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EARLY CRETACEOUS TRIGONllD BIVALVES OF MANNING PROVINCIAL PARK , 

SOUTHWESTERN BRITISH COLUMBIA 

Abs t ract 

The lower Cretaceous (Hauterivian to Albian) Jackass Mountain Group of Manning Provincial Park , south
western British Columbia , con t ains 10 species of trigoniid bivalves . One species , Columbi t rigoni a j ackass ensis , 
is new; 7 are not specifically identified . Columbitrigonia is described as a new genus , based on Tr igonia 
~olumbiana Packard. Quoiecchia Crickmay is shown to be a valid genus although it ha s be en questioned in 
the literature . St ei nmanella Crickmay is considered to include Yaadia Crickmay, and to be a subgenus of 
Myophorella Bayle . 

Two distinct trigoniid faunas are recogni zed . The older , Haut erivian and Barremi an fauna contains 
Columbitr igonia jackassensis n . sp ., Quoiecchia aliciae Crickmay , Myophor eUa (? SteinmaneUa ) sp . A, as well 
as poorly preserved Apiotrigonia sp . cf . A. kayana (Anderson), A. sp . and Quoiecchi a sp . The younger , Albian 
fauna contains Myop horella (Steinmanella ) sp . B., Columbitr igonia columbiana (Packard) , C.? sp . cf . C. condoni 
(Packard), and probably also Pterotrigonia (Pterotrigonia ) sp . 

The best preserved, and appar ently the only remaining , specimen of the syntypes of Trigonia whiteavesi 
(Packard) is redescribed in o rd er to demonstrate the reality of the specimen , which has been considered 
previously as a partial restoration or complete r econstruction . 

The restricted ranges of the trigoniid bivalves of Mann ing Park indicate their considerable potential 
for biostratigraphic zonation of the Lower Cretaceous rocks of western Canada and United States , but further 
study is required. 

Resume 

Le groupe de Jackass Mountain du pare provincial Manning, au sud-ouest de la Colombie-Britannique , date 
du Cretace inferieur (Hauterivien et Albien). Il comp r end 10 especes de trigoniides bivalves. Une de c es 
espec es , le Columbitr igonia jackas sensi s, est nouvelle et s e pt autres n ' ont pas ete ide ntifie e s . Le 
Columbi trigonia es t decrit comme un genr e nouveau base sur le Tr igonia columbiana Packard. L'auteur montre 
que l e Quoi ecchia Criclanay est un veritable genre meme si certains ouvrages l ' ont remis en qu estion. Le 
St ei nmanella Crickmay qui comprend le Yaadia Crickmay est considere comme un sous - genre de Myophorella Bayle . 

L ' auteur distingue deux faunes de trigoniides. La plus ancienne , qui est haut erivienne et barremienne , 
comprend Columbitr igoni a j ackassensis n. sp ., Quoiecchia alici ae Crickmay, MyophoreUa (?SteinmaneUa ) sp. A, 
de meme que l es especes suivantes qu i sent mal conservees: Apiotrigonia sp . c f . A. kayana (And erson), A. sp . , 
et Quoiecchia sp. La faune la plus r ecente , qui est albienne , comprend Myophorella (Steinmanella ) sp . B, 
Columbitr igonia co lumbiana (Packard) , C. ? cf. C. condoni (Packard) et pr obabl ement aussi Pterotrigonia 
(Pterotr igonia ) sp . 

L ' echantillon du co t ype Trigonia whiteaves i (Packard) , ce lu i qui est le mieux conserve et apparemment le 
seul qui reste, est decrit de nouveau ; l ' auteur desire ainsi demontrer la r ealite de cet e chantillon qui etait 
auparavan t considere comme une reconstitution partielle ou complete . 

Les series restreintes de trigoniides bivalve s du pa r e Manning montrent l ' importance que pourrai ent avoir 
ces fossiles dans l a determination des zones paleontologiqu e s des roches du Cre tace inf eri eur de l ' ou est du 
Canada et des Etats - Unis . Une etud e plus pousse e est cependant requise . 
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EARLY CRETACEOUS TRIGONllD BIVALVES OF MANNING PROVINCIAL PARK, 

SOUTHWESTERN BRITISH COLUMBIA 

INTRODUCTION 

Trigoniid bivalve s are a quantitatively and 
biostratigra phically significant element in fossil 
collections from the Lower Cretaceous rocks of 
southweste rn British Columbia . Those that occur in 
Hauterivian to Albian beds of the Jackass Mountain 
Group of Manning Provincial Park (s ee Textfigs . 1 , 
2 , 3) are described and illustrated in this report . 
Many of the trigoniids pr eviously were identified 
tentatively by F .H. McLearn (in Rice , 1947) and 
J . A. Jeletzky (197la , and in Coates , 1974), who 
recognized their biostratigraphic utility in these 
ammonite- poor and lithologically monotonous rocks . 
The present study , which is based on all material 
available in the collections of the Geological Survey 
of Canada, supports Jeletzky ' s (op . it .) age deter 
minations for the most part, although the trigoniid 
identifications are r evised substantially . The 
biostratigraphic results of this study are expected 
to prove useful to workers engaged in the Cretaceous 
str atigraphy of western Canada and the United States. 
In particular, Barremian and Albian faunas , which are 
the most abundant in the area , can be distinguished 
easily on the basis of the trigoniids . 
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STRATIGRAPHY AND AGES OF FOSSI~S 

The stratigraphic subdivision and terminology 
adopted in this report is essentially that of Coates 
(1970, 1974; Textfigs . 2 , 3 , 4) with modifications 
and r e finements provided by the de tailed work of 
Jeletzky (197la, 1972a, b) . All the trigoniids wer e 
collec ted from map- units 7 , 8, 9, and 10 of the 
Jackass ~ountain Group (Textfigs. 2, 3 , Tables 1, 2) 
which comprise the Hauterivian to Albian parts of the 
volcanogenic successio n in the syntectonic Tyaughton 
Trough of southwestern British Columbia (s ee Jeletzky 
a nd Tipper, 1968 ; Monger, 1970; Douglas et al . , 1970, 
p . 445 - 448 ; Monger et al . , 1972; Wheeler and Gabrielse, 
1972, p . 25-27). These rocks occur in a fault - bounded, 
north- northwest - south- southeast-trending synclinal 
structure (Textfig. 2) in Manning Park . Nap- units 
8 , 9 , and 10 in the eastern facies belt of Coates 
(1974) appear to correspond to Jeletzky ' s (197la, 
1972a, b) units, in terms of the gross stratigraphic 
distribution of major lithological units (Textfig. 4), 
as follows: map-unit 8 with the lower greywacke 
member through the Albian and (?)Aptian siltstone 
unit ; map - unit 9 with the Lower Albian co nglomerate 
unit; and map - unit 10 with the variegated marine 
elastic unit . Jeletzky (197la, 1972a , b) inc luded 
Coates ' (1974) map - unit 7 within his lower greywacke 
member as a western facies equivalent, which is also 
older , i n part , t han that unit in its eastern facies . 
Map - units 8 , 9 , and 10 also appear to correspond 
respectively with Rice ' s (1947, p. 15-19) Divisions 
A and B, C, and D, of the Dewdney Creek Grou p , 
although Rice ' s descriptions are not adequate for 
precise correlation of his units with those of Coates . 

MAP - UNIT 7 

Map - unit 7 , comprising the Tnoceramus colonicus 
beds , is exposed only in the western facies belt of 
Coates (1974). Ammonites indicate a late Hauterivian 
to (?)early Ba rr emian age (Jeletzky , 197la, p . 221; 
i n Coates , 1974, p . 82 , 83) . Small and poorly 
preserved Apiotrigonia sp. cf. A. kayana (Anderson), 
A. sp . , Quoi ecchia sp ., and possibly Colwnbi t rigoni a 
,jackassensi s n. sp . were callee ted from this unit 
near Poland Lake and near Snow Camp Mountain . These 
and other bivalve faunas in map - unit 7 are neither 
well enough known nor sufficiently well preserved to 
be consider ed biostratigraphically diagnostic in their 
own right. However , similar forms to these occur in 
the lower part of map- unit 8, which is Barremian and 
possibly , in part, Hauterivian (s ee below) . The 
trigoniids , therefore, indicate that map - unit 7 and 
the lower part of map - unit 8 probably are of nearly 
the same age . 
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TEXTFIGURE 2 . Geologica l map , simplified a nd with minor modifications , after Coa tes (1974) , showing Early 
Cretaceous trigoniid bivalve occurr ences , Manning Pr ovincial Park , southwestern British Columbia . 

Note : Map-units as in Textfigure 3 . The ' Yaadia beds' of Coates (1974, p. 29 , 151, Fig . 2) a r e assig ned 
to map -uni t 10 ra th er than map-unit 8 wher e Coates (ibid . ) placed them (Lo e . 103 of Tex tfig. 2) , on 
the basis of the trigoniid faunas . The ' Ptyophyllum beds ' a r e assigned to the Pasayten Group 
following J e l e tzky (1972a , p . 36) rather tha n to the Neocomian where Coa t es (1974 , p . 25 , 26) 
questionably pl aced them 

MAP-UNIT 8 

Map-unit 8 , in the eastern fac i es be lt, contains 
well - dated ammonite faunas tha t r a nge f r om Barremian 
to Ea rly Al bian (Jele tzky, 197la; in Coates , 1974, 
p . 41, 42). Certain collections f r om low in the 
unit may be Hauterivian (J e l e tzky in Coat es , 1974 , 
p. 14 3) a lthough no diagnostic Hauterivia n fossils 
have been found . These include GSC localities 
73595 , whic h contains Quoiecchia sp. , a nd 64806 , 
which contains Apiotrigonia sp . cf . A. kayana 
(Anderson). The l a tt er species also may occur higher 
in ma p-unit 8 , judging by a ques tionable identifi
ca tion in the co llec tion from GSC locality 14909 . 
Characteristic trigoniid s from r e l iab l y da t ed 
Barremian bed s include Myophorella (? Steinmanella ) 
sp . A, Quoiecchia aliciae Crickmay , and Columbitri 
gonia jackassensis n . sp . At present, the Barr emia n 
t rigoniid fa unas cannot be subdivided satisfactorily 
beca use they a r e not commonly associated with diag
nosti c ammonites in the col lections studied . Well
dated Aptian beds of this map-unit have y i elded only 
rar e unid entifia ble trigoniids from one locality 
(GSC loc . 83966), and Lowe r Albian beds have yield ed 
none to da t e. Most of the co llec tions from map -unit 8 
made by Coa t es cannot be confidently assigned to any 
particular lithos tratigr aphic subdivision erected by 
Jeletzky (197la) . Therefore , their precise biostrati 
graphi c positions are not known. 

MAP-UNIT 9 

Biostratigraphically diagnostic fossils have 
not been f ound i n map -unit 9 , which was dat ed as 
Early Albian on the basis of faunas in overlying a nd 
underly ing rocks (Je l e tzky, 1972b; in Coates , 1974) . 
A small co llec tion of bivalves , including forms id en
tified by the pr esent writer as Columbitrigonia ? sp . 
af f. C. jackassensis n . sp . , was r epor ted to come 
from the upper part of the unit by Rice (1947 , p . 19; 
GSC l oc . 14907, Loe . Fl5 of Tex t figs . 2 , 3). 

MAP - UN IT 10 

Map -unit 10 spans the Albian , according t o 
Je l etzky (in Coa t es , 1974 , p. 42). The upper age 
limit of the unit is uncertain; however, it is ov er
l ain by unfossilif e rous rocks. J e letzky's (in Coa t es , 
1974 , p. 146) suggestion , based on his interpretation 
of the trigoniids , tha t Cenomanian rocks also may be 
present i s not warranted i n the present writer ' s 
opinion (see a l so J e l e t zky , 1972a, p. 8-11). 

The characteristic trigoniid fauna includes 
Myophorella (Steinmanella ) sp . B and Columbitrigonia 
columbiana (Packard). Pterotrigonia (Pterotrigonia ) 

sp . occu r s in a loose bould er a t GSC locality 69412 
whi ch is consider ed by the present writer to r ep r e-
sent map - unit 10 because M. (Steinmanella ) sp . B 
occurs a l so in the boulder . The 'Yaadia beds ' of 
Coates (1974) (Lo e . 103 of Tex tfig. 2) also a r e 
interpr e t ed he r ein to r ep r esent a fault s li ce of 
map-unit 10 because of the pr esence of M. (Steinmanella ) 
sp . B, whereas Jeletzky (in Coates , 197 4 , p . 29) 
co nsider ed them t o be correlative with map - unit 8 . 

BIOSTRATIGRAPHIC VALUE OF TH E TRIGONIID BIVALVES 

The Earl y Cretaceous tr igoni id bivalves of 
Manning Park fall into two reasonably we ll defined 
biostra tigr aphic assemblages (see Table 2) . 

The older assemblage is character ized by Myophor
ella (?Steinmanella) sp . A, Quoiecchia aliciae 
Crickmay , a nd Columbitrigonia jackassensis n. sp . , 
al l of which occur i n Bar remia n beds of map-unit 8 
of the Jackass Mountain Group . Other trigoniids , 
mainly juvenile or poorly pr eserved , that occur i n 
ma p-unit 7 ( i n part Hauterivian ) and the lower part 
of map - un i t 8 a l so a r e included in this older assem
blAge , although future study of be tt e r material may 
indicate tha t they can be diff er e ntiat ed as an older 
di s tinct fa una . These trigo niids are Apiotrigonia 
sp . cf . A. kayana (And erson ), A. sp ., a nd Quoiecchia 
sp . The yo unger assemb lage , character izing Albian 
map - unit 10 , co nsis t s of Myophorella (Steinmanella ) 
sp. B, Pterotrigonia (Pterotrigonia ) sp . , Columbi
trigonia columbiana (Pac kard), and Columbitrigonia ? 
sp . cf . C. ondoni (Pac ka rd). 

The restricted biostratigraphic distributions 
of trigoniid s pecies outlined above a nd on Table 2 
co nf o rm, for the mos t part , with previously published 
occurrences of id entica l or simila r Early Cretaceous 
trigoniids in western North America . 

The age of Columbitrigonia columbiana (Packard) 
in Albian map - unit 10 of Manning Park is the same as 
that of it s holotype in the Albian Haida Formation 
of Queen Charlotte I s l a nds (Packard, 1921) . The 
Albian ages of both C. sp . cf . C. condoni (Packard) 
in Manning Pa r k and C. condoni (Pac ka rd) in Or ego n 
(Jones , 1960) indicate biostra t ig r aphi c potential 
for this species although th e Canadian spec im ens 
are not we ll enough preserved to es tabli s h specifi c 
identi t y . 

Nyophorella (Steinmanella ) sp. B of the Albian 
o f Man ni ng Park is similar to Albian M. (Steinmanella ) 
whiteavesi (P ackard) of And e r s on (1958, p. 111) from 
Queen Charlo t te Island s (see Pl. 2 , fig . 45) a nd to 
und escrib ed specimens from the Albian of west - central 
Britis h Columbia , but f urthe r s tudy of this gr oup is 
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GROUP OR 
PERIOD EPOCH 

FORM ATION 
MAP-UNIT LITHOLOGY 

LATE CRETACEOUS 
EAGLE TONAL/TE 

(in part) 
14 Tonalite and granod1onte 

Un confo rmity ? 

13 Nonmarine llthic sandstone and conglomera te 

MI DDLE ALBIAN 
PASAYTEN GROUP 

AND YOUNGER 
12 Nonmarine red beds ; conglomerate. arkose and siltstone 

~ ~ 
11 Nonmarine conglomerate. arkose. sandstone and siltstone 

CRETACEOUS LATE ALBIAN 10 Marine sandstone. shale. siltstone and conglomerate 

EARLY ALBIAN 9 Polymict conglomerate. sandstone and argillite 
JACKASS MOUNTAIN 

BARREMIAN-
GROUP 

EARLY ALBIAN 
8 Sandstone. argill1te and minor conglomerate 

HAUTERIVIAN TO 
7 Marine sandstone 

EARLY BAR REMIAN 

NEOCOMIAN COPPER CREEK 
6 

(EARLY CRETACEOUS) ASSEMBLAGE 
Volcanic sandstone. conglomerate and red argill 1te 

Un co nformity 

LATE JU RASSIC 
EAGLE GRANODIOR/TE 

T O CRETACEOUS? (in p art) 
14 Tona ll te and granodior1te. gne1 ss1c to foliated 

LATE JURASSIC 
DEWDNEY CREEK 

GROUP 
3 Volcanic sandstone. conglomerate and argillite 

JURASSIC 
Un confo rmity 

TOARCIAN 

TO BAJOCIAN 
LADNER GROUP 2 Volca nic sandstone. a rgillite. conglomerate . tuff . brecc1a . flows 

GSC 

TE XTFIGURE 3. Table of formations , lanning Provincial Park, and legend f or Textfigur e 2 (modified after 
Coa t es , 1974). 

Note : See Textfigure 4 for relations hips be t ween the Jackass 1ountain and Pa sayten Groups 

required to fully document its biostratigraphic 
potential . Trigoniids f rom the Queen Charlot te 
Isla nds, identified as Trigonia (Yaadi a ) leana var . 
whiteaves i (Packard) , and Tr igonia (Pterotr igonia ) 
cf. colwnbiana (Packard) by D.L . Jones and F.H. McLearn 
(in Sutherland Brown, 1968, p . 92), were co nsider ed 
(ibid . ) to occur in the upper Lower Albian Br ewer
iceras hulenense zone . These de terminations are the 
bes t for indicating th e ag es of the t ype specimens 
of Colwnbitrigonia colwnbiana a nd Myopho rella (Stein 
manella ) whiteaves i , ea rlier reports be ing much less 
pr ec ise in th e ir locality and stratigraphic data. 

Quoiecchia appears to be restricted to Hauterivian 
and Barremian rocks of southwes t ern Britis h Columbia 
as do e s Inocer>(JJTIUS colonicus (Jeletzky , 197la , p . 271 ; 
J e l e tzky and Tipper , 1968, p. 9). 

The biostra tigraphic value of the other species 
cannot be evaluated fully a t present . Further study 
of Canadian and American mat eria l is r equired be for e 
any thing approaching ev en a local zonation can be 
pro posed . 

4 

FACIES CONTROL OF DISTRIBUTIONS 

All the trigoniids described occur in ' greywackes ' 
of shallow-marine aspect (Coates , 1974, p . 29 - 41 , 50-
53 ; Jeletzky , 197 l a) judging by sedimentary structures 
(Coates, ibid . ) and the generally moderately rich and 
varied faunal assemblages . No further data are avail
ab l e to suggest that the restricted stratigraphic 
occurrences (Table 2) a r e facies -related rather than 
indicating restricted biostra tigraphic ranges . 

AFFINITIES OF THE TRIGONIID FAUNAS 

Many of the Cretaceous trigoniid bivalves exhibit 
a well-defined faunal provincialism (Steinmann, 1882; 
Kitchin , 1913; Kobayashi and Amano, 1955 ; Fleming , 
1963, 1964; Nakano , 1968 , 1970, 1974a, b ; Kauffman, 
1973) . The forms described in this report, which are 
e ither endemic or show c lose circum-Pacific affinities , 
represent the North Pacific Province of the Tethyan 
Realm as interpreted by Jeletzky (197lb, p . 10 , 11) 
on the basis of Canadian ammonite faunas . Of the 
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TABLE 1. List of species and distribution chart 
of described trigoniid biva l ves and accessory 
material from the Lower Cretaceous Jackass 
Mount ai n Group, Manning Provincial Park, 
southwestern British Columbia 

Manning Park forms , Quoiecchia Crickmay is a unique 
representative of Myophorellinae, endemic to sou th
western British Columb ia . Colwnbitrigonia n. gen. 
also is apparently endemic to wester n No rth Ameri ca, 
but may hav e repr esentatives in South America 
(Trigonia eximia Philippi ; see Lambert , 1944). It 
is similar to Japanese Apiotrigonia species to which 
the specimens of A. sp . cf . A. kayana (Anderson) and 
A. sp . described her e a r e allied (see Nakano , 1957 ; 
Tashiro , 1972; Maeda and Kawabe, 1966) . The species 
of !1yophorella (Steinmanella ) and M. (? Steinmanella ) 
described in this report belong to a widespr ead gro up 
of coarsely tuberculate, diagonally cos t ate Myophorel
linae ( ' Pseudoquad ratae ' of Steinmann, 1882) but they 
are most s imilar to other western No rth American 
species a nd thus ma y form a n endemic group . Th e 
genera l affinities of our poorly known Pterotrigonia 
(Pterotrigonia ) sp. are worldwid e . 

LIST OF GSC FOSSIL LOCALITIES 

Many of the localities were described previously 
by Jele t zky (in Coates , 1974), to which work th e 
reader is r eferr ed for comp lete faunal listings . 
Numb e rs in brackets following each GSC locality number 
co rr espond to locality numbers shown on Textfigur e 2 
(s ee also Table 1) . Numb ers alone corr espo nd to 
those of Coates (1974) ; the prefix A indicates newly 
plotted co llec tions of J.L . Usher and J.A. J e l e tzky ; 
numbers with the pre fix F corr espond to localities 
of Ric e (1947, p . 18). 

14905 (F 13 , near 20) . H.M.A . Rice , 1941 . Nose 
between Similkameen River a nd Castle Creek. 
About 90 m (300 ft) stratigraphically above 
beds at an e l evatio n of 1579 m (5180 ft) . 
Massive greenish, arkosic sa nd s tone or 
gr eywacke . 

14906 (F 16) . H.M. A. Rice , 1941 . Nea r 1949 m 
(6390 ft) pea k a bout 6.4 km (4 miles) west of 
Alliso n Pass . Massive green gr eywacke or 
arkose . 

14907 (F 15). H.M. A. Rice, 1941 . Ridge north of 
Allison Pass . 

14909 (F 14) . H. M. A. Ric e , 1941 . Ridge du e north 
of Allison Pass. Be low th e ma ssive co nglom
e rate . 

14913 (F 18 , nea r A6). H.M.A. Ric e , 1941. The 
rid ge west of north of the most westerly lake 
at head of Lightning Creek, 

14914 (F 18A, near A6). H.M .A. Rice , 1941. "A 
little eas t of loc. 14913 , but probably the 
same horizon . " 

15167 (A 5) . J . L . Usher, 1946 . No rtheas t side of 
big knoll between Castle Creek a nd Similkamcen 
Riv er , elevation 1585 m (5200 ft) , talus . 

20504 (A 6) . J.L . Ush er, 1946 . Skyline Trail , 
approximately 1 km (0.6 mile) west- northwest 
of peak of Snow Camp Mountain. No rth side 
of ridge . 
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TABLE 2. Strat i graphic distribution of Ear ly Cretaceous trigoniid 
bivalves, Manning Park, southwestern British Columbia 
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62323 (3) . J.A . Coates, 1964 . Roadcut on lookout 
road above Pinewoods Lodge . Basal Cretaceous 
fine- grain ed sandstone . 

62324 (4) . J.A . Coates, 1964 . Elevation 1432 m 
(4700 ft) on Lookout Road above Pinewoods 
Lodge. Approximately same as GSC locality 
83933. 

62324a (4A) . J . A. Coates, 1964 . Elevation 1432 
(4700 ft) on Lookout Road above Pinewoods 
Lodge . 

m 

62325 (4A) . J . A. Coates , 1964. Road cut on Lookout 
Road above Pinewoods Lodge . 

62514 ( 6) . J.A . Coates, 1964 . Road cut on Lookout 
Road above Pinewoods Lodge . 

62515 (6A) . J . A. Coates, 1964 . Road cut on Lookout 
Road above Pinewoods Lodge . 

62516 (7). J.A . Coates, 1964 . Road cut on Poland 
Lake Road about 150 m (500 ft) east of Poland 
Creek. 

64806 (13) . J.A. Coates , 1964 . El eva tion 1435 m 
(4710 ft) on spur between Castle Creek a nd 
Similkameen River, east side of spur . From 
a 15 cm (6 in) thi c k , richly fossiliferous 
bed . 

64810 (17). J . A. Coa t es , 1964. At 1371 m (4500 ft) 
elevation on hillside north of Hope - Princeton 
Highway in cen tr e of big burn northwes t of 
Allison Pass. About 450 m (500 yds ) northwest 
of s mall c r eek which has cut a deep cleft in 
the conglomer ate ridge above . 

6 

GSC 

66981 (20) . J . A. Coates , 1964 . Elevation 1631 m 
(53 50 ft) on spur be tween Castle Creek and 
Similkameen River at north rim of dry gully . 
East side of Windy Joe Mountain. 

66982 (21). J . A. Coates , 1964 . At appr oximate 
elevation of 1524 m (5000 ft) on spur between 
Castle Cr eek and Similkameen River, eas t side 
of Windy Joe Mountain . 

68143 (38). J . A. Coates , 1965 . Elevation 1362 m 
(4470 ft) on north slope of Hope- Princeton 
Highway b e tween two intermittent streams 
crossing large burn northwest of Allison Pass . 
Southwest of 6120 survey control point on 
Map 92 - H2W . From section of siltstone and fine 
sandstone underlying t he thick conglomerate . 

68144 (39). J.A . Coates , 196 5 . Most west erly of 
two cirques on north side of 2048 m (6720 ft) 
mountain b e tween Buckhorn Creek and Hope
Prince ton Highway near base of headwall on 
west side of the basin . From two zones , each 
30 cm (12 i n ) thick, and 9 m (30 ft) apart . 
Most fossils collected from talus . Fossils 
occur at the base of a very thick conglomerate 
sec tion , in pebbly horizon interbedded with 
fine- to medium- g rained fe ldspa thic areni t es . 

68147 (42) . J . A. Coates, 1965 . On eas t side of 
s ummit rid ge of 1898 m (6227 ft) peak du e eas t 
of Po land Lake . Elevation 1859 m (6100 ft) . 
At t op bluffs on north side of peak . A 10 cm 
(4 . 0 in) thick fossiliferous zone in massive 
to thick-bedded s ubgreywackes . 



BIOC HRONOLOGICA L U NITS 

PALAEO NTOLOG ICA L 

ZONES 

MAP-UN ITS 
SKAG IT 
BLUFFS 

NW A REA 

ALLISON 
PASS 
AREA 

PINEWOO DS 
LODGE 
AREA 

THI CKN ESS 
SERI ES 

(/) 

::J 
Cl'. 0 
wW 
(l_ u 
(l_ <I: 
::J f-w 

Cl'. 
u 

(/) 

::J 
0 
w 
u 
<I: 
f
w 
Cl'. 
u 
Cl'. 
w 
:;;: 
0 
_J 

STAG E 

z a: 
<w z f
< < 
::; _J 

0 "" 
zO 
w Z 
u< 

Not Zoned 

Mortomceras ( sensu. 
late) sp. indet. 

Unknown 

z Brewenceras hulenense < 
iii 
_J 

< 

z 
< 
>= a.. 
< 

z 
< 
:ii 
w 
a: 
a: 
< en 

z 
O< 
f- > 
~a: _w 
Vl >-
< ::::> - < a: I 
a: ' w o 
en :ii 

Leconte1tes leconte1 

Unnamed zone ( s ? ) 

Eotetragomtes ex . gr. E. 
wintunius 

Ammomtoceras sp . 

Hem1ho pl1tes n. sp. aff . 
H. soufieri 

Toxocera toides ? n. sp. 
Cost1d1scus et. C. 

s trtat1su lcatus 

Hamulrna sp. 
Eulytoceras ex . aft. 

E. phestum 
Acfloceras aff. A. starrking1 

? __ ?--? 

lnoceramus colomcus beds 

Unknown and presumably absen t 

11 -13 

10 

8 

7 

Unknown (" HIATUS) 

Variegated marine elastics (succession 

and facies pattern poorly known) 

.. . .. .. . ·.-.·.-.... :-

... <xP:P:E;:~;.~~;*.;A;cr:~-:.1:1.t 
.:':':': ':':': ':':.·.·.· .... · ......... : 

. 'SILTY GREYWACKE, ETC : : · 

.... ... 

. ...... 

HIATUS 

GSC 

TEXTFIGURE 4. Ages and facies relationships, Lower Cretaceous rocks, Manning Provincial Park [adapted from 
Jeletzky (1972b) to s how correlation wit h Coates ' ( 1974) map-units that are used in this paper] . 

Note : The stratigraphic profile ex t ends diagona ll y across the area s hown in Textfigure 2 , from t he 
northwestern corner to t he southeas t ern corner of that map 

68150 (45) . J.A . Coates , 1965 . Elevation 1625 m 
(5330 ft) on crest of spur trending due south 
from 2048 m (6720 ft) peak be t ween Buckhorn 
Creek and Hope - Princeton Highway . Poorly 
exposed pebbly horizon in siltstone and fine 
sandstone. A zone 30 cm (12 in) thick con
tains abundant fossils . 

69141 

69346 

(20A) . 
point 
along 
zone . 

( 62) . 
1874 m 

J .A. Coates, 1965 . From float at a 
a '' few hundred feet" (100 m approx . ?) 
strike from GSC locality 66981, same 

J . A. Coates , 1965 . El eva tion abou t 
(6150 ft) on northeast- tr end i ng spur 
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on northeast side of a long ridge parallel 
to , and northeast of , Hope - Princeton Highway . 
Approximately 0 . 62 km (0 . 4 mile) no r th 
northeast of 1826 m (5990 ft) survey control 
point. Latitude 49°09 ' 30"N , Longitude 
120°52 ' 30"W . About 1 20 m (400 ft) strati 
graphically below the thick conglomerate . 

69410 (20) . J . A. Coates , 1965 . Same as GSC 
locality 66981 . 

69412 (66) . J . A. Coates, 1965 . At approximately 
1432 m (4700 ft) elevation in bottom of a 
creek entering Memaloose Creek from the south , 
0 . 8 km (0 . 5 mile) east of Allison Pass summit . 
From a single boulder in creek ' s bottom , in 
a rock similar to that of nearby bedrock . 

69413 (67). J . A. Coates , 1965 . About 60 m (200 ft) 
east - southeast of 1910 m (6265 ft) t r iangu
lation station on ridge 2 . 4 km (1 . 5 miles) 
north of Allison Pass on Hope - Princeton 
Highway . All from outcrop at a horizon about 
90 m (300 ft) above the thick conglomer ate 
section corresponding to Division C of Rice 
(1947). 

73572 (86). J . A. Coates , 1966 . Approximate l y 
1478 m (4850 ft) elevation on slope north of 
Lightning Creek about 600 m (2000 ft) north 
wes t of west end of Thunder Lake . From 4 . 5 m 
(15 ft) of soft , sheared greywacke at base of 
very thick I noceramus - bearing greywacke section 
that forms vertical bluffs her e . Latitude 
49°01 ' 45 "N, Longitude 120°57 ' 00 "W. 

73595 (87) . J . A. Coates , 1966 . Almost at summit 
of divide , north- northwest of Alliso n Pass . 
A " few hundred feet " (100 m approx . ?) west of 
Jurassic - Cretaceous contact . Latitude 
49°10 ' 30"N, Longitude 1 20°53 ' 30"W . 

74791 (91) . J . A. Coates , 1966 . Elevation of 1646 m 
(5400 ft) on spur trending 240° from 2048 m 
(6720 ft) summit between Blackwall Peak a nd 
Hope - Princeton Highway . 

74792 (92) . J . A. Coates , 1966 . Elevation of 2134 m 
(7000 ft) on west side of southwest - trending 
spur south of 2246 m (7367 f t ) peak of Three 
Brothers Mountain . 

74793 (7A) . J . A. Coates , 1966. Road cut at 
terminus of Poland Lake road, 75 m (250 f t ) 
from Poland Creek . 

74794 (93) . J . A. Coates , 1966 . Elevation of 1451 m 
(4760 ft) on spur above Hope - Princeton Highway . 
Latitude 49°06 ' 10" N, Longitude 120°49 ' 45"W. 

74795 (94) . J . A. Coates , 1966 . At t op of steep 
northeast - f acing slope a "few hundred feet " 
(100 m approx . ?) southeast of 2048 m (6718 ft) 
sur vey control point . Latitude 49°1 1 ' 45 "N, 
Longitude 120° 49 ' 50"W. 

74799 (95) . J . A. Coates, 1966 . Elevation of 1625 m 
(5330 ft) on ridge northeast of Hope - Pr inceton 
Highway between Buckhorn Creek and Cambie Creek 

8 

(Similkameen River). Most northerly of the 
spurs facing highway . Latitude 49°06 ' 30"N , 
Longitude 120°49 ' 30 "\.I . From middl e of 90 m 
(300 ft) thick fossiliferous sandstone section . 

74801 (95B). Same as GSC locality 74799 , J . A. Coates , 
1966 . Float near top of 90 m (300 ft) thick 
fossiliferous section. 

74812 (96) . J.A . Coates, 1966 . Elevation of 1730 m 
(5675 ft) on southeast side of a spur on moun
tain between Buckhorn Creek and Cambie Creek 
(Similkame en River). Latitude 49°05 ' 50" N, 
Longitude 120° 49 ' OO "W. 

75144 (103). J . A. Coates , 1966 . Approximately at 
the 1524 m (5000 ft) contour on Cambie Creek 
(Similkameen River) . 

75148 (103A) , J . A. Coates , 1966 . Approximately at 
the 1524 m (5000 ft) contour on Cambie Creek 
(Similkameen River). 

83933 (4) . .J . A. Jeletzky , 1969. Lookout Road above 
Pinewoods Lodge . The stretch immediately 
below the third switchback below the lookout , 
abou t 145 m (475 ft) south of t he switchback . 
Approximately same as GSC locality 62324 . 

83934 (Al) . J . A. Jeletzky, 1969 . Lookout Road 
above Pinewoods Lodge . About 230 m (760 ft) 
south from third switchback below the lookout . 

83935 (near 4). J . A. Jeletzky , 1969 . Lookout Road 
above Pinewoods Lodge . The stretch immediately 
below the third switchback below the l ookout , 
about 175 m (575 ft) south f r om t he switch
back . About 56 m (185 ft) north from GSC 
locality 83934 , and about 56 m (185 ft) 
st r atigraphically below it . 

83944 (A2) . J.A . .Jeletzky , 1969 . Road cut on 
Lookout Road above Pinewoods Lodge . About 
620 m (2125 ft) below second switchback below 
lookout , just before the turn of a gentle 
S- shaped loop of the road . 

83945 (10). J . A . .Jeletzky , 1969 . Road cut on north 
side of Lookout Road , 0.8 km (0 . 5 mile) north 
west of second switchback below lookout . 

83946 (6) . .J . A. Jeletzky , 1969. Lookout road above 
Pinewoods Lodge. Road cut on the northwest 
side of, and 165 m (540 ft) northwest from , 
the S- shaped curve about 0 . 8 km (0.5 mile) 
northwest of second switchback below the look
out . Probab l y equivalent or nearly equivalent 
with GSC locality 62514 . 

83947 (6) . .J . A. Jeletzky , 1969 . Nearly sam e as 
GSC locality 83946 . Collected from approxi 
mately 23 m (75 - 76.5 ft) below top of section. 

83948 (near 6) . J . A. Jeletzky , 1969. Nearly same 
as GSC l ocality 83947 , but 90 m (300 ft) north
west of it and 71 to 71.5 m (238 - 239 ft) 
s t ratigraphically below it. From northwest 
side of S- shaped curve of road . 



83956 (A3). J.A. Jeletzky , 1969 . Lookout road 
above Pinewoods Lodge. Just above first 
switchback on the way up, from road cut on 
northeast co rne r of switchback . Collected 
6 m ( 20 ft) be low t op of outcrop. 

83960 (A4) . J . A. Jele tzky, 1969 . North side of 
Skagit River valley a t a point about 1 . 6 km 
(1 mile) east of Skagit Bluffs. Collec t ed 
near the top of the west slope of a small 
stream which falls into Skagit River about 
0 . 16 km (0 . 1 mile) south of Skagit River 
campsite . Collected from scree, a l titud e 
1097 m (3600 ft). 

83961 (20). J . A. J e letzky, 1969. Same as GSC 
l ocality 66981. 

83 966 (A7) . J.A. J e l e t zky , 1969 . Roadcut on north
eas t side of Hope- Prince ton Highway , about 
10 . 4 km (6 . 5 miles ) southeast of the bridge 
over Skaist Creek and about 70 m (235 ft) 
northeas t of the culvert across Skagit River 
a t east end of th e big burn northwes t of 
Allison Pas s . Approximately same l ocali ty 
as 16A of Coates (19 74 , p . 99) . 

86987 (6). J .A. Jeletzky, 1970 . About 5 . 5 to 6 m 
(18 - 19 ft) stratigraphically below GSC 
locality 83947. 

SYSTEMATIC PALEONTOLOGY 

All specimens are depo s ited in typ e col l ec tion 
of the Geological Survey of Canada , Ottawa . Question 
mar ks preceding locality refer ences indica t e unce r 
t ain fossil identifications . 

Class BIVALVIA Linne 1758 (Buonanni 1681) 

Subclass PALAEOHETERODONTA Newell 1965 

Order TRIGONIO IDA Dall 1889 

Superfamily TRIGONIACEA Lamar ck 1819 

Family TRIGONIIDAE Lamarck 1819 

Subfamily MYOPHORELLINAE Kobayashi 1954 

Genus Myophorel la Bay l e 1878 

Myophorel la Bayle . Cox , 1969 . 

Ste inmanel la Crickmay , 1930 . 

Yaadia Crickmay , 1930; Cox , 1952 (part) ; Savel ' ev , 
1958 . 

Trans i trigonia Dietrich , 19 33 . 

Myophorella (Myophor e lla ) Cox , 1952 ; Save l ' ev , 1958; 
Skwarko , 1963 . 

Packarde lla Kobayashi a nd Amano , 1955 . 

Steinmane l la (Yehare l la ) Kobayashi and Amano , 1955; 
Cox, 1969 . 

Stei nmannella Kobayashi and Amano , 1955 ; Levy , 1969. 

Quadratotri goni a (Transitrigonia ) Savel ' ev , 1958. 

Quadratotrigonia (Yeharella ) Savel ' ev , 1958 . 

St einmanaea Crickmay, 1962 . 

Steinmanella (Steinmanella ) Cox , 1969. 

Yaadia (Yaadia ) Co x , 1969 . 

Ty pe species . Myophorella nodulosa Bayle 1878 . 
Oxfordian, Fr anc e (see discussions by Crickmay, 
1932; Cox , 1969). 

Di agnosis . Flank of adult with costae whi ch may be 
line s of tubercles , cu r v ed or straight, cutting 
growth lines ventrally in the an t er i or direction; 
and with a more complex pattern of intersecting rows 
of tub er c les in the anteroventral reg ion of the flank 
of some species . Costae or segment s of costae meet 
anterior margin a t high a ngles in mos t species . Area 
with co ncentric cos t el l ae or growt h lines, occasio n
ally with superimposed oblique cos t ellae . Escut cheon 
with co ncentri c gr ow th lines , occasionally wi t h 
obli que or transverse costellae that may consist of 
aligned e l onga t e tubercles . Marginal and escutcheon 
carinae generally distinct . 

Di scussion . Myop horella· is interpreted more broadly 
in thi s report than it was by previous authors . Only 
those t axonomi c names ar e listed as syno nyms that 
are dir ec tl y r e l evant to th e inclusion of the pres 
ently described species within the genus . They are 
intend ed mainly to unit e morphologically simi l ar 
forms that previously have been separa t ed a rtifica lly 
according to whether they a r e Jurassic or Cre t aceous 
in age. 

Most Cretaceous r epresenta tives of Myophorella 
(as interpreted by the writer) have been previous l y 
g roup ed into the Pseudoquadratae Section of "Tr igoni a" 
of Steinmann (1882). They a r e ei the r en t i r e l y undif
fere n tiabl e from Jurassic Myophor ella species (e.g . 
Yehar ella) , or a r e different in hav ing weak or incip
i ent oblique or transverse costella t ion of the area 
or escut cheon , at l eas t in the umbona l stages . They 
a re , f urthermore , commonly l a r ger and mor e coars ely 
and mor e irregularly costa t e and tub e r cu l ate than 
most Jurass ic Myophor ella s pecies . They commonl y 
l ack a well - def ined marginal ca rina , th e posit ion of 
which is marked by either an irregular r ow of tuber 
cles or, simply , terminations of the costae of th e 
flank . These characteristics occur in some Jurassic 
species and a r e not considered to be va lid criteria 
for dist inc tion at the genu s l evel . They indicate 
the transitiona l natur e of Cretaceous Myop hor ella 
species with th e contemporaneous mainly Euro pean 
Quadratae Sec tion , r eferred to Quadratotrigoni a 
Dietrich (1933) and Medi terraneotrigonia Naka no 
(1974a) . Nev ert he l ess , these fea tur es (s ee a l so 
dis cussi on by Kit chin , 1913, p. 106 , 107), a nd their 
pot ential fo r diagnosi ng Cre taceous rather tha n 
Jurassic forms , jus tif y th e separ a tion of some fo r ms 
as a dis tine t subgenus , to which the name Myophor e lla 
(Steinmanella ) [with t ype species M. (S . ) ho l ubi 
(Kitchin)] can be appli ed . The Pseudoquadr a t e Section 
was subdiv i d ed by Crickmay (1930) into th e genera 
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Steinmanella and Yaadia , the latter distinguished 
by an independent row of nodes along the anterior 
sid e of the shell . Crickmay (1962) subsequently 
unn ecessarily proposed Steinmanaea to replace Stein
mane l la for nomenclatorial reasons . The presence 
or absence of the independent anter ior row of nodes 
is not significant above the species l evel in many 
Jura ssic representatives of Myop horella , and does 
not appear to be so in most Cr etaceous forms seen 
by the writer. Exceptions include the very distinc
tive Scaphotr igonia navis (Lamarck) and S . naviformis 
(Hya tt). Steinmanella and Yaadia , therefore , are 
con s idered to be synonymous (see also discussions 
by Kobayashi and Amano , 1955; Levy 1969 ; and their 
trea tment by Cox , 1952 , 1969). The name Stei nman
ella is preferred to Yaadia , because of its wide 
acceptance by trigoniid workers , particu l arly those 
in South America and Japan , and because of t he 
extremely poor quality of preser vation of the type 
mat erial of the type species Yaadi a l ewisagassizi 
(Crickmay , 1930 , p . 50 , Pl . XIII , figs . 1, 2). 

The other Cr etaceous genera or subgener a 
Yeharella Kobayashi and Amano (1955) , Transi t r igonia 
Dietrich (1933), and Packardella Kobayashi and Amano 
(19 55) ar e accommodated easily as junior synonyms 
of Myop horella as here diagnosed (see a l so Cox , 
1 969). 

Setotr igonia Kobayashi and Amano (1955) is 
considered to be a distinct genus from Myophor ella , 
charac t eri zed by coincidence of costae of the flank 
with concentric feat ur es on the area , indicating a 
tr e nd toward simplified concen tric ornamentation . 
Quadratotrigoni a Die tr ich (1 933) and Mediterraneo
t r igonia Nakano (1974a) are dis tingu ished by the 
strongly oblique sculpture of their area and 
escutcheon . Litschkovi t r igonia Savel ' ev (1958) and 
Korobkovitri gonia Savel ' ev (1958), as well as Quadra
totrigonia , exhibit a change in dir ec tion of costa tion 
in the umbonal r egion of the flank . Scaphotrigonia 
Dietrich (1933) has a very distinct anterior r ow of 
nodes . 

The Manning Par k specimens 

At l east two distinct species , one Early Albian 
and possibly with a l onger r ange , and the other 
probably l a t e Barremian , are described below . 
Although they a r e sufficiently well preserved to 
be f orma lly named, open nomenclature is used until 
Am erican workers a r e able to cor r ect the sorry s tate 
of the present taxonomy of s imi lar or identical 
species in the United St ates , which r esults from 
the pr evious designation of many species based on 
poorly preserved type material and poorly documented 
stra t ig ra phy (e . g. Anderson , 1958) . The Manning 
Park species a r e both similar to Trigonia whit eavesi 
(Packard) [=Trigonia sp . undt. Whiteaves , 1876, 
p . 70 - 72 , Pl . X, figs . 2 , 2a ; =T. leana var. 
whiteavesi Packard, 19 21, p . 21 - 23 , Pl . 5 , fig . 4(?) , 
Pl. 6 , fig . 2] . 

Trigonia whiteavesi was e l eva t ed t o specific 
rank by Anderso n (1958, p . 111), who r egarded 
Whiteaves ' (1876) figure 2 of Pl a t e X to repr esent 
the holotype . And erson (op . cit . ) thought t hat 
Whiteaves ' other figured specimen (Whiteaves , op . 
ci t . , Fig . 2a) was a "partial reconstr uction 
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(possibly a composite r e cons true tion) " . This 
latter specimen is re- figur ed i n this r eport (Pl . 2 , 
fig . 45); it is not reconstructed in any way in 
Whiteaves ' figur e . Furthe rmore , it now appears to 
be the only specimen r emaining from the original 
syntypes studied by Whiteaves and us ed by Packard 
(1921) in his erection of Trigonia leana var . 
whiteavesi . 

Other similar species include Trigonia leana 
Gabb (18 76 , p . 312; Packar d , 1921 , p. 20 , 21 , Pl . 5 , 
figs . 1 , 2 , 3 , 5 , 6 , Pl. 6 , fig . 1 , Pl. 7, fig . l; 
Ander son , 1 958 , p . 11 3) [= Tr igonia gibboniana Lea ; 
Gabb , 1864 , p . 190, Pl. 25 , fig . 178, Pl . 31, 
fig . 262] , Tri gonia wheeler ensis Anderson (1958, 
p . 116 , 117), T. colusaens i s Ander son (1958 , p . 110 , 
Pl . 1 , fig . 6) , T. perrinsmithi Anderson (1958, 
p. 110, Pl . 2, fi g . 7) , T. hemphi lli Anderson (1958 , 
p. 115 , Pl . 52 , figs . 9a, b) and those similar 
species described by St oyanow (1949). Although the 
writer places considerable emphasis on the restricted 
ranges of th e Manning Park specimens , the complete 
biostratigraphic potential of the coarsely nodose , 
obliquely cos t ate Cretaceous trigoniids will not be 
known until th e above- mentioned taxonomic pr oblems 
are resolved by further study of topotypic materia l . 

Myophorella (? Stei nmanella ) sp. A 

Plate 1 , fig ur es 1, 2 , 16 , 17 

Of the reasonably well pr eserved specimens 
from Manning Park , those from GSC localities 83947 
and 86987 (hypotypes GSC 45471 , 45479 ; Loe. 6 of 
Textfig . 2) are certainl y from map - unit 8 of Coates 
(1974) , but t hey were not associated with diagnostic 
ammonites . Hauterivian or Bar r emian and well- dated 
late Barremian ammonites wer e collected southeast 
of these localities (Jeletzky i n Coates, 1974, 
p. 83- 85 , Loe . 3 , p. 95, Loe . 19 ; see Textfig . 2) , 
ammonites of the same age wer e collected northwest 
of localities 83947 and 86987 more or less a l ong 
strike (op . cit ., p . 90 , Loe. 4) , and poor l y 
preserved , possibly Early Albian ammo nite s were 
collected southwest from , and stratigraphical l y above 
them (op . ci t ., p . 154 , 155, Loe. 112). A late 
Barremian age , ther efo r e , is favoured for thes e 
specimens . 

Myop horella (Steinmanella ) sp . B 

Pl at e 1, figures 3- 15, 18 

Hypotypes GSC 45478 and 45480 (Pl . 1, fi gs . 14 , 
15 , 18) from GSC localities 74794 and 74799 (Lacs. 
93, 95 of Textfig . 2) occur in the Albian ma p-unit 10 
of Coates (1974). No ammonit es are directly assoc i 
ated, but immediately adjacent rocks along strike 
to the southeast contain Early Albian Br ewer iceras 
(Leconteites) lecontei (Anderson) id entified by 
J .A. Jeletzky (in Coates , 1974 , p . 144, Loe . 89 , 
p . 153, Loe . 109). The two trigoniid specimens , 
al t hough fragm entary, ar e similar to other probably 
Albian spe cimens described be low (hypotypes GSC 
45473 , 45477) and they appear to show the same 
differences as do thos e from th e probably late 
Barremian forms (hypotypes GSC 45471 , 45479). Further
more , they differ from these last specimens in the 



development of a distinc t set of tuberculate tra ns 
ver se costell ae on the escutcheo n (Pl . 1, figs . 14, 
15, 18) . This l as t charac t eristic is prese r ved 
also on an undescribed Albian M. (Steinmanella ) 
spec i es from Smi thers map - area of west-central 
Br itish Columbia . A feature more c l osely r e lated 
to the Bar remian than the other ?Albian specimens 
noted be l ow , however , is the pres ence of a n a ppar 
entl y dist inc t r ow of nodes on th e marginal ca rina 
in hypotype GSC 45478 (Pl. 1 , fig . 14) , at least 
in i ntermediate growth stages. 

Hypotypes GSC 45473 a nd 45477 (from GSC l acs . 
75144 and 75148; Pl . 1, figs . 6- 9 , 13 ; Loe . 103 of 
Textfig . 2) are from the ' Yaadia beds ' which occur 
i n a fau lt slice within ro cks of the Al bia n Pasayten 
Group (Textfig . 2) . The cos t ae of these specimens 
are straigh t e r, mo r e obviously posterodorsally taper 
ing , slightly mor e dorsoventrally oriented , and more 
coarse ly tubercu l a t e tha n those of spec imens from 
map - unit 8 ( contrast figs . 1 and 6 of Pl . 1) . The 
costae stand higher in th e presently describ ed spec
imens a nd the an t e rior dor soventra l row o f nodes is 
heavier . The umbonal portions of the area may be 
more distinctly obliquely cos tellate (P l . 1 , f i gs . 
8 , 9, 13) than in the Barr emian fo rms . A fu rther 
diff e r ence is the continuity of the costa e of the 
f l ank to th e marginal car ina which is the locus 
j oining th e ir poster odorsal end s in the pr esent fo r m, 
wh e r eas a row of tub e r c l es di s tinc t from the costae 
of th e fla nk character izes the Bar r emia n specimens . 
Because of these diff e r ences from the Barr emian 
fo rms , a nd the similarit ies wi th other probably 
Albian specimens , M. (Steinmanella ) sp . B from the 
' Yaadia beds ' is considered t o be of probable Albian 
age a nd to so date th e ' Yaadia beds ' (Loe. 10'.J of 
Textfig . 2) . 

Specimens (hypo t ypes GSC 45472, 45474 , 45475, 
45476 ; Pl. 1 , figs . 3- 5 , 10-1 2) collec t ed f rom a 
loose boulder in Albian (map - unit lOa ; Loe . 66 of 
Textfig . 2) terrain conform with the abov e -described 
specimens from GSC loca lities 74794 , 74799 , 75144 , 
and 75148 , a nd Jele t zky ' s (in Coates, 1974, p . 131 , 
Loe . 66) suggestion that they were de r ived f r om an 
older (Hauterivian or Bar r emian) unit is r e j ec t ed 
on that basis. These specimens exhibi t somewhat 
coar ser tub ercles on the area tha n any of the o thers 
described (see Pl. 1 , figs . 4, 1 2). 

Genu s Quoiecchia Crickmay , 1930 

Quoiecchia Crickmay , 1930 . 

Type species . Quoiecchia aliciae Crickmay , 1930 . 
Ha uterivian o r Barremian, British Co lumbia . 

Diagnosis . Shell sma ll, subcircular or dorsoventrally 
e longa t ed, gryphaeiform . Fl ank , area , and e scutcheon 
indis tinc tl y sepa r a t ed by rows of tube rcles near umbo s . 
Flank near umbo with anteroventrally s l op ing , oblique 
costae tha t ex t end onto area . These cos t ae on the 
flank become s ubrad ial within a short di s tance , a nd 
die out on a nter i or part of shell . Late gr ow th 
s t ages wi th concentric growth lines or rugae only . 

Discussion . This unusual , monotypic genu s is valid 
despite the ques tioning i t received f r om Cox (1952 , 
1969). It is apparentl y end emi c t o Britis h Columbia , 

where it is a useful Haut e r ivian- Ba rremian guide 
fossi l, albei t l oca li zed and commonly poo rly preser ved. 

Quoiecchi a app ear s to be a ' simplified ' deriv
ative of obliquely costate r ep r esenta tives of 
Myophorelli na e . Its ear l y growth stages pres er ve 
the oblique cos t ae cha r ac t er istic of Myophor ella 
species a nd , less c l early , continuous tub e r cu l ation 
or obl ique cos t e llation of the a r ea . These l a tt er 
charact e r is tics sugges t deriva tion f rom a possible 
M. (Steinmanella )- like a nces tor, which invo lved 
simp l ification of sculptur e , as we ll as change in 
s hape a nd r edu c tion in size of the shell . 

Savel ' ev ' s (1958) inclusion of Quoiecchia in 
his s ub fami l y Laevitrigoniinae superficially unites 
morphologica lly similar but only distantly r elated 
co nc entrically cos tate genera . 

Quoiecchia aliciae Crickmay 

Plate 2, figu r s 1-11 

Quoiecchia aliciae Cr i ckmay , 1930 , p . 51 , Pl . XII I , 
figs . 3- 8 . 

Description . Shell small to medium in size , r eaching 
approx imatel y 4 cm i n he i gh t . Subtrigona l outline, 
highe r than wid e , gryphaeiform. Strong l y convex . 
Beaks centr a l , orthogyr ous , pointed . Ro und ed a nt e r o
ventr a l and posteroventra l co rner s . 

Shel l s urf ace divided i nto f l ank a nd a r ea by a 
r ounded edge that becomes indistinct ventrally . 

Area with growth lines and rugae tha t are 
cont i nu ous with thos e of f lank . Within 15 mm of 
umbo , the r e are subdu ed degener a t e reli cs of an 
e scutcheon carina , which appears as a row of i nd is 
tinct br oad e l ongated nodes on eac h ruga , and a 
rned"Lan groov e which is a broad , sligh tly concave 
f urrow. Within 5 to 10 mm of umbo , there a lso are 
r elativel y s ha rp ob l ique costellae that appear to be 
continuou s with cos tae of the f lank . Escutcheon 
na rrow , with con tinuatio ns of gr owt h rugae. 

Main part of fl a nk wi th s harp, na rrow , concentr ic 
gr ooves that separate high, round ed ruga e . These 
rugae or cos tae a r e wid e l y and nearly evenly spaced 
i n centr e of shell, and are of cons tant s trength. 
They become ind i stinct nea r umbo, a nd become fi ner 
spaced a nd l ess r egul a r near v entra l ma r gin . 

A se t of smoothly curved , anteroven trally s lo ping , 
ob lique cos tae occ upy f l ank i n th e umbona l 1 cm 
(Pl. 2 , fig . 7) . They a re round ed, broad, strong , 
a nd either weak l y a nd irr egularly corruga t ed or smooth. 
They a ppea r to coincid e with oblique cos tellae of the 
a r ea but may be interrupted a t the mar gina l carina . 
They are enlarged near their anter ior end s so tha t a 
row of weak , nod e-like varices runs a long th e anterior 
end of the s he ll (Pl . 2 , fig . 9). 

After the s hell is 1 cm high, these ob l ique 
cos t ae become nea rly dorsoventrally or ien t ed (pseudo
r adia l), broad , round ed r idges standing be t ween s harp 
na rrow g r ooves . The posterior portion of the flank 
the r e fore has a r e ti cu l ate appea r ance , marked by inter
sec t i ng concentric and pseudoradia l sets of grooves . 
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The pseudoradial grooves are added along the indis 
tinc t edge that is the margina l carina, and die out 
ventr ally before reaching the ventral margin . They 
do no t occur on the anteroventral part of the shell . 
They meet the marginal carina at angles decreasi ng 
from about 45° near the umbo to 10- 20° near t he 
ventral margin. In some specimens , they are too 
faint to be seen . 

In the ear lies t 2 cm of the shell, the a nterior 
row of varices is continued ven t rally by weak 
varices near the anter ior ends of the concentric 
rugae . 

Discussion . With the exception of one specimen 
(Pl. 2 , fig . 5), the characteristics of t he Manning 
Park specime ns agree well with those of Crickmay's 
(1930 , p . 51 , Pl. VIII, figs . 3- 8) typ e material of 
Quoiecchia aliciae . The exceptiona l specimen bears 
finer and smoother radial costae than either of t he 
typ e specimens . 

Material and occurrence . All specifically identi
fiable specimens occur in Barremian beds of map 
unit 8 of the Jackass Mountain Group of Manning Park 
(Coates , 1974). The largest well - preserved speci 
mens (hypotypes GSC 45481- 45484 from GSC locs . 62324, 
68144) are e ither late (or probably late) Barr emian 
(Je letzky in Coates, 1974 , p . 85 , 114 , 115). Oth ers 
( including hypotypes GSC 45485 and 45486 from GSC 
loc. 69346 and those from GSC loc. 62325) are also 
p r obably of similar age judging by their strati 
graphic position , although diagnostic ammonites were 
not found with them . 

Quoiecchia sp . 

Plate 2 , figures 12, 13, 14 

Several poorly preserved or fragmentary speci 
mens of Quoiecchia sp . occur in the probably 
Hauterivian-Barremian map-unit 7 of Coates (1974) 
( e .g. hypotyp e GSC 45487 from GSC loc . 68 147) a nd 
at a poorly dated locality that is probably the same 
age in the lowe r part of map - unit 8 to the east 
(e . g . hypotypes GSC 45488 , 45582 from GSC loc . 73595). 

Subfamily MEGATRIGONIINAE van Hoepen , 1929 

Members of the subfamily Megat r igoniina e , taken 
to include Rutitrigoniinae van Ho epen (1929) and 
Io trigo niinae Savel ' ev (1958), are united and 
dist inguished from other Trigoniidae by the reduc
ti on in the size and distinctness of the area . I n 
th is characteristic , they are morphologically g rada
tional with probably ancestral Myophorellinae , f r om 
which they are arbitrarily distingu ished (s ee also 
Nakano, 1965 ; Levy , 1967) . The variation in s t yle 
of flank ornamentation is approximately equivalen t 
to that of the Myopl1orellinae , but is sufficiently 
di ffe rent in the lesser degree of tuberculation , 
narrowness and , to some extent , orie n t ation of 
co s tae , as well as the common tendency of obliqu e 
or s u bradial costae to develop from concentric 
juvenile costae which they appear t o truncate , to 
indicate possible hvmeomorphic radiation within the 
subfamily after its origin . Nevertheless, it is 
possible that the s ubfamily is not strictly 
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monophyletic and that future study may necessitate 
taxonomic revision . 

Genus Columbitrigonia n ew genus 

Type species . Trigonia columbiana Packard, 1921. 
Albian, Br itish Columbia . 

Diagnosis . Flank subdivided into inflated anterior 
and central part with coarse oblique costae , and 
smooth , rostrate posterior part , on anterior slope 
of marginal carina. Umbonal part of flank with 
concentric or subconcentric costae that are replaced 
ven t rally by the oblique costae of the adult growth 
stages . 

Discussion . Columbitrigonia n . gen . is based on 
Trigonia columbiana Packard (1921) . Trigonia condoni 
Packard (1921 , p . 28 , Pl . 8 , fig . 2) is includ ed in 
Columbitrigonia , judging from material described by 
Jones (1960, p. 158 , Pl . 29 , figs. 8- 10 , 17 , 18), as 
is C . .iackassensis n . sp. from Manning Park . Trigonia 
eximia Philippi (1899 ; Lambert , 1944) is possibly a 
species of Columbitrigonia . South American species 
of Anditr igonia Levy (1967) a nd certain Japanese 
Apiotrigonia species (Nakano , 1957; Tashiro, 1972) , 
as well as A. newcombei (Packard , 1921), show e ither 
incipient development of the smooth rostrate space 
anterior to the marginal carina or domination o f the 
flank by oblique cos tae. However, only in those 
species assigned to Columbitrigonia do both features 
occur to ge ther and well developed . The new genu s , 
neve rth e less, is closely allied to both Andi t rigonia 
and Apiotrigonia . 

In its general form , Columbi trigonia resembles 
Pter otri9onia (Rinetrigonia ) van Ho epen which, how
ever , bears costae on the posterior part of the 
flank . Also, in contrast to P. (Rinetrigonia ) , the 
umbonal concentric or subconcen t ric costae of species 
of Columbitrigonia a r e replaced ventrally by, and 
give t he appearance of being truncated by , t he 
oblique cos ta e of the adult flank . This last featur e 
is particularly well seen in C. columbiana (Packard) 
(Pl. 3 , figs . 7 , 16, 20, 21 , 25) and C. jackassensis 
n . sp . (Pl. 2, figs. 18 , 30) . Columbitrigonia also 
differs from P. (Rinetrigonia ) and other r ep resen
tatives of the subfami l y Pterotrigoniinae in its 
almost to t al lack of distinct a r ea, th e posterior 
e nd of the shell being a round e d point . Th e smooth 
posterior part of Columbitrigonia allies it morpho
logically with Nototrigonia Cox and related genera, 
which , however, have differen t ornamentation on the 
main part of the flank (see for example Cox , 1952 ; 
Skwarko , 1963). 

Columbitrigoni a columoiana (Packard) 

Plate 3 , figures 1- 30 

Trigonia columbiana Packard , 1921 , p . 23, 24 , Pl . 11 , 
figs . 1 , 3 . 

Description (based on the Manning Park specimens) . 
She l l medium to large , ra r e l y exceeding 10 cm in 
length . Subtrigonal outline with strongly rostrate 
poster ior . Smoothly rounded anterior and anteroven
tral margins ; straight or gently curved poster oventral 



and dorsal margins . Posterior end either very short 
or pointed. Main part of flank very strongly 
convex, subglobose; posterior part of flank flat; 
area apparently absent ; escu t cheon long , na rrow, 
strongly concave . 

Posterior part of flank and escu t cheon are 
separated by a relatively sharp edge . There is no 
structure similar to the escutcheon carina or area 
of other trigoniids, although homologous features 
may be present within the r egion herein referred to 
the escutcheon . Escutcheon is smooth excep t for 
fine growth lines which are con tinuous with those 
of the posterior part of the flank . Some specimens 
exhibit a very faint suggestion of fine oblique 
striation on umbonal parts of the escutcheon . 

Posterior one quarter or one third of flank 
smooth and flat, with fine growth iines . I t is 
separated from the remainder of th e flank by an 
en tir e ly or nearly straight imaginary line which is 
the locus of t e rminations of costae of the major 
part of the flank . 

Major part of flank bears oblique costae which 
are mainly smoothly curved, sweeping ventrally and 
anteriorward from the above-mentioned imaginary line . 
The earliest of these costae are not preserved on 
the material avai lable, but they are apparent ly fine, 
smooth , and distinctly oblique, sloping anteroven
tra lly , when the shel l is 3 or 4 mm long. In later 
growth stages , they become coarse , widely spaced , 
high standing, and bear more or less irregular , 
rounded, pustule-like tubercles which are al igned, 
from one rib to the next, along widely spaced but 
evenly spaced growth rugae . When the shell is 
between 5 and 15 cm long , ap proximate ly, there is 
a more or l ess distinct V-flexure of the costae , 
their posterior portions being oriented nearly dorso
ventrally . Increase in importance of these posterior 
portions of the costae with growth , t ogether with 
gradually increas ed rotation of the main portions of 
th e cos t ae to a more strongly oblique orientation, 
results in the appearance of truncation of the 
posterior ends of many of the oblique costae by a 
more posterior set of costae which are more nearly 
dorsoventrally oriented . Some of the early cos tae, 
therefore, do not extend to the locus which forms 
the poster i or limit of most of th e costae of the 
flank . 

On the main part of the flank , the costae are 
strongly diverging anteroventrally . They also become 
noticeably stronger in this direction to about the 
middle , highest, part of the shell , beyond which they 
taper to the a nt erior and anteroventral margins which 
they meet nearly at right angles. A few except ional 
specimens exhibit intercalations of fine secondary 
costae in the anteroventral r egion (Pl. 3 , fig. 9) . 
The ventral part of the flank , just an t erior to the 
posterior smooth part , is covered with dorsoventrally 
orien t ed or steepl y posteroventrally sloping costae 
which are fine , c losely spaced, and mainly nearly 
smooth. They are equivalent structures with the 
postero- umbonal segments of all of the other costae 
of the fl ank. Their postero -umbonal terminations 
form the locus separating the f lank into two distinct 
parts . These costae meet this locus at increasingly 
acute angles with succeeding growth stages. They 
inc rease in thickness and width of spacing ventrally . 

The actual spacing and width of these costae, as 
well as the angles which they form with the locus 
joining their t e rminations, is somewha t variable 
from one specimen to another . Some of these costae 
are gently and sinuously curved rather than being 
s traight . 

Discussion . The writer ' s conc ept of C. colwnbiana 
(Packard) is based on a cast of the specimen of 
Trigonia colwnbiana figured by Packard (1921 , Pl . 11, 
fig. 1) which is consider ed by the present writer to 
be the holotype of the species . It was supplied by 
LouElla Saul. The charac t eristic smooth posterior 
part of the flank is costate in the onl y other or ig 
inal figure, which is a composite dr awing based on 
several specimens (Packard , 1921, Pl . 11, fig. 3). 
This portion of the holotype is not well preserved 
but appear s to be smooth (see Packard , 19 21, Pl. 11, 
fig . 1), and costation in the composite drawing is 
assumed to be either an error by the artist, or t o 
be an unusual development of the species in specimens 
other than the holotype . 

The early ontogenetic development of the coarse 
oblique costae of the flank and the more strongly 
diverging posterior costae separate this species from 
C. condoni (Packard) and C. jackassensis n . sp. (s ee 
a lso discuss ion of C. jackassensis) . 

Material and occurrence . Ab und ant ex t erna l a nd 
internal moulds (including hypotypes GSC 45507 to 
45522) from Albian map-unit 10 of the Jackass 
Mountain Group in central 1anning Pa rk (GSC locs. 
68150, ?69413 , 74791, 74794, 74799, 74801, 74812). 
The holotyp e of this species occurs in the Albian 
Haida Formation of Queen Charlotte Islands (Packard, 
1921), where the species was identified in the upper 
Lower Albian Brewericeras hulenense Zone by D.L . Jones 
and F . H. McLearn (in Sutherland Brown, 1968) . 

Columbitrigonia jackassensis new species 

Plate 2, figures 18-43 

Description . Shell small t o medium in size , not 
exceeding 5 cm in l ength . Outline subtriangular , 
rostrate to posterior . Anterior and an t eroventral 
ma r gins form smooth semicircle; posterior part of 
ventral margin and dorsal margin straight . Shell 
gen tly convex . Area apparently absent . Escutcheon 
long, narrow. 

Flank a nd escutcheo n separated by an edge which 
is very sharp near the umbos but which becomes 
rounded to posterior . Escutc heon is covered, in its 
umbonal part at l east and throughout in some speci
mens, with fine , weak, regular, transverse , striae, 
and with growth lines. A weak groove runs the length 
of the edge corresponding to the marginal carina just 
dorsal to that edge . Just dorsal to this groov e , 
very faint , fine, radial striae are suggested . 

The posterior one fifth or one sixth of th e 
flank is flat and smooth except for fine growth lines . 
The anteroventral boundary of this smooth space is a 
straight to gently curved line that is the locus of 
pos t erodorsal ends of th e posterior cos tae of the 
flank. There is a suggestion of a slight posterior 
gape . 

13 



The umbonal few millimetres of the flank have 
not been seen , but sculpture appears to be concentric , 
or nearly so, in the earliest 5 mm of growth. These 
costae ar e we ak, finely spaced , and apparently 
smooth . When shell is 5 to 15 mm high approximately , 
a change of orientation of the (major) central and 
anterior portions of the costae occurs , so they 
become mor e strongly oblique , sloping anterov entral l y . 
Posterior portions of costae are replaced progres
sively by smooth, dorsoventrally oriented costal 
segments which give the appearance of truncating the 
central portions of t he costae . The anterior and 
central portions of the costae become strong, coarse ly 
spa ced , strongly and irregularly tubercula t e . When 
the shell is about 15 mm high, the posterior and 
central portions of costae become aligned to form 
smoothly sweeping costae over the major portion of 
the adult shell . They meet the anterior and ventral 
margins at high angles . In some specimens there is 
a s light tendency to irregularity of the ventr al 
parts of these costae or to intercalation of secondary 
costae near the anteroventral margin . In some 
spe cimens the costae weaken in the anteroventr al 
parts of th e flank , so that this part of the shell 
bears only growth lines, or less commonly , growth 
r ugae . 

The posteroventr al part of the flank is occupied 
by sharply defined, straight or nearly straight , 
ma i nly parallel , dorsoventrally orient ed , nearly 
smooth costae of constant and regular strength and 
spac ing . They form a plicate surface of commissure . 

Discussion . This species is dif ferentiated from 
C. columbiana (Packard) by the greater regularity 
of the spacing and strength of the dorsoventrally 
oriented costae of the posterovent r al part of the 
flank and by the gr eat er angle which these costae 
form with the locus that joins their dorsal termin
ations . It also differs from C. col umbi ana in the 
sma lle r proportion of the flank occupied by the 
pos terior smooth space , in the presence of the groove 
f ollowing the position of the marginal carina, in 
the lesser convexity of the shell as a whole , and 
in the stronger , but still weak , fine transver se 
striation of the escutcheon. The replacement, with 
progr essive growth stages of the shell , of concen
tric by dorsoventral costae is somewhat more clearly 
exhibited in the present species than in C. colum
biana , and the earlier mode of sculpture per sists 
longer in the present species. The ribbing of t he 
main part of the flank is weaker and more finely 
spa ced than on C. columbi ana. There is commonly a 
di s tinct flexure between the posterior and centra l 
portions of the costae that i s absent on the smoothly 
curved costae of C. columbiana . 

The new species is similar to C. condoni 
(Packard), the inter pretation of which species is 
based on Jones ' (1960) study of fossils from Or egon . 
Packard ' s (1921, p . 28 , Pl. 8, fi g . 2) holotype of 
C. condoni is more distinctly t uberculate than most 
o f Jones ' specimens which Jones (1960, p . 158, 159) 
neverthe less considered to be conspecific, and pos 
sibly topotypic, with C. condoni . The status of 
And erson ' s (1958 , p . 108, Pl. 1, fi g . 5) Tr igonia 
packardi (not Hai daia packardi Crickmay , 1930) is 
unc lear because of its poor preservation, a nd it 
may be synonymous with C. condoni as Jones (1960) 
suggested. Columbitrigonia j ackas sensis n . sp . 
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differs from C. condoni in the much earlie r r eplace
ment of concentric costae of the f lank by subradial 
and oblique costae . The juvenile concentric costae 
of C. condoni apo ear to exte nd to the marginal carina, 
and succeeding subradial costa e dev e lo p ventral l y 
from them . In C. jackassens is , however, even the 
early growth stages exhibit a well-de fin ed, smooth 
poster ior part of the flank , and the subradial costae 
deve lop anteroventral to it, posterior to the main 
obliq ue costae . The appearance in C. condoni is one 
of truncation of subradial by concentric costae ; in 
C. jackassensis , it is the reverse . 

' Tr igonia ' kitchi ni Stoyanow (19119, p. 82 , 
Pl . 14 , figs . 4-10) resembles C. jackassensis but 
the shar p change from subradial to subconc entric 
costae remains until the latest growth stages in 
the former species . 

Der>ivation o.f name . Jackass Mountain Group . 

Mate r>ial and occurrence . Several dozen moderately 
to poorly pres erved or fragmentar y ext ernal moulds 
from many localities in Barremian or probably 
Barremian beds of map - unit 8 of the eastern be lt of 
the Jackass Mountain Group (see Table l; Coate s , 
1974) , including holotype GSC 45491 and paratype 
GSC 45502 from GSC locality 83961; paratyp es GSC 
45492 and 45583 from GSC locality 83948; GSC 45493 
and 45495 f rom GSC locality 86987; GSC 45494 , 45497 , 
and 45505 , f r om GSC locality 83944; GSC 45496 from 
GSC locality 62514 ; GSC 45498 from GSC locality 
83956 ; GSC 45499 and 45500 from GSC locality 83934 ; 
GSC 45501 from GSC locality 68143; GSC 45503 from 
GSC locality 83960; and GSC 45504 from locality 
68143 . A few poorly preserved and sp ecifically 
unidentifiable spe cimens (not figured) in Lower Albian 
map - unit 9 (GSC loc . 14907) and Hauterivian- Barremian 
map - unit 7 (GSC locs. 14906 , 14913, 19414) may be 
younger and older repr esentatives of this species . 
Alternatively , those specimens from map-unit 7 
possibly may be adult specimens of Api otrigonia sp. 
cf . A. kayana (Anderson) (se e below) . 

Columbi t rigonia ? sp . cf . C. condoni (Packard) 

Plate 2 , figure 44 

cf. Trigoni a condoni Packard , 1921 , p. 28, Pl . 8, 
fig . 2 ; Jones , 1960 . 

?cf . Trigonia packardi Anderson, 1958 , p. 108 , Pl . 1, 
fig . 5 . 

Two specifically undeterminable fragments of 
external moulds (including hypotyoes GSC 45506 and 
45507 from GSC l ac . 68150; other specimens from 
GSC loc . 74799) were found in Albian map-unit 10 
of t he Jackass Mountain Group of Coates (1974) . 
The posterior subradial costae are slightly coarser 
spaced than in Columbi t r igonia jackassensis n . sp . 
which, together with their Albian age , allies them 
with C. condoni (Packard) . 



Genus Apiotrigonia Cox , 1952 

Megatrigonia (Apiotrigonia ) Cox , 1952. 

Apiotrigonia (Apiotrigonia ) Cox , 1969 . 

Type species. Trigonia sulcataria Lamarck, 1819. 
Cenomanian, Euro pe . 

Diagnosis . Small to medium size , py.riform , gent l y 
concave . Umbonal and anterior par ts of flank with 
costae that are ei the r gen tly oblique or a r e nearly 
concentric except at their a nterior ends ; on 
posterior part of flank, ear l y concentric costae are 
r eplaced , with growth, by subradial costae app roxi
mately pe r pendicular to ventra l margin . 

Discussion . The specific content of Apiotrigonia 
and its relationship with Heterotrigonia Cox (1952) 
and Microtrigonia Nakano (1957) require further 
study, wh i ch i s beyond the scope of this paper . The 
writer' s present concept is that of Nakano (1957; 
see also Tashiro , 1972) , who raised it to generi c 
rank from its original sta tus as a subgenus of 
Megatrigonia (Cox, 1952). 

The r esemblance of Apiotrigonia with spec i es of 
Vaugonia Crickmay i s s up erficia l and proba bly homeo 
morphic as Maeda a nd Kawabe (1966) and others have 
suggested . 

Apiotrigonia sp . cf . A. kayana (Anderson) 

Plate 3 , figures 34 - 40 

cf . Trigonia kayana Anderson, 1938 , p. 108 , Pl . 7, 
fig. 4 . 

Description . Shell small, rarely exceeding 2 cm 
in leng th. Outline s ubtriangular with rostrate 
posterior. Anterior and anteroventral margins form 
smooth semicircle; posterior part of ventral margin, 
and dorsal margin, straight . Shell gentl y convex . 
Escu tcheo n long , narrow . 

Flank and escutcheon are separated by a rounded 
edge that is sharp i n the few millimetres nea r the 
umbo . One or more fine , faint grooves ex t end a long 
the dorsal side of this edge in some specimens . 
Escutcheon w.ith fine , oblique or transverse costellae 
throughout , or only on the umbonal few millimetres , 
otherwise smooth or with fine grow th lines, gently 
co ncave . 

Costae of umbonal 5 mm of flank regular, sharp, 
and concentric , except near anterior margin which 
they meet nearly at right angles . They are curv ed 
upward along a locus tha t extends ventrally in later 
growth stages as the anterior boundary of the 
posterior smooth part of the flank . Thus, there 
is, near the umbo, a very narrow and short - lived, 
obliquely cos tat e region between the escutcheon and 
the flank. The oblique cos ta e of this small r egion 
die out, after the shell is about 5 mm long , in th e 
pos t erior smooth part of the f l ank . This narrow 
part of the flank bears rar e grow th lines . 

The major (ant erior and central) part of the 
flank has sharp , fine , s ubconc entric costae that are 

evenly spaced. In some specimens these costae are 
stepped ventrally toward the anterior and, thus, 
exhibit incipient, s lightly a nt eroventrally oblique 
orientation . They cut sharply across the growth 
lines in the anterior region of th e shell, and meet 
the anterior margin nearly a t right angles . 

A set of dorsoventrally orient ed , strong, smoo th 
costae develop immediately anterior to the posterior 
smoo th part of the flank, after the shell is about 
5 mm long . They originate as upturned posterior ends 
of the concentric costae but this appearanc e is soon 
lost, and they become independ ent, and dominate the 
c entra l portion of the flank . 

Discussion . Because th e Manning Park specimens are 
few and possibly a ll juvenile , no specific assign
ment is mad e . They are very close to Apiotrigonia 
kayana (Anderson) [= Trigonia aequicostata Gabb of 
Diller and Kay , 1924, p . 3, Fig . 3), as well as Aptian 
' Trigonia ' kitchini Stoyanow (1949, p. 82, Pl . 14, 
figs . 4- 10) and ' T.' cragini Stoyanow (ibid. , p . 80 , 
Pl . 13, figs. 6-10, Pl . 14, fig . 3). The hori zon 
which yi e lded the type of A. kayana is qu es tionable 
(Anderson , 1938 , p. 108) but A. kayana a lso occurs 
in Aptian (Popenoe et al ., 1960) beds of the ' Horse
town Group ' near Ono , California (And erson, 1938, 
p. 108 ; Murphy, 1956, p . 2116) . 

The Manning Park specimens are smaller than 
the othe rwi se similar A. crassoradiata Nakano and 
A. minor (Yabe and Negao) (see Naka no, 1957 ; Maeda 
and Kawabe, 1966 ; Tashiro, 1972). However, fut ur e 
studies of these closely related forms may necessi 
t a t e taxonomic revision. 

Apiotrigonia newcombei (Packard) is larger and 
more inflated than A. sp. cf . A. kayana . In the 
umb ona l 5 t o 7 mm of A. newcombei , the fine co ncen
tric costae of the f lank extend t o the marginal 
car ina and t.h e smooth narrow posterior region of the 
flank deve l ops a t later growth stages . In A. sp. cf . 
A. kayana , however , th e triangular posterior r eg ion 
of the f l a nk is smooth or obliquely costate i n eve n 
th e earlies t g rowth s tages and the concentric cos tae 
of th e flank commonly end sharply , in some specimens 
with a slight enl argement, ant e r ior to it. A. sp . 
cf . A. kayana of Manning Park could be confused with 
juvenile spec imens of Columbitrigonia columbiana 
(Packard), C. condoni (Packa rd), and C. jackassensis 
n . sp ., but the concen tric costae on the flank 
pe r sist into later growt h stages and r emain ind e
pe ndent of the dorsoventrally or iented costae through
ou t the extent of the flank , distingui s hing th em from 
those of Columbitriqonia spec i es . The pos t erior 
smooth space is na rrower tha n in C. columbiana a nd 
the fine oblique or transvers e costellation of the 
escutcheon is more pronounced . Ce rtain poor ly 
preserved trigoniids associated with A. sp. cf . A. 
kayana are f ra gmentary unidentifiable adults which 
resemble Columbi trigonia .jackassensis n. sp . Al thou gh 
they differ in their juvenile characterist i cs , the 
two species may be simi lar as adults. Therefore, 
those poorly preserved fragmentary specimens r e sem
bling C. jackassensis have been identified as possibly 
C. jackassensis n. sp . in map-unit 8 and are question
ably designated as such in Tables 1 and 2. However, 
the two forms may be found to be synonymous following 
future study . 
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Material and occurrence . A few smal l, possibly 
juvenil e , external moulds occur a t GSC locality 62516 
in the Hauterivian t o Barremian map - uni t 7 of Coates 
(1974) (hypotype GSC 45525) and a t GSC locality 64806 
in the lower [Hauterivian(?) or Ba rr emia n] par t of 
map - unit 8 (hypo t ypes GSC 45523 , 45524 , 45526 , 45527 , 
45528) . The species is questionably identified at 
GSC locality 14909 well within map - unit 8 . 

Api otrigonia sp . 

Pl a t e 3 , figur es 31, 32 , 33 

A few smal l , possib l y juvenile, specifically 
unident ifiable specimens (including hypotypes GS C 
45584 , 45585 from GSC loc . 20504) in Hauter i vian t o 
Barremian map - unit 7 exhibi t unu s ually strong trans 
verse to oblique cos tae on the poster ior , otherwise 
smooth part of the fla nk i n the early gr ow th stages 
(Pl. 3 , fig . 32) . These cos t ae are continuous with 
the concentri c cos t ae of the flank . These s pecimens 
also have, i n the ear l y growth s tages , a rudimentary 
area tha t is c l early separated in its orientation 
and in the direction of its obl ique cos t e llation 
from both the f l ank and the escu t cheon (Pl . 3 , 
fig . 33) . The cos t ellae of the escu t cheon are 
co a r ser than in A. sp . cf . A. kayana (Anderson). 

Subfamily PTEROTRIGONII NAE van Hoepen, 19 29 

The presen t writer t entatively fo llows th e 
classificat ion of Nakano (1974b) fo r P t e r o tri 
go niinae a nd also includes Li notr igonia van Hoepen 
within the subfamily , a lthough Kobayashi and Nakano 
(1957) sugges t ed that Linotrigonia is similar only 
morphologically to other member s of P t erotrigon iinae 
and pr oper l y belongs to the Clavellatae Gr oup of 
Agassiz (1840) (included in s ubfamily Myophorellinae 
of this paper) . Further discussion is not undertaken 
he rein because of the i nabili t y of the 1anning Park 
ma terial t o contribute to resolution of the problems 
of th e complicated t axonomy of the Ptero trigoni i nae . 

Genus Pterotr igonia van Hoepen , 1929 

Pterotrigonia van Hoepen, 1929; Cox , 1969 ; Naka no , 
197 4b . 

Type species . Pt erotrigonia cri s tata va n Hoepen, 
1929 . Cre t aceo us , Zu luland . 

Diagnosis . Escutcheo n depressed , wi th tr ansve r se 
costel l ae. Ar ea narrow , with medi an groove , smooth, 
with growth lines, or with minor tra nsver se cos t ell ae 
in early g r owth s t ages . 

Discussion . Naka no ' s (1974b ; see a lso Kobayashi 
a nd Naka no, 1957) c l assification and diagnoses are 
f o llowed by t he pr esent writer. 

Pterotrigoni a (Pterotrigoni a ) sp . 

Pla t e 2 , figures 15 , 16 , 17 

Descr iption . Flank apparently with strongly cres 
c entric form t ypical of Pterotr igonia . Strongly 
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conv ex region along anterior end of shell, less 
convex to pos ter io r . 

Cos tae on main part of flank sharp , high- s t and 
ing , sigmoidal , smooth, con tinuous f r om app r oximate 
position of marginal car i na to anterior ma r gin which 
they mee t nearly at right angles. Their str eng th is 
increased gr eat ly alo ng the strong l y convex an t erior 
part of the shell . Costae a r e separ a t ed by broader 
intercostal spaces tha t bear gr owth lines . There is 
a s ugges tion of tub e r cula t ion on r ibs in the antero
ventral part of th e f l ank . 

Ar ea , if a ny is present , very narrow a nd smooth , 
a t least i n umbonal r egion . Escu t cheon long , broad, 
strongly r ecessed below beak , strongly a nd r egular l y 
tr a nsvers ely costellate . 

Discus sion . The 1anning Park specimens r epresent 
P. (Pterotr igonia ) va n Hoepen, but are too rare a nd 
poorly preserv ed to con tribut e to our knowl edge of 
tha t gr oup , or t o i dentify s pe cifically . 

Material and occurrence . Three partial ex t ernal 
moulds (including hypo t ypes GSC 45489 and 45490) were 
found in a l oose boulder in an a r ea s urround ed by 
r ocks of Albian s ubdivision lOa of Jackass Moun t ain 
Gr oup (Coates, 1974) (GSC loc. 69412) . An Albia n 
age is proposed fo r the bould e r because of the asso
ciation with Nyophorella (Steinmanella ) sp . B. 
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PLATE 1 

(All figures natur al size ; all figur e s of latex casts from external moulds; all specimens from Jackass 
Mountain Group , Manning Park) 

Figures 1 , 2. 

Figures 16 , 17. 

Myophorella (? Ste i nmanella ) sp . A 

Lateral and dorsal views of i ncomplete left valve; hypotype GSC 45471 from GSC locality 
83947 . Probably late Barremian . 

Lateral views of righ t valve and incomplete left valve of hypotype GSC 45479 from GSC 
locality 86987 . Probably late Barremian . 

!1yophorella (Steinmanella ) sp. B 

Figur e s 3 , 4, 5 . Lateral, dorsal , and umbonal views of incomplete left valve and part of right valve ; 
hypotype GSC 45472 from GSC locality 69412 . Albian . 

Figures 6, 7 , 8 , 9. Lateral , oblique umbonal , umbonal , and oblique dorsa l views of left valve , hypotype 
GSC 45473 from GSC locality 75148. Possibly Albian . 

Figur e 10. Lateral views of articulated posterodorsal par t s of valves of hypotype GSC 45474 from 
GSC locality 69412. Albian. 

Figur e 11. Lateral view of anteroventral portion of right valve of hypotype GSC 45475 from GSC 
locality 69412. Albian. 

Figure 12 . Lateral view of incomplete right valve of hypotype GSC 45476 from GSC locality 69412 . 

Figure 13 . 

Figures 14 , 15. 

Figure 18. 
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Albian . 

Lateral view of articulated umbonal portions of (?juvenile) valves , hypotype GSC 45477 
from GSC locality 75148 . Possibly Albian . 

Lateral and dorsal views of articulated partial valves of hypotype GSC 45478 f r om GSC 
locality 74799 . Probably Early Albian . 

Dorsal view of fragment of post e rior area of right valve, hypotype GSC 45480 from GSC 
locality 74794 . Probably Early Albian. 
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PLATE 2 

(All figures na tural size except 42, 43 ; all fig ur es of latex cas t s except 1-5, 12, 39 , 45; a ll specimens 
from Jackass Mountain Group , Manning Park, except Figure 45). 

Figur es 
1, 2. 

Figure 
3 . 

Figur e 
4 . 

Figures 
5 , 6 . 

Figures 
7 ' 8' 
9, 10. 

Figure 
ll . 

Figure 
12 . 

Figure 
13 . 

Figure 
14. 

Figure 
15 . 

Figures 
16 , 17. 

Quoiecchia ali ciae Crickmay 

Lateral and pos t erodor sal views of r ight 
valve, hypo t ype GSC 45 481 from GSC l ocal
i ty 68144. Probab l y late Barr emian. 

Lateral view of r ight valve , hypo t ype 
GSC 45482 f rom GSC locality 68144. Pr ob 
a bly late Barremian. 

Lateral view of l ef t valve, hypotype GSC 
45483 from GSC locali t y 68144 . Probably 
late Barremian . 

Lateral and posterodorsal views of partial 
right valve , hypotype GSC 45484 from GSC 
locality 62324. Late Barremian . 

Lateral , posterodorsal , an terior and 
umbonal views of l ef t valve, hypotype 
GSC 45485 from GSC locality 69346. 
Barremian(?) . 

Latera l view of partial right valve, hypo
t ype GSC 45486 from GSC locality 69346. 
Barremian(?) . 

Quoiecchia sp . 

Pos terodorsal view of fragment of l ef t 
valve, hypotype GSC 45488 from GSC local
ity 73595. Haute rivian or Barremian. 

Lateral view of fragmentary left valve, 
hypotype GSC 44582 from same l oca l i t y as 
Figure 12. 

Lateral view of juvenile right valve, hypo 
type GSC 45487 from GSC locality 68147, 
emphasizing the diagonal orientation of 
costae nea r the urnbo . Hauterivian or 
Barremian. 

Pter otrigonia (Pterotr i goni a ) sp. 

Later al view of partial left valve, hypo
type GSC 45489 from GSC locality 69412 . 
Albian. 

Dor sal and anterior views of f ragmentary 
left valve, hypotype GSC 45490 from same 
local ity as Figure 15 . 

Colwnbi trigonia jackassensis new species 

Figure 
18 . 

Figure 
19 . 

Figures 
20, 21. 

Figure 
22 . 
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Lateral view of broken right valve , holo
type GSC 45491 from GSC local i ty 83961. 
Probably Barremian . 

Lateral view of right valve, paratype 
GSC 45492 f rom GSC locality 83948 . Prob
ably Barremian. 

Lateral and dorsal views of right valve, 
paratype GSC 45493 from GSC l ocality 
86987 . Probab l y Barremian. 

Lateral view of juvenile left valve, para
t ype GSC 45494 f r om GSC locality 83944 . 
Probably Barremian . 

Figur es 
23 ' 24 . 

Fi gur es 
25 ' 26' 
27 . 

Figures 
28, 29 . 

Figure 
30. 

Figure 
31. 

Figur e 
32 . 

Figures 
33 ' 34' 
35 . 

Figures 
36' 37 . 

Figur e 
38 . 

Figure 
39 . 

Figure 
40. 

Figures 
41, 42, 
43. 

Later al and dor sal views of par tia l left 
va lve, par a t ype GSC 45495 f r om GSC local
ity 86987. Pr obably Barremian . 

Lateral (righ t valve) , posterodorsal, and 
ventral views of fragmenta r y para t ype GSC 
454 96 from GSC locality 62514 . Probably 
Barremian . 

La t er a l views (diff er ent lighting) of 
par~ial righ t valve, paratype GSC 45497 
from GSC locality 83944. Probably Barr emian . 

Lateral view of right valve , para t ype GSC 
45498 from GSC locali t y 83956. Probably 
Barremian. 

Lateral view of pa rtial right va lve , para
t ype GSC 45499 from GSC locali t y 83934. 
Pr obably Barremian. 

Lateral view of part ial right valve, par a 
t ype GSC 45500 from GSC l ocal i ty 83934 . 
Pr obably Barremian. 

Lateral (left valve) , anterior , and umbonal 
views of fragmentary paratype GSC 45501 
f rom GSC loca l i t y 68143 . Hauterivian or 
Barremian. 

Lateral views (different lighting) of 
partial left valve, par atype GSC 45502 
f r om GSC l ocality 83691 . Probably Barremian. 

Dorsal view of part ial par a t ype GSC 45503 
from GSC locality 83960 . Pr obab l y Barremian . 

Lateral view of l ef t valve with shell par
tially preser ved, par a t ype GSC 45504 f r om 
GSC l ocali t y 68143 . Probably Barremian. 

Lateral v i~w of r igh t valve, paratype GSC 
45583 f r om GSC locality 83948 . Probably 
Barremian. 

Lateral (xl, x2) and oblique umbonal (x2) 
views of juvenile right valve , paratype GSC 
45505 from GSC locali t y 83944 . Probably 
Barremian . 

Colwnbitrigonia? sp . cf . C. condoni (Pa ckard) 

Figure 
44 . 

Later a l a nd oblique anteroventral views of 
f ragmenta r y left valves, hypo t ypes 45506, 
45507 f r om GSC locali t y 68150. Albian. 

Myophorella (Steinmanella ) whiteavesi (Packard) 

Figure 
45. 

Lateral view of left valve, hypotype 
GSC 4997 figured by Whiteaves (1876 , Pl. 10, 
fig . 2a) and Packard (19 21 , Pl . 6, fig . 2) 
and subsequently erroneously interpreted 
as a partial restoration, or possibly a 
compl e t e reconstruc tion, by And er son (19 58, 
p . 111) . Probably Albian, Haida Formation , 
Queen Charlo tte Island s . 
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PLATE 3 

(All figures natural size excep t 31 , 32 , 33 ; al l figures of l a t ex casts except 29 , 30 ; all specimens from 
Jackass Mountain Group , Manning Park). 

Colwnbi t rigonia colwnbi ana (Packard) 

Figur es 
1, 2 ' 
3 . 

Figure 
4. 

Figures 
5, 6 . 

Figure 
7 . 

Figur e 
8 . 

Figure 
9 . 

Figure 
10. 

Figures 
11, 1 2 . 

Figures 
13, 14 . 

Figures 
15, 16, 
17, 18 . 

Figure 
19 . 

Figures 
20, 21, 
22' 23. 
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La t eral, oblique dorsal, and dorsal views 
of left valve, and lateral view of a 
fragmentary left valve , hypo t ypes GSC 
45507 , 45508 from GSC loca l i t y 7479 4 . 
Albian . 

Lateral view of left va l ve , hypotype GSC 
45509 from GSC locality 74794. Albian . 

Lateral and posterodor sa l views of part ial 
left valve , hypotype GSC 45510 from GSC 
locality 68150 . Albian. 

Lateral view of left va lve , hypotype GSC 
45511 from GSC locality 74794. Albian . 

Lateral view of par tial l eft valve , 
hypo t ype GSC 45512 from GSC locality 
68150 . Albian . 

Later a l view of part ial left val ve, 
hypotype GSC 45513 from GSC l ocality 
74791. Albian . 

Later al view of partia l right va l ve , 
hypotype GSC 45514 from GSC l ocali t y 
74791. Albian. 

Later al and an t er ior views of broken 
l ef t valve, hypotype GSC 45515 from GSC 
locality 74791. Albian . 

Lateral and umbonal views of partial 
right valve, hypotype GSC 45516 from 
GSC locality 68160. Albian. 

Oblique umbonal, l ateral , anterior and 
ventral views of right valve , hypotype 
GSC 45517 from GSC locality 74801 . 
Albian . 

La t eral view of right val ve, hypotype 
GSC 45518 from GSC locality 74791. 
Albian . 

La t eral , ob lique l a t eral , oblique umbonal , 
and umbonal views of broken l ef t valve, 
hypotypes GSC 45519 from GSC locali t y 
74794 . Al bian. 

Figur es 
24' 25 ' 
26 , 27. 

Figur e 
28 . 

Figures 
29, 30. 

Figure 
31. 

Figures 
32 ' 33 . 

La t eral (different l ighting) , oblique 
umbonal, and poster odorsal views of 
par t ial left valve , hypotype GSC 45520 
from GSC locality 69346 . Albian . 

Lateral view of right valve , hypotype 
GSC 45522 from GSC locality 74794. 
Albian . 

An t erior and lateral views of broken 
r igh t val ve , hypotype GSC 45521 from 
GSC locali t y 68150 . Albian . 

Apiotrigonia sp . 

Umbonal view of right valve , hypotype 
GSC 45584 from GSC locality 20504 (x3) . 
Hauterivian or Barremian . 

Lateral and umbonal views of right valve, 
hypotype GSC 45585 from same locality 
as Figur e 31 (x3) . 

Apiotrigonia sp . cf . A. kayana (Anderson) 

Figures 
34, 35. 

Figure 
36. 

Fi gur e 
37 . 

Figur e 
38. 

Figure 
39 . 

Figur e 
40 . 

Lateral and dorsal views of l eft valve, 
hypotype GSC 45524 from GSC l oca lity 
64806. Hauterivian(?) or Barremian. 

Lateral view of part ial r ight valve , 
hypotype GSC 45525 from GSC locali t y 
62516 . Hauterivian or Barremian. 

Lateral view of part ial right va l ve , 
hypo t ype GSC 45526 from same locali t y 
as Figure 34 . 

Lateral view of left valve , hypotype GSC 
45523 f rom same local i t y as Figur e 34. 

La t er al v i ew (partial right va lve) and 
oblique posterodorsal view (fragmen t of 
r ight valve) , hypo t ypes GSC 45527 , 
45527a f rom same locality as Figure 34. 

Lateral view of partial right valve , 
hypotype GSC 45528 from same l ocality as 
Figure 34 . 
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