Upper shale member of Division B, 501-503
feet above the base of the section and 3 to 5 feet below the Jurassic-Cretaceous boundary. Upper-
most Pofi landian s. str.? GSC No. 17517.

Well-preserved but incomplete internal cast of a large right valve with an excellently preserved
and complete byssus ear. 2A, Lateral view of the exterior; 28, Lateral view of the interior. The inner
surface of the byssus ear is only shallowly excavated, clearly grooved and contracted at its posterior
end; it is furthermore, distinctly 'spoonJike' (i.e. partly anteriorly closed by the ridge-like anterior
surface of the obliquely directed byssus eaq compare Pl. I, figs. 3--5). The overall evolutionary grade
of the inner surface of byssus ear is comparable to that of the late B. mosquensis s. lato-B. piochii s.
lato species grolrp (Pl. I, fig. 5) rather than to that of B. concentrica-early B. mosquensis s. lato
species group (Pl. I, fig. l). 2C, Lateral view of interior of beak part, X3. Oriented exaclly as in fig.
281' 2D, Anterior view of exterior. Anterior surface of the byssus ear is only moderately high in
this aspect and its lower margin is niarkedly concave, as the anterior end of the groove occurring on
the inner side of the ear (sce figs. 2B,C) is only prrtly blocked; 28, Oblique posterior view of the
exterior. The flat-topped nature of the valve is clearly visible.

Figrrres 3A-C. Buchia pacifica n. sp. Holotype. Bridgre River District, B.C., Tyaughton Lake arca, in
the valley of l\{ud Creek. a northern tributary of Tyaughton Creek, about 1/z miles above the mouth
of Mud Creek and 200 feet above its right bank, some 200 yards northeast of the fossil loc. 249-F
Eldorado Group ( lower part).  IUid-Valanginian. Collected by C. E. Cairnes, 1937. GSC No. 16642.

An internal cast of the left valve with small patches of the shell layer preserved near the hinge
margin. 3,A., Posterior view of the exterior; 38, Oblique latcral view of the exterior. The valve is
tiited so as to bring the earlier growth-stages and the beak into the foreground. The other lateral
vierv of the same valve (sec Pl. XVI, fig. 1A) is tilted so as to bring the later growth-stages in the
foreground; 3C, Hinge margin and the beak vicwed from above. For the anterior view of the
exterior see Pl. XVI, fig. 1B.

Fignres 4A-D. Buchia okensis (Pavlow, 1907) s. lato var. West coast of Vancouver Island, B.C., west
sicle of the rnain bocly of Grassy Island. One Tree Formalion, 607 to 607rA feet above the base
of the section and 101 to 101/z feet above the Jurassic-Cretaceous contact. Lower Berriasian. GSC
N o .  1 7 5 1 9 .

Internal cast of an almost complete. fairly large right valve with considerable patch of poorly
preserved shell layer around the beak. This specimen matches closely that shown in Pl. VII, fig. 4,
except that it has an exceptionally large and angular posterior ear and is more broadly rounded in
outl ine.

4,A. Lateral view of exterior; 48, Anterior view; 4C, Oblique posterior view; 4D, Hinge margin
and the beak viewed from above. Byssus ear is completely broken off.

Figures,5A-D. Buchio okensrs (Pavlow, 1907) var. cunodiana (Crickmay. 1930). West coast of
Vancouver Island, 8.C., west side of the main body of Grassy Island, 533 feet above the base of
the section and 47 feet above the Jurassic-Cretaceous contact. Lower (but not the basal) Berriasian.
Top part of Buchia okensis zone proper. GSC No. 17518.

Internal cast of incomplete (lacks all of the hinge part and most of the beak) but undeformed
left valve of the same giant form of the variant as that shown in Pl. VI, fig. 1.

5,{, Lateral view of the exterior; 58, Anterior view; 5C, Oblique posterior view; 5D, Incomplete
upper side viewed from above.
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