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Preface 11
Preface

This is part of a series of papers dealing with the Jurassic fossil record of the Circum-Pacific
area. The principal parts are:

. Soviet Union

. China (People’s Rep.)

. South Amerca and Antarctic Peninsula

. Japan and South-East Asia

. North America

. Australasia

R A

o wm

Parts 1 to 4 have been published previously in this Journal (Vol. 19, 1 & 2:1-130, 1988,
Vol. 21, 2:75-147, 1990 and Vol. 24, 1/2 : 81-108, 1991).

This publication is one of the outcomes of the rescarch undertaken under the IGCP Project
# 171: Circum-Pacific Jurassic. The Project began in 1980 and has attempted to integrate
investigations of all aspects bearing on the correlation of the Circum-Pacific Jurassic, with the
aim to provide a more detatled documentation of fossil ranges than is usually available in the
literature.

The idea embodied in the range charts is to provide a data source for a variety of uses,
especially for constructing sound biostratigraphic zones and correlations for the Jurassic of the
entire Circum-Pacific arca. Subscquently, these correlations may be used for accurate dating of
magmatic, tectonic and evolutionary cvents and for paleogeographic and biogeographic
rcconstruction.

We intended to include, as far as possible, all fossil taxa. However, given the variety of
contributors and the ditferences in the state of knowledge of the taxa in each arca, the levels of
coverage and consistency varv greatly.

In order to provide usetul and objective data, we decided to sclect those taxa and ranges
which have been documented and iliustrated in published records. Contributors were asked to
document the fossil ranges for the taxa and areas they were most familiar with. These records
werce to be correlated as precisely as possible with the European standard Jurassic scale, i. e. the
standard zones. It is evident, however, that some fossil groups, especiallv those of continental
sequences, require a scale of lower accuracy. More details of the methodology are given below.

The editars wish to thank all contributors for the time and effort devoted to this project.

GeRD E. G. WESTERMANN
McMaster University
Hamilton, Ontario
Canada

ALBeRTO C. RiccARDI

La Plata University & Narural
Sciences Museum

La Plata,

Argentina
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Methods and Symbols

Each paper of this scries is organized in a similar pattern: a brief introduction (with map);
discussions of the regional fossil assemblages and ol the biozones if known (with correlation
chart); brief comments on the taxa in cach biostratigraphic unit (with range charts): and
bibliographic references.

A general correlation chart includes the regional fossil assemblages and biozones. Both are
numbered as in the range charts and correlated with ather regional zones, and with the
standard chronostratigraphic scale, with the best precision possible. Lithostratigraphic units
may also be included. The range charts are prepared for each fossil group with the appropriate
degree of accuracy and using the symbols shown in Fig. A. The standard forms for the charts,
provided by the editors, include only (A) the stages and substages. scaled according ro the
averaged subzone method (WesTERMANN 1984, Episodes 7, 2: 26-28). Addition of the Euro-
pean standard zones for greater accuracy is optional. (B) Taxa names are followed by numbers
shown in brackets, referring to the numbered reference(s) in the bibliography. (C) Vertical
range and, if applicable, relative abundance of species arc indicated by symbols as shown in
Fig. A, including also notations for guide fossils and biogeographic distribution. Stage and
substage boundaries arc indicated according to their regional precision. (D) Informal numbers
at the bottom of cach table, alone or together with the abbreviated names of regional zones,
arc the same as in the correlation chart.

In the text, biozones are in lower case and italics; standard zones in upper case and normal
SCript,
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5. North America

5.1 Lower Jurassic

by P.L.SmITH, . M. BEvErs, E.S. CARTER, G. K.]JaKobs, ]. PALFY, E. PEssacnNo,
and H. W. TipPER*

with 1 figure and 19 charts

Introduction

Lower Jurassic rocks are known along the Pacific margin of North America from Mexico to
Alaska (WesTERMANN 1992). This report deals with fossils from the allochthonous terranes and
the western margin of the craton; excluded are faunas from the geographically adjacent arcas
of northern Alaska (e.g. IMLAY 1981), northern Yukon (c.g. Pourton 1991) and castern
Mexico (¢.g. ERBEN 1956).

Fossiliferous Lower Jurassic rocks of California are separated from the platformal rocks of
western Nevada by the Sierra Nevada batholith where roof pendants vield rare and poorly pre-
served fossils JoNEs & Moore 1973). In Oregon. limited breaches in the extensive Tertiary
volcanic cover have revealed marine Lower Jurassic rocks in the cast-central and northeastern
parts of the State. The allochthonous terranes of western Canada and southern Alaska were the
sites of deposition of great thicknesses of marine Lower Jurassic rocks derived from voleanic
activitv and the weathering of volcanic rocks. By contrast, correlative marine sequences on the
western margin of the craton in what is now western Alberta and northeastern British Colum-
bia, are thin and composcd entirely of cratonal sediments. Terrestrial rocks are restricted to the
Colorado Plateau in the United States where the Glen Canyon Group has yiclded an impor-
tant vertebrate fauna.

* Authors” addresses: J. Bevers and P L.SMiTH, Geological Sciences Department, University of British
Columbia, 6339 Stores Road, Vancouver, B.C.. V6T 1Z4, Canada.

E.CarTER, Earth Sciences Department, Portland State University, Portland, Oregon, 97207, U.S.A.
G.Jakons and H.W.Tirper, Sedimentary and Cordilleran Geoscience Branch. Geological Survey of
Canada. 100 West Pender Street, Vancouver, B.C.. V6B 1R8, Canada, Geological Survey of Canada Con-
tribution number 153693, Canada.

J.PALFY. Department of Palcontotogy, Hungarian Natural History Museum, Budapest, Pf.330, H-1370,
Hungary.

E.PessaGNo, Program in Geosciences, The University of Texas at Dallas, Box 688, Richardson, Texas,
75080, U.S.A.
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Fig. 1. Index map of Jurassic outcrops and important Lower Jurassic localitics in western North America.
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Early Jurassic organisms of western North America therefore inhabited a diverse suite of
tectonic and sedimentary environments spanning a considerable palcolatitude. The region
became more strongly convergent in the Early Jurassic as Pangaca fragmented and North
America began its northwestward drift (OLbow ct al. 1984, May & BuTLEr 1986). This in-
troduces the possibility of an Early Jurassic seaway. the Hispanic Corridor, linking the we-
stern Tethyan Ocean and the eastern Pacific, a link that would have significant biogeogra-
phic ramifications in both terrestrial and marine environments (SMiTH & TiPPER 1986, SMITH
1988).

Ammonites and to a much lesser extent bivalves, have the longest history of study in
North America in that they have provided age constraints for geological mapping which is
still going on in remote parts of the continent. The relatively recent discovery of stratabound
precious metal deposits and potential oil source rocks in Lower Jurassic sequences of western
Canada has given impetus to the study of these rocks and emphasized the importance of re-
fining biostratigraphic control. The application of radiolarians is becoming increasingly mo-
re important since thev are widespread, can be readily used in the subsurface, and often oc-
cur in otherwise unfossiliferous rocks, particularly in mélange terranes. The study of most of
the other groups of organisms dealt with below has barely begun. We have chosen to base
the range charts on taxa that arc illustrated in the literature and to leave untouched the ex-
tensive lists of undescribed fossils that exist in geological reports and paleontological compi-
lations.

Comments to Correlation Chart (Chart 1)

The only formally described ammonite zones for the Lower Jurassic of North America are the
Canadensis Zonc* of FriEBOLD (1967) and the Pliensbachian zones established by SmITH et al.
(1988). The present compilation represents a progress report on the svnthesis of ammonite bio-
stratigraphy for the rest of the North American Lower Jurassic where work on the Hettangian
and Sinemurian of western Nevada and the entire Lower Jurassic of the Queen Charlotte
Islands ts proving to be critical. It has led to the recognition of the informal assemblages used
herein which represent a first step towards a formal zonation (TipPER & GUEX in press, JAKoBs
et al. in press, PALFY ct al. in press). The following sequence of ammonite zones and assemb-
fages is distinguished, in ascending order:

A — Psiloceras Assemblage - TipPER & GUEX (in press). Poorly represented in the Queen Char-
lotte Islands, the Psiloceras fauna is best known from Nevada.

B — Euphyllites Asscmblage - TiererR & Guex (in press). Euphyllitids occur with species of
Discamphiceras and Fergusonites striatus.

C - Franziceras Assemblage- Tipper & Guex (in press). Saxoceras and schlotheimiids are
abundant in the lower beds; the rest of the assemblage contains the last known Plenroacanthi-
tites and species of Caloceras.

* Editor's Note: Exceptionally in this scries of papers, the names of standard zones are in upper case and
normal script (not in italics).
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Chart 1
NORTH AMFRICAN N NORTH AMERICAN
STAGE AMMONITE ZONES NORTHWEST EUROPEAN] RADIOLARIAN ZONES
4 Code for range charts AMMONITE ZONES  Lipemzon| zone | suszonr
U Assemblage 6 Levesquei
T Ascmblage § Thouarsense | 1A (pt.)| 1A2
M S Assemblage 4 Variobilis
TOARCIAN R _Aswmblage 3 Bifrons
L () Assemblage 2 Falciferum 01B
P Ascmblage | Tenuicostatum 01
( Carloticnse Zone Spinatum O1A
_U_ N Kunoe Zone hdlrgaﬁmlux
PLIENSBACHIAN|  [M_Freboldi Zone k.
L L Whiteavesi Zone Ibex 02
K Imlayi Zone Jamesoni
J Tetraspidoceras A blag -
> - 5 Rar
1 Plesechioceras?
u harbledownense Assemblage Oxynotum 03
Asteroceras cl’. varians
SINEMURIAN H Asemblnge Oblusum
G Amiiocerus amouldi Tum:
L Assemblage Scmicostaium 04
F Coronicerus Asemblage Bucklandi
E Canadensis Zone
Pseudaetomoceras Angulata
D iseckirchnen Asscmblage
HETTANGIAN C Fransiceras Asscmblage Liasicus 05
B Euphyllites Assemblage Planorbis
A Psiloceras Azsemblage

D - Pscudactomoceras doctzkirehneri Assemblage - Tierer & Guex (in press). The index spe-
cies characterizes the beds immediately below the Canadensis Zone. Species of Folytoceras,
Ectocentrites and Badosxia are abundant.

Ii - Canadensis-Zone - Fresorn (1967). In the type area of Tascko Lakes species of Badonxia,
Eolytoceras, Sunvisites, Vermiceras and Metophioceras along with schlotheimiids and phyllo-
ceratids characterize the zone. In the Queen Charlotte Islands the same taxa oceur.

I = Coroniceras Assemblage — PALEY et al. (in press). The poorly preserved fauna consists of
species of Coroniceras®. Angnlaticeras. Metophioceras, Avnioceras and Jroraphyllites.

G - Armioceras arnonldi Assemblage — PALFY et ab. (in press). Several species of Arnioceras
accompanied by rare lytoceratids comprise the assemblage.

H - Asteroceras of. varians Assemblage = PAvLry et al. (in press). Asteroceratids accompanied,
in lower strata, by long-ranging arnioceratids. Also important are Epophioceras aff. carinatim
and Hypasteroceras? sp.

1 = Plesechioceras? harbledownense Assemblage- PaLey et al. (in press). Characterized by the
first appearance of oxynoticeratids and cchioceratids, near the base the assemblage also has spe-
cies of Tetraspidoceras.

] = Tetrasprdoceras Assemblage — PAvry et al. (in press). Signal taxa include coderoceratids,
Juraphyllites and the bivalve Posidonotis semiplicata. Rare oxynoticeratids and a new species of
Tetraspidoceras oceur only at the top of the assemblage zone.
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K - Imlayi-Zone - Smith et al. (1988). Characterizing taxa include Metaderoceras of the evo-
[utem group and, in the upper parts of the zone, carly species of Tropidoceras. The reference
section through the black shales of the Ghost Creck Formation is exposed in Fannin Bay,
Queen Charlotte Islands, B.C.

L - Whitcavesi Zone — SMiTH ctal, (1988), Stratotype in the Ghost Creck and Fannin (Rennell
Junction Member) lormations exposed in Fannin Bay, Queen Charlotte Islands, B.C. The zone
is characterized by species of Tropidoceras, Acanthoplenroceras, earlv Dubariceras and Meta-
deroceras.

M - Freboldi Zone - SMiTH et al. (1988). Stratotype in the Fannin Formation exposed in Fan-
nin Bay, Queen Charlotte Islands with reference sections designated in the Spatsizi area, B.C.
(THOMsON & SmrTH 1992), and the Wallowa Mountains, Oregon. The zone is characterized
by species of Dubariceras, Reynesococloceras and Metaderoceras, particularly coarsely orna-
mented species.

N - Kunac Zone - SM1TH ct al. (1988). Stratotvpe in the Fannin Formation exposed in Fannin
Bav. Queen Charlotte Islands. Characterized by numerous species of hildoceratids, Fannino-
ceras, and, less commonly, dactylioceratids and Amatlthens. The Lower-Upper Pliensbachian
boundary in North America does not precisely coincide with the boundary in Europe in that
the base of the Kunae Zone is defined by the incoming of species of Funninoceras which usually
precede the incoming of the much less common amaltheids.

Q - Carlottense Zone — SMITH ct al. (1988). Reference sections in the Takwahoni Formation
of the Tulsequah area, B.C.; Fannin Bay and Whitcaves Bay in the Queen Charlotie Islands,
B.C.: and the Sunrisc Formation exposed in the Clan Alpine Mountains, Nevada. Characteri-
zed by specics of Fanninoceras, Lioceratoides, Tiltoniceras, Protogrammoceras and Amalthens.
P - Assemblage | — Jakoss et al. (in press). An interval above the range of Amaltheus and Fan-
ninoceras that is characterized by species of Dactylioceras, Tiltoniceras, and Protogrammoceras
with rare occurrences of Taffertia. The upper and lower limits of this assemblage are poorly
constrained.

Q- Assemblage 2 - Jakoss et al. (in press). Characterized by species of Harpoceras and Hildai-
tes with poorly preserved Dactylioceras occurrences.

R - Assemblage 3 - Jakons ct al. (in press). A diverse assemblage of Tethyan aspect primarily
consisting of species of Peronoceras, Lewkadiella, Pavoniceras, Rarenodia, and Phymatoceras.
S— Asscemblage 4 — Jakoss et al. (in press). This assemblage, which occurs above the last occur-
rence of Rarenodia planulata. is also Tethyan in aspect being characterized by species of Phy-
matoceras, Mercaticeras, Pseudomercaticeras, Brodicia and Denckmannia.

T - Assemblage 5 — Jakoss et al. (in press). The lower limit of this assemblage zonc is marked
by the appearance of Grammoceras thonarsense and Phymatoceras n.sp. above the last occur-
rence of Peronoceras and Phymatoceras crassicosta. The fauna is low in diversity and charac-
terized by species of Phymatoceras, Podagrosites and Grammoceras. The Assemblage 5a fauna
of Jakops ct al. (in press) is now included within Assemblage 6.

U - Assemblage 6 — Jaxows et al. (in press). A highly endemic and diverse assemblage, inco-
ming forms include Hammatoceras speciosum, Pleydellia aalensis, Pleydellia n.sp. and a new
genus of Phymatoceratinae previously assigned to Hangia. These disappear near the top of the
assemblage zone. Other forms such as Sphacrocoeloceras brochiiforme, Dumortieria? n.sp., and
Pseudolioceras compactile are restricted to the middle of the assemblage zone.
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A preliminary Lower Jurassic zonation for North American radiolarians has been descri-
bed in detail by PessacNo et al. (1987). Radiolarian data from the Queen Charlotte Islands
(CarTER et al. 1988) which were included in this compilation can now be correlated more accu-
rately with the North American ammonite zonation (JakoBs 1992; JakoBs et al. in press) as
follows:

The upper part of Subzone 01A (North American Radiolarian Zonation) which includes
Queen Charlotte Island radiolarian zone 1 of CARTER et al. (1988) correlates with the North
American Carlottense Ammonite Zone.

The uppermost part of Subzone 01B and lowermost part of Subzone 1A, (North Ameri-
can Radiolarian Zonation) which includes Queen Charlotte Island radiolarian zone 2 of Car-
TER et al. (1988) correlate with the upper part of ammonite Assemblage 3 and lower part of
Assemblage 4 of Jakoss (1992).

The upper part of Subzone 1A, (North American Radiolarian Zonation) which includes
Queen Charlotte Island radiolarian zones 3, 4 and 5 of CARTER et al. (1988) correlates with
ammonite Assemblage 6 of Jaxos (1992).

Comments to Range Charts
Ammonoids (charts 2-6)

1. GuEex (1980) and Tozer (1982) determined that FREBOLD’s (1967 a) specimen is not a Psi-
loceras but probably a Triassic Rhacophyllites.

9. Imlay suggests an Early Hettangian age whereas occurrences at Kennecott Point and in
Nevada suggest 2 mid-Hettangian age.

28. Fomerly Alsatitoides coronoides as discussed by Guex (1989) and TipPER & GUEX (in
press). Franziceras sp. in TIPPER et al. (1991) may be the same form.

32. The forms in these three publications probably represent different schlotheimiid species.

38. Originally Psiloceras occidentale, which is now considered a Badouxia.

39. BLoos (1988) proposed that all Late Hettangian-Early Sinemurian schlotheimiids assig-
ned to Sulciferites Spath and Charmasseiceras SpatH be assigned to Angulaticeras; this
was accepted by TipPER & GUEX (in press) but PALFy et al. (in press) assigned Charmas-
setceras to Sulciferites following Donovan & Forsey (1973).

40. Originally Paracaloceras rursicostatum. Metophioceras is accepted by PALFy et al. (in
press) following GUERIN-FRANIATTE (1966) for forms closely allied with Coroniceras.
Hence Metophioceras rursicostatium is preferred.

42. Includes Schlotheimia cf. acuticosta illustrated in FReBOLD (1964 b), synonymized by him
(1967 a) with Psiloceras columbiae and placed in Badosuxia by Guex & TavyLor (1976).

43. Probably not Discamphiceras. Associated with Paracaloceras which at Last Creek is
usually but not always in the upper part of the Canadensis Zone. If this is correct then
an earliest Sinemurian age is indicated. It is higher than any Discamphiceras in Nevada or
at Kennecott Point.

44. Considerable confusion exists about this species. FREBOLD (1967 a) originally described
some of these specimens as Vermiceras scylla (FREBOLD 1951; 1964 b). The stratigraphic
position needs clarification.
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HETT. SINEMURIAN
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1 Psiloceras cf. planorbis (19,38,65)

2 Psiloceras pacificum (29)

3 Laqueoceras cf. sublaqueus (38)
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4 Psiloceras erugatus (43)

5 Psiloceras calliphylium (63,65)

6 Nevadaphyllites compressus (29,65)

7 Psiloceras polymorphum (29)

8 Transipsiloceras transiens (29)

9 Franziceras cf. ruidum (38,65)

10 Discamphiceras antiquum (29)

11 Fergusoniles striatus (29,62,65)

12 Discamphiceras silberlingi (29,65)

13 Discamphiceras sp. (38,62)

14 Kammerkarites praccoronoides (29,31)

15 Discamphiceras kammerkaroides (26)
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16 Kammerkarites rectiradiatus (29)

17 Phylloceras spp. (37,59,62)

18 Kammerkarites frigga (30)

19 Kammerkarites haplotychus (30)
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20 Pleuroacanthites mulleri (29,30)

21 Discamphiceras cf. toxophorum (18)

22 Kammerkarites? sp. (62)

23 Waehneroceras cf. tenerum (38)

24 Waehneroceras cf. portlocki (38,65)

25 Euphyllites occidentalis (29)

26 Kammerkarites diplotychoides (29)

27 Franziceras aff. ruidum (31)
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Chart 3

P.L.SMmiTH et al.

LOWER JURASSIC

HETT.

SINEMURIAN

AMMONOIDS

29 Mullerites pleuroacanthoides (29,65)

LOWER |  UPPER

30 Sunrisites sunrisense (29,65)

31 Eolytoceras tasekoi (19)

32 Schlotheimia spp. (13,38,62,65)

33 Paradiscamphiceras dickinsoni (56)

34 Badouxia canadensis (13,17,38,48,62,65)

35 Paradiscamphiceras athabascaense (56)

36 Eolyloceras sp. (19)

37 Paracaloceras subsalinarium (58)

38 Badouxia occidentalis (19)

39 Sulciferites marmoreus (19,38,48)

40 Metophioceras rursicostatum (19,65)

41 Paracaloceras cf. grunowi (58)

42 Badouxia columbiae (13,19,38)

43 Discamphiceras? tipperi (19)

44 Paracaloceras cf. coregonense (13,17,19)

45 Paracaloceras multicostatum (19)

——

46 Vermiceras crossmani (5)

47 Vermiceras sp. (62)

48 Charmasseiceras sp. (38)

49 Anetites cf. bucklandi (38)

50 Coroniceras bisulcatum (13,17)

51 Coroniceras spp. (38)

52 Vermiceras latisulcatum (13,17)

53 Paracoroniceras cf. gmundense (17)

54 Paracoroniceras sp. (38)

55 Amioceras begbiei (6)

56 Amioceras humboldti (36, 43)

57 Amioceras kwakiutlanus (6,17,24)

58 Arnioceras nevad (27)

59 Amioceras telferi (64)

60 Amioceras vancouverensis (68)

61 Arnioceras spp. (15,17,38,50)

62 Amioceras amouldi (48,62,65)

63 A° iceras cf. SCipiUl i (13)

64 Amioceras cf, densicosta (38)

65 Asteroceras cf. stellare (13,33,65)

66 Asteroceras spp. (50,62)

67 Asteroceras cf. varians (48)

68 Epophioceras cf. breoni (33,65)

69 Arctoasteroceras jeletzkyi (38,65)

70 Plesechioceras? harbledownense
(6, 38,48,62,65)

71 Euechioceras exoletum (9)

REGIONAL ZONATION
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46. CRICKMAY’s (1925) figure is closely similar to Merophioceras rursicostatum (FrisoLD).

50. This species was assigned to Arietites by GUERIN-FRANIATTE (1966).

55. Originally Arniotites begbiei. The type shows affinity to Arnioceras ceratitoides group
but due to its poor preservation the name should fall into disuse.

56. Probably a junior synonym of Arnioceras ceratitoides.

57. Originally Arniotites kwakiurlanus. Probably a junior synonym of Arnioceras arnouldi,
although the type material is incomplete and poorly preserved.

60. Probably a juvenile Arnioceras.

70. The species harbledownense is the type for the monospecific genus Melanhippites which
is now considered to be an echioceratid, possibly Plesechioceras. Arnioceras (Melan-
hippites) sp. indet. from the Salmo area (FREBOLD 1959) is probably also an echio-
ceratid.

75, 76. These taxa are probably also present in the Salmo map area originally described as
Perisphinctes? s.Lsp. indet. (FREBOLD & LiTTLE 1962, TIPPER 1984).

81. Includes Crucilobiceras pacificurn (FREBOLD 1970, IMLAY 1981).

85. Probably a Metaderoceras.

86-87. 86 Includes Gleviceras sp. indet. of FREBOLD (1969) and Oxynoticeras sensu lato sp.
indet. of FREBOLD (1970). 87 Includes Eoderoceras sp. indet., E? sp. indet., and Crucilo-
biceras? sp. indet. of FREBOLD (1969); Crucilobiceras? sp. indet. was later revised to
Coeloceras sp. indet. (FREBOLD (1970). This fauna was thought to indicate a Late Sine-
murian or Early Pliensbachian age but the latter seems more likely particularly as Phri-
codoceras is reported from the same general locality (FREBOLD 1970).

89. Includes Crucilobiceras cf. submuticum of ImLay (1981).

90. Crucilobiceras cf. muticum described from Alaska by IMLAY (1981) constitutes the type
material. Included here for the present is the related form M. aff. talkeetnaense of THom-
soN & SMiITH (1992).

96. A problematic form possibly belonging to Oistoceras.

97. THOMSON & SmiTH (1992) present the most recent synonymy for this biostratigraphi-
cally important, east Pacific species.

102. WIEDENMAYER (1977, 1980) suggests that this form and species 106, 126 and 137 can be
accommodated in the Tethyan genera Reynesocoeloceras and Aveyroniceras.

105. Includes Prodactylioceras davoei of FREBOLD (1964 a) as discussed by WIEDENMAYER
(1980).

106. See 102.

108. WiEDENMAYER (1980) considered this assignable, in part, to the genus Oregonites.

112. Oregonites imlayi of WIEDENMAYER (1980).

116. Includes some material assigned to Arieticeras ruthenense (WIEDENMAYER 1980, THOM-
soN & SMITH 1992).

117-119. Assigned to Oregonites by WIEDENMAYER (1980).

126. See 102.

131. Placed in Leptaleoceras by Braca (1983).

133. The form figured by IMLAY (1968) is probably a Protogrammoceras? sp. indet. of Pliens-
bachian age. The form figured by FREBOLD (1976) is a Harpoceras? sp. indet. of the Early
Toarcian (Assemblage 2).



Chart

LOWER JURASSIC PLIENSBACHIAN LOWER JURASSIC PLIENSBACHIAN
AMMONOIDS LOWER UPPER AMMONOIDS LOWER UPPER
72 Crucilobiceras cf. crucilobatum (38,65) 98 Metaderoceras beirense (54) |
73 Tetraspidoceras sp. (48) - ! 99 Reynesocoeloceras cf. baconicum (54) | !
74 Juraphyllites? aff. nardii (48) +- I 100 Reynesocoeloceras cf. incertum (59) |
75 Miltoceras sp. (59) J— I 101 Aveyroniceras spp. (33,59) N A
76 Gemmellaroceras sp. (53,54) | 102 Prodactylioceras cf. italicum (37,38) . { .
77 Tropidoceras cf. erythracum (54) - | 103 Prodactylioceras aff. davoei (54) |
78 Pseudoskirroceras imlayi (53,54,62,65) I —_— | 104 Aveyroniceras colubriforme _L
79 Tropidoceras flandrini (59,62) 1T — { (52,53,5.4,65) i i i
80 Tropidoceras actaeon (22,38,65) —_— T 105 /(\l\lgyir;t;::eras) cf. inaequiornatum l' ..
81 Metadcroceras evolutum (22,38,53,54,59) — ! 106 Pro&act,ylioceras ¢f. meneghini (37) [
82 Phricodoceras cf. taylori (22,53,54,62) B —— 107 Fanninoceras fanmini |
83 Acanthopleuroceras whiteavesi | (12,20,45,53,54,62) R
(54,59.62,65) [ 108 Arieticeras cf. domarense (37,38) I
84 Tropidoceras masseanum (62) 1 — | 109 Arieticeras cf. gerardi (16,17) I..
85 Acanthopleuroceras sutherlandbrowni I ” | 110 Arieticeras lupheri (37) ]--
(22) - | . N
86 Oxynoticeratidas spp. (21,22 3 t 111 Canavania cf. excellens (37) I .
} 112 Canavaria? cf. morosa (37) |-
87 Reynesocoeloceras? spp. (21,22) ? | 4
- + 113 Fanninoceras bodcgae (37,45) ..
88 Acanthopleuroceras afl. stahli (59) | | o o —0a :
29 Dubariceras silviesi (34,38,53,54,59) f | 114 Panninoceras dolmagh : 2049 —
90 Metadcroceras talkeetnaense (38,54,59) —_— 115 Fanninoceras lowrii (43) -
- - 116 Fuciniceras cf. acutidorsatumn (37) ..
91 Gemmellaroceras aenigmaticum (62) — | = - m 5 i
92 Liparoceras (Bech.) cf. bechei (16,17,37) — 117 Fuciniceras of. capellini (37)
- 4 118 Fuciniceras cf. inclytum (37) I..
93 Metaderoceras mouterdei | | — ——
(22,24,38,53,54,59,65) ) 119 Fuciniceras cf. lavinianum (37) I-
94 Polymorphites? sp. (59) + ; 120 Fuciniceras spp. (37,59) [ .
95 Dayiceras sp. (59) - I 121 Holcophylloceras sp. (37) [ -
96 Uptonia? sp. (38,59,65) [ —_— | 122 Leptaleoceras dickinsoni (37) [
97 Dubariceras freboldi ] 123 Leptalcoceras cf. leptum (37) ; .
(22,38.51,53.54,39,62,65) 1 124 Leptaleoceras? morganense (37) ;
GIONAL ZONATION JJK|L M o
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134.
137.
139.
141.

146.

147.

149.
158,
163.

165.
166.
168.

169.
175.
176.
177.
179.
181.
185.
188.
190.
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Protogrammoceras kurrianum according to HowartH (1992).

See 102.

Includes Harpoceras spp. of FREBOLD (1959).

Includes Amalthens sp. indet. aff. gibbosus of FREBOLD (1969) and Amaltheus sp. indet of
FreBoLD (1969, 1970).

Includes forms previously assigned to Leptraleoceras psendoradians as discussed by
THomsoN & SmiITH (1992).

The Oregon material is assigned to Fontanelliceras perspiratum by Braca (1983) although
WIEDENMAYER (1980) assigned it tentatively to Oregonites.

WIEDENMAYER (1980) considered this assignable, in part, to the genus Oregonites.

159. Probably includes species of Lioceratoides.

According to WIEDENMAYER (1981) the Dactylioceras (O.) cf. kanense of IMLAY (1968) is
an Aveyroniceras striatum (DEL CaMPANA) of Pliensbachian age.

Probably a Harpoceras? sp. indet.

Many of the species figured by FREBOLD (1964 a) belong to Protogrammoceras sp. indet.
The form figured by ImLAY (1981) belongs to Hammatoceras sp. indet. of the latest Toar-
cian (Assemblage 6). The form figured by ARTHUR et al. (1993) belongs to Hildaites cf.
H. propeserpentinum (Buckman) of the Early Toarcian (Assemblage 2).

This form is Harpoceras of. chrysanthemum (YOkovaMA).

These forms belong to Dactylioceras cf. athleticum (SiMpsoN).

This form belongs to Polyplectus cf. subplanatus (OprpEL).

This form may belong to Dactylioceras of. athleticum (Simpson).

Probably a Hildaites sp. indet.

The form figured by FREBOLD (1976) is a Peronoceras cf. verticosum (BUCKMAN).

This form is Phymatoceras cf. P. pseudoerbaense (GasiLLy).

Although similar to Phymatoceras copiapense, this is probably a new endemic species.
TavLOR (1988) re-identified this form as Asthenoceras boreale (WHiTEAVES) of Bajocian
age.

This form is an indeterminate harpoceratid, probably from the Middle Jurassic.

. This group includes a variety of forms which need study. The forms illustrated by ImLay

(1968) may belong to Pleydellia cf. P. fluitans (DUMORTIER).

Probably a Psexdolioceras? sp. indet.

This form belongs to Pleydellia sp. indet.

This form belongs to a new genus of Phymatoceratinae.

This form is a new species of Pleydellia.

The forms figured by HavrL (1987) include species of Pleydellia as well as a new Phyma-
toceratinae genus.

A new species of Pleydellia.

These specimens do not belong to Hawngia, but in fact to a new species of Pleydellia as
well as Pleydellia sp. indet.

. This form is a new species of Pleydellia.
. These specimens do not belong to Hangia but to two genera, a new genus of Phymato-

ceratinae and a new species of Pleydellia.

. This form belongs to a new genus of Phymatoceratinae.
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Chart 5

P.L.SmrTH ct al.

LOWER JURASSIC

PLIENSBACHIAN TOARCIAN

AMMONOIDS

LOWER | UPPER | LOWER | MIDDLE |UPPER

125 Metacymbites cf. centriglobus (37)

Jo oo l

126 Prodactylioceras? cf. mortilleti (37)

| |

127 Protogrammoceras cf. bonarelli (37)

128 Protogrammoceras cf. marianii (37)

129 Protogrammoceras cf. meneghini (37)

130 Protogrammoceras cf. nipponicum (37)

]
I
-
I

131 Protogrammoceras? ochocoensis (37)

132 Protogrammoceras? cf. pseudofieldingi
37

133 Whitbyiceras? sp. (23,37)

134 Protogrammoceras argutum (22,37,38)

135 Protogrammoceras paltum (22,38)

136 Canavaria? spp. (37,59)

137 Dactylioceras s.l. (22,37)

138 Pleuroceras? sp. (22)

139 Protogrammoceras spp. (15,33,59,65)

140 Amaltheus stokesi
(16,17,18,22,33,38,52,53,65)

141 Amaltheus spp. (21,22)

142 Fanninoceras crassum (45,53,54,62)

143 Fanninoceras kunae 20,37,45,53,54,65)

144 Reynesoceras ragazzonii
(37.53,54,62,65)

145 Arieticeras cf. ruthenense (59)

I
|
Ll
[l
i
1
|
|
[l
l
L
I
l
I
|
T
U
I
I
!
i
|
|
|

146 Leptaleoceras aff. accuratum
(16.17,22,38,54,59,62,65)

147 Fontanelliceras cf. fontanellense (37,38)

148 Fuciniceras cf. intumescens (37,54)

149 Arieticerns cf. algovianum
(16.17,22,37,38,52,54)

150 Fanninoceras lalum (45,59)

151 Lepialeoceras guerrense (11)

152 Tragophylloceras sp. (37)

153 Reynesoceras cf. aegrum (37)

154 Protogrammoceras pectinatum (54,62)

155 Amauroceras? sp. indet. (33)

156 Lioceratoides? spp. (37,54)

157 Fanninoceras carlotiense
(17,20,37,38,45,52,53,54,62,65,68)

158 Harpoceras s.l. maurelli (45)

159 Harpoceras s.l. allifordense (17,45)

160 Tiltoniceras propinquum
(15,42,50,59,63,65)

161 Aptychi (16,24,33,59)

L 4 _ | -4 d-}++4+ 4= =[=|- =

162 Amaltheus viligaense (53,54)

REGIONAL ZONATION




Chart 6

LOWER JURASSIC TOARCIAN LOWER JURASSIC TOARCIAN
AMMONOIDS LOWER l MIDDLE | UPPER AMMONOIDS LOWER | MIDDLE | UPPER
163 Dactylioceras kanense L : 189 Grammoceras thouarsense (62) ! p—
(17,37.38,40,45,62.65) ' : 190 Grammoceras? boreale (17,69) ; S
M 2.
164 Dm’_'l'f’iem sep. (1.16,24) I ; 19T Grammoceras aff. fallaciosum (17) | 7 >
165 Brodicia?sp.ind 23 ) - : : 1 192 Grammoceras? sp. indet. (17,26,37,38) T -
166 P({l”f:; ;'ﬁf)r's;’;m'"m _ : 193 Hildocerataceae (24) : ]
167 Harpoceras sp. indet. (1,15,17) R | 194 Pseudolioceras sp. (38) I 1. .
168 Phymatoceras? spp. (1,38) + ; | + 195 Brodieia cf. tenuicostata nodosa (38) | : —
169 Hildaites cf. chrysanthemum (62,65) —— { 196 Phlyseogrammoceras aff. dispansiforrme ] ; ]
170 Harpoceras cf. falciferum (14,23,33,65) ] : = lg:fy)m T : ,
- — { -amm ?sp. | —
1 H_ - Ceratoides sp. _(3_3'37? ) I 198 Grammoceratinae spp. (33) I | ]
172 Hildaites cf. serpentiniformis (23,33,65) 1 { 195 Hangia oF. compressa (38.65) + | —]
173 Polyplectus cf. subplanatus (33,37,65) vl | 200 Haugia of grandis G3F) } T
_ - 2 ) j —
l7: Dnctylfoceras cf. alhleucun.l (33,65) . .: ] 301 Tangia off fastris 33) | 'L —
l;. Dactylioceras (Oﬂhodnzc;yllles) spp. (23) e | 307 Haugia aff navis (33) | : —]
176 Harpoceras exaratum (23) il ! 203 Haugia of. variabilis (37) I 1 _
177 Dactylioceras aff. commune (14) ! | 504 Haugia spp. (3.37,65) ' 4
= 4 - - (=3,0 7, L —
178 Dactylioceras cf. commune (38,65) oh | 205 Caralloceras of. dumortien 37) I i -
— 5
l;9 Hildaites sp. nov.? (23) ‘I ; 306 Catnlloceras? (16.17) T i -
180 Peronoceras cf. s.uba.nnatum (14,17,65) Jooo- I 307 Dumortieria oF imsignisimils (1) I | -
181 Peronoce'rns Sp- indet. (16,23) : o T 208 Dumortieria cf. levesquei (1) T | -
182 Rarenodia plenulata (40) — ' 209 Dumortieria? of. pusilla (37,65) f f .
183 Leukadiella ionica (40) = ' 210 Hildoceratinae? indel. (33) f J m
184 Paroniceras sternale (62) | + | I H = - @265 } }
211 p S —
185 Phymatoceras sp. indet. (21) : P 3 H T O ) 1
186 Phymatoceras crassicosta (40) | —_— — 1 L
- 213 Sphaerocoeloceras brochiiforme | | =
187 Podagrosites latescens (40) 1 — (40,62,65)
188 Phymats i 40.62 [
ymatoccras copiapense (4062 — REGIONALZONATION | P [Q | R [ s [T|U
REGIONALZONATION | P | Q| R [ s [T[U

stssean[ 1amoT 1°g

St



46

P.L.SmiTH et al.

204. Haugia does not occur in North America and forms assigned to this genus belong to

several different genera. The specimens figured by FREBOLD (1976) belong to a new spe-
cies of Pleydellia. The specimens figured by ImLAY (1968) belong to Hammatoceras sp.
indet. The specimens figures by ImLay (1981) belong to Pleydellia? sp. indet.

210. Probably a new species of Dumortieria.
212, These forms belong to the genus Sphaerocoeloceras.

Bivalves (Charts 7-8)

No attempt has been made to include the taxa illustrated by WriTEAVES (1876, 1884, 1889 4,

b).

This fauna was originally assigned to the Triassic and Cretaceous but it contains Jurassic

forms some of which may be from the Lower Jurassic.

1. Includes Parapecten praecursor and P. acutiplicatus from the Lilac and Hardgrave forma-

tions in California (CrickMay 1933 b, MuLLER & FercusoN 1939, DAMBORENEA &
MANCENIDO 1979).

2. Includes Trigonia aff. costatula of LEEs (1934) and FreBoLD (1964); refigured from LeEs

(1934).

17. Originally Pecten cf. acutiplicatus in SANBORN (1960).

21. Originally Entolium balteatum CRICKMAY (PALFY et al. in press).

26. Originally (Jaworskr 1929) Neithea mexicana; included in Weyla by DAMBORENEA &

ManceNiDo (1979).

29-31. Supposed Sinemurian occurrences in Nevada are now interpreted to be Lower Pli-

ensbachian.

35. Includes Weyla aff. bodenbenderi of FREBOLD & TippER (1969).
47. Plicatostylus (LUuPHER & PAckarD 1930) is considered a junior synonym of Lithiotis

(Nauss & SmiTH 1988 and references therein).

53. The bivalve figured by Hart (1987; PL. 3, fig. M) is referred to /noceramus on p. 1690 but

listed in the figure caption as an unidentified bivalve.

Brachiopods (Chart 9)

No attempt has been made to include the taxa illustrated by WHrTEAVES (1876, 1884, 1889 a,

b).

This fauna was originally assigned to the Triassic and Cretaceous but it contains Jurassic

forms some of which may be from the Lower Jurassic.

3. Obtusum Zone.
4,5. Whiteavesi and Freboldi zones.

Cephalopods (excluding ammonoids) (Chart 9)

2. Probably Falcifer Zone (HavrL 1987).

Gastropods (Chart 9)

1. Varians Assemblage of PALFy et al. (in press).



Chart 7

asseanf aomo ¢

LOWER JURASSIC HETT. SINEMURIAN PLIENSBACHIAN TOARCIAN
BIVALVES LOWER UPPER LOWER UPPER | LOWER | MIDDLE l UPPER
1 Weyla alata (3,24,25) foeeeecreaaade .-----.--]-....... .. [ |
2 Lima columbiae (27) [ e | | { | | |
3 Frenguelliella spp. (8,16.23) | et prccommetioty : 1 | ) ;
4 Gervillia? cf. inflata (16) [ c e | [ ) ' !
§ Modiola mandannaense (8,16) R . I ) | I
& Modiola aff. scalpra (16) [ - -y | | | | |
7 Oxytoma cygnipes (6.8.9) ! 1 ' T ‘ !
8 Pholadomya donacina (8,16) | .......... I | | | |
9 Pleuromya (Myacites) cf. gregania I _I T | | l |
(8,16) 1

10 Pleuromya yukonense (16) I P | [ [ l | i
11 Cardinia aff. regularis (7,8) | Joeeeeeanaenns 1 \ I | \
12 Chlamys? femiensis (27) T { I : 1
13 Entolium meeki (3,24) | Jooe e K] | | |
14 Gryphaca rockymontana (6,8,27) |ttt sreceey ' L | I ]
15 Lima aff. compressa (7) l ........... : ......... e .{ : ] | :
16 Trigonia littlei (7,8) e eseee s ] e e | L I
17 Weyla acutiplicata (18,24) [ . .. - ] | | | |
18 Pleuromyid? indet. (13) I — [ | 1 | |
19 Ostrea ammonitides (4) ] [ ——| | l ; !
20 Vaugonia afl. oregonensis (23) | | ......... ] [ [ | I
21 Posidonotis semiplicata (1,2
22 Astarte cf. antipodum (15) i % T..:l .]I ! %
23 Lima nodulosa (15) ) T IR I . | |
24 Myoconcha cf. valenciennesi (15) I | | ....... teeen s .l vees . { l |
25 Plagiosioma cl. exaltata (15) I l '. ....... J | )
26 Frenguelliella cf. incxspectata (15) | ! I e eees ! e | I ,I

Va4



Chare 8
LOWER JURASSIC HETT. SINEMURIAN PLIENSBACHIAN TOARCIAN
BIVALVES LOWER | UPPER LOWER UPPER | LOWER | MIDDLE | UPPER

27 Weyla mexicana (15) . ] P FE ! |
28 Pinna expansa (3) [ | I. ............ 1 1 | |
29 Jaworskiclla siemonmulleri (23) ! | e eeeceann { v l ;
30 Trigonia aff. hemisphaerica (23) | N | 1 | | !
31 Vaugonia vancouverensis (22,23) Rl ! | P S { ! ]
32 Camptonectes (Camptochlamys) sp. I I l_—J | I |

(26) | N | N
33 Cardinia sp. (26) v | — 1 ' ! |
34 Jaworskiella suplcicnsis (23,26) | : [ [ |
35 Weyla bodenbenderi (11,26) | ! i ——— 7 | | |
36 Pleuromya aff. liasina (10) | | [ [ 1 | | |
37 Gresslya cf. rotundata (10) | | l 2 | I : ;
38 Oxytoma tnequivalve (10) . | . ? | ) I I
39 Gervillaria? sp. (26) [ | | —_— | | |
40 Modiolus sp. (26) ! . f .___: ' | |
41 Oxytoma sp. (26) | I ] JR— | 1 |
42 Pholadomya sp. (26) | | [ — 1 ; |
43 Pleuromya sp. (26) i HE | IR 1 ! :
44 Vaugonia jeletzkyi (22,26) l I I —erieees I | |
45 Psilotrigonia canadensis (22) . | . l ........ | |
46 Trigonia sp. (22) l ; J Lo I |
47 Lithiotis problematica (17,20) ! j i —_ | |
48 Lupherella boechiformis (14) | f | |___] L :
49 Lima (Plagiostoma?) sp. (11) | | | | ? T : I
50 Vaugonia oregonensis (23) | | | :_i [ I
$1 Vaugonia coatesi (22) I : ] I |. P P Joerann
32 Bivalves indet. (13) ) Ll . | . ——
53 Inoceramus sp. (13) 4' —[ I I I —— |

8t
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Chart 9

LOWER JURASSIC | HETT. | SINEMURIAN | PLIENSBACHIAN | TOARCIAN

TAXA | | LOWER | UPPER | LOWER | UPPER | LOWER | MIDDLE | UPPER
ANNELIDS ]

1 Serpula sp. (1) ] | — | I |

ARTHROPODS

1 ?Eryma ollerenshawi (1) | 1

+

2 Kinkelinella sp. (2) [ | |

BRACHIOPODS

1 Furcirhynchia striata (1,3) l—: |

2 Tetrarhynchia dunrobinensis (1,3) | E—

3 Anarhynchia aff. gabbi (3) [Py |
4 Sulcirostra parona; (3) |

T Quadratithynchia aff. quadrata (3)

7 Lobothyris subpunctata (4)

d444 1 EE

| |
6 Brachiopoda indet. (2) | — |
| )
I [

8 Zeillena (Cincta) numismalis (4)

BRYOZOANS

UL LR A

1 Heteropora tipperi (1) l ’ ) |

COELENTERATES

| Epismiliopsis? of. densserrae (1) [ |

+
—

2 Actinasuea minima (1) [ |

CEPHALOPODS (EXCLUDING AMMONOIDS)

1 Cenoceras sp. (4)

2 Teudopsis cadominensis (2)

3 Paraplesioteuthis hastata (1)

4 Conodicoelites afl. meyrati (3)

S 7Pseudodicoelites sp. indet. A(3)

6 ?Dicoelites sp. indet. A (3)

— = 4+ 4+ + =
>

7 Conodicoclites aff. keeuwensis (3)

ECHINODERMATA

1 Seirocrinus subangularis (1) l l

GASTROPODS

1 Gastropod indet. (2) | ) — |

2 Nerinea thompsonensis (1) I l

MARINE VERTEBRATES

1 ichthyosaurus sp. (1,2) | —

2 Plesicsauridac indet. (4) [ +

3 ichthyohths (%) |

4 Acidorynchus cf, acutus (3) |

PALYNOMORPHS

| Leiosphacridia langentensis (1) | Y|

2 Micrhystridium polvedricum (1) |]

HER

3 Dictyotidium castendense (1) |1

Non-marine Vertebrates and Trace Fossils (Chart 10)

All terrestrial vertrebrate fossils from western North America that might be Early Jurassic in
age originate from the Glen Canyon Group in the United States. A few collections have been
made in Colorado and Utah but the majority of fossils come from northern Arizona. The
Glen Canyon Group is unconformably overlain by the San Raphael Group of Bajocian age
and unconformably underlain by the Upper Triassic Chinle Formation. Discussions of the age
of the Glen Canyon Group formations are given by CoLBERT (1986), CLARK & FasTOvsKY
(1986), OLsEN & SUES (1986) and SuEs (1986) who recognize four locally interdigitating for-




Chart 10

0¢

LOWER JURASSIC
NON-MARINE HETT. SINEMURIAN PLIENSBACHIAN TOARCIAN

VERTEBRATES AND TRACE
FOSSILS

1 Batrachopus sp. (21)

2 Dilophosauripus williamsi (9,30)

3 Dilophosaurus wetherelli (28,29)

4 Hopiichnus shingi (9,30)

S Kayentapus hopii (9,30)

6 Oligokyphus sp. (17,27)

7 Protosuchus sp. (12)

8 Scutellosaurus lawlert (8)

9 Protosuchus richardsoni (3,4,6,11,12)

10 Dinnebitodon amarali (26)

11 Dinnetherium nezorum (17)

12 Eopneumatosuchus colberti (12)

E HLING T

13 Kyantathcrium wellesi (18,27)

14 Kayentachclys aprix (14)

15 Lepidotes walcotti (13)

16 Massospondylus sp. (1)

17 Morganucodon sp. (17)

18 Rhamphinion jenkinsi (23)

19 Rhamphorhynchoid indet. (23)

20 Semionotus cf. gigas (16)

21 Semionotus kanabensis (25)

22 Syntarsus kayentakatae (24)

23 Ammosaurus cf. major (1,15) )

24 Navahopus [alcipollex (2) |

28 Segisaurus halli (§) l
FORMATIONS : MOENAVE . 4 KAYENTA . 4 NAVAJO
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mations named in ascending order the Wingate, Moenave, Kayenta and Navajo of which all
but the lower Wingate are probably of Early Jurassic age. The range chart indicates the for-
mation from which the fossil originated; no stratigraphic position within the formation is
implied. The correlation of these terrestrial formations with marine equivalents and hence the
standard time scale has proved contentious. Assignment to stages is based only on: (a) unpu-
blished reports of latest Sinemurian-early Pliensbachian pollen in one member of the Moe-
nave Formation and (b) broad comparisons of vertebrate faunas with faunas of known age
elsewhere in the world.

L.
2.
3.
4,
6.

Nele RN

10.

1.
12.
13.
14.
15.
16.
17.
18,
20,
2.
3.

| SO ]

[N Y
-+

Crocodylomorph trace fossil.
Saurischian trace fossil.
Therapod (Saurischia).

5. Saurischian trace fossils.
Tritylodontid.

. Protosuchid crocodilian.
. Ornithischian.
. According to CLark & Fastovsky (1986) the Protosuchus richardsoni from the Kayenta

Formation is not complete enough to be confidently identified.
Tritylodonud.

Mammal.

Protosuchid crocodilian.

Tritylodontid.

The oldest cryptodire turtle.

Semionotid fish.

Prosauropod (Saurischia).

Mammal.

19. Prerosaurs.

21. Semionotid fish.

Therapod (Saurischia).

Prosauropod (Saurischia): Ammosaurus may be a synonym of Massospondylus according
to CLaRrk & FasTovsky (1986).

. Prosauropod trace fossil.
. Therapod (Saurischia).

Palynomorphs (Chart 9)

1-

la
3.

3. Nordegg Formation of the Fernie Group occurrence.
2. Floral Zone J1°.
Floral Zone J1° to J2° (?Bathonian).

Radiolaria (Charts 11-18)

Generic ranges cited by CARTER (CARTER 1992, TIPpER et al. 1991) include stratigraphically
useful taxa but they have been omitted pending further work. Also omitted are Early Jurassic
Radiolaria recovered from Bridge River and other rocks in British Columbia by CorbEey who
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discussed them as part of a doctoral thesis (CorRDEY 1988). Species with alphanumerical desi-
gnations have commonly been grouped as “spp.” but the resultant combined range does not
always coincide with the total known range of the genus. A taxon’s age range does not include
data from outside the study area.

41, 49, 51-53, 97. PEssagNO & WHALEN (1982) extended the range of these species into the
lower Toarcian on the basis of the provisional identification of an ammonite now assigned to
Tiltoniceras propinquum, a species characteristic of the uppermost Pliensbachian and lower-
most Toarcian in North America (SMITH et al. 1988). All the Radiolaria occur in the Carlot-
tense Zone and possibly the lowermost Toarcian except for Canutus hainaensis which is
known only from the Pliensbachian. The range of Canoptum anulatum was extended in Car-
TER et al. (1988).

220, 254, 265, 268, 271,272 & 297. Corrected spelling in accordance with Article 32d (ii) of the
International Code of Zoological Nomenclature (1985).

Acknowledgements. We appreciate the helpful comments of E.H. CoLBerT (Museum of
Northern Arizona), ]. Guex (University of Lausanne), T.P. Pourton (Geological Survey of
Canada) and D. G. TayLor (Portland State University).



Chart 11

LOWER JURASSIC HETT. SINEMURIAN PLIENSBACHIAN TOARCIAN
RADIOLARIA LOWER | UPPER LOWER | UPPER | LOWER |MIDDLE |UPPER

1 Relanus aff. striatus (1) — | ! | : !

2 Archaeocenosphaera laseekensis (1,8) I : I | |

3 Archaeocenosphacra sp. (1) [ l | l : ;

4 Paracanoptum merum (1,9,13) — | I | I | |

§ Paracanoptum pracanulatum (5) | | I ! ! |

6 Pantanellium kluense (1,6) — I i ; |

7 Pantanellium aff. kluense (6) — ' ) [ \ 1 J

8 Pantanellium tanuense (1,6) . . I | | : [ : |

9 Pantancllium aff. lanuense (12) R | | , |

10 Relanus reefensis (1,9,12) | | | | | ;

11 Canoptum unicum (1,9,12) JESS—— : ! : I ; |

12 Gorgansium spp. (6,12) = 1 i y | :

13 Droltus hecatensis (1,9) ] } I \ ! X

14 Orbiculiforma spp. (1.2,14) e Jeoaneaocensn [rrvesermeres — 'L |

15 Pseudoheliodiscus spp. (1,12,14) —-I ........ R I vesacanse B L—-l i T

16 Spongotrochus sp. (1) ——— el P s sasacaaen !....... e eeaeen | TP .__].—)
17 Pantanellium spp. (6,12,14) ] } 'L ] [

18 Staurolonche? spp. (1,2 L | eaasiesns o = ! 4 >
19 Bipedis sp. (1) ___.| I [ ) i |

20 Prachexasaturnalis tetraradiatus (1) —_—T I ] I | !

21 Paronaella spp. (1,2) 1 : T : + f ; >
22 Paleosaturnalis sp. (1,12) —_— I : l i I IL |

23 Relanus? sp. (12) — : \ | . | [

24 Pantanellium browni (6,12) ] : I | l 1 !

25 Pantanellium talunkwaense (6) ! ! | T ; ;

26 Pantancllium danaense (6) __{ ............ !_—..{ : I | |

27 Katroma spp. (1,13,14) — e feer e | J H —] I

SUPERZONE This interval not assigned to a superzone. 1
ZONE 05 | 04 | 03 02 01 1A (pt.)

! SUBZONE This interval not subdivided into subzones. 01A | 01B 1A2

assenf amo |'g



Chart 12
LOWER JURASSIC HETT. SINEMURIAN PLIENSBACHIAN TOARCIAN
RADIOLARIA LOWER | UPPER LOWER | UPPER | LOWER [MIDDLE |UPPER
28 Eucyrtis? sp. (12) FJ) S |}
29 Pantanellium kungaense (6) |

30 Bagotum erraticum (9)
31 Bagotum? helmetense (9)
32 Broctus kuensis (9)

33 Broctus selwynensis (9)
34 Canoptum dixoni (9)

35 Droltus laseekensis (9)
36 Droltus lyellensis (9) I |
37 Napora? graybayensis (10)

38 Pantanellium skedansense (6)
39 Wrangellium thurstonense (9)
40 Pantanellium haidaense (6)

41 Canutus rockfishensis (9)

42 Bagotum aff. erraticum (9)

43 Hsuum mulleri (9)

44 Jacus? sandspitensis (10)

45 Noritus lillihomensis (9,13)

46 Pantanellium aff. haidaense (6)
47 Wrangellium sp. (9)

48 Canutus gigantcus (2,9)

49 Canutus hainaensis (2,9,13)

—

|

I

50 Canutus tippeni (2,9)
51 Bagotum maudense (%)

52 Canoptum rugosum (9)
$3 Canutus blomei (9)
54 Noritus spp. (9,14)
SUPERZ.ONE This interval not assigned to a superzone. 1
ZONE 05 | 04 | 03 | 02 01 1A (pL)
SUBZONE This interval not subdivided into subzones. 01A | 01B 1A2
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Charrt 13

5.1 Lower Jurassic

55

LOWER JURASSIC

PLIENSBACHIAN

TOARCIAN

RADIOLARIA

LOWER

UPPER

LOWER

MIDDLE |UPPER

§S Paracanoptum anulatum (2,9,14)

56 Hsuum spp. (2,9,14)

57 Lupherium spp. (2,9,14)

58 Pantanellium cumshewaense (6)

H HT

_,_._.
/

59 Zartus mostleri (6)

60 Jacus? aff. sandspitensis (10)

Jl

61 Pantanellium sanrafaelense (6)

62 Broctus ruesti (14)

63 Broctus spp. (14)

64 Drulanta pulchra (14)

0y

65 Farcus multidorsus (14)

66 Katroma bifurca (14)

67 Katroma clara (14)

68 Noritus cf. lillihomensis (14)

69 Pseudocrucella beata (14)

+t

70 Pseudocrucella jurassica (14)

71 Sontonaella concinna (14)

72 Bagotum modestum (9)

U

73 Bagotum afl. modestum (9)

|

74 Bipedis fannini (2,12)

75 Cantalum sp. (14)

— = 4

76 Canutus spp. (2,9,14)

|

77 Droltus cf. lyellensis (2)

78 Fantus indomitus (9,14)

79 Farcus asperoensis (10)

80 Farcus graylockensis (10,14)

I

81 Farcus kozuri (14)

82 Gorgansium morganense (6,14)

J

83 Hagiastrum spp. (2,14)

84 Jacus reiferensis (10)

85 Katroma ninstintsi (2,12,14)

86 Napora morganensis (10,14)

T

87 Orbiculiforma kwunaensis (2)

88 Orbiculiforma trispinula (2)

89 Pantanellium c[. haidaense (2)

90 Praeconocaryomma whiteavesi (2,12)

91 Rolumbus gastili (10)

[ E g e e N

92 Rolumbus halseyensis (10)

1

93 Rolumbus hamiltoni (10)

-+ 4+ 1414 d=|=--]---FF+<t+TTFTFrT T 1---FFTTT1—

==+t | =|[-}+++ 41—

SUPERZONE

This interval not assigned (o a superzone 1

ZONE

02

01

1A (pt.)

SUBZONE

01A |

01B

1A2
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Chart 14
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LOWER JURASSIC

PLIENSBACHIAN TOARCIAN

RADIOLARIA

LOWER UPPER | LOWER [MIDDLE |UPPER

94 Sontonaclla fera (14)

95 Stephanastrum? magnum (2)

96 Trillus afl. elkhomensis (14)

97 Canutus izeensis (2,9,14)

J——i

-

98 Canutus nitidus (2,14)

99 Crubus chengi (14)

[l

100 Hsuum validum (14)

101 Orbiculiforma? trispina (14)

102 Parasaturnalis spp. (14)

i

103 Acanthocircus spp. (14)

104 Bagotum aff. maudense (9,14)

105 Bistarkum bifurcum (14)

106 Bistarkum rigidium (14)

107 Crubus spp. (14)

108 Drulanta spp. (14)

109 Fantus spp. (14)

110 Farcus spp. (14)

111 Katroma angusia (14)

112 Lantus sixi (14)

RSN A0 ERARA R0 I A

113 Napora cerromesaensis (10,14)

114 Napora spp. (14)

115 Neowrangellium spp. (14)

116 Noritus pauxillus (14)

117 Noritus tenuis (14)

118 Orbiculiforma callosa (14)

119 Parasaturnalis vigrassi (14)

120 Poulpus lupheri (14)

121 Poulpus spp. (2,14)

122 Praeconocaryomma parvimamma (14)

123 Protoperispyridium oregonense (14)

124 Pseudocrucella pecta (14)

125 Pseudopantanellium spp. (14)

126 Pseudopoulpus spp. (14)

127 Rolumnbus lautus (14)

128 Sontonaclla bona (14)

129 Tetratrabs spp. (14)

b R BENNNEEN

130 Jacus magnificus (2)

131 Praeconocaryomma aff. media (2)

132 Trillus spp. (14)

Il

AN PR U N AN N N N N N Ut N U QO pE L Ll d |t dd ]t L= -4

SUPERZONE This interval not assigned to a superzone 1
ZONE 02 01 1A (pt.)
SUBZONE 01A | 01B 1A2




Chart 15

5.1 Lower Jurassic
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LOWER JURASSIC

PLIENSBACHIAN

TOARCIAN

RADIOLARIA

LOWER

UPPER

LOWER |MIDDLE

133 Wrangellium oregonense (2,14)

134 Xiphostylus spp. (14)

135 Zartus spp. (14)

136 Napora insolita (10,14)

137 Rolumbus venustus (10,14)

138 Crucella angulosa (2,12)

139 Acaeniotyle? spp. (2)

140 Canoptum cf. dixoni (2)

141 Crucella aff. squama (2)

142 Napora aff. turgida (2)

T Sl I

143 Parahsuum edenshawi (2,12)

144 Praeconocaryomma? immodica (2)

145 Pseudocrucella spp. (2,14)

i

146 Hagiastrum cf. egregium (2)

147 Higumastra spp. (2,14)

148 Paronaella variabilis (2)

149 Praeconocaryomma? [asciata (2)

150 Tripocyclia spp. (2,14)

151 Trillus elkhornensis (6,14)

152 Farcus cf. lepidus (14)

153 Hsuum? unicum (14)

154 Canoptum artum (14)

155 Pleesus aptus (14)

156 Praeconocaryomma decora (14)

157 Turanta spp. (2,14)

158 Canoptum aff. artum (14)

159 Canoptum cf. poissoni (14)

160 Canoptum spinosum (14)

161 Canutus baumgartneri (14)

162 Canutus fusus (14)

163 Drulanta cf. bella (14)

164 Drulanta formosa (14)

165 Drulanta mostleri (14)

166 Fantus aff. schoolhousensis (14)

167 Farcus lepidus (14)

168 Gorgansium yangi (14)

169 Higumastra laxa (14)

170 Higumastra splendida (14)

171 Homeoparonaella hydensis (14)

= L+ 4+ 44+ 4d=-F+++d-l--FF+T+ +19-lT7THATF T T

Ll H A ] == H I

SUPERZONE

This interval not assigned (0 a superzone

o

ZONE

02

01

1A (pt.)

SUBZONE

01A | 01B

1A2




Chart 16

LOWER JURASSIC TOARCIAN LOWER JURASSIC TOARCIAN
RADIOLARIA LOWER |MIDDLE [UPPER RADIOLARIA LOWER |MIDDLE |{UPPER
172 Hsuum acutum (14) } ; 200 Crubus? robustus (14) ———l l
173 Hsuum gratum (14) | X [ 201 Drulanta bella (14) ;__: :
174 Hsuum? lucidum (14) fr—— | : 202 Drulanta mirifica (14) l
175 Hsuum parvulum (14) —— | i 203 Fantus schoolhousensis (14) E——— I
176 Hsuum cf. robustum (14) i ' I 204 Higumastra lupheri (14) "—— )
177 Hsuum cf. rosebudense (14) | : : 205 Higumastra oregonensis (14) ] |
178 Katroma cf. bifurca (14) | X ] 206 Napora mitrata (10) { | |
179 Katroma inflata (14) | | I 207 Napora relica (14) I I
180 Napora cl. bona (14) | ] : 208 Pantanellium wui (14) —— I
181 Napora proba (14) | | | 209 Poulpus haeckeli (14) R :
182 Napora propria (14) — | | 210 Pr: yo cf. parvi (14) ! :
183 Neowrangellium pessagnoi (14) —— ! ! 211 Pseudocrucella hilara (14) ———: :
184 Noritus cf. pauxillus (14) | N X 212 Pseudoristola faceta (14) ——— |
185 Pscudopantanellium floridum (14) I i . 213 Pseudoristola obesa (14) | : ;
186 Pseudopoulpus pessagnoi (14) — | | 214 Rolumbus hilarus (14) : |
187 Pseudoristola aff. faceta (14) | | | 215 Rolumbus mirus (10,14) ! |
188 Pseudoristola ct. megaglobosa (14) | | I 216 Saitoum thayeri (14) ——i I
189 Rolumbus beatus (14) ——— | : 217 Sontonaella snowshoensis (14) —-! 1
150 Saitourn smithi (14) E— ; 218 Tetratrabs izeensis (14) ——— :
191 Sontonaella cf. concinna (14) | 1. : 219 Rolumbus spp. (14) ——:— :
192 Turanta fida (14) IO : ) 220 Protoperispyridium hippaense (2,14) ; | >
193 Wrangellium izeense (14) | [ | 221 Trillus cf. seidersi (14) ! y >
194 Xiphostylus simplus (14) L | 222 Drulanta sporta (14) 1 : |
195 Bistarkum cf. bifurcum (14) 1 [ 223 Wrangellium cf. thurstonense (14) | | {
196 Canoptum poissoni (14) ——! ! 224 Bistarkum saginatum (14) — I
197 Combusta munda (14) _——: ; 225 Fantus exiguus (14) ] ] :
198 Combusta spp. (14) __—| 1 226 Farcus cf. graylockensis (14) 1 |
199 Crubus firmus (14) —— i 227 Hsuum cf. lupheri (14) 11 |
SUPERZONE 1 SUPERZONE 1
ZONE 01 (pt.) 1A (pt.) ZONE 01 (pt.) 1A (pt.)
SUBZONE 01B 1A2 SUBZONE 01B 1A2
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Chart 17

LOWER JURASSIC TOARCIAN LOWER JURASSIC TOARCIAN
RADIOLARIA LOWER |MIDDLE |UPPER RADIOLARIA LOWER |MIDDLE |UPPER

228 Napora aperta (14) —! ! 255 Paronaella skowkonaensis (2) 1 >
229 Napora cl. cerromesaensis (14) ) l ; 256 Parvicingula aculeata (2) p————1—>
230 Napora cf. fructuosa (14) I ] 257 Parvicingula boesii group (2) l——:—)
231 Napora aff. relica (14) L I 258 Parvicingula aff. burnensis (2) _L.—_l—->
232 Perisperydium? sp. (14) __!_ | 259 Parvicingula aff. media (2) :

233 Pracconocaryomma splendida (14) -—l [ 260 Perispyridium tamnarackense (7,11,14) :

234 Pseudopoulpus deweveri (14) ) i | 261 Staurolonche ellsi (2) }—Q—)
235 Pscodopoulpus afl. pessagnoi (14) | | | 262 Stichocapsa cf. convexa (2) N
236 Pseudoristola megaglobosa (14) - | 263 Tricolocapsa cf. rusti (2) [ 1 >
237 Sailoum dickinsoni (14) 1) | 264 Caltrop nodosum (2) ] 1' —
238 Sontonaella spongiosa (14) — ! 265 Maudia yakounensis (2) I ; —_—
239 Tetratrabs imlayi (14) _{ { 266 Napora afl. cosmica (2) : —
240 Zartus cf. imlayi (14) | : : 267 ?Paronaella bandyi (2) } | —
241 Perispyridium spp. (14) ._i— I 268 Rolumbus kiustaensis (2,12) | | —
242 Hsuum cf. rosebudense (2) T 269 Spongiostoma sp. (2) | |
243 Jacus sp. (2) | | : 270 Acaeniotyle? ghostensis (2) [ ! e
244 Parvicingula spp. (2) I——:—-—» 271 Alievium? juskatlaense (2) | : —
245 Paronaella cf. mulleri (2) i1 N 272 Amphibrachium? ph 2) l —
246 Homeoparonaella reciproca (2,12) [ ; 273 ?Heliodiscus inchoatus (2) ' | —
247 Perispyridium? sp. (2) 274 Paronaella porosa (2) —
248 Canoptum? sp. (2) E } 275 Spongiostoma saccideon (2,12) | | —]
249 Emiluvia? moresbyensis (2) |——|——- 276 Spongostaurus cruciformis (2) | ! ——
250 Emiluvia spp. (2) '-_—!——) 277 Spongotrochus tanaensis (2) : B —
251 Praeconocaryo. aff. mamillaria (2) '———:— 278 Tectratrabs aff. gratiosa (2) ] —
252 Protounuma paulsmithi (2,12) } ; > 279 Tympaneides charl is (2,12) | ) —
253 Crubus wilsonensis (2) T | 280 Elodium cameroni (2,12) I ] —]
254 Hsuum optimum (2,12) .%i——) 281 Elodium nadenensis (2) : =

SUPERZONE 1 SUPERZONE 1
ZONE 01 (pt.) 1A (pt.) ZONE 01 (pt.) 1A (pt.)
SUBZONE 01B 1A2 SUBZONE 01B 1A2

asstnf Jamo g
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Chart 18

P.L.Santi et al.

LOWER JURASSIC

TOARCIAN

RADIOLARIA

LOWER [MIDDLE

UPPER

282 Homeoparonaella aff. argolidensis (2)

283 Homeoparonacella aff. elegans (2)

284Mesosaturnalis hexagonus (2,12)

285 ?Paronaella denudata (2)

286 Paronaella grahamensis (2)

287 Paronaella aff. grahamensis (2)

288 Paronaella tlellensis (2)

289 Pseudocrucella sanfilippoae (2)

290 Spongotripus incomptus (2)

291 Spongotrochus (Stylospongidium) aff.
echinodiscus (2)

292 ?Staurosphaera amplissima (2)

293 Turanta morinae (2,7)

294 Turanta nodosa (2,7)

295 Lithomelissa sp. (2)

296 Praeconocaryo aff. parvimamma (2)

297 Tripocyclia rosespitensis (2,12,14)

298 Penispynidium darwini (5)

299 Perispyridium dobzhanskyi (5)

300 Perispyridium elegans (5)

301 Perispyridium gouldi (5)

302 Perispyridium mayri (5)

303 Perispyridium robustum (5)

304 Pernispyridium schopfi (5)

305 Perispyridium simpsoni (5)

306 Perispyndium slaughteri (5)

307 Perispyridium triangulatum (5)

308 Spongostaurus pugiunculus (2)

L e L e B e S R e I B Tl e N s ) 4—————-)—-&-—}——-._

“ NN = T

SUPERZONE

ZONE

01 (pt.)

1A (pt.)

SUBZONE

01B

1A2




Chart 19

5.1 Lower Jurassic
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LOWER JURASSIC

PLIENSBACHIAN

TOARCIAN

FORAMINIFERA
Note: all taxa are from (1)

LOWER UPPER

LOWER

MIDDLE

UPPER

1 Marginulina prima

2 Paralingulina tenera tenuistriata

3 Paralingulina . pupa

4 Ichthyolaria bicostata bicostata

| 0 | —|

5 Ichthyolaria b. mesoliassica

6 Mesodentalina hausieri

7 Mesodentalina tenuistriala

8 Paralingulina sp.

9 Paralingulina tenera subprismatica

10 Parulingulina t. subsp. A

11 Bigenerina? sp.

12 Ichthyolaria? pygmaea

13 Lingulonodosaria sp.

14 Neobulimina? sp.

15 Marginulina burgundiae

16 Citharina saggittiformis

—|— 1+—|— 4+ _._—F-J.-_ —{— —+ -
A — 4 - = 4+ =] 4 4=

17 Lenticulina spp

18 Falsopalmula varians

19 Lenticulina d'orbignyi

20 Pseudonodosaria pygmaea

21 Reinholdella cf. macfadyeni

22 Lenticulina gottingensisi

23 Lenticulina prima

24 Vaginulina listi

25 Citharina cf. longuemari

26 Falsopalmula juvensis

— <+ 4+~ 1|+ +-+HTT -1 T T+ ]

— — St .4
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