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MIDDLE JURASSIC (BAJOCIAN) AMMONITES FROM EASTERN OREGON 

By RALPH w. IMLAY 

ABSTRACT 

Jurassic ammonites of Bajocian age occur throughout 1,100 
to 2,000 feet of strata exposed in five inliers in east-central 
Oregon. These inliers are spaced over a distance of about 120 
miles from near Paulina on the west to the Snake River on the 
east .. All the Bajocian strata contain much volcanic material 
except in the westernmost area, probably represent continuous 
deposition from Early Jurassic to early late Bajocian time, and 
were deposited in a sea that transgressed eastward into the 
western interior of the continent. 

The lower Bajocian (Aalenian) in east-central Oregon is 
represented only by the ammonites Tmetoceras, Praestrigites, 
and Eudmetoceras. 

The middle Bajocian is well represented by many ammonites 
that furnish accurate correlations with several European am
monite zones. Beds equivalent to the lower part of the Son
ninia sowerbyi zone include the ammonites Sonninia (Euho
p'l;oceras), S. (Papil.Uceras), WUchellia (Latiwitchellia) n. 
subgen., A.sthcnocet·as, Ettdmetoceras, Fontannesia, Hebe
tomyites, Praestrigites, Strigoceras, Pelekodites and Docidoceras. 
Of these, Sonninia (Etthoploceras) is represented by species 
identical with species in Europe. Beds equivalent to the upper 
part of the Sonninia sowerbyi zone include the ammonites 
Witchellia, Sonninia (Papilliceras), A.sthenoceras and Step
hanoceras, and basally include the ammonite Fontannesia. 

Beds equivalent to the European Otoites sattzei zone include 
the ammonites Witchellia, Sonninia (Papilliceras), A.stheno
ceras, Pelekodites, Lissoceras, Emileia, Parabigotites, Steph
anooeras, Otoites and Normanrnites. The last two occur only 
near the top of the ranges of Witchcllia, Sonninia (Papilliceras), 
and Emileia. 

Beds equivalent to the European Stephanoceras humphriesi
anum zone contain the ammonites Dorsetensia, Pelekodites, 
Poeeilomorphus, Chondroceras, Sphaerocera'B, Normannites, 
Stephanoceras, Teloceras, Stemmatoceras? and probably Zem
isteplzanus. Of these, the last three plus Chondroceras occur 
above the local range of Dorsetensia and are equivalent to the 
upper part of the Stephanoceras humpllriesianum zone. 

The lower part of the upper Bajocian is represented by the 
ammonites Leptosphinctes, L. (Prorsisphinctes?), Spiroceras, 
Sphaeroceras, Normannites, Stephanoceras, Teloceras?, Zem
istephanus?, the new genus, Lupherites and JJfegasphaeroceras. 

Close faunal resemblances of the Bajocian ammonites of 
eastern Oregon with those of Alaska and Europe show that 
marine connections existed with both regions. A marine con
nection with Europe via the Arctic region .seems reasonable. 
Another marine connection southward also seems reasonable 
during early middle Bajocian and late Bajocian times when the 

ammonite faunules of eastern Oregon had greater affinities to 
those of Europe than of Alaska. 

New taxa described herein include one new genus Lupherites, 
one new subgenus Witchellia (LatiwitcheUia), and 18 new 
species. The .species are named A.sthenoceras deUcatum; Fon
tannesia costula, F. intermedia, WitchelUa (Latiwitchellia) 
evoluta, Dorsetensia oregonensis, D. diversistriata., Pelekodites 
webergi, P. silviesensis, P. dobsonensis, Poccilomorphus varius, 
Lissoceras hydei, Docidoceras lupheri, D. warrnspringsense, D. 
spa·rsicostatum, Etnileia buddenhageni, Stephanoceras mowichi, 
S. (Phaulostephanus?) oregonense, and Lupherites seneoaensis. 

INTRODUCTION 

The Bajocian am1nonites described herein from east
ern Oregon are from thick dominantly volcaniclastic 
sequences exposed in several inliers that are alined 
along an eastward-trending belt nearly 120 miles long 
(pl. 48). The westernmost and largest inlier extends 
fron1 about 12 miles east of Paulina to a few miles east 
of Seneca, a distance of about 40 miles (Buddenhagen, 
1967, figs. 1, 2). It contains mostly nonmetamorphosed 
rocks and is fairly fossiliferous. Other inliers occur 
farther east in areas south of Ironside and Brogan and 
near Huntington, just west of the Snake River. They 
contain slightly to moderately metan1orphosed rock~ 
and few well-preserved fossils. This scarcity of fossils 
reflects both lack of ti1ne spent collecting and the 
difficulty of finding identifiable fossils in somewhat 
metamorphosed beds. 

Study of the ammonites fron1 these inliers demon
strates that the Bajocian ammonite succession is 
virtually the same in Oregon as in Europe and that 
some species are identical with European species. 
Documentation of this evidence permits accurate dating 
of fossiliferous beds of Bajocian age anywhere in the 
Pacific Coast region, in terms of the standard European 
zonal succession, and aids field geologists in areas that 
are structurally cmnplicated. Thus a broad synclinal 
structure for the thick Jurassic sequence in the south
ern half of the Huntington 15-minute quadrangle is now 
evident on the basis of ammonites collected by Howard 
C. Brooks and Norman S. Wagner of the Oregon 
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Department of Geology and Mineral Industries and by 
U.S. Geological Survey geologists. 

The Bajocian ammonites from eastern Oregon total 
about 2,100 specimens and were obtained from 262 lo
calities. The largest collections were made by R. L. 
Lupher from 1926 to 1937 and by R. W. Imlay from 
1949 to 1969. Important collections were also made in 
the Suplee and Izee areas by J. H. Buddenhagen in 
1949, 1959, 1961 and 1965, by W. R. Dickinson in 1956, 
1957,1959, and 1960, by L. W. Vigrass in 1956 and 1957, 
and by W. 0. Ross i.n 1965, 1966, and 1969. Important 
collections were made in the Juniper Mountains of Mal
heur County and the Huntington area of Baker County 
by N .S. Wagner from 1960 to 1969 and by H. C. Brooks 
and R. W. Imlay from 1961 to 1969. Some collections in 
the Suplee-Izee-Seneca areas were made by J. H. Beeson 
in 1956 and 1957, J. A. Calkins in 1955, Reed Christner 
in 1958, A. K. Guard in 1927, S. W. Muller in 1956 and 
1957, John Mcintyre in 1949, and R. E. Wallace in 
1955. Minor collections in Malheur County were made 
by George Kasch and Jacob Nir in 1961 and in the 
Bridgeport 15-minute quadrangle west of Huntington 
by Ernest Wolff in 1958. The only identifiable Jurassic 
fossils from the Ironside quadrangle were collected by 
W. D. Lowry in 1957. 

The writer was aided in the field by all of these 
geologists except A. K. Guard, J. A. Calkins, and 
R. E. Wallace. Leo J. Hertlein and Dallas Hanna, of 
the California Academy of Sciences, granted permis
sion to study the excellent collections made by Ralph 
Lupher. Similar permission was granted by S. W. 
Muller of Stanford lTniversity to study the collections 
made by him, W. R. Dickinson, L. W. Vigrass, and 
John H. Beeson. 

Especial thanks are given to Ralph Lupher for the 
opportunity afforded the writer to study his collections, 
for his supplying stratigraphic data, and for his orient
ing the writer stratigraphically in the field in 1949 and 
1957. This was extremely considerate of him because 
he had devoted much time to collecting and identifying 
the ammonites and for many years had planned to de
scribe both the Jurassic stratigraphy and the fossils. 
For the record, his published stratigraphic work is 
sound and made possible the more refined work of Diek
inson and Vigrass based on more aeeurate maps than 
were available earlier. Likewise, most of his generie 
and speeific fossil determinations are identical, or sim
ilar, to those made herein by the writer. 

The writer is grateful to Dr. Arnold Zeiss of 
Erlangen, West Germany, for information concerning 

the stratigraphic range of Dorsetensia, and to Dr. 
Ray1nond Casey of the British Institute of Geological 
Sciences for his aid in obtaining a plaster replica of 
the lectotype of Asthenoceras nannodes Buckman. 

The writer also greatly appreciates the friendliness 
and consideration of the ranchers in allowing him access 
to their property many times over many years. Such 
ranchers include Emil Hyde, 'Vm. Hyde, J. H. Harris, 
J. Robertson, Carl Schnabele, H. H. Trowbridge, and 
Melvin Weberg. 

In this paper the words "Otoites saueei" denote a 
zone, as in the "Treatise on Invertebrate Paleontology" 
(Arkell and others, 1957, p. L125) instead of a sub
zone, as in some recent British publications (Wilson 
and others, 1958, p. 69; Torrens, in Cope and others, 
1969, table A-1, opposite p. A 21). This is done because 
the zones of the early Middle Jurassic are being revised 
in Britain ( Callomon and others, 1969, "Notes on Zones 
and Sources," opposite p. 8) and because "doubt exists 
about the distinction and positions of some subzones" 
of the Bajocian, including the usage of Otoites sa1~zei 
(Torrens, in Cope and others, 1969, table A-1). 

Sin1ilarly, the tern1 '''Aalenian" is not used herein as a 
stage name, as recom1nended in Luxemburg in 1962 at 
the Colloquium on the Jurassic, because such usage has 
not yet been approved by the International Commission 
on Stratigraphy. 

Abbreviations in the plate descriptions in the text 
include CAS for the California Academy of Sciences, 
USNM for the U.S. National Museum, and USGS for 
U.S. Geological Survey Mesozoic locality. 

BIOLOGIC ANALYSIS 

The eastern Oregon ammonites of early Middle 
Jurasic (Bajocian) age described herein number 2,139 
specimens. Their distribution by families, subfamilies, 
genera, and subgenera is shown in table 1. This 
table shows that the Sonninidae, Hildoceratidae, and 
Stephanoceratidae are the dominant families and in
clude, respectively, 36, 29, and 18 percent of the total 
number of specimens. Next in declining numbers are 
the Otoitidae, Phylloceratidae, Hammatoceratidae, 
Sphaeroceratidae, Spiroceratidae, Haploceratidae, Stri
goceratidae, Perisphinctidae, and Oppeliidae. The most 
common genus is Asthenoceras. Next most common in 
deereasing order are Sonninia, Dorset.ensia, Stephano
ceras, Pelekodites, and Tmetoceras. All other genera are 
represented by fewer than 100 speeimens, and eight are 
represented by fewer than four specimens per genus. 
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TABLE 1.-Ammonite genera and subgenera of Bajocian age in 
eastern Oregon, showing biological relationships and number of 
specimens available for study 

Family Subfamily Genus and subgenus 

Phylloceratidae _______ Phylloceratinae: ___ - Phy~loceras_ -------------------
Calliphylloceratmae Call!phylloceras _-- -- ____ ------

Holcophylloceras ___ ___________ _ 
Spiroceratidae ______________________________ Spiroceras_- -------------------
Hildoceratidae _ _ _ _ _ _ _ Grammoceratinae_-- Asthenocerlfs- - ----------------

Fontannesw __ ------ ____ ------ _ 
Tmetoceratinae _____ Trnetoceras __ ----------------- _ 

Hammatoceratidae _________________________ Eudrnetoceras (Euaptetoceras) --
Planamrnatoceras? __ ---- ____ -- _ 

Sonniniidae ________________________________ - Sonninia_- --------------------
(Euhoploceras) _ ----------
(PtJpilliceras) _- -----------Witchellia ____________________ _ 
(Latiwitchellia) _________ ---

Dorsetensia_ -------------------
Pelekodites ____ ----------------
Poecilornorphus ___ ----- --------

Strigoceratidae ______________ -- ------- ------ ~~~g~~~1/1se_s= == === ==== === = == = == 
Hebetoxyites ____ ---------------

Haploceratidae ______ ---- __ ----------------- f;f::g;::::i~= = == == === == = === = == = 

8r~~I~~:~---= == = = == = = = = == = = = = = = == = = = = == = = == = Z~~~~~e~as=== = = = = == = = = = = = == = = = Ernileia ______________________ _ 
Otoites _______ -- ______________ _ 

Sphaeroceratidae __________________________ . g;~~::~:ee:::~ ~ ~ == == ======== === 
Megasphaeroceras _____________ -

Stephanoceratidae _____ - ___ ------------ ----- Nor(I~i~~:~:s) ___ ~ = == = = = = == == = == 
(Epalxites) ___ -- __ ---------
(Masckeites?) __ - -----------

Stephanoceras ___ ---- _ ---------
(Skirroceras) _____ __ --------
(Phaulostephanus?) ______ -

Sternrnatoceras ___ -- ___ - _- ___ ---
Teloceras _________________ -

Zernistephanus? ______________ _ 
Lupherites n. gen __ ------------

Perisphinctidae ____________________________ Leptosphinctes ___ _____________ _ 
(Prorsisphinctes?) ________ -

Parabigotites _________________ _ 

Num
ber of 
speci
mens 

2 
4 

50 
42 

380 
95 

158 
38 
14 
4 

185 
74 
39 
54 

200 
150 

68 
7 
4 
8 

30 
1 
1 

34 
11 
35 
35 
10 

4 
24 
39 
1 
2 

67 
145 

9 
9 
3 
2 

85 
2 
7 
7 

The characters of most of the genera and subgenera 
listed agree very well with the definitions of those taxa 
in the "Treatise on Invertebrate Paleontology" ( Arkell 
and others, 1957). Certain of then1 deserve comment, 
however, because they are new, unusually abundant or 
unusually rare, or because they are represented by spe
cies that appear to be identical with species in Europe. 

The family Spiroce~atidae is represented by two 
species of Sph·oceras that are identical with species 
widespread elsewhere in the world in beds of late Ba
jocian age. 

The Oregon spechnens of Asthenocerras bear septate 
whorls that greatly resemble the type specimens of 
Asthenoceras nannodes (Buckman) (1889, p. 213, pl. 
33, figs. 13-16). Their body whorls differ, however, in 
having stronger and more projected ribs of which smne 
bifurcate near the middle of the flanks. Their apertures, 
as preserved on several small specimens, terminate in 
lateral lappets, but as preserved on some larger speci
mens apparently terminate in a simple sinuous 1nanner. 
Their suture lines have a very broad first lateral saddle 
and a general pattern si1nilar to that on species of 
Grammoceras and Pse·udogramrmoceras as illustrated by 
Buckman (1889, pl. 26, fig. 10, pl. 31, fig. 2, pl. 33, fig. 7). 1 

The family Hildoceratidae is represented by the gen
era Tmetoceras, Fontanne8-ia, and Asthenoceras. Of 
these, Tnwtocer·as is represented by the worldwide spe
cies T. sc-i8sun1 (Benecke) of early Bajocian (Aalenian) 
age. Fonta:nnesia is placed here rather than in the Son
niniidae because of its close resemblance to Grammo
cera8 (Arkell, 1954, p. 564,597; "\Vestermann and Getty, 
1970, p. 240). Asthenocera8 is of biologic interest be
cause in Oregon it occurs in great abundance in beds 
that correlate with the Sonn-in-ia sowerbyi zone, where
as it is rather rare elsewhere in the world. Previously 
described occurrences include about 20 specimens from 
the Sonninia 8owerbyi zone of the Alaska Peninsula 
('Vestermann, 1969, p. 61-63, pl. 14, figs. 1-7) and two 
specimens from the Ludw·igia rnurchilwnae zone of Eng
land (Buckmann, 1889, pl. 33, figs. 13-16). 

The genus, Athe1wce1··as, as described by Buck1nan 
(1899, p. XLIX), has a small highly compressed shell; 
thin whorls; a wide shallow umbilicus; a high, sharp, 
laterally sulcate, hollow-floored keel; and fine closely 
spaced falcoid ribs and striae. Buekman did not know 
the characteristics of the adult body whorl or of the 
suture line. 

The characteristics of Asthenocera8 show that its 
taxonomic position is near Grammoceras as indicated by 
Buckman (1889, p. 214) and by Arkell (Arkell and 
others, 1957, p. L261). A generic status for Astheno
ceras, rather than a subgeneric status under Grmnnw
ceras, is justified by its much smaller size, by bifurca
tion of some ribs on its body chamber, by the presence 
of radial swellings on some septate whorls, by the pres
ence of ventral furrows bordering the keel, and by its 
distinctly different stratigraphic range. Its apertural 
characteristics suggest that both male and female shells 
are included in the generic concept (Westermann, 196!)~ 
p. 59, 60). 

The genus Fontannesia, defined by Buckman ( 1905, 
p. CLXXXVII) and Arkell (1954, p. 563), consists of 
s1nall to medium-sized shells that have fairly evolute to 
highly evolute coiling; a compressed subovate to sub
quadrate whorl section; an inclined umbilical wall that 
rounds evenly into the flanks; a narrow flattened to 
fastigate venter; a_ low to prominent, hollow unfloored 
keel that may become very weak or elisa ppear on the 
body cha1nber; weak to strong, mostly simple, falcoid 
ribs that are strongest on the middle and upper parts of 
the flanks, may be faint on the lower parts, and vary 
from strong to faint to indistinct on the body chamber. 
Fontannesia differs frmn Dor8etensia in having a 
rounded instead of a sharp or abrupt umbilical edge, a 
broader venter, and a longer, more slender first lateral 
lobe. Fontanne8ia greatly resembles the late Toarcian 
genus G1·anunoceras, as discussed by Arkell ( 1954, p. 
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564) , but apparently differs by the presence of some 
forked ribs on the lower part of its flanks and of some 
short ribs on the upper part. 

The family Ham1natoceratidae is represented 1nostly 
by three narrowly un1bilicate species of Eudn'"etocera8 
that are similar to, and probably in part identical with, 
species from Eurasia and South An1erica. In addition, 
the family is represented by a few frag1nents that are 
questionably referred to Planan1/Jnatocera8. These gen
era have been discussed in considerable detail recently 
by Elmi ( 1963a, p. 60, 1963b, p. 82-90, 101-103), Wester
mann (1964a, p. 407-412; 1969, p. 63-72), and Geczy 
( 1966, p. 29-33). 

The Sonninidae is represented in eastern Oregon by 
eight genera and subgenera, of which the subgenus 
Latiwitchellia is new and is known only fro1n eastern 
Oregon. The other taxa are widespread 1and include 
species in common with other parts of the world. For 
example, the subgenus Sonn.inia (Ertt.hoplocera8) in
cludes five species in common with western Europe. The 
subgenus S. Papillicera8) includes three species that 
are closely similar to described species from South 
America and Europe. Witchellia includes one species, 
and Dm·8etensia four species that appear to be identical 
with species from western Europe. Major differences 
between the Sonninidae of eastern Oregon and those 
of western Europe include an absence of the genera 
Shirbuirnia and Fissilobiceras in the Oregon collection 
and an absence or rarity of species resmnbling true Son
ninia, such as S. JJJ'opinqua.ns (Bayle) (Arkell and 
·others, 1957, p. L268) and S. sowe~rby·i (Sowerby) 
( Arkell, 1956, pl. 34, fig. 2.) 

As used herein, true Son.ninia (Sonninia) comprises 
planulates characterized by moderately evolute coiling; 
subovate moderately compressed whorls; a narrow ven
ter; a single high to fairly high hollo~v keel; more or 
less prominent lateral :tubercles or swellings on inne.r 
and intermediate-sized whorls; strong irregular, flex
uous to sickle-shaped ribs that may divide into two or 
more secondary ribs, and a 1nore or less smooth body 
chamber. Sonninia proper in Europe is most com-mon in 
the upper part of the Sonn-inia so1oeJ'byi zone and in 
the 0 toites sauzei zone, but it has been recorded in the 
lower part of the Sonninia sm.oerbyi zone. 

The subgenus Euhoploceras differs from Sonn1'nia 
proper in having Inore evolute coiling on its outer 
whorls; a compressed subovate to subquadrate to round 
whorl section; a broader and flatter venter· a lower keel· 

' ' n1uch more variable development of tubercles and 
spines; more highly variable ribbing that is commonly 
rursiradiate on the lower parts of the flanks; fewer 
secondary ribs; and generally more ornamentation on 
its body chamber. Euhoploceras in England ranges from 

the upper part of the Graphoceras concavum zone into 
the Shirbu:irnia trigonal-is subzone of the Sonninia 
sowerby·i zone (Buckman, 1893, pl. 90, figs. 7-9 ; Morton, 
1965, p. 199). 

This great variability in form and sculpture among 
specimens of Euhoploceras has made specific recogni
tion difficult. In England near Bradford Abbas, 65 
species of EuJwploceras were recognized by Buckman 
( 1892-94, p. 313-440, pis. 48-103 in part) from many 
well-preserved specimens obtained from a single bed 
only seven inches thick (Buckman, 1893, p. 485) . These 
species, as well as 9 other species described from 
England and Germany, were later considered by 
Westermann ( 1966) to be morphological variants of a 
single species for which he chose the oldest available 
name Sonninia (E1.dwploceras) adicra (Waagen) 
(1867, p. 591, pl. 25, figs. 1a,h). In France the presence 
of several species of Euhoploceras has been recorded 
(Arkell, 1956, p. 78, 100). In Germany, the taxon 
Eulwploceras has not been recognized as distinct even 
subgenerically from Sonninia by the paleontologists 
who have monographed the sonninid ammonites (Dorn, 
1935 ; Hiltermann, 1939 ; Oechsle, 1958). They have, 
however, recognized some of the species that Buckman 
referred to EuJwploceras and have grouped many others 
under such names as Sonninia sowerbyi (Sowerby), S. 
adicra (W aagen), S. poly acantha (W aagen), and S. 
modesta Buckman. Their concepts of species within 
Eu,hoploceras evidently are between those of Buckman 
and Westermann. 

Westermann's (1966, p. 309, 310) recognition of only 
one species of EuhopZocera8 in ·western Europe is based
partly on his graphic analysis (1966, text figs. 1-10) of 
more than 100 illustrated ammonites from a seven inch 
bed within the Inferior Oolite near Bradford Abbas in 
southern England (Buckman, 1892-94; 1893, p. 485) . 
It is based partly on 'Vestermann's conclusion ( 1966, 
p. 291) that this thin bed is not a condensed deposit and 
hence that the a1nmonites now found in it all lived to
gether. It is substantiated, in his opinion, by several 
similar occurrences of highly variable am1nonite genera 
(Ree.side and Cobban, 1960; Silberling, 1959, p. 43-46; 
Westermann, 1964a, p. 374). 

Overall, the analysis by Westermann impressively 
depicts the variation possible within a single ammonite 
subgenus and demonstrates relations between shape and 
ornamentation, but does not show conclusively the num
ber of species or subspecies represented, or whether the 
ammonites lived together rather than being buried to
gether. In this regard the geologists who have studied 
the Bajocian rocks from Bradford Abbas southward to 
the coast conclude that the entire Inferior Oolite in tha.t 
area is thin and condensed compared with areas farther 
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north, includes many nonsequences or disconformities, 
and that locally some thin conglomerate beds contain 
water-worn fossils derived from two or more ammonite 
zones (Wilson and others, 1958, p. 68, 72; Torrens hl, 
Cope, Hallam and Torrens, 1969, p. A21-A29). Evi
dently speciation within Euhoploceras needs to be stud
ied in collections from other localities in England and 
in continental Europe where sedimentation was more 
continuous and where the beds containing the subgenus 
have an appreciable thickness. 

In eastern Oregon it is as difficult :as it is in Europe to 
divide the subgenus Eu.hoploceras into distinotive, easily 
recognized species acceptable as valid by other paleon
tologists. The 162 speeimens a vailaible show variations 
in fonn and sculpture that almost duplicate the varia
tions in specin1ens of Eu.hoploceras from western 
Europe. Some of the Oregon specimens :are virtually 
identical in appearance with specimens from England 
or Germany ; others are slightly different, but the range 
of variation is the same. Evidently the same specific 
name, or names, should be applied to Oregon and Euro
pean specimens of EuJwploceras. 

Determination of the specific status of the Oregon 
specimens of Euhoploceras has involved repeated study 
of the subgenus and determination of the stratigraphic 
ranges of the various morphological groups that are 
recognizable. As a result, the Oregon speeimens are now 
placed in five species and possibly one subspecies whose 
morphological characteristics and differences are sum
marized in table 2, as well as in the Systematic Descrip
tions. Stratigraphic differences include the earlier ap
pearance in Oregon of Sonninia (Euhoploceras) 
modesta Buckman, S. (E.) dmninans Buckman, and S. 
(E.) polyacantha (Waagen) than of the other three 
species, vvhich is true in England for S. (E.) dmninans 
Buckman (Morton, 1965, p. 19'9). Numerically the six 
species listed in table 2 are represented, from top to bot
tom, by 70, 43, 16, 15, 16, and 2 specimens, respectively. 
Evidently, both S. (E.) modesta (Buckman) and S. 
(E.) dmninans Buckman in Oregon are muCih more 
common than the other taxa which is true :also in Eng
land (Buckman, 1892, p. 323, 326). 

Biologically these five morphological groups, herein 
called species, show marked but variable differences in 
form and sculpture. S. (E.) mode8ta Buckman and S. 
(E.) eras sis pinata Buckman are the most distinctive 
and are not apt to be confused with the others. S. (E.) 
dominan.-s Buckman, by contrast, shows resemblances to 
both S. adicra and S. polyacantha. Conceivably it could 
have given rise to the stratigraphically younger S. (E.) 
adicra (W aagen) by the development of spines and 
variably strong ribbing on small and intermediate
sized septate whorls. Similarly it could have developed 

into S. (E.) polyacantlza (Waagen), which appears 
later in Europe, by the development of prominent 
spines on outer whorls. If these develop1nents can be 
proved by stratigraphic eollecting in Europe and else
where, then S. (E.) adic ra ( W aagen) , w hieh has prior
ity, could be used as the specific name and the other 
names could be considered as subspecies for practical 
stratigraphic as well as biologie reasons. One difficulty 
with such usage is that the development of spines oc
curs in reverse order in S. (E.) poly acantha (W aagen) 
than inS. (E.) adic1'a (Waagen). It is difficult to visual
ize S. polyacm~otha developing fron1 S. adicra~ whereas 
S. polyacantha can easily be visualized as a subspecies, 
or even as a spinose variant of S. dmninans. 

The writer feels that separate names for the five mor
phological groups of E·uhoplocera8 of eastern Oregon 
are useful in discussing biological and stratigraphic 
relations. Subspecific names might be as biologically 
serviceable, but certainly would be n1ore cumbersome. 
Relegation of any of these n1orphologieal groups to sub
species, or to varieties, should a ·wait coordinated strati
graphic and biologic studies in several places, such as 
are now being conducted in Scotland (Morton, 1965, 
p.199). 

The subgenus Pap1illiceras differs frmn S onninia in 
having n1ore evolute eoiling; a higher, thinner whorl 
section; a median row of lateral tubercles on all or most 
septate whorls and on some body chambers; simpler, 
straighter, more uniform ribs that trend nearly radially 
on the lower parts of the flanks and generally curve 
slightly forward on the upper parts; strigation on some 
speci1nens; and tendency for the body chamber to 
become smooth. These characteristics in combination 
and their persistence during growth separate Papil
liceras from the highly variable subgenus E~thoploceras 
with which Papillicera8 is associated in Oregon in its 
earliest occurrences. 

The genus Witchellia has involute to fairly evolute 
coiling; compressed and fairly high whorls; a rounded 
umbilical margin; a narrow tabulate venter that bears 
a low keel bordered by furrows; weak to fairly strong 
flexuous ribs that arise singly and in pairs at the base 
of the flanks, trend radially or slightly forward on the 
flanks, and may weaken or fade out on the body cham
ber; and tubercles only on the smallest septate whorls. 
Witchellia is readily distinguished from Sonninia and 
its subgenera by furrows on its venter and by the tend
ency of its ribs to arise in pairs. 

The new subgenus W itchellia ( Lati-witehellia) re
sembles Witchellia in having a bisulcate carinate venter 
and some rib furcation at the base of the flanks. It dif
fers in having more evolute coiling, stouter whorls that 
do not become compressed adorally, stronger ribs on the 
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TABLE 2.-Morphological comparisons of the various species of Sonninia (Euhoploceras) in eastern Oregon 

Ribbing Ranges ~ 
~ 

Species Coiling Whorl Umbilical ---------------------------- Tubercles ------------------- Distinguishing t:::l 
shape wall Inner septate Outer septate Body whorl and spines Oregon Europe features t:::l 

whorls whorls toot 
l::':l 

Sonninia Changing Elliptical to Low, vertical to Variably weak, Variably weak, Simple, flexuous, Weak tubercles Upper two-thirds In England from High, compressed whorls; ~ 
(Euhoploceras) from fairly subquad- very steep, closely spaced. arises singly widely spaced, present only on of Weberg Discites subzone. vertical umbilical wall; q 
modesta involute to rate, much rounds and in pairs. inclined for- smallest whorls Member. In Germany abrupt umbilical edge; ~ 

> Buckman fairly higher than abruptly into May become ward. Varies at diameters from lower part weak ribs on septate 
~ evolute. wide. flanks. fairly strong from broad and less than 15 of sowerbyi zone. whorls; some low to 

near adult body faint to fairly mm. fairly strong ribs on ~ 

chamber. strong. body whorl; tubercles a 
absent on most whorls. 

S. (E.)dominans Moderately to Subovate, a Low, steep, Fairly strong. Strong, mostly Becomes much Tubercles occur _____ do __ ---------- In Great Britain Differs from S. modesta in b:l Buckman fairly little higher rounds evenly Most ribs arise simple. stronger adoral- rarely at diam- from upper part having more evolute > evolute. than wide. into flanks. singly. ly, is strongest eters greater of eoncavum zone inner whorls, stouter 1:.,1 
near middle of than 25 mm. and overlying whorls, a rounded 0 
flanks. Discites subzone. umbilical edge, and a 

much stronger ribbing. ~ 

S.(E.)polyaean- Moderately _____ do ________ Low, steeply Variably weak to Becomes stronger Fairly strong; Weak tubercles _____ do_----------- In England from Differs from s. dominans ~ tha (Waagen) evolute. inclined, rounds fairly strong, and more widely spaced. on inner Discites subzone. by presence of prominent 
evenly into closely to widely spaced Secondary ribs whorls. Spines In Germany spines on large septate 
flanks. moderately adorally. arise singly or occur on all from lower part whorls and on body > spaced. in pairs from whorls at diam- of sowerbyi zone. chamber. ~ spines, or be- eters more than 

tween spines. 7Q-100mm. ~ 
S. (E.) adicra Moderately _____ do _____________ do ____________ Fairly strong Adorally becomes Strong, nonspi- Prominent lateral uwerpart of In England from Differs from S. dominans 0 

(Waagen) to fairly spinose ribs are stronger, nose, highest spines persist eberg Member Discites and Tri- by presence of spines z 
(=S. acan- evolute. separated by sparser, more near middle of to diameters of and mostly qonalis sub- and variable ribbing on ~ 

8 thodes Buck- one or more uniform in size. flanks. May 100 to 120 mm. near top. zones. In Ger- whorls at diameters of l::':l man) weak ribs. trend backward many from less than 100 to 120 mm. t/2 low on flanks. lower part of 
May fade out on sowerbyi zone. ~ 
venter. ~ 

S. (E.) eras- Fairly Broadly Moderately high, _____ do ____________ Adorally becomes Adorally becomes Prominent lateral Upper part of _____ do ____________ Differs from S. adicra in 0 
sis pinata evolute. ovate to steep to ver- much stronger stronger and spines at all Weberg Member. having a rounder whorl ~ Buckman circular. tical, rounds and sparser. more widely growth stages. section, stronger spines 

evenly into Some paired at spaced. that persist onto body l::':l flanks. spines. Fades whorl, and much coarser > on venter. and more widely spaced ~ ribs. 
S. (E.) cf. S. _____ do _____ ------- _do _____ ------- _do _____ ------- Mostly flexuous, Largest whorl Unknown _________ Spines as on S. _____ do ____________ Differs from S. crassispi- t9 

(E.) eras- weak, closely bears only erassispinata nata in having small ~ 
sispinata spaced. Sparse, coarse spinose but absent on whorls bearing weaker, z 
Buckman strong, spinose ribs. some small denser ribbing and 

ribs at diam- whorls. fewer spines. 0 
eters above ~ 
45mm. l::':l 

0 
0 
z 
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body chamber, and blunt nodes high on the flanks on 
some specimens. It is associated in eastern Oregon with 
genera that indicate a correlation with the lower part 
of the S onninia sowerbyi zone of Europe and is older, 
therefore, than the oldest occurrences of W itchellia in 
Europe. 

The genus Dorsetensia has fairly evolute coiling; a 
high compressed whorl section; a narrow, sharp, keeled 
venter; a vertical umbilical wall; a sharp or abruptly 
rounded umbilical edge; and weak to fairly strong ribs 
that are mostly simple, are straight to gently flexuous, 
trend nearly radially on the flanks, curve forward on the 
venter, and weaken appreciably on the penultimate 
whorl, or on the body chamber. The ribs on some species 
may alternate with striae or pass adorally into striae. 
Dorsetensia differs from W itchellia in lacking ventral 
furrows bordering the keel, in having a sharper umbil
ical edge, in bearing mostly simple, unforked ribs on its 
intermediate and outer whorls, and in a tendency for 
its outer whorls to become smoother at an earlier growth 
stage. Dorsetensia in Europe is most common in the 
lower part of the Stephanoceras humphriesianum zone 
(Dorn, 1935, p. 96) but is fairly common in the Otoites 
sauvei zone (Dorn, 1935, p. 120; Westermann, 1954, p. 
22, 25-28). It is not known from the Sonninia sowerbyi 
zone or from the upper Bajocian. 

The genus Pelekodites includes small to dwarf 
ammonites that have a moderately compressed shell; 
evolute to highly evolute coiling; an ovate whorl sec
tion; a low umbilical wall that rounds evenly into the 
flanks; a narrow to fairly narrow venter; a low blunt 
keel that is bordered by narrow sn1ooth areas; elongate 
late~al l~ppets; and weak to strong, mostly simple, 
rurs1rad1ate to biconcave ribs that become stronrrer 

~ 

ventrally and adorally. The presence of lateral lappets 
on all specimens whose apertures are preserved con
trasts with the apertural characteristics of Astheno
ceras and suggests that Pelekodites is a microconch of 
larger sonninid ammonites such as lV itchellia or Dor
setensia (Callomon, 1963, p. 31; Westermann, 1969, p. 
115). Pelekodites differs from Asthenoceras in having 
a rursiradiate instead of a falcoid rib pattern, generally 
coarser ribbing on its septate whorls, and a lower and 
blunter keel that is not bordered by furrows. It shows 
much resemblance to Poecilomorhphus but differs in 
having more evolute coiling, a 1nore compressed whorl 
~ection, rursiradiate instead of falcate ribbing, a simple 
Instead of a bisulcate keeled venter, and apparently 
much more elongate lappets. 

Pelekodites, as herein defined~ is represented in west
ern Europe by the following described species, of which 
some are probably synonyms of others (See Huf, 1968, 
p.31-44): 

PeZekodites peZekus Buckman ( 1923, pl. 399) 
Nannoceras nannomorplwm Buckman (1923, pl. 445) 
Spatulites spatians Buckman (1928, p.12, pl. 765) 
JJfacerites aurifer Buckman (1928, p.11, pl. 766) 
Fontannesia curvata Buckman ( 1905, p. CLXXXIX; 1892, 

pl. 47, figs. 1-5, pl. 67, figs. 6, 7) 
boweri Buckman (1905, p. CXC, pl. 24, figs. 1-4) 
a.urita Buckman ( 1905, p. CXOI, pl. 24, figs. 5, 6) 

Poecilonwrphus macer Buckman (1889, p. 116, pl. 22, figs. 
23-29) 

WitchelUa deltafalcata (Quenstedt) (Dorn, 1935, p. 114, pl. 
3, figs. 2a, b) 

Sonninia deltafalcata pinguoides Hiltermann (1939, p. 175, 
pl. 12, fig. 7) 

( ?Poecilomorphus) schlumberget·i Haug (1893, p. 296, pl. 
8, figs. 6a, b) 

buckmarni Haug (1893, p. 292, pl. 9, fig. 4) 

All the above-listed species are fr01n the Sonninia 
sowerbyi and Otoites sauzei zones. Species from the 
basal subzone of H yperlioceras discites include those 
listed above under Fonta:nnesia and Nannoceras. Pele
kodites pelekus is apparently from the next higher sub
zone of Shirbuirnia trigonalis (Davies in Buckman, 
1930, v. 7., p. 36). AI acerites aU·J·ifer and SpatuZites spa
tians are from the overlying subzone of W itchellia 
laeviuscula (Davies in Buckn1an, 1930, v. 7, p. 35). 
Poecilomorphus macer occurs in the zone of Otoites 
sauzei as well as in the underlying subzone (Morton, 
1965, p. 198). This range of Pelekodites in Europe is 
the same as its range in eastern Oregon. 

The genus Poecilomorphus includes small to dwarf 
ammonites that have a stout to moderately compressed 
shell; involute to n1oderately involute coiling; an ovate 
to nearly round whorl section; an evenly rounded um
bilical Inargin; a tabulate venter; a low blunt ventral 
keel that is bordered by distinct furrows; small lateral 
lappets; fine to coarse falcate ribs of which some bifur
cate be.low the 1niddle of the flanks and all become 
stronger ventrally and ad orally. 

Poecilmnorphus, as herein defined, is represented in 
Europe by the follmYing species of which some are 
probably synonyms of others: 

Ammonites cycloides d'Orbigny (1845, p. 370, pl. 121, figs. 
1, 2 ; Buckman, 1889, p. 115, pl. 22, figs. 15, 16; 1927, 

p. 10) 
Poecilomm·phus regulatus Buckman (1927, p. 10, pl. 746) 

cf. P. regulatus Buckman (1927, p. 10; 1889, pl. 22, figs. 
1,2.7,8) 

umbilicatus Buckman (1927, p. 10; d'Orbigny, 1846, 
pl. 121, figs. 4, 5) 

evolttttts Buckman ( 1927. p. 10 ; 1889, pl. 22, figs. 21, 
22) 

primiferus Buckman (1927, p. 10, pl. 756) 
fasciatus Buckman ( 1927. p. 10; 1889, pl. 22, figs. 17. 18) 
asper Buckman (1927, p. 10; 1889, pl. 22, figs. 3, 4) 
inclusus Buckman (1927, p. 10; 1889, pl. 22, figs. 5, 6) 
angulinus Buckman (1927, p. 10, pl. 757) 
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capUlaceus Buckman (1927, p. 10; 1889, pl. 22, figs. 11, 
12.) 

minutus ( Parona) ( Sturani, 1964, p. 26, pl. 4, fig. 3) 
buckmani Maubeuge (1955, p. 36, pl. 7, figs. 3a-c) 
cf. P. cycloides d'Orbigny (Maubeuge, 1955, p. 36, pl. 7, 

figs.2a,b) 

All the above-listed species are from the Stephan
oceras humprriesian;um zone except for the last species 
which is reeorded :by Maubeuge (1955, p. 36) from 
the Sonninia sowerbyi zone. The above data are pre
sented to facilitate comparisons between Pelekodites 
and P oecilmnorph1.ts which have been placed in a single 
genus by Huf ( 1968, p. 37). . 

The Strigoceratidae is represented 1n eastern Oregon 
by poorly preserved speci1nens of Praestrigites, S~rigo
ceras, and Hebetoxyites that closely resemble species of 
those genera from the Sonninia sowerbyi zone of Eu
rope. In Oregon all three genera are associated with 
other ammonites that in Europe occur in the lower sub
zone of the Sonninia sowerbyi zone, but Praest1·igites in 
Oregon occurs also with T1netoceras which has never 
been found in beds younger tJhan the Graphoceras con
cavum zone. 

The Haploceratidae is represented by two species. One 
resembles the genotype of Lissoceras psilodiscus 
( Schloenbach) but oeeurs in older beds. The other re

sembles L. semicostu.laturm (Buckman), a species inter
mediate in eharacteristies between Bradfonlia and 
Lissoceras. 

The Oppeliidae is represented by a single specimen 
of Oppelia similar ·to the genotype species. The genus in 
Europe ranges from the upper part of the Otoites sauzei 
zone into the upper Bajocian. 

The Otoitidae are represented in Oregon by species 
of Docidoceras and En~ileia that are similar to species 
from Europe and by one species of Otoites that is iden
tieal with 0. contract-us (J. de C. Sowerby) from Eu
rope. With one exception, the Oregon species of Docido
cera,s are m:arkedly different fron1 the Alaskan repre
sentatives of that genus. 

The Stephanoceratidae is represented iby six genera 
and five subgenera. Of these, the genera N ormannites 
and Stephanoceras show as much diversity in form and 
sculpture as they do in Alaska, Canada, and Europe, 
and include Bpecies in common with those areas. In 
addition, Stephanoceras is represented by one species 
that probably belongs to the rare subgenus Pha?.l.lo
stephan:us. Also present in Oregon are a few specin1ens 
of Stemlnwtoceras, Zemistephanus (?), and Teloceras 
that are identical with, or closely related to, species in 
Canada and Alaska. Finally the family is represented 
by a new genus, Lu.plzerites, that bears a general re
semblance to Polyplectites. 

The Sphaeroceratidae is not well represented in east
ern Oregon. Biologically significant species include 
Ohondroceras allani McLearn, known elsewhere from 
Canada and Alaska; Sphaeroceras cf. S. brongniarti 
( J. de C. Sowerby) which is probably identical with 
the European species of that name; and M egasphaero
ceras rotundum Imlay, which occurs elsewhere in the 
Cook Inlet region of Alaska and probably also in the 
western interior of the United States. 

The Perisphinctidae is represented by a few specimens 
referable to Leptosphinctes cf. L. leptus Buckman, L. 
( Prorsisphinctes .9) spp., and Parabigotites crassicosta
trus Imlay from Alaska. The last-named species has been 
found previously only in Alaska in beds that are cor
related with the Otoites sauzei zone (Imlay, 1964a, p. 
B54). 

In addition, the ammonites are represented in eastern 
Oregon in beds of middle Bajocian age by about 60 
aptychi, of which most belong to the form genus Lamel
laptychus. As such aptychi are considered to represent 
parts of ammonites belonging to the Haploceratidae and 
Oppeliidae (Arkell in Arkell and others, 1957, p. L437), 
they could be paired in eastern Oregon with Lissoceras 
or with Oppelia. 

Other 1negafossils collected from the Bajocian beds 
in eastern Oregon include fish remains from various 
parts of the sequence, brachiopods from the Weberg and 
W arn1 Springs Members of the Snowshoe Formation, 
many pelecypods from the Weberg Member, and few 
pelecypods from higher units. In the Weberg Member 
the common pelecypods include Ostrea, Gryphaea, H o-
1nmnya, Pleurmnya, Pholadmnya, Trigonia, Gervillia, 
Astarte, Isocyprina, Protocardia, and Oamptonecte8. In 
higher beds, as well as in shaly beds equivalent to the 
Weberg Member, the pelecypods are represented by a 
few poorly preserved pectinids that are questionably 
assigned to Oarnptonectes, a few small nondescript oys
ters, some Inoceramus similar to specimens from Japan 
(Hayami, 1960, pl. 15), and many specimens of Bositra 
bu,chii (Romer), ·which has generally been referred to 
Posidonia ornata Quenstedt. 

STRATIGRAPHY 

STRATIGRAPHIC SUMMARY 

Bajoeian rocks in eastern Oregon range in thickness 
frmn 1,100 to at least 2,650 feet and probably are sev
eral thousand feet thick in the Seneca and Huntington 
areas. They consist 1nostly of marine clastic volcanic 
material ranging frmn coarse fragmental conglomerate 
to siltstone and mudstone but locally include sub1narine 
lava flows and volcanic breccias. Nonvolcanic sedi-
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mentary material includes organic matter, beds of lime
stone, clastic particles derived from older sedimentary 
rocks, and probably 1nuch of the n1udstone and clay
stone. All sedimentary rock units change laterally with
in short distances and consequently the sequence of units 
'in one area may be very different than in another area 
only 10 to 15 miles away. Such changes for the western
most two areas, as illustrated by Dickinson and Vigrass 
( 1965, fig. 21 on p. 45 and pl. 3), seem remarkable, con
Bidering the short distance involved but have been 
proved b:yr actual tracing of beds and by ammonite 
correlations. Because of these marked changes, none of 
the local units merit more than member rank under a 
broadly defined formation. 

Consequently, for the Suplee and Izee area Dickinson 
and Vi grass ( 1965, p. 44-59) use the term Snowshoe 
Formation of Lupher (1941, p. 259-261) in a com
prehensive sense to include as members some lithologic 
units that had been called formations by Lupher (1941, 
p. 248-250). Their usage is followed herein except that 
the term Snowshoe Formation is used also for the 
Seneca area because the fonnation crops out exten
sively between Izee and Seneca. Also, the tenn Shaw 
Member of the Snowshoe Formation of Dickinson and 
Vigrass ( 1965, p. 57, pl. 1) is not used herein because 
unpublished field studies by H. J. Buddenhagen (writ
ten commun., October 1968 and March 1970) show that 
the "Shaw Member" exposed in the type locality along 
Shaw Creek and in areas to the southwest is in part 
lithologically identical with the Callovian Trowbridge 
Formation of Lupher ( 1941, p. 263) and in the southern 
part of the Suplee area contains early Callovian ain
Inonites (Mesozoic locs. 29798-29800). These include 
Lilloettia 8fanton1: Imlay and Xenocephalites I'icari1_t8 
Imlay, which in the Izee area range frmn the upper 
part of the Snowshoe formation to near the top of the 
Lonesome Formation (Imlay, 1964b, p. D7). 

The marked facies changes in Bajocian rocks in east
ern Oregon are demonstrated by several sequences of 
the Snowshoe Fonnation exposed in the westernn1ost 
inlier between Suplee and Seneca (fig. 1). In the Suplee 
area, which is farthest west, the formation consists of 
three lithologically distinct 1nembers which from bot
tom to top are named Weberg, Wann Springs, and 
Basey (Lupher, 1941, p. 248-250; Dickinson and Vi
grass, 1966, p. 51-56). The Weberg Member is charac
terized by hard sandy limestone and calcareous sand
stone, the Warm Springs Mmnber by soft dark-gr:ay, 
calcareous, thinly laminated claystone and mudstone, 
and the Basey Member by massive units of volcanic 
fragmental rocks and interbedded lava. 

In the Izee area, which is separated from the Suplee 
area by the Mowich up warp (Dickinson and Vi grass, 
1965, p. 12, 86), the Snowshoe Formation is represented 

by three unnamed 1nembers which consist mostly of soft 
dark-gray to black elaystone and siltstone. The lower 
Inember is virtually identical with the vV arm Springs 
Mmnber. The middle member is differentiated from the 
lower member mainly by the presence of thin beds of 
green, volcanic-rich siltstone and sandstone and by its 
eastward gradation into marine clastic volcanic sand
stone and conglomerate that is called the Silvies Mem
ber of the Snowshoe Formation. The upper member of 
the Snowshoe Formation differs from the middle mem
ber in containing thick beds of gray sandstone. 

Relationships bet,veen the members of the Snowshoe 
Formation in the Suplee and Izee areas a.re clearly 
demonstrated by lateral tracing of beds around the south 
side of the Mowich upwarp (Lupher, 1.941, p. 228; 
Dickinson and Vigrass, 1965, p. 45, 51, 54, 56) and by 
correlations based on ammonites. The W elberg Member 
in the eastern part of the Suplee area passes eastward 
into dark-gray to black shales which in turn pass east
ward in the Izee are·a into shales in the middle part of 
the lower member of the Sno,vshoe Formation. The 
vVarm Springs Member persists eastward unchanged 
into the upper part of the lower member. The Basey 
Me1rrber passes eastward into the finely clastic middle 
member of the Snowshoe Formation. 

The boundary relationships of the Snowshoe Forma
tion differ remarkably between the Suplee and lzee 
areas. In the Suplee area the Weberg Member rests un
formably on rocks ranging in age from Early Jurassic 
(Pliensbachian) to Paleozoic, but this unconformity 
disappears eastward within a few miles. In contrast, in 
the Izee area the lower part of the lower mmnber of the 
Snowshoe Formation contains ammonites of Toarcian 
and early Bajocian age, distinctly older than the am.., 
n1onites of the Weberg Member, and grades downward· 
into still older Lower Jurassic rocks. In the Suplee area 
the Basey Member is apparently se.parated from over
lying beds of Callovian age by an unconformity involv
ing late Bajocian and Bathonian times. In the Izee 
area the upper mmnber of the Snowshoe~ Formation 
contains ammonites of late Bajocian age near its base, 
of Bathonian or early Callovian age in its upper part, 
and is overlain unconformably by the Trowbridge 
Formation of Lupher (1941) of early Callovian age. 

The relationships between the members of the Snow
shoe Formation in the Izee area and the Seneca area 
are not well kno\vn because of lack of detailed mapping. 
Nonetheless the Silvies Member has been traced east
ward toward Seneca (Dickinson and Vigrass, 1965, 
p. 59) where it apparently passes into conglomerate, 
sandstone, and mudstone exposed in the northern part 
of Silvies Canyon. The lower part of the upper member 
of the Snowshoe Formation is correlated with mudstone 
and siltstone exposed near and west of Seneca on the 
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presence of Leptosphinetes. Both the Warm Springs 
Member of the Suplee area as well as the upper part of 
the lower member of the Snowshoe Formation near Izee, 
are correlated lithologically and faunally with hard, 
black, thinly la1ninated mudstone exposed in the south
ern part of Silvies Canyon. In general, the Bajocian 
rocks near Seneca differ from those in the Izee area in 
being harder, much less calcareous, and in containing 
more coarse clastic material. At least the greater hard
ness can be ascribed to intrusion by igneous bodies. 

The Bajocian rocks of Malheur and Baker Counties 
in easternmost Oregon consist of metavolcanics similar 
to those in the Sno,-vshoe Formation bebveen Suplee and 
Seneca. They differ mainly in being slightly metamor
phosed, locally somewhat sheared, and generally less 
calcareous. 

SNOWSHOE FORMATION OF SUPLEE AREA 

WEBERG MEMBER 

Definition.-The 'iV eberg Member of the Snowshoe 
Formation consists mostly of gray to brownish-gray 
silty to sandy limestone and calcareous sandstone, from 
50 to at least 250 feet thick, that rest sharply and un
conformably on various formations of Early Jurassic, 
Late Triassic, and Paleozoic ages (Lupher, 1941, p. 248_,_ 
252; Dickinson and Vigrass, 1965, p. 51-54, 94) and is 
overlain gradationally by the Warm Springs Member. 
The type section, selected and described by Dickinson 
and Virgrass (1965, p. 51, 94), is on the north side of a 
gully that trends southwestward from the SW1;4SE14 
sec. 19, into the NE corner of the NWl;iNE1;4 sec. 30, 
T. 18 S., R. 26 E., Grant County, Oregon. At this 
gully the Weberg Member rests with angular uncon
formity on Upper Triassic beds and consists from 
bottom to top of 3 feet of pebbly calcareous sandstone, 
110 feet of gray calcareous sandstone and 90 feet of 
gray silty to finely sandy limestone. 

Lithologie and stratigraphie features.-The Weberg 
Member, as described previously (Lupher, 1941, p. 248; 
Dickinson and Vigras, 1965, p. 51, 52), generally has 
two lithologic divisions. The lower division consists 
mostly of gray to brown calcareous sandstone that 
locally is pebbly and locally at or near its base con
tains sandy conglomerate composed of chert and lime
stone pebbles. Brachiopods and pelecypods, including 
oysters, are common, but cephalopods are not very 
common. The upper division consists mostly of gray to 
yellowish-gray, silty to sandy limestone. It contains 
many ammonites and some brachiopods, pelecypods, 
echinoderms, ichthyosaur vertebrae, and carbonized 
wood. Both divisions change markedly laterally within 
short distances, depending on the characteristics of the 
underlying rocks, and locally either division may com-

prise all or nearly all the member. Thus, the Weberg 
Member contains much clastic 1naterial where it overlies 
coarse clastic sediments of Triassic or Paleozoic ages and 
consists mostly of limestone and fine-grained calcareous 
sandstone where it overlies shaly beds of Early Jurassic 
or Triassic ages. Partial lateral equivalence of the two 
facies, as suggested by these relationships (Lupher, 
1941, p. 248; Dickinson and Vigrass, 1965, p. 52), is 
upheld by the stratigraphic distribution of ammonites, 
discussed later under "Ammonite Faunules and 
Correlations." 

The characteristics of the Weberg Member near the 
southwestern end of the Mowich upwarp are excellently 
shown in three closely spaced gulches that drain west
ward into 'iVarm Springs Creek in the NEl;i sec. 30 
and the SE1;4 sec. 19, T. 18 S., R. 26 E. and in a fourth 
gulch that drains northward into Warm Springs Creek 
across the eastern part of the NW1;4 of sec. 19. A sec
tion n1easured along the second gulch from the south 
has been described by Lupher (1941, p. 250) and by 
Dickinson and Vigrass ( 1965, p. 94). Another section 
measured by the writer in the southernmost gulch is de
scribed herein. Both sections are illustrated in columnar 
form in figure 2, along with a rather poorly exposed but 
very fossiliferous section measured by R. L. Lupher on 
the east side of North Ammonite Hill in sec. 29, about 
half a mile east of the southernmost gulch (unpublished 
notes on p. 2 and 20 in Lupher's locality book deposited 
at California Academy of Sciences). These columnar 
sections show the twofold lithologic divisions of the 
Weberg Member and the stratigraphic positions of 
smne fossil collections. 

Weberg Member of Snowshoe Formation in. gulch slightly 
northeast of old Washburn place near center of E1;2NE1A, 
sec. 30, T. 18 S., R. 26 E., Grant County, Oreg. 

7. Limestone, thin-bedded to shaly, poorly exposed, yel
lowish-gray. At top contains Sonninia (Eu
hoploceras) cf. S. (E.) polyacantha (Waagen) 
(Mesozoic loc. 29829). Grades upward into Warm 

Feet 

Springs Member________________________________ 40 

6. Limestone, thin-bedded, upper 40 feet contains some 
hard limestone ledges, lower 20 feet is softer and 
rather poorly exposed. Limestone beds from 40 to 
50 feet above base contain Sonninia (Eu
lwplocera8), Witchellia (Latiu;Uchellia), J?ontan
nesia, Docidocera8, and Asthenoceras (Mesozoic loc. 

29828) ----------------------------------------- 60 
5. Sandstone, calcareous, medium-gray to yellowish-

gray, mostly thin-bedded, fairly well exposed. Up
per 10 feet contains many pelecypods· and 
brachiopods and a few cephalopods, including Son-
ninia dornimans Buckman (Mesozoic loc. 29826) ___ 40 

4. Sandstone, ledge-forming, medium-yellowish-gray, 
contains many pelecypods and ·brachiopods________ 8 

3. Sandstone, calcareous, medium-gray to yellowish-
gray, mostly thin-bedded, poorly exposed, contains 
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Gully in NE cor. sec. 30 

and SW%SE1/4 sec. 19, 
T.l8 S., R. 26 E., (from 

R. L. Lupher, 1941) 

2 
Gully east of 

Washburn place, center 
east half NE% sec. 30, 

T. 18 S., R. 26 E. 

3 
East side of North Ammonite 

Hill, NW1f4 sec. 29, T. 18 S., 
R. 26 E. (R. L. Lupher, 

unpub. data) 
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FIGURE 2.-Columnar sections of the Weberg Member of the Snowshoe Formation on the east side of Warm Springs 
Creek, Suplee area, Grant County, Oreg. Numbers are collectors' field numbers or USGS Mesozoic locality numbers. 
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many pelecypods and brachiopods and a few ceph
alopods. Sonninia modesta Buckman and Docido-
ceras obtained at :Mesozoic loc. 29825_____________ 34 

2. Sandstone, ledge-forming, medium-bedded, hard, 

gray ------------------------------------------ 5 
1. Mostly covered. Float consists of yellowish-brown 

calcareous sandstone. Overlies vertically dipping 
Triassic conglomerate___________________________ 28 

Total thickness______________________________ 215 

The thickness of the Weberg Member varies consid
erably throughout its extent, owing to westward onlap 
over an irregular surface ,and to gradational facies 
changes upward and east\varcl into shales of the on
lapping Wann Springs Mmnber (Dickinson and Vi
grass, 1965, p. 51, 52, 58). Maximmn thicknesses are at
tained along a :belt of outcrops extending northeast from 
sec. 19, east of Warm Springs Creek, to sees. 3 and 4, T. 
18 8., R. 26 E., near Swa1np Creek (Lupher, 1941, p. 
250, 252; Dickinson and Vigrass, 1965, p. 51). Eastward 
from these places the member disappears completely 
within 3 to 4 miles by changing into dark shales of the 
Warm Springs Member. West ward from these places 
it thins to 60 feet or less within 6 to 8 miles owing 
to the pinching out of the lmver part of the member 
that is characterized by the ammonite Tmetoceras. 

WARM SPRINGS MEMBER 

pefinition.-The W ann Springs Member of the 
Snowshoe Formation consists mostly of soft, dark-gray, 
calcareous silty claystone and 1nudstone that thirckens 
eastward from 100 to 300 feet, grades into the underly
ing ,;v eberg Member, and at most places grades into the 
overlying Basey Member (Lupher, 1941, p. 249; Dickin
son and Vig~ass, 1965, p. 54-57). The gradational upper 
contact with the Basey Member is covered in most places 
but is fairly 'vell exposed on the west side of the road 
along the west fork of Freeman Creek in the west
central part of sec. 34, T. 18 S., R. 26 E., Grant County 
and in the NW%, sec. 3, T. 19 S., R. 26 E., Harney 
County. 

A type section for the Warm Springs Member has not 
been selected previously because of incomplete ex
posures, but a type area was designated by Lupher 
( 1941, p. 249) iUS the east side of vVann Springs valley 
in sections 19, 20, 29, and 30. Furthermore, he noted 
( 1941, p. 250) that the best exposures of the lower and 
middle parts of the member are on the south side of the 
type area along the county road, which extends eastward 
across the '"est-central part of sec. 29, T. 18 S., R. 26 E. 
(See geologic nrap in Dickinson and Vigrass, 1965, pl. 
1.) As these exposures are easily accessible and are in the 
type area they are herein considered as the type section. 

473-698 0 - 73 - 2 

Lithologic and stratigraphic features.-The Warm 
Springs Member is characterized by dark-gray thinly 
laminated claystone but includes mudstones and some 
siltstones that fracture into nodular or blocky frag
ments (Dickinson and Vigrass, 1965, p. 54). Other 
rock types include thin beds of limestone and fine
grained sandstone at or near the base of the member 
where it grades into the underlying Weberg Member. 
Their presence commonly makes arbitrary the selection 
of a boundary between the members. The Warm Springs 
Member must likewise contain some fine volcanic mate
rial because its upper part in most places grades upward 
into the volcanic Basey Member (Dickinson and Vig
rass, 1965, p. 57). Faunally the member is characterized 
by an abundance of ammonites and of the pelecypod 
B os itra buchii ( Romar). Rare fossils include fish bones 
(Mesozoic loc. 29395), rhynchonellid brachiopods, small 
nondescript oysters and Inoceramus. 

Generally the W arn1 Springs Member can be recog
nized easily by its stra;tigraphic position, iby its charac
teristic dark thinly la1ninated beds, and by an abundance 
of B ositra buchii (Romer) . The mere presence of that 
species is not a valid criterion for the member, however, 
because the species occurs throughout the Snowshoe 
Formation in dark shaly beds ranging in age from late 
Toarcian (Imlay, 1968, p. C7, C14) to early Callovian 
and is even present in the slightly younger Lonesome 
Formation of Lupher (1941) (Imlay, 1964b, p. D13, 
D14). 

BASEY MEMBER 

Defini#on.-The tenn Basey Member of the Snow
shoe Formation, as proposed by Dickinson and Vigrass 
( 1965, p. 5±-56, 9±, 95) includes 2,500 feet, or less, of 
interbedcling andesitic lava and fragmental volcanic 
rocks overlying the vV ann Springs Member. The type 
locality is designated as the west-central part of the 
Suplee area in sees. 1, 12, and 13, T. 18 S., R. 25 E., 
Crook County, Oreg. 

Lithologic and stratigraphic features.-The Basey 
Member, as described by Dickinson and Vigrass ( 1965, 
p. 56, 57) consists characteristically of massive units of 
volcanic fragmental rocks, but at its type locality in
eludes andesitic la nt flows at its base and about 1,000 
£eet above its base. It also includes some volcanic silt
stone and mudstone that are most common from 500 to 
1,000 feet above the base of the member and become 
more common eastward. East of Mowieh Mountain at 
the south end of the Mowich upwarp the entire member 
lenses out into siltstone and mudstone that are called 
informally the middle member of the Snowshoe Forma
tion. Northeast from the type locality the member thins 
within nine miles from 2,500 to 500 feet. 
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The sharp lower contact of the Basey Member in the 
type locality is placed at the base of a flow of andesitic 
lava. Elsewhere the contact is gradational, is generally 
poorly exposed, and is placed between fragmental 
volcanic rocks above and dark-gray claystone and silt
stone below. The upper contact with the "Shaw Mem
ber" of the Snmvshoe Formation is probably discon
formable, when one considers that the upper part of the 
Basey ~iember contains ammonites of late 1niddle 
Bajocian age and that the "Shaw Mmnber" contains 
ammonites of early Callovian age. 

The Basey Member as a whole is sparsely fossilifer
ous, but some thin silty heels have furnished a fair num
ber of ammonites, a few specimens of the pelecypods 
Bosit;·a buchii (Romer) and Inoceramws, and rare fish 
bones (~iesozoic loc. 29818) and aptychi. Bositra buchii 
(Romer) is associated with the ammonites Dorseten'lia 
and Pelekodites in the lmver third of the member. 
(Mesozoic locs. 26769, 29812, 29818, and Dickinson's 
loc. 101). It is associated with Dmwetensia, Poecil
O'lnm·phus, ;Sphaeroceras, and 8teplwnoceras kirschneri 
Imlay a little above the 1niddle of the mmnber (Meso
zoic loc. 29816). Lamellaptychus and Lamellaptychus? 
occur in the low·er two-fifths of the member in associa
tion 'vith Do1'Seten8ia, Pelekodl:tes, and 8tephanoceras 
ki1'schne1'i Imlay (Mesozoic locs. 29406, 29812, and 
29818). 

SNOWSHOE FORMATION OF IZEE AREA 

Definition.-The Snowshoe Formation, as defined by 
Lupher (1941, p. 227, 259-261), consists of about 2,800 
feet of poorly exposed soft black shale and fine-grained, 
dark-gray, laminated sandstone that rest comformably 
on the ridge-forming volcanic Hyde Formation of 
Lupher (1941) and is overlain uncomformably by the 
Trmvbridge Formation of Lupher (1941). The type 
loc.ality is in the valley of the South Fork of the John 
Day River near the Izee school house (Lupher, 1941, 
p. 259). The best exposed and most accessiblr exposures 
at the typr locality are on the north side of the valley 
in sec. 29, T. 17 S., R. 28 E., Grant County, Oreg. The 
formation as drscribed by Lupher crops out mainly 
along the soutlwastern side and south end of the Mowich 
upwarp, and in the Seneca area. 

The Snmvshoe formation, as reclefinrd by Dickinson 
and Vigrass (1965, p. 44-47), also incluclrs. all rocks of 
l\iiddle ,Jurassic age exposed in the Suplee area, as has 
been discussed. Furthermore, in the Izee area the Snow
shoe Formation is divided by them into three distinctive 
but unnamed members. They include also in the Snmv
shoe Formation a thick u1~it of clastic volcanic rock 
named tlw Silvies l\1ember (Dickinson and Vigrass, 
1965, p. 49-51) that arises frmn the unnamed middle 

member in the northeastern part of the Izee area and 
apparently extends eastward to the Seneca area (Dick
inson and Vigrass, 1965, p. 58-60). Owing to westward 
overlap of the upper member by the uncomformably 
overlying Trowbridge Formation of Lupher, the total 
thickness of the Snowshoe Formation decreases south
westward from about 3,600 feet to 1,600 feet. 

Lithologic and stratigraphic features.--The lower 
member of the Snmvshoe Formation in the Izee area 
ranges in thickness from 500 to 750 feet, consists mainly 
of soft, dark-gray to black claystone, siltstone and 
mudstone, is generally calcareous, and locally contains 
concretions and thin beds of limestone (Dickinson 
and Vigrass, 1965, p. 46, 47). It resembles the Wann 
Springs ~iember lithologically, in having an abundance 
throughout of the pelecypod Bositra bruchii (Romer) 
and in having tlw same ammonites and a ptychi in its 
upper two-thirds. The presence of ·ammonites of late 
Toarcian and early Bajocian (Aalenian) ages in the 
lmver 200 feet of the lmver member in the Izee area 
(Dickinson and Vigrass, 1965, p. 48, 49; Imlay, 1968, 
p. Cl4) shows that about one-third of that member is 
older than the \V arn1 Springs l\iember of the Suplee 
area. Such evidence by itself would not prevent use of 
the term vVarm Springs l\Iember for the lower member 
of the Snmvshoe Formation, provided the lower mem
ber had a mappable upper boundary. 

The middle member of the Snowshoe Formation, as 
described by Dickinson and Vigrass (1965, p. 47), is 
about 1,000 feet thick. It consists of t~1in beds of dark
gray to black, generally calcareous claystone and silt
stone, as in the lower member, that alternate with thin 
beds of gray to green sandy siltstone and fine-grained 
sandstone '-vhose particles are of volcanic origin. It ex
tends from Big Flat northeastward about 15 miles to 
the headwaters of Rosebud Creek, east of which it inter
tongues into conglomeratic volcanic rocks that have 
been named the Sil vies Member of the Snowshoe For
mation (Dickinson and Vigrass, 1965, p. 49-51). West 
of Flat Creek it grades laterally into the volcanic Basey 
Me1nber of the Snmvshoe Formation (Dickinson and 
Vi grass, 1965, p. 45, 47). Faunally the middle member 
is characterized by the smne ammonites and aptychi 
that occur in the, Basey l\iember and likewise contains 
the pelecypod Bositra buchii (Romer) in its lower part 
(l\Iesozoic loes. 26773,26759, and 27578). 

The Silvies l\Iember of the Snowshoe Formation, as 
described by Dickinson and Vi grass ( 1965, p. 45, 49-51), 
consists of marine fragmental volcanic material that 
was deposited at the same time as the middle 1nember 
of the Basey l\1ember of the Snowshoe Formation. The 
Silvies 1\-Iember is lithologically similar to the Basey 
J\fember but differs in a number of features, most notice-
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ably the presence of conglmnerate beds, pebbly sand
stones, coarser grained sandstone, and conspicuous 
graded bedding. It is about 1,500 feet thick at its type 
locality which is at the juncture of sees. 21, 22, 27, and 
28, T. 16 S., R. 29 E., Grant County, less than five miles 
northeast of its "\Vesternn1ost occurrences. The 1nember 
is reported to thicken and coarsen eastward markedly 
toward Seneca (Dickinson and Vigrass, 1965, p. 51, 59). 
The only fossils found in the Silvies l\fen1ber in the 
Izee area consist of fragments of annnonites from near 
the 1ni.dclle of the NE%, sec. 32, T. 16 S., R. 29 E. 

The upper 1nember of the Sno·wshoe Formation, as 
described by Dickinson and Vigrass (1965, p. 47), thins 
southwestward frmn about 2,000 feet near the head of 
Lewis Creek to 1,200 feet along the South Fork of the 
John Day River and then disappears before reaching 
Big Flat, o·wing to overlap by the Trowbridge Forma
tion of Lupher. It consists partly of thin beds of dark 
mudstone and siltstone as in the underlying 1nembers 
but differs by containing some thicker beds of gray cal
careous sandstone. It is genera1ly poorly exposed, but 
fairly good exposures occur in a roadcut along Lewis 
Creek in the west half of sec. 7, T. 17 S., R. 29 E., Grant 
County. The member has furnished one a1n1nonite, 
Leptosphinctes, near its base just above the Silvies Mmn
ber (Mesozoic loc. 26775) in the S'V%=NE%, sec. 32, 
T. 16 S., R. 29 E. Its upper 500 to 1,000 feet have also 
furnished ammonites of late Bathonian? to early Cal
lovian age and the peleeypocls Ostrea and Bositr~- (Im
lay, 1964b, p. D7-D9). Apparently the member spans 
late Bajocian to early Callovian ti1ne or includes a dis
conformity that has not been recognized. 

SNOWSHOE FORMATION OF EMIGRANT CREEK AREA 

The Snowshoe Formation crops out in a small are,a 
north of Emigrant Creek in the northern parts of sec. 33 
and 3±, T. 20 S., R. 28 E., Sa-wtooth Creek quadrangle, 
Harney County, Oreg. The entire exposure is less than 
two miles long parallel to the creek and half a mile \Viele. 
The beds consist of nonealcareous, brownish to yellow
ish-gray, fairly hard, thin-bedded, laminated siltstone 
and sandy siltstone that break into blocky chunks from 
one quarter of an inch to three inches thick. Alnmo
nites are fairly common and pelecypods are repre
sented only by two peetinids and possibly represent 
Oailnptonectes. 

SNOWSHOE FORMATION OF SENECA AREA 

The Snowshoe Formation of Bajocian age in the Sen
eea area crops out irregularly from the southern mar
gin ofT. 16 S. near Seneca to the middle of T. 18 S., 
and from R. 30 E. to R. 32 E. Within these tO\Ynships, 
as shown on a generalized geologic map of the Canyon 

City quadrangle (Brown and Thayer, 1966), the Snow
shoe Formation occurs in the areas bearing the symbol 
for the Snowshoe Formation, as \veil as in most of the 
areas bearing the symbol for the Trowbridge and Lone
some Formations of Lupher. Actually, on the basis of 
many occurrences of Bajocian ammonites the Snowshoe 
Formation extends south as far as Flat Creek in T. 18 
S., R. 31 where it is identified by the presence of 
N ormannites (Mesozoic loc. 294:15) just north of the 
creek in the SE14 sec. 7, T. 18 S., R. 31 E. Just south of 
the creek, however, some pebbly sandstone exposed on a 
ridge has furnished the early Callovian ammonite Xeno
ceplzalites -v-icarius Imlay in the N\Vl;i see. 17, T. 18 S., 
R. 31 E. (Lupher's loc. 53) and in the south-central part 
of sec. 16, T. 18 S., R. 31 E. (l\Iesozoic locs. 29419 and 
29420). The only other mnmonites not of Bajocian age 
that have been found near Seneca are from the east
ern part of Antelope Valley in the NW1;iSE1;i sec. 9, T. 
17 S., R. 32 E., Grant County. These include Harpo
ceras and questionable Grammoceras (Mesozoic loc. 
29409) and are definitely of Toarcian age. 

Details of the geology of the Seneca area have not 
been published. Lithologically the Jurassic sequence 
consists mostly of noncalcareous clark-gray to brownish
gray mudstone and elaystone but ineludes many units of 
noncalcareous clark-gray to greenish-gray, thick-bedded 
to massive sandstone and some beds of conglomerate 
(Lupher, 1941, p. 267). Most of the sandstone consists 
of fragmental volcanic material. Calcium carbonate \Vas 
noted only in concretions and short lenses of limestone 
exposed in a large shale cut on the east side of lJ.S. 
Highway 395 about 0.6 mile south of Seneca. Strati
graphically the sequence of beds is difficult to determine 
because of tight folding, the lack of marker beds, the 
presence of prophyry intrusions as dikes and sills, and 
partial concealment by lava flows and soil cover. In most 
places the beds dip steeply nortlnvard at 60° or more, 
and in places are overturned according to Lupher (1941, 
p. 267), which is confirmed by Trantham's geologic map. 

Faunally the oldest beds of Bajocian age occur near 
the southern end of the canyon of the Silvies River in 
sees. 23 to 26, T. 17 S., R. 31 E. The next younger beds 
,occur about two miles to the south near Camp Creek 
(l\iesozoie loc. 29413) as well as about 0.6 mile south of 
Seneca. The highest Bajocian beds occur near and west 
of Seneca along the southern margin of Bear Valley. 

The fossils found in the SnmYshoe Formation of the 
Seneca area consist mostly of ammonites and the pelecy
pod Bositra buclzii (Romer) but include some fish bones 
(Mesozoic loc. 29790) and the pelecypod lnoceram'lt8 
(Lupher's locs. 28 and 57 and Mesozoic loc. 29415). The 
pelecypod Bositra, occurs throughout the sequence in 
beds correlating with the European Otoites sauze-i 
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zone (Lupher's loc. 57 and Mesozoic locs. 28026, 28027), 
the StezJhanoceras h'lnnphrr-iesianu/Jn zone (Lupher's loc. 
28), and with basal upper Bajocian as identified by 
S pirocer;'as (Mesozoic loc. 28022) . 

UNNAMED BEDS IN CLOVER CREEK AREA 

Middle Jurassic fossils have been collected from non
calcareous yellowish-gray metavolcanic siltstone at two 
places in the drainage of Clover Creek in the western 
part of Malheur County about 9 miles south of Ironside, 
Oreg. The westernmost occurrence (Mesozoic loc. 
27393) is in metamorphosed, brittle rock exposed in a 
roadeut along Rail Canyon in the SvV cor. see. 11, T. 16 
S., R. 38 E., Ironside Mountain 30-min. quadrangle. It 
includes Bositra buchii (Romer) and fragmentary am
Inonites referred questionably to Phylloceras, lVitch
ellia, Pm·abigotites, and Steplwnoceras. The other 
oeeurrenee (Mesozoic loc. 28387) is about five miles to 
the east on the Ralph Dunean Ranch in the NE. cor. 
sec. 9, T. 16 S., R.. 39 E., Clover Creek Raneh 15-min. 
quadrangle, and includes the ammonites F ontannesia 
and Asthenocents. Both localities are in a Triassic
J urassie sequence that appears to be thousands of feet 
thick. The sequence in the Ironside Mountain quad
rangle has been mapped by Lowry (1968), who con
siders that the Middle J urassie beds at Rail Canyon are 
follo,ved several miles to the west by still younger Ju
rassic beds that resemble the Trowbridge Formation of 
the Izee area. 

UNNAMED BEDS IN JUNIPER MOUNTAIN AREA 

The Middle Jurassic (Ba.joeian) is represented by 
about 2,000 feet of mostly noncaleareous black to yel
lowish-gray shale, graywacke and conglomerate ex
posed along and south of Pole Creek on the southeast
ern and southern slopes of J ani per Mountain in sees. 5 
to 8, T. 16 S., R. 41 E., Malheur County, Oreg. (Wag
ner and others, 1963). These beds are underlain by a 
mueh greater thickness of similar appearing beds that 
near tl~eir base have furnished fossils of probable Early 
JurassiC age. They are overlain by unfossiliferous dark 
gr~y to blaek shale, apparently Inany thousands of feet 
thick, that lithologically resembles the lower Callovian 
Trowbridge Formation of the Izee area (Lupher, 1941, 
p. 227, '259-266, Dickinson and Vi grass, 1965, p. 60-63) 
as well as some Callovian beds exposed near Mineral 
(abandoned) in westernmost Idaho (Imlay, 1964b, p. 
D2, D3). 

The ~ossils fou~d in the Middle Jurassic are mostly 
ammonites belonging to the genera TmetoceJ'as, E·udnw .. 
tocera8, Fontannesia, Asthenoceras, Stephanoceras, Spi
:·oceras, N on_nannite8, and Leptosplt.inctes. Pelecypods 
Include Bosltr;'a buchii (R.on1er) near the base of the 

Middle J urassie ('Mesozoic. locs. 28380, 28381, 28373, 
2837 4), lsognmnon.'~ and PUcatulai ·near the middle 
(Mesozoic. loc. 28382), and lnoceran1us near the top 
(Mesozoic loc. 28649). 

UNNAMED BEDS IN HUNTINGTON AREA 

l\1:iddle Jurassic. beds of Bajocian age have been iden
tified by ammonites, such as Tnwtoceras, SpiToceras, and 
Stephanoceras, in the central and southwestern parts 
of the Huntington quadrangle. These beds, aecording to 
Howard Brooks (written commun., Mareh 25, 1970), 
are part of a series, probably several thousand feet thick, 
that consists mostly of sheared and slightly metamor
phosed massive to thin-bedded graywacke, tuffaceous 
sandstone, and siltstone. Minor amounts of interbedded 
water-laid tuff, conglomerate, quartzose sandstone, lime
stone, and a few lava flows are also present. This series 
rests conformably on several hundred feet of red to 
green conglomeratic beds which in turn rest discord
antly on Upper Triassic volcanic and sedimentary rocks 
(Brooks, 1967). The conglomeratic unit has furnished 
ammonites of Early J urassie, probably Sinemurian age 
(Mesozoic loes. 29846-29851). The overlying graywacke 
series near its base has furnished the ammonite, 0Tucilo
biceras, of late Sinemurian age (Mesozoic locs. 29785, 
29835). The graywaeke series extends southwestward 
across the Huntington quadrangle into the southeastern 
part of the Bridgeport quadrangle. 

AMMONITE FAUNULES AND CORRELATIONS 

SNOWSHOE FORMATION IN THE SUPLEE AREA 

WEBERG MEMBER 

The stratigraphie distribution of ammonites in the 
vV eberg Member (fig. 3) shows that the member con
tains two ammonite assemblages and that the upper 
assemblage is divisible into two faunules. The lower as
semblage is characterized by Tmetocerras sc·issu(/n (Ben
ecke) in assoeiation with Praestrigites cf. P. deltotus 
(Buckman) (Lupher's locs. 207, 366, and 467) and 
Eudmetoceras (Lupher's loc. 207). The upper as
semblage is characterized by Sonninia (E'lthoploceras) 
modesta Buekman, S. (E.) dominans Buckman, and 
Docidocerms SJJansicm;tatum Imlay, n. sp., which species 
extend through the entire ':V eberg Member above the 
Tmetoceras-bearing beds. In addition, the upper part of 
the beds containing these species Inay be distinguished 
from the lower part by the presence of W itchellia ( Lati-
1oitchellia) evoluta Imlay, n. sp., Sonninia (Euhoplo
ceras) adicra (Waagen), S. (E.) crassispinata Buck
man, and DocidoceJ•aslupher;·i Imlay, n. sp. 

Associated with Sonninia 1nodesta Buckman in Ore
gon are other ammonites that have different ranges than 
the species listed above. These include certain species of 
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Species 

PhyZZoceras sp ---------------------------------------------

CaZZiphyZZoceras sp ----------------------------------------

HoZcophyZZoceras sp ----------------------------------------

Asthenoceras deZicatum Imlay, n. sp ------------------------

? sp ----------------------------------------------------

Fontannesia costula Imlay, n. sp ---------------------------

intermedia Imlay, n. sp ---------------------------------

cf. F. ZucuZenta Buckman --------------------------------

cf. F. carinata Buckman ---------------------------------

cf. F. evoZuta (Buckman) --------------------------------

Tmetoceras scissum (Benecke) -------------------------------

Eudmetoceras (Euaptetoceras) c£. E. (E.) hauthali (Burckhardt) 

cf. E. (E.) kZimakomphaZum (Vacek) ---------------------

c£: E. (E.) amaltheiforme (Vacek) ------------------------

sp ------------------------------------------------------

Sonninia (EuhopZoceras) modesta Buckman --------------------

dominans Buckman ----------------------------------------

cf. dominans Buckman 

dominans po Zyacantha (Waagen) ---------------------------

cf. dominans poZyacantha (Waagen) -----------------------

adicra (Waagen) -----------------------------------------

crassispinata Buckman -----------------------------------

(PapiUiceras) stan toni (Cri ckmay) -----------------------

cf. S. (P.) espinazitensis Tornquist --------------------

W.J sp -------------------------------------------------

WitcheZZia (LatiwitcheZZia) evoZuta Imlay, n. sp -----------

PeZekodites webergi Imlay, n. sp ---------------------------

Praestrigites c£. P. deZtotus (Buckman) --------------------

Strigoceras cf. S. Zanguidum (Buckman) ---------------------

sp ------------------------------------------------------

Hebetoxyites c£. H. hebes Buckman --------------------------

Lissoceras sp ----------------------------------------------

Docidoceras Zupheri Imlay, n. sp ---------------------------

warmspringsense Imlay, n. sp ----------------------------

sparsicostatum Imlay, n. sp -----------------------------

cf. lie be Maubeuge --------------------------------------

? sp juv ------------------------------------------------

Stephanoceras aff. S. nodosum (Quenstedt) -----------------

(Skirroceras) juhZei Imlay ------------------------------

cf. (S.) juhZei Imlay -----------------------------------

cf. (S.) doZichoecus (Buckman) --------------------------

Weberg Member of Snowshoe Formation 

Lower Middle 

-

17 

Upper 

-
-

-

-

-

-

FIGURE 3.-Stratigraphic distribution of Bajocian ammonite species in the ·weberg Member of the Snowshoe Formation in 
the Suplee area. 



18 MIDDLE JURASSIC (BAJOCIAN) AMMONITES FROM EASTERN OREGON 

the genera Asthenoceras, Eud1netoceras, Sonninia (Pa
pillice;ras), F ontannesia, Pelekodites, Praestrigites, 
Strigoceras, Ii ebetowyites, Lissoceras, Docidoceras, and 
Stephanoceras. Of these, Eudm,etoceras and Praestri
gites range upward from the beds characterized by Tme
toceJ•as scissu1n (Benecke) into the beds characterized 
by lVitchellia (Latiwitchellia) evoluta Imlay, n. sp. 
Species that begin above the base of the Sonninia mo
desta assemblage but range to its top include Astheno
ceras delicat·mn Imlay, n. sp., Fontannesia costula 
Imlay, n. sp., F. cf. F. carinata Buckman, Pelekodites 
·webergi Imlay, n. sp., Strigocera8 ef. S. languid1.un 
(Buckman), Hebetowyites cf. H. hebes Buckman, Doci
doceJ•as 1oannspringsense Imlay, n. sp., and Stephano
ceras ( SkiJ·roceJ•as) cf. S. ( S.) dolichoecus Buckman. 
The genus Lissoceras is represented by a single specimen 
from the upper part of the zone. The subgenus Sonninia 
(Papilliceras) is represented by three specimens from 
the very top of the Weberg Member and by three speci
mens from near the middle of the member, apparently 
below the middle of the Sonnin,ia nwdesta assemblage. 

Tnwtoceras scissum (Benecke) in the Weberg Mem
ber occurs in sandy beds in the lower part of the member 
on the east side of Dobson Creek (Vigrass' loc. 3) in the 
SE% sec. 28, T. 18 S., R. 26 E., and on the west side of 
Swamp Creek (Vigrass' loc. 121a) in the SWl!t, sec. 34, 
T. 17 S., R. 26 E. At Dobson Creek T1netoceras occurs 
50 feet above the base of the member and is overlain 30 
feet higher by Docidoceras sparsicostatum Imlay, n. sp. 
(Vigrass' loc. 86). Near Swamp Creek, Tmetoceras 
occurs in yellowish sandy limestone underlying gray 
limestone beds that contain Sonninia nwdesta Buckman 
and Fontannesia, as discussed under the description of 
Tmetoceras scissum. Northeast of Swamp Creek the 
sandy beds containing Tm.etoceras continue for about 4 
miles, but the overlying limestone beds are replaced 
laterally within a 1nile by dark shale of the Warm 
Springs Member (Dickinson and Vigrass, 1965, p. 52). 
Consequently for about 3 miles Tnwtoce1·as occurs near 
the top of the Weberg l\fember. Nonetheless, the pres
ence of Docidoceras from the upper part of the sandy 
beds in sees. 25 and 26, T. 17 S., R. 26 E., indicates that 
at least the basal part of the S onninia modesta assem
blage is represented. 

Tnwtoceras has not been found in the westernmost 
exposures of the vV eberg l\fember west of Warm Springs 
Creek and the Pine Creek downwarp. Neither has it been 
found in the lower part of the Weberg Member in the 
exposures along the east side of Warm Springs Creek in 
sees. 19, 29, and 30, T. 18 S., R. 26 E., and could be rep
resented there only by the lower 33 feet of the mmnber 
(fig. 2). Its presence in the area, however, is indicated 
by an occurrence of a very small fragment of T1neto-

ceras that supposedly was obtained with a well-pre
served specimen of S onninia ( P apilliceras) frmn the 
basal beds of the Warm Springs Member at Vigrass' 
locality 18. When one considers that these ammonites 
are preserved in a different matrix and that Tmetoceras 
occurs worldwide below Sonninia, their natural associa
tion in Oregon is most unlikely. 

The Sonninia modesta assemblage is ·widely distrib
uted in the Weberg Member. The lower faunule of the 
assemblage, however, belmv the range of lVitchellia 
( Lath~vitchellia), is well developed only in the area ex
tending from North Ammonite Hill north and north
east to Swamp Creek, has not been recognized in the 
westernmost exposures of the Weberg Member west of 
Warm Springs Creek, and is poorly developed in the 
easternmost exposures of the Weberg l\fember. East of 
North Ammonite Hill the lower faunule is repre
sented by sandy beds containing Docidoceras (Lupher's 
locs. 103 and 214, Vigrass' loc, 86, and l\fesozoic loc. 
27581) and Sonninia nwdesta Buckman (Lupher's loc. 
108). It is possibly represented also by Eu,dnwtoce1·as 
at the top of the vV eberg Member exposed on the north 
site of Mowich Mountain near the eastern pinchout of 
the member (Mesozoic locs. 29400 and 29817). Northeast 
of Swamp Creek the lower faunule of the Sonninia 'lno
desta assen1blage is probably represented by specimens 
of Docidoceras from the upper part of sandy beds 
(Lupher's loc. 366, Vigrass' loc. 158, and Mesozoic locs. 
26764 and 27374) that there represent all, or nearly all, 
theW eberg Member. 

The lower faunule of the Sonninia nwdesta assem
blage on the east side of 'V arm Springs Creek occurs in 
60 to 85 feet of light-gray to brownish-gray sandy lime
stone and calcareous sandstm~e that is locally pebbly. 
It is present in the third to sixth units below the top 
of the Weberg Member as described by Lupher ( 1941, 
p. 250) , the third to fifth units of the member as de
scribed herein under Stratigraphy, and in most of the 
lower sandstone division as described by Diekinson and 
Vi grass ( 1965, p. 94). 'Vi thin this 60 to 85 feet of beds 
the upper 45 to 60 feet contain at their top a unit bearing 
many terebratulid brachiopods, eontain at their base a 
thin bed bearing many rhynchonellid brachiopods, con
tain many pelecypods throughout, and have furnished 
some ammonites belonging mainly to Sonnin£a (Eu
hoploceras), Fontannesia, Docidoerms, Pelekodites, and 
Asthenoceras. The lo·wer 15 to 25 feet of the sequence 
contain many pelecypods and a few ammonites which 
inelude Sonninia modesta Buckman and DocidoceJ•as 
spm·sicostatum Imlay, n. sp. The pelecypods occurring 
in these sandy beds include Ostrea, G1·yphaea, H o
nwn~;ya, Pleuromya, Pholadomya, Trigonia, Gervillia, 
Asta1·te, Isocyprina, Protoca;rdia, and Oamptonectes. 
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Spiroceras ---------
Asthenoceras -------
Fontannesia -------- t--

Tmetoceras ---------
Eudmetoceras -------
Sonninia (sensu lato) 
EuhopLoceras -------
PapiLLiceras -------
WitcheLLia ---------
Dorsetensia -------- ? 
Pelekodites --------
PoeciLomorphus ----- ? 
Praestrigites ------
Strigoceras ---------
Hebetoxyites --------
Lissoceras ~ --------- ... 
Oppelia (OppeLia) --
Docidoceras -------- 1-

Emileia ------------
Otoites ------------
Chondroceras -------
Sphaeroceras -------
Normannites --------
Stephanoceras ___ .._ __ 
Skirroceras --------
Stemmatoceras ------
TeLoceras ----------
Leptosphinctes ----- ? 

FIGURE 4.-European ranges of certain Bajocian ammonite genera present in eastern Oregon. 
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The upper faunule of the Sonninia modesta assem
blage, characterized by W itchellia ( Lattwitchellia), has 
the same areal distribution as the lower faunule in the 
area between North Ammonite Hill and Swamp Creek. 
It has not been recognized east of North Ammonite Hill 
or northeast of Swamp Creek. It has been recognized 
at many places in the westernmost outcrops of the We
berg Member west of Warm Springs Creek. It has 
furnished many arnmonites but very few pelecypods or 
brachiopods. 

The beds in the lower part of the Weberg Member 
that contain Tmetoceras in association with Praestri
gites and Eud1netoceras (Euaptetoceras) correlate with 
the Graphoceras concavurn zone of Europe (figs. 4, 
5) because T1netoceras does not range higher (Arkell, 
1956, p. 34, vVestermann, 1964a, p. 432-435; 1969, p. 61) 
and P,raest1·igites does not range lower ( Arkell and 
others, 1957, p. L271). The presence of the subgenus 
Eud1netoceras ( Euaptetoceras) merely shows that the 
beds are not younger than the lower part of the 0 toites 
sauzei zone (W esternmnn, 1969, p. 18, 22) or older than 
the upper part of the Ludwigia 1nurchisonae zone 
(Arkell, 1956, p. 33, 102; Arkell and others, 1957, p. 
L267; Westermann, 1964a, p. 34 7-349, 352, 408-411; 
Davies in Buckman, 1930, v. 7, p. 36, 37). 

The beds in the middle and upper parts of the Weberg 
::Member that are characterized by S onninia ( Euhop
loceras) modesta Buckman and Docidoceras lupheri 
In1lay, n. sp. correlate mainly with the lower subzone 
of the European Sonninia sowerbyi zone. At their top, 
however, they may be as young as the Shirbuirn,ia 
trigonalis subzone as shown by the association of the 
ammonites Eudmetoceras, Sonn,inia (Eulwploceras), 
S. (Papilliceras), Fontannesia, Pelekodites, P,raest~ri
gites, StTigoceras, H ebetoxyites, Docidoceras, and 
Stephanoceras (figs. 4 and 5). Most of these ammonites 
are excellent evidence for correlation with only the 
H yperlioceras dis cites subzone at the base of the Son
ninia so'werbyi zone. Thus, in Europe Docidoceras is 
known only and F ontannesia mainly from that subzone, 
E'ztdnwtoceras and Praestrigites are not known higher, 
and two species of Sonninia (Euhoploceras) present in 
the Weberg Member are identical with species that in 
Europe are knmvn only in the H. discites subzone. 
These includeS. (E.) 1nodesta Buckman and S. (E.) 
polyacantha Buckman. 

Against such a precise correlation with only the 
Hypedioceras discites subzone are several faunal con
siderations. First, such Oregon species as Sonninia 
( Euhoploceras) adic'l'a, (vVaagen) and S. (E.) cras
sis]Jinata Buckman are, known in England from both 
the H. discites subzone and the overlying Shirbuirnia 
t'l·igonalis subzone (Buckrnan, 1892, p. 322, 325; 1926, 

pl. 669; Morton, 1965, p. 199) . Second, the ranges of 
some Jurassic ammonite genera in western North 
America are slightly different than in Europe (Wester
mann, 1969, p. 18). Third, such ammonites as Stephano
ceras and Papillice'l'as in Europe have not been found 
as low as the H. discites subzone. For exarnple, in Eng
land Papilliceras occurs mainly in the Otoites sauzei 
subzone, and the oldest known species, Sonninia (Pa
pilliceras) arenata ( Quenstedt) in Buckman (1927, pl. 
709) is recorded from the S hirbuirnia trigonalis sub
zone (Davies, in Buckman, 1930, v. 7, p. 36). Stephano
ceras in Europe ranges from the middle part of the 
Sonninia sowerbyi zone into the lower part of the upper 
Bajocian and attains its greatest development in the 
Stephanoceras hwnphriesianunL zone (Arkell, 1956, p. 
232, 264, 300; 1952a, p. 7 4). .._~pparently the oldest 
species of Stephanocera8 in England isS. mollis (Buck
man) (1922, pl. 344) from the base of the Witchellia 
laevi,nscula subzone (Davies, in Buckman, 1930, v. 7, p. 
35), a little higher than the oldest occurrence of Pa
pilliceras. 

When one considers these ranges of Stephanoceras 
and Papilliceras in Europe, the uppermost beds of the 
Weberg Member, where that member is fully developed, 
could be a little younger than the H yperlioceras dis cites 
subzone. This statement could apply to all occurrences 
of Stephanoceras (Vigrass' locs. 16, 130, 162) and to 
three occurrences of Papilriceras (Vigrass' loc. 16, 
Lupher's loc. 210, Mesozoic loc. 21611) at or near the 
top, of the member in beds transitional into the Warm 
Springs 1\'Iember. 

Against such a younger age are the association of 
Stephanoceras with species typical of th~ W itchellia 
( Latiwitcl1ellia) evolruta faunule at Vigrass' locality 16 
and of Papillice1'as with that faunule at USGS l\'Iesozoic 
locality 21611. These two associations, unless they re
sult from mixing of specimens from different levels, 
may be of age sig~1ificance as far as Steplwnoceras is 
concerned. It is of no age significance, however, as re
gards PaJ'illiceJ'as because four specimens of that genus, 
described herein under Sonninia (Papilliceras) cf. S. 
(P.) espinazitensis Tornquist, \vere found at three local
ities (Lupher's loc. 360, Vigrass' loc. 120, Mesozoic loc. 
26763) in the lower part of the beds characterized by 
the S onninia nwdesta assemblage near or below the mid
dle of the Weberg 1\iember. These occurrences are 
proved authentic by their independent discovery by 
three different geologists at different times and places. 
Their low stratigraphic position is excellent evidence 
that Papillice1'a8 in Oregon occurs in beds equivalent to 
the basal part of the European Sonninia soweJ•byi zone. 

In summation, the lower part of the "T eberg Member 
that contains T1netoceJ'aB in association with Praestrig-
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Parkinsonia parkinsoni 

Garantiana garantiana 

? 

Spiroceras bifurcatwn, Leptosphinctes, 
Megasphaeroceras rotundwn, Norrnannites vigorosus, 

Strenoceras subfurcatwn Megasphaeroceras, Norrnannites, and 
Sphaeroceras, Leptosphinctes, and Liroxyites Stephanoceras (§ 

::.. 
'<) 

?-<:l 

Chondroceras, Norrnannites, <Il Cl 
Chondroceras allani, Norrnannites ::.. 

Te Zoceras b Zagdeni ~ '<) 

~-~ and TeZoceras ~ <Il tj crickrnayi, Zemistephanus richards ani, 
~ ~-~ ~ 

Stephanoceras hwnphriesianwn Cl <Il t\} and TeZoceras itinsae 
~ ~ ~-~ ~ ~ 

~~ 
Cl~ §ii 

Stephanoceras humphriesianwn § <:l ., 
Dorsetensia spp. 

<:l ~ ~ <Il ~-~ '<) >:>...~ Cl ~..>< ~'"""' p_, tJ:l tJ:l Papi lliceras, Normannites 
Otoites and 

(§ Witchellia, 
Otoites sauzei ::.. Dorsetensia, Normannites 

'<) Parabigotites crassicostatus, Witchellia EmiZeia <:l""' Otoi tes, E mi Zeia, Cl '<) Dorsetensia adnata, and 
P arahigoti tes §~ and Bradfordia and 

~ ~ Stephanoceras juhZei 
>:>.,"<-;, 

? Witchellia ZaeviuscuZa PapiZZiceras throughout '<) 

+> 
Fontannesia at base tJ:l 

Shirbuirnia trigonaZis WitcheZZia sutneroides Docidoceras (§ 
::.. 

Sonninia sowerbyi ? 
Sonninia (EuhopZoceras) 

(Pseudo- '<) 

EuhopZoceras, PapiZZiceras, Fontannesia, cidoceras) (§ <:l 
Cl 

HyperZioceras discites Eudmetoceras, Hebetoxyites, Praestrigites, and S. (A Zas koceras) widebayense 
::., +> 
'<) 

~ Strigoceras, and Docidoceras Docidoceras? paucinodoswn <:l 
Cl .,., ~ 

N 

"" Cl 

Erycitoides howelli, Erycites, 
~ 
~ 

Tmetoceras scisswn, Praestrigites, '<) 

Graphoceras concavwn and Tmetoceras <Il 
and Eudmetoceras p.., 

Ludwigia murchisonae 
Tmetoceras scisswn Tmetocel'as scisswn 

? ? 

Tmetoceras scisswn 

LeiocertW opaZinwn 

FIGURE 5.-Correlation of Bajocian ammonite faunas in eastern Oregon, Alasik'a, and Europe. 
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ites is correlated with the European GraplwceTas con
cavum zone at the top of the lmver Bajocian (Aale
nian). The middle and upper parts of the 'Veberg 
Member that contain an association of 8onninia (Etdw
Jiloceras), Docidoceras, Eudmetoceras, Pra.estrigites, 
and Fontannesia correlate mostly or entirely with the 
H yperlioce l'as dis cites suibzone at the base of the 
8onninia s~~werbyi zone. The highest beds locally are 
probably 93 young as the next younger Slzirbuh•nia 
trigonalis subzone based mainly on the appearance of 
Stephanoceras. Such an age is suggested, also, by the 
resemblance of the new subgenus Lati1oitclzell ia to 
Z.ngoplwl'ites Buckman (1922, p. 341) and by the fact 
that Ett,hoploceras in England ranges into the 8. trig
onalis subzone. 

WARM SPRINGS MEMBER 

The 'Vann Springs l\fember as a whole is character
ized by the presence of 8onninia ( Papilliceras) stanton.i 
(Criclnnay) and lVitchellia connata (Buckman) (fig. 
6). In association with these throughout the member 
are Asthe,noceras delicahun Imlay, n. sp., 11 olcoplzyl
loceras sp., and 8tephanoceras sp., which also occur 
above and below the member. The species 8. (Papil
liceras) stantoni is recorded also from transitional beds 
at the top of the Weberg 1\fember. 

The lmver part of the 'Varm Springs l\1:ember is 
characterized by the appearance of lVitclzellia connata 
(Buckman) and by the absence of a number of genera 
and subgenera that are common in the upper part of 
the underlying Weberg l\1:ember. Such taxa include 
E'ndmetoC'eras, Sonninia (Etdwploce;·as), lVitchellia 
( Lati-witclzellia), PraestrigUes, H ebetoxyites, and Doci
docents. F ontannesia also, except for two specimens, 
has been found only in the vVeberg member. The absence 
of these genera even in places where the basal vVarm 
Springs l\fember appears to be the lateral equivalent of 
the upper part of the vVeberg 1\fember, as in sees. 26 
and 27, T. 17 S., R. 26 E., is probably related to un
favorable facies and to poor exposures. 

The middle part of the \Varm Springs Member is 
characterized by the abrupt appearance of Dorsetensia, 
E1nileia, Parab1"gotites, and Pelekodites silv,iesensis 
Imlay, n. sp. Of these Emileia and PaPabigotites range 
upward to near the top of the member and the other 
taxa range still higher. 

The upper part of the Warm Springs l\fember is 
characterized by the presence of Lissoceras hydei Imlay, 
u. sp., Em,ileia bttddenlzageni Imlay, n. sp., Otoites con
tractus ( J. de C. Sower by), and Pm'abigotites crasst:
costatus Imlay, by the lowest occurrences of N m·man
nites, and by a greater abundance of Dorsdensia and 
8tephanoceras than in lower beds. The upper part also 

contains Stephanoceras ( Skirroce1•as) jnhlei Imlay, 
which ranges up,ovard from the top of the Weberg 1\fem
ber into the base of the Basey 1\fember. 

The vVarm Springs 1\fember, on the basis of its am
monites, correlates roughly with the middle and upper 
parts of the European zone of Sonninia 8owerbyi and 
with the 0 toites sanzei zone. Such a correlation is shown 
by the presence of lV itchellia throughout the member, 
the end of occurrences of lVitchellia and PapilliceJ'as 
at its top, the presence of Emile£a and Dorsetensia in its 
upper two thirds, the presence of N ormannites near its 
top, and the presence of F ontannesia near its base. 

The lower part of the Warm Springs Member, where 
the Weberg J\fember is fully developed east of Warm 
Springs Creek, is not older than the 8hirb1tirnia trigo
nalis subzone as confirmed by the presence of true TV itch
ellia and Stephanoceras and by the fact that the older 
H ypedioceras dis cites subzone is well represented in 
the underlying Weberg Member (figs. 4 and 5). Its 
basal beds are not much younger, however, than the 
discites subzone as shown by the presence of F ontan
nesia (Lupher's loc. 232 and Vigrass' loc. 18), which in 
Europe occurs mainly in the discites subzone but has 
been recorded slightly higher in southeast France 
(Pavia and Sturani, 1968, p. 311). The topmost beds of 
the lower part must be nearly as young as the Otoite8 
sa,uzei zone, as shown by the lowest appearance of Dm·
setensia in fair abundance in the overlying middle part 
of the member. Both faunally and stratigraphically, 
therefore, the lower part of the Warm Springs Member 
correlates approximately with the Shirbuirnia trigo
nalis and lVZ:tclwllia laeviusoula subzones of the 8on
ninia sowerbyi zone. This does not exclude correlation 
of the highest beds of the Weberg Member at least 
locally with the 8. trigonalis subzone. 

The middle part of the Warm Springs Member prob
ably correlates with the lower part of the Otoites 
sa,uzei zone, as suggested by its stratigraphic position 
directly below several hundred feet of beds containing 
ammonites strongly indicative of the Otoites sauzei 
zone and by the presence of Dorsetensia throughout. 
That genus in Europe is most cmnmon in the lower part 
of the Stephanoce'l·as humphriesianu1n zone, is fairly 
common in the underlying Otoites sauzei zone (Buck
man, 1892, p. 203; Dorn, 1935, p. 120; Huf, 1968, p. 16, 
72-110; Arkell, 1952b, p. 269, 295), and is not definitely 
known from older beds. 

Dorsetensia has been recorded from older beds in 
southern Germany but all such records appear to be 
erroneous (Arnold Zeiss written cmnmun., July 1970). 
For example, one specimen of Dorsetensia listed by Dorn 
(1935, pl. 19, fig. 1) as from the 8onninia sowePbyi zone 
is actually from the 8tephwnoce'ras hu1nplzPiesianum 
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Snowshoe Formation 

Species Warm Springs Member 

Lower Middle Upper Lower 

HoZcophyZZoceras sp ------------------------------------i---------~--------~~--------~-----

Asthenoceras deZicatwn Imlay, n. sp ---------------------~------~--------~----------l-

Sonninia (PapiZZiceras) stantoni (Crickmay) ------------~---------+----------~------~ 

cf. S. (P.} a1•enata (Quenstedt) ----------------------

cf. S. (P.} juramontana (Crickmay) -------------------

sp ---------------------------------------------------~-----1 

WitcheZZia connata (Buckman) ----------------------------~--------+---------_. ________ ~ 
sp --------------------------------------------------

Dorsetensia c£. D. puZchra Buckman ----------------------

cf. D. subtexta Buckman 

cf. D. compZanata Buckman ----------------------------

cf. D. edouardiana (d' Orbigny) -----------------------

oregonensis Imlay, n .. sp -----------------------------

Fontannesia intermedia Imlay, n. sp -------------------- ~ 

PeZekodites siZviesensis Imlay, n. sp -------------------

dobsonensis Imlay, n. sp -----------------------------

Poeci Zomorphus c£. P. varius Imlay, n. sp ----------------

Lissoceras hydei Imlay, n. sp ---------------------------

EmiZeia buddenhageni Imlay, n. sp -----------------------

sp. undet --------------------------------------------

Otoites contractus (J. de C. Sowerby) -------------------

Chondroceras aUani (McLearn) ---------------------------

Sphaeroceras sp -----------------------------------------

Normannites (Masckeites?) c£. N. (M.) densus (Buckman) -

N. (Normannites) orbignyi Buckman -----------------------

? sp -------------------------------------------------

(Itinsaites) crickmayi (McLearn) 

cf. N. (I.) crickmayi (McLearn) 

Stephanoceras mowichense Imlay, n. sp ------------------

Stephanoceras c£. S. nodoswn (Quenstedt) -------------

(Skirroce1•as) kirschneri Imlay -----------------------

cf. S. (S.) kirschneri Imlay -------------------------

(S.) juhl.ei Imlay ------------------------------------~ 

cf. S. (S.) juhZei Imlay-----------------------------~ 

cf. S. (S.) ZeptogyraZe (Buckman) ---------------------

X 

-

-

---

-~ 

-

Basey Member 

Middle Upper 

-

---? 

-
-

-? 

sp ---------------------------------------------------~-----~----~----~----~----+----~ 
(PhauZostephanus?) oregonense Imlay, n. sp -----------

Parabigotites crassicostatus Imlay ----------------------

FIGuRE 6.-Stratigraphic distribution of Bajocian ammonite species in the Warm Springs and Basey Members 
of the Snowshoe Formation in the Suplee area. 
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zone (Huf, 1968, p. 98, 102). Also, two specimens iden
tified as Donetensia by Dorn (1935, pl. 24, fig. 5, pl. 26, 
figs. 1a, b) and listed from the 'Witchellia' pinguis zone 
(Dorn, 1935, p. 96, 105, 120; Westermann, 1967, p. 160) 
actually belong to Sonninia stephat~ti Buckman, accord
ing to Oechsle (1958, p. 86, 106) and Huf (1968, p. 98, 
110). That species is typical of the genus Shirbui1·nia 
according to Arkell ( 1933, pl. 33, fig. 1) and differs 
markedly in whorl shape from Dorsetensia. 

The upper part of the Warm Springs l\1ember is defi
nitely correlated with the European 0 toites sauzei zone 
because it marks the top of the local range of Papilli
ceras, lVitchellia, Etnileia, and Otoites, which in Europe 
do not range higher (fig. 5). It marks the base of the 
local range of l'lormannites, which in Europe does not 
occur below the upper part of the sauzei zone and is 
uncomn1on below the Stephanocm·as hurr~tphriesianum 
zone. It contains Otoites contract,us (J. de C. Sowerby) 
which is characteristic of the sauzei zone. It contains 
Parabigotites crassicostatu,s Imlay which is known else
where only in southern and southwestern Alaska in beds 
that are correlated mainly with the lower part of the 
Otoites sauzei zone (In1lay, 1964a, p. B7, B11, B18, 
B54). In particular in south-central Alaska Parabigo
tites occurs from 300 to 1,400 feet below the top of the 
Red Glacier Formation in association with many am
monites indicative of the sauzei zone. As the upper part 
of the Red Glacier Formation above these occurrences of 
Parab,igotites also contains ammonites characteristic of 
the sauzei zone, the genus Parabigotites in Alaska does 
not represent the highest part of that zone. 

BASEY MEMBER 

The Basey Member as a whole is characterized by the 
presence of Dorsetensia oregonensis Imlay, n. sp. and 
Stephanoceras (SkirroceJ'as) kiJ·schneri Imlay, al
though D. oregonensis does not extend to the top and 
occurs also high in the Warm Springs Member. With 
these species in the lower part of the member occur five 
species that range up from the Warm Springs or We
berg l\fembers but do not range higher (fig. 6). Two of 
these, Astllenoceras delicat'ltm, Imlay, n. sp. and Steph
anoceras juhlei Imlay, barely extend into the base of 
the member. The othe,r three species, Dorsetensia cf. D. 
subtexta Buckman, D. cf. D. edouardiana ( d'Orbigny), 
and Pelekodites sil1.'ieser1sis Imlay, n. sp. range to the 
top of the lower part, which is roughly 400 to 500 feet 
above the base of the n1ember. The basal part of the 
member is characterized also by an overlap of the top 
of the range of Stephanoceras juhlei, Imlay with the 
lowest part of the range of S. kirschneri Imlay. 

The middle part of the Basey Member has not yielded 
many ammonites. Besides the two long-ranging species 

characteristic of the member as a whole, these include 
only SphaeroceJ'as sp. 

The upper part of the Basey Member is characterized 
by the presence of Splweroceras and by the first appear
ance of Poecilomorphus cf. P. varius Imlay, n. sp., 
Ohond1·oceras allani (McLearn), Nm·mannites orbigny,i 
Buckman, N. (Itinsaites) crickmayi l\fcLearn and Step
hanocm·as cf. S. nodosu1n ( Quenstedt). The latter four 
species have been found in association with Poecilomm'
phus but not with Donsetensia, and presumably they 
occur above the range of DoTsetensia. 

The lower part, or lower few hundred feet, of the 
Basey l\fember probably correlates with the upper part 
of the 0 toites sauzei zone. This is indicated by the fact 
that all the ammonite species present, except Stephano
ceJ'as kirschne1·i Imlay, range upward frmn the Warm 
Springs l\1ember. Even the lowest occurrence of that 
species in southern Alaska is in beds that correlate with 
the upper part of the Otoites sauzei zone (Imlay, 1964a, 
p. B7, B11, B47). Furthermore, the presence of Para
bigotites in the upper part of the 'Varm Springs Mem
ber is evidence, as discussed previously, that the top of 
the member does not correlate with the top of the 0 toites 
sa'ltzei zone. 

The middle part of the Basey Member definitely cor
relates with the Stephanoceras lwmJJkriesianutn zone 
as shown by the presence of Sphaeroceras, which is not 
known below that zone ('V estermann, 1956a, p. 24-36 ; 
Arkell, 1952a, p. 77; Arkell, 1956, p. 32, 50, 100, 142,262, 
278) and Dorsete11sia 'vhich is not known higher ( Ar
kell, 1952b, p. 269,295). 

The upper part of the Basey l\fember has furnished 
even stronger evidence for correlation with the Euro
pean zone of Stephanoceras humpkriesianmn. This is 
shown by an association (Mesozoic loe. 29816) of Splw
eroceJ•as, not known below that zone, with Donetensia, 
not known above that zone, and Poeci7onW1'ph'lts, 'Yhich 
occurs mainly in that zone (fig. 6). It is favored also by 
the association of Poecilom,orphus with Ohondroceras 
(l\fesozoie loc. 28384) and Nornwnnites (l\fesozoic loc. 
29815) at and near the top of the Basey Member. Fur
thermore, such species as Ohond1•oceras allani (l\fc
Learn) and N ortnannites crickmayi (l\feLearn) furnish 
a correlation with the formations in the Cook Inlet area, 
Alaska, that dearly belong in the Steplwnoceras h'ltm
phriesianum zone (In1lay, 1964a, p. B7, B13-B15). In 
fact, the absenee of Dorsetensia from the highe,st beds 
of the Basey l\fember favors a correlation with the 
European Teloceras blagdeni subzone at the top of the 
Stephanoceras humphriesian,um, zone, in "Thich Dor
setensia is locally rare or absent (Dorn, 1935, p. 96, 105, 
120; Pavia and Stnrani, 1968, p. 311, 312). 
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SNOWSHOE FORMATION IN THE IZEE AREA 

LOWER MEMBER 

The lower member of the Snowshoe Formation has 
yielded ammonites of late Toarcian age in its lower 
125 feet (Imlay, 1968, p. C14, C16, C44-C46), ammo
nites of early Bajocian (Aalenian age from 125 to 200 
feet above its base, and ammonites of middle Bajocian 
age frmn 225 feet upward (fig. 7). The early Bajocian 
(Aalenian) is represented 1nainly by Tmetocera8 sds

SU-'ln (Benecke) which in the upper 50 feet of its range 
is associated with some tuberculate ammonites referred 
questionably to Plana.'ln/Jnatocera8. Of these a1nmonites, 
T'metocera8 ranges throughout the substage (Arkell, 
1956, p. 34; \V estermann, 1964a, p. 435) and Planmn
'lnatoceJ'as?, if correctly identified, suggests correlation 
with the Ludwigia nuachisonae zone (Arkell and 
others, 1957, p. L267; Elmi, 1963b, p. 82-90, 101-103; 
W estennann, 1969, p. 66), or with the upper instead of 
the lower part of the lower Bajocian. 

The middle Bajocian part of the lower member con
tains the ammonites Asthenoceras delicat,um Imlay, n. 
sp., Sonninia ( Papilliceras) sp., vVitchellia connata 
(Buckman), Dorsetensia cf. D. subtexta Buckman, 
Pelekodites silviesen:sis Imlay, n. sp., Lissoceras hydei 
Imlay, n. sp., and Stephanocera.rs ( Skirroceras) juhlei 
Imlay (fig. 7) . These same species occur in the vV arm 
Springs J\1enlber of the Snowshoe Formation and have 
the same general age connotations discussed under that 
Inember. In fact, the presence only 250 feet above the 
base of the lmYer me1nber of such ammonites as Done
tensia, Lissoceras hydei Imlay, n. sp., and Pelekodites 
sil1-'i.e8en8i8 Imlay, n. sp. suggests that all higher beds 
in the lower member may be equivalent to only the 
1niddle and upper parts of the vVann Springs Men1ber 
and may not be older than the Otoites sauzei zone. This 
leaves only 25 feet, or slightly more, above the highest 
occurrence of Tmetoce1'as to account for the time repre
sented by the middle and upper parts of the \Veberg 
Member, as well as the lower part of theW arm Springs 
J\1ember. These few feet, however, have not furnished 
any ammonites that arc restricted to the Weberg Mem
ber of the Suplee area, but only Asthenocera8 delicatun~ 
Imlay, n. sp., \vhich ranges through the Warm Springs 
J\1ember. 

Collecting failure in poorly exposed beds probably 
explains in part the absence within the lmver member 
of the Snowshoe Formation of any ammonite typical 
of the middle and upper parts of the \Veberg J\1ember. 
It may be that the environment in the sea during deposi
tion of the lower member (Dickinson and Vigrass, 1965, 
p. 58) "·as unfavorable for the an1monites that are 
found in the \Veberg J\ie1nber. It is also possible that 
the dmvn,varping of the Suplee area during deposition 

of the Weberg J\1ember was sufficient to trap 1nost of 
the sediment that was brought into the sea. Conceivably, 
therefore, the time represented by the Weberg Member 
could be represented in the Izee area by nondeposition 
( nonsequence or diastmn) or by only a few feet o:f 
beds. 

MIDDLE MEMBER 

The middle member of the Snowshoe Formation in 
the Izee area is characterized (fig. 7) by the presence 
throughout of Dorsetensia oregonmusi8 Imlay, n. sp. and 
by the presence at or near the base of the member of 
Pelekodites silt•iescensis Imlay, n. sp., Poecilmnorphus 
varht8 Imlay, n. sp., Norn~annites (Itin8aites) cf. N. 
(/.) gracilis Westermann, Steplwnoceras cf. S. nodo-
8'Wn ( Quenstedt), S. (S.) kirschneri Imlay, and S. ( S.) 
juhlei Imlay. This distribution is almost the same as in 
the Basey Member ,of the Snowshoe Formation in the 
Suplee area except for the lower stratigraphic occur
rence of Poecilomm·phtts. Accordingly, as in the Basey 
Member, the lower 200-300 feet of the middle member 
is correlated with the upper part of the European zone 
of Otoite8 sa;uzei, and the remaining 700 to 800 feet is 
c,orrelated with the Stephanoceras htttn~phriesianu'ln 

zone. The age evidence for the upper part of the middle 
Inember is weak, but the presence of Dorseteruia shows 
that the top of the middle member is not younger than 
the 8teplwnocera8 hwnplzPiesimru1n zone, and probably 
not younger than the lower part of that z.one when the 
genus ·was most abundant in Europe (Dorn, 1935, p. 96, 
120; Westermann, 1954, p. 142). 

UPPER MEMBER 

The presence of Leptosphinctes near the base of the 
upper member of the Snowshoe Forn1ation (fig. 7) is 
fairly good evidence that at least the basal part of the 
meinber is of late Bajocian age, although the genus has 
been reported from slightly older beds in Alaska (Im-~ 
lay, 1964a, B18, B54) and Argentina (\V"estermann, 
1956b, p. 268). Both of these occurrences, however, need 
confirmation by careful stratigraphic collecting. 

SNOWSHOE FORMATION IN THE SENECA AREA 

Three distinct ammonite assemblages are recognizable 
in the Seneca area in the southwestern part of the Sen
eca quadrangle and in nearby parts of the Logdell and 
Calamity Butte quadrangles (fig. 8). The oldest assem
blage is identical specifically with that in the upper part 
of the \Varm Springs Member and that in the lower 
part of the Basey J\!fembe,r of the Snowshoe Formation 
in the Suplee area. The next higher, or middle, assein
blage is identical with that in the highest part of the 
Basey Member of the Snowshoe Fonnati,on. The highest 
ammonite assemblage, characterized by Sp-iroceras, is 
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Species 

Holcophylloceras sp ---------------------------------------

Asthenoceras delicatum Imlay, n. sp -----------------------

Tmetoceras scissum (Benecke) ------------------------------

Planammatoceras? sp --------------------------------------

Sonninia (Papilliceras) sp --------------------------------

Witchellia connata (Buckman) ------------------------------

Dorsetensia cf. D. subtexta Buckman -----------------------· 

oregonensis Imlay, n. sp -------------------------------

sp -----------------------------------------------------

Pelekodites silviesensis Imlay, n. sp ---------------------

sp -----------------------------------------------------

Poecilomorphus varius Imlay, n. sp ------------------------· 

Lissoceros hydei Imlay, n. sp -----------------------------· 

Normannite>S (Itinsaites) c£. N. (I.) gracilis Westermann -

Stephanoceras cf. S. nodosum (Quenstedt) -------------------

(Skirroceras) kirschneri Imlay --------------------------

(S.) juhlei Imlay --------------------------------------

(S.} sp -------------------------------------------------

(Phaulostephanus?) cf. S. (P.) oregonense Imlay~ n. sp --

Leptosphinctes sp ------------------------------------------

Parabigotites c£. P. crassicostatus Imlay-----------------

Snowshoe Formation 

Lower Middle Upper 
member member member 

-~ 

-
? 

FIGURE 7.-Stratigraphic distribution of Bajocian ammonite species in the Snowshoe Formation in the Izee area. 
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:2: ·~ Pi ~ ~ ~ () ~ 
~ H () () tl) () tJ ~ N ... ·~ 
(J) tl) ~ ~ (J) ~ ~ tJ t5 ~ ·~ ~ ~ 

"@ b.O (J) (J) .g (J) C) ~ ~ ~ ~~~ 
~ ...0 "@ "@ ~-~ (.)) ~ ~ ~ 

(J) ·r-1 s (J) ...c ·~ ~ ...C~\J ...c (.)) () 
:2: ~ C) (J) s (J) +JN~ +J ·~ E: +JtJ-j...) 

Pi :2: s s •.-IN (.)) •r-1 ~ () 
·r-1 2 ~ b.O (f) (J) ~(.))~ ~ §~ ~ ~ ~ r-1 H ~(.)) ~ (.)) ~ 

(J) s (J) (J) '"d (J) tl) tJ ~ tl) E tJ r.fl ~ 
...0 ~ tl) ~ "d Pi "d~~ '"d N (.)) '"d~'"d 

(J) cO cO 0 •r-1 Pi (J)·~ () (J) () () (J) ~ § :s: :s: co .....:1 :2: ~ co~~ co~~ COCI) 

PhyZZoceras ------ X 
Spiroceras ------- X 
Asthenoceras ----- - X 
Fontannesia ------ -I-

Tmetoceras -------!--? -
Eudmetoceras -----
Sonninia --------- - X 
Euhoploceras ----- -
PapiZZiceras ----- - X 
Witchellia ------- X 
Latiwitchellia --- -
Dorsetensia ------ X 
Pelekodites ------ X 
Poecilomorphus --- - - X 
Praestrigites ----
Strigoceras ------ -
Hebetoxyites ----- -
Lissoceras -------1 - - - X 
Oppelia (Oppelia)j X 
Docidoceras ------ -
Emileia ---------~ -
Otoites ----------1 - X 
Chondroceras I 

X X ------~ - X 
Sphaeroceras -----J - X 
Megasph~eroceras--1 X X 
Normann1.-tes ------1 1- X X X 
Stephanoceras ---- - X X X 
Skirroceras ------ - f-.- X X X 
Stermnatoceras ---- X X 
Teloceras -------- X ? 
Zemistephanus? ---- X X 
Lupherites n. gen- X 
Leptosphinctes --- 1- X X 
Parabigotites ---- - -

FIGURE 8.-S1tratigraphic di,stribution of Bajocian ammonite genera in the Snowshoe Formation in the Suplee, Izee, Seneca, 
and Emigrant Greek areas. 
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not known from the Suplee or Izee areas but does occur 
in the Juniper Mountain area in Malheur County and 
probably also near the center of the Huntington quad
rangle in Baker County, Oreg. 

The lowest am1nonite assemblage occurs only in the 
central part of the Seneca area in sees. 23-27, T. 17 S., R. 
31 E., and is listed as follows: 

Asthenoceras delicatum Imlay, n. sp. (Lupher's loc. 490) 
Sonninia cf. S. nodatipinguis (Buckman) (Lupher's loe, 

272) 
(Papilliceras) stantoni (Crickmay) (Lupher's loc. 57, 
~esozoiclocs.21617,28026) 

lVitohellia connata (Buckman) (Lupher's loc. m and Mes
ozoic loc. 28026). 

Dorsetensia diversistriata Imlay, n. sp. (Lupher's loc. 57) 
oregonensis Imlay, n. sp. (Lupher's loc. 272). 

Pelekodites silviesensis Imlay, n. sp. (Lupher's loc. 57 and 
272) 

Lissoceras hyclei Imlay, n. sp. (Lupher's loc. 57 and Me-
sozoic locs, 21617 and 28027) 

Otoites contractus (J. de C. Sowerby) (Lupher's loc. 57) 
Ohondroceras sp. (Lupher's loc. 57) 
Nonnannites? kialagvikensis Imlay (L,upher's loc. 57) 

cf. N. braiken1·idgii (J. de C. Sowerby) (Lupher's loc. 
57) 

formosus Buckman (Mesozoic loc, 21617) 
aff. N. itinsae (McLearn) (Lupher's loc. 272) 

Stephanoceras sp. B (Lupher's loc. 57) 
cf. S. nodosmn (Quenstedt) (Lupher's loc. 57) 
( Skirroceras) kirschneri Imlay (Lupher's loc. 272) 
(S.) juhlei Imlay (Lupher's loc. 272 and Mesozoic loc. 

29233) 

Inspection of this list shows that two faunules are 
present. One of these is represented by Lupher's locality 
272. The other faunule is represented by Lupher's lo
cality 57 and probably by all of the other localities 
listed. The faunule represented by Lupher's locality 57 
is characterized by the presence of the same fairly long
ranging species of lVitchellia, Papillicel'as, and Otoites 
that are typical of the '~T arm Springs l\fember of the 
Snmvshoe Formation (fig. 6) and that have the same 
age significance. Nonetheless, the association of these 
taxa with N ormannites and OhondToceras shows that 
the faunule corresponds to only the upper part of the 
Warm Springs Member and to only the upper part of 
the European Otm:tes sauzei zone. 

The faunule at Lupher's locality 272 differs from that 
at Lupher's locality 57, or in the Warm Springs Mem
ber, in lacking species of W itchelUa, Papilliceras, and 
Otoites, and in containing Sonninia cf. S. nodatiping,uis 
(Buckman) and Stephanoceras (Skirroceras) kirsch
neri Imlay. These differences, plus the presenee of Pele
kodites silviesensis Imlay, n. sp. and Stephanoce'ras 
}uhlei Imlay, show that the faunule at Luphees locality 
272 is essentially the same as that in the lower few hun
dred feet of the Basey Member (fig 6) of the Snowshoe 
Formation which correlates with the highest part of 

the 0 toites sauzei zone. A correlation with that zone 
rather than with the Steplwnoceras hwn~phriesianum 
zone is supported by the presence of a species of 
Sonninia. 

The next higher ammonite assemblage in the Seneca 
area occurs both south and north of the assemblage just 
discussed. In the northern part of the area it has been 
identified in a large roadeut, exposing about 250 feet 
of shale, on the east side of U.S. Highway 395 about 
0.6 mile south of Seneca (Lupher's loc. 28, Vigrass' 
loc. 2-!2, l\f0sozoic locs. 29790 and 29792) . In the south
ern part of the area the assemblage has been identified 
from Camp Creek southward about 21/:z miles to the 
north side of Flat Creek near the southern margins of 
the Seneca and Logdell quadrangles (~fesozoic locs. 
25818, 25692, 26771, 29413, 29415, Lupher's locs. 55 and 
56). Directly south of Flat Creek occur beds of early 
Callovian age, hut about 2 miles still farther south the 
middle Bajocian is represented on Hall Creek in the 
Calamity Butte quadrangle (Mesozoic. loc. 26777) by 
tuffaceous beds that appear to be the same as on Camp 
Creek. 

The ammonites found in this middle assemblage are 
listed as follows : 

Phylloceras sp. (Mesozoic loc. 29790) 
Poecilomorphus 1mrius Imlay, n. sp. (Lupher's loc. 28, 

Mesozoic locs. 29790, 29792) 
lllegasphaeroceras rotundmn Imlay (Lupher's loc. 28) 
Ohondroceras allani (McLearn) (Mesozoic loc. 29413) 

cf. 0. allani (:\IIcLearn) (Lupher's loc. 28) 
Nonnannites orbignyi Buckman (Mesozoic locs. 26777, 

29415, 29790) 
(Itinsaites) crickmayi (McLearn) (Mesozoic locs. 

29413, 29790) 
cf. N. (1.) crickmayi (McLearn) (Mesozoic loc. 25692) 
(I.) sp. (Mesozoic loc. 26777) 
cf. N. (Epalxites) anceps (Quenstedt) (Mesozoic loc. 

29413) 
Stephanoceras cf. S. nodosum ( Quenstedt) (Lupher's loc. 

28) 
sp. A (Mesozoic loc. 25818) 
(Skirroceras) kirschneri Imlay (Lupher's loc. 55, Meso

zoic loc. 29790) 
cf. S. (S.) kirscllncri Imlay (Lupher's loc. 28, Mesozoic 

loc. 29792) 
aff. S. (S.) juhlei Imlay (Mesozoic loc. 29413 
cf. S. (S.) juhlci- Imlay (Vigrass' loc. 242) 
S. (S.) sp. (Lupher's loc. 28, 56, Mesozoic locs. 26771, 

26777' 29415) 
Stemmatoceras? sp. (Lupher's loc. 28) 
Leptosphinotes cf. L. lcptus Buclnnan (Lupher's loc. 28) 

The middle assemblage in the Seneca area differs 
from the lower assemblage in containing an associa
tion of Ohorndroceras all ani (~fcLearn), N ol'mannites 
orbignyi Buckman, N. crickmayi (McLearn), 8tephan
oceras kirschneri Imlay, and Poecilomorphus t•arius 
Imlay, n. sp. and in l~cking Dorsetensia, lVilchellia, 
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Sonninia. S. (Papilliceras), Asthenoceras, and Peleko
dites. In these respects it is identical with a faunule 
that occurs above the range. of Dorsetensia in the upper 
part of the Basey ~fember of the Snowshoe Formation 
in the Suplee area and, for the same reasons, is cor
related with the upper part part of the StezJlwnoceras 
hrumlJllriesimntJn zone. Additional evidence that the 
middle assemblage correlates with the upper part of 
that zone, or perhaps in part 'vith the basal upper 
Bajocian, is indicated by the presence at Lupher's 
locality 28 of single specimens of JJI egasplweroceras 
and Leptosphinctes both of ·which normally occur in 
beds of late Bajocian age (Imlay, 1962, p. A2, A9--A11; 
1967, p. 2G, 59). Their presence could mean that those 
genera have a longer range in Oregon than is known 
elsewhere, or that the middle assemblage is actually of 
early late Bajocian age, or that the highest part of 
the 250 feet of shale at Lupher's locality 28 is of late 
Bajocian age. 

At present the last possibility is favored because the 
faunal evidence is strongly indicative of correlation with 
the Stephanoceras humpkriesian'l.t/fl~ zone. Also, recent 
collections (l\fesozoic locs. 29790 and 29792) made below 
the upper 25 feet of the shale sequence of Lupher's lo
cality 28 contained nearly all the genera and species 
found by Lupher and his students except Leptosphinctes 
and JJJ egasplweroceras. These two genera could very 
we.ll have been obtained from the highest 25 feet, which 
is now mostly covered by talus. 

The highest ammonite assemblage found in the Seneca 
area has been identified only near and west of the town 
of Seneca along the south side of Bear Valley. The am
monites present are listed as follows: 

Spiroceras bifttr·catum (Quenstedt) (Mesozoic locs. 28017. 
28022,29232, 29234) . 

annulatum (Desha yes) (Mesozoic locs. 28018. 29232) 
cf. S. annulatum (Deshayes) (Mesozoic loc. 29236) 
sp. (:Mesozoic loc. 25824) 

Sphaeroceras cf. S. brongniarti (J. de C. Sowerby) Meso
zoiclocs.28017.28018,29236) 

Nonnannites aff. N. orbignyi Buckman (Mesozoic locs. 25821, 
280Q0,29231,29232) 

cf. N. (Itinsaites) crickmayi (McLearn) (Mesozoic loc. 
25824) 

Stephanoceras sp. D. (:Mesozoic loc. 28020) 
sp. C (Mesozoic loc. 29231) 
sp. (Lupher's loc. 5; Mesozoic locs. 25817, 28019-28021, 

29235) 
cf. S. (Skirroceras) kirschneri Imlay (Lupher's loc. 30) 
cf. S. (S.) juhlei Imlay (Lupher's loc. 30) 

Teloceras? sp. (Lupher's loc. 30) 
Zemistez)hanus? cf. Z. richanlsoni OVhiteaves) (Lupher's 

loc. 30) 
Lttpherites senecaensis Imlay, n. sp. (Lupher's loc. 30) 
Leptosphinctes cf. L. evolutus Imlay (Lupher's loc. 30) 

(Prorsisphinctes) spp. juv. (Lupher's loc. 30) 

473-698 0 - 73 - 3 

Inspection of this list shows that two ammonite fau
nules are present. One of these is represented by Lup
her's locality 30 and the other by the remainder of the 
localities. The faunule at Lupher's locality 30 is char
acterized by the new genus L·uphe1·ites in association 
with Stephanoceras, Teloce1'as ?, Zemistephanus ?, Lep
tosphinctes, and its subgenus Prorsisphinctes. An ea'dy 
late Bajocian age is indicated by the presence of the last 
two taxa and by the geographic position of Lupher's 
locality 30 within an area that has furnished Spi1·oceras. 
The locality, however, is on the north side of a minor 
syncline, as shown on an unpublished map by C. I. Tran
tham, and may be slightly lower stratigraphically than 
the beds containing Spi1'oceras. Also, the presence of an 
ammonite resembling ZenH'stephanus suggests an age 
older than late Bajocian. 

The other faunule, at the top of the Jurassic sequence 
near Seneca, is definitely of late Bajocian age as shown 
by the presence of Spiroceras bifu1'Caf-mn ( Quenstedt), 
which in Eurasia and Africa is characteristic of the 
lmover and middle parts of the upper Bajocian sequence 
( Arkell, 1952b, p. 296). This age determination is not 
contradicted by the presence of Splweroceras, N 0?'1nan
nites, and Stephanoceras which in those continents 
range upward from the lower Bajocian into the lower 
to middle parts of the upper Bajocian (vVestermann, 
1956a, p. 24-35; Arkell, 1952a, p. 77; Arkell, 1956, p. 
32, 50, 63, 99, 100, 122, 142, 176, 232, 262-264, 278, 300, 
483; Pavia, 1969, p. 445-451). Also, the species described 
herein as N ol'mannites aff. N. orbignyi Buckman and 
BtephanoceJ'as sp. C and D are normal associates of 
Sph'oceJ'as and Leptosphin.ctes farther east in Oregon 
in the Juniper Mountain area. 

Bearing on the ages of both the middle and the upper 
ammonite assemblages in the Seneca area are some 
ammonites (Lupher's locs. 8, 135, 136) collected about 
half a mile south of Seneca frmn a conglomeratic sand
stone sequence about 40 feet thick that caps a ridge on 
the east side of the road. The conglomeratic sandstone 
lies north of and rests sharply on about 250 feet of shale 
(Lupher's loc. 28) exposed in a roadcut. The fossils, 
obtained mostly from talus but partly in situ, are pre
served as molds in hard, noncalcareous grayish-brown 
pebbly sandstone. Two specimens, hmvever, represent
ing Lupherites and Poecilomorphus are preserved in a 
matrix of grayish-yellmY siltstone. Most fossils appear 
to be reworked as pebbles from the underlying Snow
shoe Formation, according to Lupher ( 1941, p. 262), 
and such a source seems reasonable to the writer. 

The fossils obtained from the conglomeratic sand
stone are listed as follows : 

Ozmefia, cf. 0 . .'<ubradiata. (J. de C. Sowerby) (Lupher's 
loc. 8) 
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Ohondroceras sp. (Lupher's locs. 8 and 135) 
Poecilomorphtts vm·ius Imlay, n. sp. (Lupher's loc. 136) 
No·rmannites cf. N. quenstedti Roche (Lupher's loc. 8) 
Stephanoceras spp. (Lupher's loc. 8) 
Sternmatoceras aff. S. albertense McLearn (Lupher's loc. 8) 
Lupherites senecaensis Imlay, n. sp. (Lupher's loc. 8) 
Splweroceras cf. S. brongniarti (J. de C. Sowerby) (Luph-

er's loc. 8). 

Some of these fossils, such as Ohondroceras, Stephan
oceras, and Poecilornorph'lts, could be derived from con
cretions or nodules fron1 the underlying shale. !{ost 
of the others could be derived frmn nearby beds. The 
presence of a single specimen of L'llpherites suggests an 
origin from the beds represented by Lupher's locality 
30 just southwest of Seneca. The absence of Spiroce1·as, 
Sphaeroceras, and Leptosphinctes suggests that none of 
the amnwnites were derived frmn the highest Bajocian 
beds exposed near Seneca. The absence of such genera 
could also be explained by simple collection failure, 
considering that only about 30 specimens were found. 

From the above discussion it is assumed that the fos
sils from Lupher's localities 8, 135, and 136 were de
rived by erosion of beds older than the conglomerati0 
sandston~. If the fossils were not derived, however, then 
their age would probably be early late Bajocian as in
dieated by the presence of Lupherites, whieh oeeurs with 
Leptosphinctes at Lupher's locality 30, and by the faet 
that the underlying shale, Lupher's loeality 28, has fur
nished both Leptosphinctes and JJ/ egasphaeroceras. 

SNOWSHOE FORMATION IN THE EMIGRANT CREEK 
AREA 

A few ammonites obtained north of Emigrant Creek 
in sees. 33 and 34, T. 20 S., R. 28 E., in the Sawtooth 
Creek quadrangle, are listed as follows : 

Poecilornorphus? sp. (Mesozoic loc. 26772) 
Olwndroceras allani. (McLearn) (Mesozoic loe. 26770) 

sp. (Mesozoic locs. 26772, 29410) 
Normannites m·bignyi Buckman (Mesozoic locs. 26772, 

27579) 
(Itinsaites) crickrnayi (McLearn) (Mesozoic locs. 

26770, 2:6772, 29410) 
Stephanoce1·as ( Skirrocera8) kirschneri Imlay (Mesozoic 

locs.26770, 26772,29410) 
( S.) sp. (Mesozoic loc. 27579) 

Teloceras itinsae l\IcLearn (Mesozoic locs. 26770, 29410) 
Zemistephanns? cf. Z. t·ichardsoni (Whiteaves) (Mesozoic 

loc. 29410) . 

This faunule contains the same ammonite species 
that occur in the middle ammonite assemblage in the 
Seneca area and at the top of the Basey Member in the 
Suplee area. It also contains Teloceras itinsae !{cLearn 
and fragments suggestive of Ze1nistephan'lt8 Tichardsoni 
'Vhitea ves. Most of the species present occur also in the 
Fitz Creek Siltstone on the northwest side of Cook Inlet 

' Alaska (Imlay, 1964a, p. B12-B14). Correlation of the 

beds containing these an1monites with the European 
zone of StephanoceJ'as lnnnphries·ianum is shown by 
the association of T e7oceras, N ormannites, and 0 hon
droceras and by the absence of genera characteristic of 
higher or lower zones. Correlation with only the upper 
part of that zone is favored by the absence of Dorset
ensia, as in the middle aminonite assemblage near Sen
eca and in the top beds of the Basey Men1ber in the 
Suplee area. 

BAJOCIAN BEDS IN CLOVER CREEK AREA 

The Middle Jurassic fossils from Rail Canyon (!{eso
zoic loc. 27393) in the Clover Creek drainage of the 
Ironside Mountain quadrangle are poorly preserved 
and cannot be identified generically with much assur
ance. Nonetheless, two large external molds probably 
represent Stephanoceras, two moderate-sized specin1ens 
suggest Parabigotites, and several small keeled ammo
nites could represent W itcheU.ia. Overall the faunule 
resmbles that of the Warm Springs Member of the 
Snowshoe Formation in the Suplee area and probably 
is of the same general age. 

The other ammonite faunule, obtained 5 miles to the 
east on the Duncan Ranch (Mesozoic loc. 28387), may 
be correlated much more exactly because it contains the 
ammonites F ontannesia cf. F. luculenta Buckman and 
A8thenocera8 delicahtJn, Imlay, n. sp. Of these, Fontan
nesia in Europe has been found only in the lower part 
of the Sonninia sowerbyi zone and AsthenoceJ'as has 
been found only in the Ludwigia 1nu1'chisonae zone 
(Buckman, 1889, p. 214). In eastern Oregon, Fontan
nesia has been found elsewhere mainly near Suplee in 
beds that correlate with the lower part of the 8. soweJ•
byi zone, whereas Asthenoceras ranges through beds 
that are correlated with the entire Sonnin.ia sowerbyi 
zone and the 0 toites sauzei zone. 

BAJOCIAN BEDS IN JUNIPER MOUNTAIN AREA 

In the Juniper Mountain area the lower Bajocian 
(Aalenian) is represented by Trnetoceras scissurn (Be
necke) (Mesozoic locs. 2837 4 and 28373) found in the 
SW. cor., sec. 5, T. 16 S., R. 41 E. To the southwest, 
nearly along the strike, in the NE:t;.! sec. 7, were founc1 

ammonites that furnish a correlation with the lowm' 
part of the Sonninia smoeTbyi zone of Europe and with 
the middle and upper parts of the Weberg !{ember of 
the Snowshoe Formation in the Suplee area. These in
elude Fontannesia cf. F. ltwu7enta Buckman, A8theno
ceJ•as delicatum Imlay, n. sp., Eudnwtoceras sp., and 
Docidoceras'? sp. juv. (~fesozoic locs. 28380 ancl28381). 
About 800 to 1,000 feet higher stratigraphically were 
found fragments of Stephanoceras (~fesozoic loc. 
28232) which could represent the upper part of the 
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Sonnirnia 80'I.l'e1'byi zone or even higher Bajocian. Still 
another 800 to 1,000 feet higher and about 300 feet 
north of Pole Creek in the northwest quarter of sec. 5, 
were found ammonites of early late Bajocian age 
(l\fesozoic locs. 28649, 28650). Such an age is indicated 
by the association of 8ptroceJ'a8, Lepto8phincte8 (PJ'OT
sisphinctes), N ormannites, and 8tephanocerms. This 
faunule is the same as found at the top of the Jurassic 
sequence near Seneca, Oreg., as discussed previously. 

BAJOCIAN BEDS IN HUNTINGTON AREA 

Middle Jurassic ammonites have been found at three 
places in the Huntington quadrangle, two near its cen
ter and one in its soutlnvestern part. One of these occur
rences is of early Bajocian (Aalenian) age as sho·\Yn by 
the presence of TntetoceJ'as sciss·wn (Benecke) Meso
zoic loc. 29784). One is probably of early late Bajocian 
age, as shown by the association of 8teplw.nocents and 
Lupherites, n. gen. (Mesozoic loc. 29111) and by the 
presence of 8piroce1'a8 (Mesozoic loc. 29782). These 
genera have been found in association elsewhere only 
near Seneca, Oreg. (Lupher's loc. 30) in a sequence that 
contains 8pi1'oceras, Leptosphinctes, 8tephmwceras, and 
N ormarvnites, as discussed previously. In addition to 
these occurrences, the Middle Jurassic is probably rep
resented by an ammonite (l\1esozoic loc. 27583) identic.al 
with TnLetoceras in side view, found in the Bridgeport 
quadrangle. 

COMPARISONS WITH OTHER FAUNAS 

SOUTHERN ALASKA 

During the Bajocian, the ammonite succession in 
southern Alaska greatly resembled that in eastern Ore
gon at certain times and differed appreciably at other 
times (fig. 5 and table 3). The only ammonites the two 
areas had in common during early Bajocian (Aalenian) 
tin1e were TnutoceJ•as 8Ci8swn (Benecke) and the sub
genus Eudmetocera8 ( Euaptetocera8) ('Vestermann, 
196±a, text-fig. 5 opposite p. 34±). During the time 
eorresponding to the lmver part of the 8onninia 8ower
byt: zone (early middle Bajocian), the areas had no 
ammonite species in common, unless represented by 
specimens of H ebetoiJ'.yite8 and A8thenoceras, and each 
area had many ammonite genera and subaenera not 

' b 

found in the other area. In contrast, during most of 
the remainder of the middle Bajocian, both areas had 
essentially the same ammonite genera and subgenera 
and some identical speeies occurring in the same 
stratigraphic order. Finallv, in both areas the hiahest 
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ammonite assemblages, corresponding to the early late 
Bajoeian, had some genera and species in eommon but 
are a little less similar than are the assemblages in the 
underlying beds. 

TABLE 3.-Cornparisons of Bajocian ammonites in eastern Oregon 
and southern Alaska 

European zones Taxa represented by identical Taxa differences with southern 
or similar species Alaska 

------- -------------1-------------------- ... 
Parkinsonia 

parkinsoni 

Garantiana 
garantiana 

Strenoceras 
subfurcatum 

Not identified 

JI.Jegas phaeroceras, 
Leptosphinctes, and L. 
(Prorsisphinctes) 

Absence of Lissoceras and 
Liroxyites. Abundance of 
Spiroceras and Sphaeroceras 

Stephanoceras Chondroceras, Normannites, Presence of Sphaeroceras, 
humphriesianum Stephanoceras, and Teloceras Poecilomorphus, and 

Dorsetensia 
--------- ------,------1------------------------

Stephanoceras,l Normannites Absence of Bradfordia, Oto ites sa uze i 
Witchellia, ------- Labyrinthoceras, and 
Papilliceras, Parabigotites Eudmetoceras 
and Otoites 

--------- -----------1-------·----·-----------
Sonninia sowerbyi 
(upper and 

middle parts) 

Sonninia sowerbyi Asthenoceras, Euaptetoceras, 
(lower part) Docidoceras, and Hebeto.r:y

ites 

Graphoceras 
con cavum 

Tmetoceras 

Ludwigia _____ do _______________________ _ 
murchisonae 

Absence of Alaskoceras, 
Pseudolioceras, and 
Pseudotoites 

Presence of Papilliceras, 
Fontannesia, Latiwitchellia, 
Strigoceras, Praestrigites, 
and Stephanoceras 

Absence of Erycitoides, 
Erycites, and Pseudolioceras 

---------- --------? -------- --------? -------
Tm~a~ · · 

scissum 

Leioceras 
opalinum 

Not identified 

Overall, the affinities of the Bajocian ammonites in 
southern Alaska are close 'vith Bajocian ammonites in 
eastern Oregon except for ammonites for the time rep
resented by the lower part of the 8onninia sowerbyi 
zone. Definite comparisons cannot be made. however, for 
the times represented by the upper part of the 8onm:nia 
80WeJ'byi zone and the lower part of the 8tepharnoceras 
humphrie8ianum zone because beds of those ages in 
Alaska have furnished few ammonites (Imlay, 1964a, p. 
B9, B12-Bl5; 'Vestermann, 1969, p. 17-22). For exam
ple, at Wide Bay on the Alaska Peninsula, some of the 
8onninia smoerbyi zone could be represented by 240-300 
feet (80-100 m) of unfossiliferous shale and sandstone 
that overlie beds characterized by lVitchellia sut
neroides Westermann (1969, p. 21) and underlie the 
lowest beds characterized by anunonites of the 0 toite8 
sanzei zone (Imlay, 1964a, p. B18; Westennann, 1969, 
p. 22). 

These faunal identities and close similarities between 
the Bajocian ammonite successions in southern Alaska 
and Oregon permit fairly accurate correlations of litho
logie units behveen the two areas. Thus, for the 'Vide 
Bay area, Alaska (vVestermann, 1969, p. 15-22), the 
lowest exposed beds characterized by E1•ycitoides howel
li (White) are equivalent to the Tmetoceras-bearing 
beds in the lower part of the 'Yeberg Member of the 
Snowshoe Formation. The overlying beds characterized 
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by E'ltdrnetoceras mnplectens Buckman and Sonninia 
(Euhoploce1'as) bifurcata vVestermann are correlated 
with the basal subzone of the European Sonn1:nia 
sorwerbyi zone (Westermann, 1969, p. 20, 22) and are 
equivalent to the middle and upper parts of the vVeberg 
Member. The next higher beds characterized by lVitch
ellia sutneroides "\V estermann are correlated by that 
author (1969, p. 21, 22, 26) with either or both of the 
European subzones of Sonninia trigonalis and Witchel
lia lae,vhtscula. They should be equivalent, therefore, to 
the lower part of the vVarm Springs l\1ember of the 
Sno·wshoe Formation in Oregon, and probably also to 
transitional beds between the Weberg and vV ann 
Springs l\1embers. 

The highest Bajocian beds at "\Vide Bay characterized 
by Parabigotites crassicostatus Imlay (Imlay, 1964a., p. 
B18; Westermann, 1969, p. 22) in association with such 
genera as Eudmetoceras, Bradfonlia, Otoites, Stephano
ceras, Stemmatoceras, Dorsetensia, and Arkelloceras 
provide a correlation with the European Otoites smtzei 
zone and with the middle and upper parts of the "Tarm 
Springs :Member of the Sno\vshoe Formation in eastern 
Oregon. Positi've corn: lation with those parts of the 
member is furnished by the presence of Parabigotites 
crassicostat·us Imlay. That taxon, however, both in Ore
gon and in the Cook Inlet region, Alaska, does not range 
to the top of the beds that are correlated with the Otoites 
sau.zei zone. 

Correlation of formations of Bajocian age on the 
northwest side of Cook Inlet with lithologie units of 
that age in eastern Oregon is sho\vn in figure 1. Evi
dence for correlating the lower part of the Red Glacier 
Formation with the lmver part of the Sno\vshoe Forma
tion is furnished by the presence of Tmetoceras, of early 
Bajocian age. Younger Bajocian, probably correlative 
with the basal subzone of the European Sonn£nia 
sowerbyi zone, is represented by Sonninia (Euhoplo
ceras) bi.furcata vVestermann ( 1969, p. 94, pls. 23-26; 
Imlay, 1964a, p. B33, pl. 4, figs. 10, 11) and Docido
ceJ•as? cf. D.~ paucinodosUJn V\Testermann (1969, p. 153, 
pl. 43, figs. 2a, b, pl. 44, figs. 1, 2) (see pl. 38, figs. 10, 
11 this report). These were obtained about 1,200 feet 
below the top of the Red Glacier Formation on the south 
shore of Chinitna Bay (l\1esozoie loc. 21293). 

The next higher ammonite faunule north of Cook 
Inlet is characterized by Parabigotites cra8sicostatus 
Imlay and occurs in the upper part but not at the very 
top of the Red Glacier Formation (Imlay, 1964a, p. B6, 
B10-B12). For example, on the south shore of Chinitna 
Bay, P. crassicostaf-tts Imlay occurs from 300 to 850 feet 
below the top of the formation, and its lowest occurrence 
(l\1esozoie loc. 19966) is only 350 feet above Sonninia 
(Eulwploceras) bifurcata "\Vestermann (Mesozoic loe. 

21293). "\Vi thin this range below the top of the forma
tion occur Stenunatoceras n. sp., lVitchellia? and Nor
nwnnites? cf. N. kialarruikensis Imlay at 350 to 360 feet 
(:~1esozoic loe. 21296); Sonninia (Papillice1·as) ef. S. 
(P.) arenata (Quenstedt) at 630 feet (Mesozoic loe. 
19964) ; Dorsetensia adnata (Imlay) at 725 to 775 feet 
( l\1esozoie loc. 19956) ; and Stemmatoceras and Ste
plwnocel'a8 at 850 feet (l\fesozoie loc. 19966). 

The Parabigot·ites cras8icostatu8 faunule on the south 
shore of Tuxedni Bay has been identified by ammonites 
collected from 480 feet to at least 700 feet below the top 
of the Red Glacier Formation. These include P. cras
sicostatus Imlay, its possible dimorph N ormannites? 
kialagvikensis I1nlay, Otoites cf. 0. contractus ( J. de C. 
Sower by), and species of Emileia, Stem/nw.toceras and 
Dor8etensia. 

Correlation of the upper part of the Red Glacier 
Formation that contains the above listed faunule with 
the middle and upper parts of the "\Varm Springs Meln
ber is shown by the association of Parabigotites crassico
status Imlay with DOJ·setensia, Sonn-in-ia, S. (Papilli
ceJ'as), Emileia, and Otoites. The presence of the last 
three taxa show that the beds are not younger than the 
European Otoites sau.zei zone. 

The highest few hundred feet of the Red Glacier 
Formation on the north side of Cook Inlet contains the 
ammonites Sonninia tuxedniensis Imlay, Normannites 
(ltinsaites) cJ•ickmayi (l\fcLearn), Steplwnocera8 ef. 
S. nodosum, (Quensteclt), and 8. (Skirroceras) kl:r
schneri Imlay. This faunule is correlated with the Euro
pean Otoites srwzei zone because of the presence of 
Sonninia and because the basal 150 feet of the overly
ing Gaikema Sandstone contains Sonninia (Papillicer
as) and Emileia, taxa not knm-.;n above that zone. Cor
relation with the upper part of that zone is indicated by 
stratigraphie position and by the present of N ormaTi
nites. 

The lmYer fourth of the Fitz Creek Siltstone, overly
ing the Gaikema Sandstone, has furnished few ammon
ites, and those do not permit a precise age determina
tion. The upper three fourths, however, has furnished 
many species of the genera Olwndroceras, N ormann
ites, Stephanoceras, Stemmatoceras and Teloceras, 
\Vhich in association are excellent evidence for correla
tion with the European zone of Steplwnoceras hum
phriesiamun (Imlay, 1964 a, p. B12-B14). Further
more, this ammonite. faunule contains some of the same 
species as occur in eastern Oregon in certain units of the 
Snowshoe Formation. Thus species in common occur 
in the. upper part of the Basey l\Iember in the Suplee 
area, the middle. member in the Izee area, in the middle 
part of the Snowshoe Formation in the Seneca are.a., and 
in some beds just north of Emigrant Creek in the Saw-
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tooth Creek quadrangle, as discussed in detail herein. 
These species inelude OhondJ•ocer(J)3 allani (J\1:cLearn), 
... VoJ'mann,ites (Itinsatites) crickmayi (McLearn), Ste
phanoceJ•as (Skirroceras) ldrschneri Imlay, Teloceras 
ittrume (McLearn). They probably also inelude No-r-
1nannites (I t-insaites) itinsae (McLearn), and Zen~iste
phanus richanhwni (vVhiteaves). 

The overlying Cynthia Falls Sandstone north of Cook 
Inlet contains ammonite genera and species (Imlay, 
196-!a, p. B14) in common with those of the Fitz 
Creek Siltstone and similarly is correlated with the 
Stephanocera8 h'ltmph1·iesianwn zone. Its. stratigraphic 
position shows, however, that it be longs to the very top 
of that zone. 

The highest beds of Bajocian age north of Cook In
let are ineluded in the Twist Creek Siltstone (Detter
man and Hartsock, 1966, p. 34) and are characterized by 
the ammonites SJn'roceJ'as?, L1'ssoce1·as, Oppelia (L,i-
1'owyites), N orrnannites, JJ[ ega8phaeroceras, Sphaero
cera8, Leptosphinctes, and L. (Prorsisphinctes) (Imlay, 
1962). An early late Bajocian age is shown by the asso
ciation of N onnannites with Spi1'oceras ,c; and Lepto
phinctes. J\{ost of these genera occur likewise in eastern 
Oregon in the highest part of the Snowshoe Formation 
near Seneca and at the top of a Bajocian sequence in the 
Juniper ]\fountains south of Brogan. 

In the Talkeetna :Mountains of southern Alaska, the 
Tuxedni Formation has yielded ammonites of early to 
late Bajocian age as previously discussed (Imlay, 1962, 
p. A2, A6; 1964a, p. B9, B10, B14, B18, B27). Restudy 
of several collections, however, has furnished informa
tion of age significance. 

First, from the basal part of the Tuxedni Formation 
was obtained Asthenoceras cf. A. delicatum bnlay, n. sp. 
(pl. 4, figs. 1, 2, this report) (l\1:esozoic loc. 2-!137), 
'vhich, considering the range of A. delicatum, in Oregon, 
could represent any part of the Sonninia soloerbyi or 
Otoites sauzei zones. 

Second, from so mew hat higher in the formation was 
obtained an ammonite (Imlay, 1964a, p. B33, pl. 4, figs. 
5, 6, 12) that was identified by Westermann (1969, p. 
94) with Sonninia (Euhoploce1'as) bifurcata Wester
mann from the Alaska Penninsula and assigned by him 
(1969, p. 22) to the basal subzone of the Sonninia sowe'r
byi zone. 

Third, from a unknown stratigraphic position in the 
Tuxedni Formation were obtained (l\1:esozoic loc. 
24120) the ammonites Planmnmatoceras cf. P. benneri 
(Hoffman), ("\Vestermann, 1969, p. 2-!, 90; Imlay, 196-!a, 
p. B33, pl. 3, figs. 2-4), 8onninia (AlaBkoceras) cf. 8. 
(A.) alaslcensis vVestermann (1969, p. 2-!, 103~ Imlay, 
1964a, p. B33, pl. 2, figs. 1, 2), 8tephanocera:s (Skirro
ceJ•as) nelchinanum Imlay (1964a, p. B-!6, pl. 15, figs. 

1, 3, 4-6, pl. 16, fig. 2), and8tephanoceras (Skirroce,ras) 
ju-hle1: Imlay (196-!a, p. B-!7, pl. 16, figs. 1, 5, 6). This as
sociation puzzled "\Vestermann (1969, p. 24) because the 
first two species occur on the Alaska Peninsula with 
other ammonites characteristic of the basal subzone of 
the Bonninia soweJ•byi zone, whereas Skirroceras in 
Europe is typical of the appreciably younger Otoites 
sauzei zone. He suggested, therefore, that the specimens 
of Stephanoceras may have been collected from a higher 
bed than the other ammonites (\:V estermann, 1969, p. 
92). Nonetheless the association may be normal because 
in eastern Oregon the lowest occurrence of 8. (B.) 
}uhlei Imlay in the topmost bed of the Weberg J\fem
ber can be only slightly younger than the basal subzone 
of the Sonninia sowe1•byi zone. 

Most of the Bajocian ammonites fron1 the Talkeetna 
l\1ountains represent an assemblage characterized by 
Parabigotites craBsicostatu8 Imlay (1964a, p. B54, pl. 
29) in association with such ammonites as Eudnieto
ceras, Bonninia (Papillicera8), Witchellia, Pelekodites, 
Bradfordia, Otoites, Laby1·inthoceras and StezJhano
cei'a.<s. Of these PaPabigotites, 8. ( Papilliceras), vV itch
ellia, and Btephanoceras are represented by identical or 
probably identical species in the vVarm Springs Mem
ber of the Snmvshoe Formation in eastern Oregon. 

BRITISH COLUMBIA AND ALBERTA 

Ammonites of early l\fiddle Jtu:assic (Bajocian) 
age from western British Columbia have been described 
and correlated in detail by Frebold ( 1964) and Fre
bold, Tipper, and Coates (1969) and their age signifi
cance has been discussed briefly by Imlay ( 1964a, p. 
B19) and Westermann (1969, p. 24-26). Overall they 
bear dose resemblances specifically and stratigraphi
cally to Bajocian ammonites in Alaska and Oregon. 

The lower Bajocian (Aalenian) is represented by 
T1netoce7•as and Erycites (equals E1·ycitoides of West
ermann, 196-!a, p. 358) in three areas in southwestern 
British Columbia ( Frebold, 1951; in Frebold and 
others, 1969, p. 21, 24, 25, fig. 1 opposite p. 1). Correla
tion with the lower part of the I\:ialagvik Formation on 
Wide Bay, Alaskan Peninsula, is furnished by the 
species present. 

Lower middle Bajocian ammonites, probably rep
resenting Sonninia and Witchellia, have been found on 
Hudson Bay Mountain in west-central British Col
umbia ( McLearn, 1926; Westermann, 1969, p. 24, 25). 
Two of these, 8 on:ninites sil ueTia McLearn ( 1926, p. 
96, pl. 2·1:, fig. 3) and B. sX~awaki l\1:cLearn (1926, p. 97, 
pl. 24, figs. t 2) resemble and possibly belong to· the 
new subgenus TVitchellia (Latiwitchellia) described 
herein. One of the ammonites, Ouhsania belle McLearn 
( 1926, p. 98, pl. 25, fig. 1) could be related to the sub-
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genus Sonninia (Papillice1·as), as suggested by Wester
mann (1969, p. 24). Another ammonite, Sonninites 
hansoni McLearn ( 1926, p. 95, pl. 23, figs. 2, 3) could 
be interpreted as a much worn specimen of S. (E.) 
modesta Buckman, as suggested by its vertical umbilical 
wall, abrupt umbilical edge, and the fine ribbing on its 
inner whorls. Overall, this ammonite faunule from 
Hudson Bay Mountain resembles the faunule in the 
upper part of the Weberg Member and is probably 
of the same age. 

Another ammonite faunule, represented by Sonninia, 
has been collected in the Rocky Mountains near Lake 
Minnewanka in southwestern Alberta. It consists of a 
few poorly preserved ammonites that have been identi
fied as Sonninia spp. undet. (Frebold, 1957, p. 48, 49, 
pl. 19, figs. 2a, b, pl. 20) and Sonninia gracilis (White
aves) (Frebold, 1957, p. 48, pl. 19, figs. 1a, b) and have 
been correlated with the S onninia sowerbyi zone by 
Frebold (1957, p. 13; 1964, table 1 opposite p. 24). 
The same ammonites have been assigned to Witchel
lia, Sonninia (Euhoploceras) and questionably to S. 
(Alaskoceras) by Westermann (1969, p. 26, 94, 99, 107). 

No faunal evidence has been found in western Can
ada for the presence of beds equivalent to the European 
Otoites sau.zei zone or the Parabigotites crassicostatus 
ammonite faunule of southern Alaska and eastern 
Oregon. Furthermore, the possibility that the sauzei 
zone is represented in the Manning Park area, Brit
ish Columbia, by an association of Zemistepltan'us rich
ardsoni (Whiteaves) and Graphoceras crickmayi Fre
bold, as suggested by Frebold (in Frebold and others, 
1969, p. 18, 22, 25, 26, 32, 33, 35, pl. 2) seems most un
likely, considering the range of Zernistephanus in Alaska 
(Imlay, 1964a, p. B15, B16, B51 and B52), and the 
range of Graphoceras in Europe (Arkell, 1956, p. 33). 

A1nmonites representing the European Stephanoceras 
hu1nphriesianum zone are widespread in British Colum
bia and Alberta. (See references to McLearn, Warren, 
and Frebold in Imlay, 1964a, p. B19.) This correlation 
is based on the association of Teloceras, Stemmatoceras, 
Stephanoceras, N ormannites and Ohond·roceras which 
are common in that zone in Europe. It is based also on 
the absence of such taxa as Witchellia, Papilliceras, 
Otoites, E1nileia and Labryinthoceras which are char
acteristic of the underlying Otoites sauze'i zone in Eu
rope and of the Parabigotites crassicostatus faunule in 
southern Alaska and eastern Oregon. 

WESTERN INTERIOR OF THE UNITED STATES 

Marine Jurassic beds equivalent to the European 
Stephanoceras humphriesianum zone have been identi
fied in the western interior of the United States only 

in northwestern Montana. The evidence consists of an 
association of Ohondroceras and Stemmatoceras near 
the base of the Jurassic (I1nlay, 1967, p. 34, 59, 90-94, 
pl. 6, figs. 1-3, 7, 8, pl. 7, figs. 1-13, pl. 8, pl. 9, pl. 12, 
figs. 1-4) . The resemblance of the single specimen of 
Olwndroceras present to 0. allani (McLearn) indicates 
correlation with the highest known Bajocian beds in 
Canada, with the topmost part of the Basey Member 
of the Snowshoe Formation in the Suplee area, Oreg., 
and with equivalent beds near Seneca, Oreg. 

Basal upper Bajocian beds, apparently equivalent 
to the European Stre1wceras sub furcatum zone, occur 
near the base of the Twin Creek Limestone in southeast
ern Idaho, western Wyoming, and northern Utah 
(Imlay, 1967, p. 28, 61). The age evidence consists of an 
association of Stephanoceras, Stemmatoceras, Mega
spltaeroceras and Spiroceras (Imlay, 1967, p. 88-91, 96, 
97). Derivation of this faunule from a transgression of 
the Pacific Ocean is shown by the presence of identical 
to similar ammonites in eastern Oregon, in the highest 
Bajocian rocks exposed near Seneca and on Juniper 
Mountain south of Brogan. 

NORTHERN CALIFORNIA 

From the Mormon Sandstone near 'Taylorsville (fig. 
1) in the Sierra Nevada have been obtained a few am
monites that constitute excellent evidence for correla
tion with the European zone of Otoites sauzei and with 
the Warm Springs Member of the Snowshoe Formation 
in eastern Oregon. These correlations are based mainly 
on the occurrence of the subgenus Sonninia (Papil
liceras) at several levels and particularly the species S. 
( P.) stantoni Crickmay in the lower part of the forma
tion. The a.mmonites and their faunal units as described 
by Crickmay ( 1933, p. 898, 899, 908-913) are listed from 
top to bottom as follows : 

PapilUcera.s juramontanum Crickmay (unit 8) 
Holcophylloceras falciterum Crickmay (unit 7) 
Papilliceras blackwelderi Crickmay (unit 7) 
Otoites reesidei Crickmay (unit 7) 
Ohondroceras russelli Grickmay (unit 7) 
Papilliceras stantoni Crickmay (unit 5) 
Stiphromorphites schucherti Crickmay (unit 4) 

The above listed species of Papilliceras are identical, 
or probably identical, with species in the Warm Springs 
Member of the Snowshoe Formation in eastern Oregon. 
Smvninia ( Papllliceras) juramontanum ( Crickmay) 
(1933, p. 911, pl. 311) is probably represented at Lu
pher's locality 206. S. (P.) blackwelderi Crickmay 
(1933, p. 911, pl. 30, figs. 1-4) is probably identical with 
S. (P.) cf. S. (P.) arenata (Quenstedt) from the upper 
part of the member at USGS Mesozoic loc. 29241. S. 
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(P.) stantoni Crickmay (1933, p. 910, pl. 29, figs. 1, 2, 
pl. 32, fig. 1) occurs throughout the vV ann Springs 
l\fember as \vell as in beds transitional with the underly
ing vVeberg Member. 

Of the annnonites listed from faunal unit 7 of Crick
may (1933, p. 898), Holcophylloceras is of no age value 
and Olwndroceras russelli Crickmay (1933, p. 913, pl. 
27, figs. 6-8) is not generically determinable. Otoites 
'l'eesideJ Crickmay (1933, p. 912, pl. 27, figs. 9-11), now 
assigned toN or1nan,nites, is of stratigraphic significance 
however, because it is closely similar to the holotype of 
N. braike-nridgii (J. de C. Sowerby) Buckman, 1913, pl. 
81; vVestermann, 1954, pl. 9, figs. 1-3) which appears to 
be restricted to the upper part of the Otoites sauzei zone 
(Davies, in Buckman, 1930, p. 34; vVestennann, 1954, 
p.168). This agrees with the specific comparison and age 
determination made by Crickmay ( 1933, p. 898, 912). 

The species described as Stiphromorphites sch'lwlwrti 
Crickmay (1933, p. 909, pl. 28, figs.1-3) was considered 
by vVestermann (1969, p. 99) to be related to Sonninia 
(Eulwploceras) bifm'cata vVestermann (1969, p. 94-
101, pis. 23-26) from the vVicle Bay area on the Alaskan 
Peninsula. It appears to differ, however, by lacking 
tubercles on all exposed whorls, by having rib furcation 
near the umbilicus instead of above the 1nidclle of the 
flanks, and by the ribs on its outer whorls fading on the 
margins of the venter. In these respects it shmYs n1ore 
resemblance to Sonninia 11odatipinguis (Buckman) 
( 1923, pl. 398), with which it was compared by Crick
may ( 1933, p. 910), and to S. tuxedniensis Imlay ( 1964a, 
p. B32, pl. 2, figs. 5-10) from southern Alaska. If these 
comparisons are valid, the presence of S. schuche1·ti in
dicates correlation with the Otoites sauzei zone, whereas 
its identification with the subgenus Euhoploceras would 
indicate correlation with the lower part of the Sonninia 
sowe rbyi zone. 

In addition to these ammonites, one external mold of 
Steplwn.oceras was collected by Dr. G. E. G. 1Vester
lnann frmn the, lower part of the upper half of the Mor
lnon Formation and "·as labeled by him as Stephano
ceras (Skirroceras) bayleanwn (Oppel). This specimen 
is nearly identical with Stephanoceras rhytus Buckman 
(1921, pl. 250a,b) from the Otoites sa-uzei zone in Eng
land (Davies, in Buckman, 1930, v. 7, p. 34) in its highly 
evolute coiling and in the fineness and density of its 
secondary ribs. It likewise closely resmnbles S. (S.) 
j'lthlei Imlay (1964a, B47, pl. 16, figs. 1,3-6, pl. 17) fron1 
Alaska and Oregon in ribbing but apparently is a little 
more evolute. It is slightly finer ribbed than the holo
type of S. (S.) bayleamlm (Oppel) (d'Orbigny, 1946, 
pl. 133) from the Otoites sauzei zone and is much finer 

and denser ribbed than the specimens assigned to that 
species by Fallot and Blanchet (1923, p. 155, pl. 5, figs. 
1-3). The close resemblance of this California specimen 
to S. juJtlei In1lay suggests that it is a variant of that 
species and has the same age significance. 

EAST -CENTRAL CALIFORNIA 

The lower Bajocian (Aalenian) is represented near 
the middle of the Sailor Canyon Formation by the anl
monite Tm,etoceras in association with the pelecypod 
Bo.rsitra buchii (Romer). These were obtained from 
about 8,500 to 11,000 feet above the base of the fornla
tion on the north side of the North Fork of the Ameri
can River near the center of SE1,4 sec. 26 (USGS Meso
zoic loc. 28389) and the NvVl;~, SvV1,4 sec. 25 (USGS 
l\Iesozoic loe. 28388), T. 16 N., R. 13 E., Royal Gorge 
quadrangle, Placer County, Calif., (L. D. Clark, written 
commun. September 1970). 

SOUTHERN CALIFORNIA 

The middle Bajocian is represented in the Bedford 
Canyon Formation of the Santa Ana l\1ountains south
east of Los A.ngeles, by the ammonite Dorsetensia in 
association with some small strongly tuberculate ain
monites suggestive of Teloceras or Stemmwtoceras (lin
lay, 1964c). The specimens of Dorsetensia resemble D. 
liostraca Buekman (1892, pl. 53, figs. 11-16, pl. 55, figs. 
4,5; pl. 56, fig. 1) from Europe. They have weaker rib
bing than any of the species of Dorsetensia from eastern 
Oregon of a comparable size but are most similar to D. 
cf. D. subtexta Buekman, as illustrated herein. 

EUROPE 

During Bajocian time, the ammonite succession in 
Europe both resembled and differed fron1 that in eastern 
Oregon as shown in table 4. The resemblances show 
clearly that certain genera and speeies lived at about the 
same time and in the same order in both areas. The dif
ferences, exeept in the basal Tm,etoceras-bearing beds, 
cannot be explained by collection failure beeause the 
same, or similar, differences exist bebveen the Bajocian 
ammonites of Alaska and those, of Europe (Imlay, 1962, 
p. A4; 1964a, p. B21; vVestermann, 1969, p. 29-31). 
Apparently during Bajocian time some faunal differen
tiation oceurrecl in the Pacific Ocean differe-nt from that 
in the seas of Europe (Imlay, 1965, p. 1024, 1030-1032). 
Nonetheless the affinitie-s of most of the Bajocian anl
monites of Oregon are remarkably close to ammonites 
of the s:une age in Europe.. 



36 MIDDLE JURASSIC (BAJOCIAN) AMMONITES FROM EASTERN OREGON 

TABLE 4.-Comparisons of Bajocian ammonites in eastern Oregon 
and Europe 

European 
zones 

Parkinsonia 
parkinsoni 

Garantiana 
garantiana 

Taxa represented by identical 
or similar species 

Not identified 

Taxa differences with 
Europe 

----------------------------------
Strenoceras 

subfurcatum 

Stephanoceras 
humphriesianum 

Spiroceras, Leptosphinctes, 
and Sphaeroceras 

Teloceras, Normannites, 
Sphaeroceras, Chondroceras, 
Stephanoceras, and 
Poecilomorphus 

Absence of Parkinsoniidae. 
Presence of 2\1egasphaeroceras 

Presence of Zemistephanus 

---------------------------------- ---------

Otoites sauzei Witchellia, Dorsetensia, 
Papilliceras, Ernileia, 
Otoites, Stephanoceras, 
Normannites and 
Pelekodites 

Sonninia sowerbyi Witchellia, Papilliceras, and 
(Upper and Stephanoceras 

middle parts) 

Sonninia sowerbyi 
(Lower part) 

Euhoploceras, Fontannesia, 
Docidoceras, Strigoceras, 
Praestrigites, Hebetoxyites, 
Euaptetoceras, and 
Pelekodites 

Presence of Parabigotites and 
Asthenoceras. 

Rarity of Sonninia 

Presence of Asthenoceras. 
Absence of Shirbuirnia and 

Fissilobiceras 

Absence of Hyperlioceras. 
PrPsence of Latiwitchellia, 

Asthenoceras, and 
Papilliceras 

Graphoceras 
concavum 

Tmetoceras and Praestrigites Absence of Graphoceratidae 

Ludwigia 
murchisonae 

Trnetoceras 
scissurn 

Leioceras 
opalinum 

Tmetoceras and tubPrculate 
Planamrnatoceras? 

Not identified 

The comparisons of Bajocian ammonites between 
Oregon and Europe apply partly to comparisons of 
Bajoci·an ammonites between Alaska and Europe. Thus, 
most ,of the Oregon taxa differences with Europe are 
also taxa differences between Alaska :and Europe. Many 
of the taxa resmnblances with Europe apply also b-e
tween Alaska and Europe. Nonetheless, the affinities of 
the early 1niddle Bajocian beds in eastern Oregon char
acterized by Enhoploceras, Fontannesia, and Docido
ce'ras are much stronger with those in Europe than in 
Alaska. Likewise the affinities of the Oregon late Bajo
cian beds characterized by Spi'l·oceras appear to be 
stronger with those in Europe. It appears, therefore, 
that marine connections with Eur.ope at certain times 
were frmn the south via Central America or around 
South America, rather than from the north via Alaska. 

PALEOGEOGRAPHIC SETTING 

The Bajocian rocks of east-central Oregon were de
posited in the western part of a sea that transgressed 
eastward from the Pacific Coast region far into the 
western interior of the continent (Imlay, 1967, fig. 13 
on p. 54). Deposition of lower Bajocian (Aalenian) 
beds, identified by Tmetocerws, occurred at least as far 
east as the Snake River in Oregon, as far east as West
gate in west-central Nevada ( Corvahin, 1962), and as 

rar east as southwestern British Columbia (Freb.old, 
1951, pp. 18-20; Frebold and others, 1969, p. 21). Depo
sition of lo·wer middle Bajocian marine beds, corre
sponding to the European S onninia sowerbyi zone, oc
curred as far east as the Snake River area in eastern 
Oreg,on and as far east in Canada as southwestern Al
berta (Frebold, 1957, p. 48, 49; 1964, p. 2; McLearn, 
19'26; Frebold and others, 1969, p. 35). Deposition of 
slightly younger marine beds, corresponding to the 
European Stephanoceras hcttmphriesianrurn zone, oc
curred as far east as western Montana and southern 
Alberta and apparently were replaced farther east and 
south by red beds and gypsum. Finally the transgres
sion was climaxed by deposition of formal marine upper 
Bajocian sediments in eastern Oregon as well as 
throughout the western interior region as far east as 
the Dakotas and as far south as southwestern ·Utah 
(Imlay, 1967, p. 22-35, 59). Failure to find any upper 
Bajocian fossils in British Columbia (Freb.old and 
others, 1969, p. 16) or in the Rocky Mountains of Al
berta (Frebold, 1957, p. 13; 1964, p. 5) indicates that 
main transgression came frmn the west rather than 
through Canada. 

The Bajocian rocks of east-ern Oregon are part of 
the \-vestern v,olcanic facies of the Jurassic as described 
by Dickinson (1962, p. 1243-1247) and consist mostly 
of clastic volcanic material but locally include sub
marine lava flows and volcanic breccias. Even the mud
stones and claystones, such as represented by the Warm 
Springs Mmnber in the Suplee area and the lower mem
ber of the Snowshoe Formation in the Izee area contain 
fragments ,of andesitic rocks (Dickinson and Vigrass, 
1965, p. 46, 54). Nonvolcanic sedimentary 1naterial in
cludes organic matter, apparently much of the mudstone 
and siltstone, some thin beds of limestone, and all of 
the clastic material derived from older nearby sedi
mentary beds, such as occurs in the Weberg Member 
of the Sno·wshoe Formation. 

Conditions of deposition, as described by Dickinson 
and Vi grass ( 1965, p. 58-60), varied considerably in 
time and space, depending on the positions of volcanic 
vents and islands of Triassic or Paleozoic rocks and de
pending on the rapidity and a1nount of subsidence of 
the basins. Unquestionably the Weberg Member of the 
Snowshoe Formation in the Suplee area was deposited 
in fairly shallow waters of a sea that was transgressing 
westward. This is shown by the presence of numerous 
thick-shelled pelecypods. including Ostrea and Gry
phaea, and by the fact that the basal part of the for
ma.tion contains younger and younger a1nmonites from 
east to west. The lower part of the ove.rlying Warm 
Springs Member was also deposited in shallow water, 
as shown by the presence of 0 8trea. 
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The remainder of the Warn1 Springs Member, as well 
as the lower member of the Snowshoe Forma,tion in the 
Izee area,, were probably deposited in deeper water than 
was the Weberg Membe.r, as suggested by the absenee of 
benthonic mollusks and by the fact that the sea trans
gressed westward but the -..vater need not have been 
deeper than neritic zone depth. Deposition in quiet 
waters is clearly shown, however, by the homogeneous 
character of the mudstones and siltstones, the presence 
of fine laminations in these rocks, and an abundance of 
well-preserved specimens of the fragile pelecypod 
Bositra buchii (Romer) (equals Posidonia ornati 
( Quenstedt) ) . As this species probably swam freely 
(Jefferies and Minton, 1965, p. 156-179), its presence 
is not an indication of depth. 

The clastic volcanic rocks in the Suplee and Izee 
areas, according to Dickinson and Vi grass ( 1965, p. 
49-51, 54-56, 58-60), were derived from volcanic vents 

to the east and west. They state that the volcanic. ma
terials of the Silvies Member of the Snowshoe Forma
tion were probably deposited by -..vestward-moving 
turbidity currents, as indicated by the presence of well
sorted graded layers, marked increase)n conglomeratic 
la,yers eastward, and marked thickening eastwa,rd. They 
state that the Basey Member of the Snowshoe Forma
tion contains well-sorted volcanic sandstone indicative 
of deposition in shallow agitated waters. Nonetheless 
the men1ber also contains layers of finely laminated silt
stone full of Bositra whose presence is indicative of 
quiet, but not necessarily shallow, waters. 

GEOGRAPHIC DISTRIBUTION 

The geographic. occurrences of the ammonities de
sc.ribed herein are shown on plate 48 and tables 5 to 10. 
Detailed descriptions of the individual localities fol
low table 10. 



Species 

TABLE 5.-Geographic distribution of Bajocian ammonites in the Weberg Member of the Snowshoe Formation in the Suplee area 

[All one- and two-digit numbers refer to localities on pl. 48 E, F, H. Other numbers are USGS Mesozoic locality numbers or collector's field numbers] 
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TABLE 5.-Geographic distribution of Bajocian ammonites in the Weberg Member of the Showshoe formation in the Suplee area-Continued 
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40 MIDDLE JURASSIC (BAJOCIAN) AMMONITES FROM EASTERN OREGON 

TABLE 6.-Geographic distribution of Bajocian ammonites in the Warm Springs Membe1· of the Snowshoe Formation in the Suplee area 

[One- and two-digit numbers refer to numbers on pl. 48, E, F, H. Other numbers are USGS Mesozoic locality numbers or collector's field numbers] 
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TABLE 7.-Geographic distribution of Bajocian ammonites in the Basey JV!ember of the Snowshoe Formation in the Suplee area 

[One- and two-digit numbers refer ta numbers on pl. 48, E, F, H. Other numbers are U.S.G.S. Mesozoic locality numbers or collector's field numbers] 
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TABLE B.-Geographic di~tribution of Bajocian ammonites in the Snowshoe Formation in the Izee area 

[Nos. 9Q-109 refer to numbers on pl. 48, C, D. Other numbers are USGS Mesozoic locality numbers or collector's field numbers] 
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TABLE 9.-Geographic distribution of Bajocian ammonites in the Snowshoe Formation in the Emigrant Creek area in Harney County and 
the Seneca area in Grant County 
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TABLE 10.-Geographic dt:stribut1'on of Bajocian ammonites in un
named Jurassic beds in M alheur and Baker Counties 

[Nos. 133-143refer to numbers on pl. 48, I, J, K. Other numbers are USGS Mesozoic 
locality numbers] 

Species 

Malheur County Baker 
County 

~lover ---------~ Bridge------

Creek Brogan quadrangle port Huntington 
area quad- quadrangle 

rangle 

133 134 135 136 137 138 139 140 141 142 143 

..... ..... ..... 
gj 

Phylloceras? sp ________________ X ___ --- --- --- --- --- --- -------- ---- ---- ----
Holcophylloceras sp________ ____ ____ ___ ___ ___ ___ ___ ___ X ___________________ _ 
Spiroceras bifurcatum 

(Quenstedt) _______________________ X _______________________ ---- ____ ----
annulatum 

(Desphayes) ___________________ X ______ --- ______________ ---- ---- ----
sp _________________________ ----X -------------------------- -------- X 

Asthenoceras delicatum 
Imlay, n. sp ____________ X ---- ___ --- --- --- ------X -------- ---- ---- --

Fontannesia cf. F. 
luculenta Buckman _____ X ________________ --- ___ X -------- ---- ---- --

Imetoceras scissum 
(Benecke) ________________________________ X X ___ --- ________ ---- X ----

Eud~~io-ce-r-as-sp ___ ========= ==== ==== === === === ==: === x- === -----~- =::= :=:: ==== Witchellia? sp __________________ X ___ --- ___ --- --- --- --- -------- ---- ---- ----
Docidoceras? sp. juv ______________________________ X --- -------- ---- ____ ----
Normannites sp ___________________ X X --- --- --- --- --- -------- ---- ---- ----
Stephanoceras sp. lJ _______________ X --- ___ --- --- --- --- -------- ---- ---- ----

sp. C _____________________ ----X --- --- --------- ----------- ---- --------
sp _________________________________________ --- --- --- -------- X ---- ----
?sp ________________________ X ___ --- X --- --- --- --- -------- ---- ---- ----

Lupherites senecaensis 
In1lay, n. sp ________________________________ --- ______ -------- X ---- ----

Leptosphinctes (Prorsi-
sphinctes) sp. juv _______________ X X --- --- --- --- --- -------- ---- ---- ----

Parabiqotities? sp ______________ X ___ --- --- --- --- --- --- -------- ---- ---- ----
Lamellaptychus sp ________ X ________________ --- ___ X -------- ---- ---- ----

Loc. No. 
(pl. 48) 

Geological 
Survey 

Mesozoic 
localities 

Collector's 
field 

numbers 
Collector, year of collection, description 
of locality, and stratigraphic assignment 

L _________________________ V14L ________ L. W. Vigrass and others, 1956. South-facing 
slope of a minor tributary to Spring 
Creek, 1,800 ft north of an old barn on 
Spring Creek, SW}iNW% sec. 7, T. 17 S., 
R. 27 E., Dayville 30-min quad., Grant 
County, Ore.g. Warm Springs Member of 
Snowshoe Formation, near base. 

2_ ------------------------ V149 ________ L. W. Vigrass and others, 1956. South-facing 
slope of small bare hill in S E corner 
sec. 7, T. 17 S., R. 27 E., Dayville 30-min 
quad., Grant County, Oreg. Warm 
Springs Member of Snowshoe Formation, 
upper part. 

3 ___________ 27376 ________ I58-9-4B ____ R. W. Imlay, 1958. On road from Suplee to 
the South Fork of John Day River, just 
west of Beaver Creek, west-central part 
of SE}iSW}i sec. 20, T. 17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Basey Member of Snowshoe Forma
tion, near base in area where member is 
about 1,400 ft thick. 

4_ ________________________ V40L_____ L. W. Vigrass, 1957. About 100ft east of a 
small channel, 1,400 ft north of road from 
Izee to Suplee, and 900ft west of road from 
Pine Creek to the Schnabele Ranch 
houses, west-central part of NW~iNW}i 
sec. 23, T. 17 S., R. 26 E., Dayville 30-
min quad., Grant County, Oreg. Basey 
Member, near base, below a sandstone 
unit. 

5 ___________ 27377 ________ I58-9-4C ____ R. W. Imlay, 1958. Roadcutin SE}iNE% 
sec. 22, T. 17 S., R. 26 E., Dayville 30-
min quad., Grant County, Oreg. Basey 
Member of Snowshoe Formation, near 
base. 

5 ___________ 27737 ________ Bud 57 ______ H. J. Buddenhagen, 1959. Roadcut in 
SE3:.JE% sec. 22, T. 17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Probably same place as Mesozoic 
loc. 27377. Basey Member of Snowshoe 
Formation, near base. 

Loc. No. 
(pl. 48) 

Geological 
Survey 

Mesozoic 
localities 

Collector's 
field 

numbers 
Collector, year of collection, description 
of locality, and stratigraphic assignment 

6 _________________________ V170 ________ L. W. Vigrass, W. R. Dickinson, S. W. 
Muller, and J. H. Beeson, 1956. Roadcut 
about 0.25 mile west of junction of Shaw 
Creek with Pine Creek, opposite crossing 
of road from the Old Harris Place, NW% 
SW~4 sec. 24, T.17 S., R. 26 E., Dayville 
30-min quad., Grant County, Oreg. 
Basey Member of Snowshoe Formation, 
probably at least 600 ft above base at 
place where member is about 800ft thick. 

7 _________________________ V169 ________ L. W. Vigrass, W. R. Dickinson, S. W. 
Muller, and J. H. Beeson, 1956. Base of 
west slope of short valley that drains 
northward into Pine Creek, about 1100 ft. 
south of channel of Pine Creek, NW cor
ner of SW74SW74 sec. 24, T. 17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Basey Member of Snowshoe For
mation, about 100ft below base of a vol
canic sandstone unit, probably 600 ft 
above base of member at place where 
member is about 800ft thick. 

8 _________________________ V158 ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Roadcut on 
Shaw Creek, 700ft southeast of a sulphur 
spring, SW74NE74 sec. 25, T. 17S.1 R. 
26E., Grant County, Oreg. Weoerg 
Member of Snowshoe Formation. 

8 __________ 26764 ________ !57-7-7 ______ R. W. Imlay, 1957. Same place as loc. V158 
in lower part of Weberg Member of Snow
shoe Formation. 

8 ___________ 27374 ________ I58-9-3A ____ R. W. Imlay, 1958. Same place as Mesozoic 
loc. 26764 and Vigrass' loc. 158. 

9 __ --------------------- __ L366 ________ R. L. Lupher, 1930. Second spur east of the 
Old Wm. Harris Ranch house, near cen
ter sec. 26, T. 17 S., R. 26 E., Dayville 
30-min. quad., Grant County Oreg. 
Above coarse grit bed in Weberg Member 
of Snowshoe Formation. 

10 __________ 29821_ _______ I69-7-2C ____ W. 0. Ross, 1969. On south side of small 
anticlinal nose east of the Old Harris 
Place (abandoned) in northern part of 
SE%SW}i sec. 26, T. 17 S., R.26 E., Day
ville quad., Grant County, Oreg. Weberg 
Member of Snowshoe Formation. 

10 ________________________ L411 ________ R. L. Lupher, 1930? On the Old Wm. 
Harris Ranch in sec. 26, T. 17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Weberg Member of the Snowshoe 
Formation. 

10 ________________________ L207 ________ R. L. Lupher, 1928. Hill directly east of 
Wm. Harris Ranch house (abandoned) 
on upper part of Pine Creek, NE}iSW% 
sec. 26, T. 17 S., R. 26 E. Dayville 30-min 
quad., Grant County, Oreg. Upper 
part of sandy beds containing many 
pelecypods. Weberg Member of Snowshoe 
Formation. 

10 ________________________ L208 ________ R. L. Lupher, 1928. In hills a Httle east 
of Lupher's loc. 207 and probably lower 
stratigraphically. 

10 ________________________ L368 ________ R. L. Lupher, 1930. First anticlinal spur 
east of Old Wm. Harris Ranch house, 
southern part of NE}iSW% sec. 26, T. 
17 S., R. 26 E., Dayville 30-min quad., 
Grant County, Oreg. Above coarse grit 
bed. in Weberg Member of Snowshoe 
Formation. 

10 ________________________ L465 ________ R. L. Lupher, 1931. From coarse grit and 
calcareous sandstone in lower part of 
gritty sequence on spur east of the Old 
Wm. Harris Ranch house. Same location 
as Lupher's loc. 368. Lower part of 
Weberg Member of Snowshoe Formation. 

10 ___ --------------------- L466 ________ R. L. Lupher, 1931. From brown sandstone 
and grit above L465 and at same strati
graphic position and location as L207. 

10 ________________________ L467 ________ R. L. Lupher, 1931. From brown sandstone 
stratigraphically above L466 at same 
location. 

10 ___ --------------------- L468 ________ R. L. Lupher, 1931. From gully 100ft east 
of Old Wm. Harris barn. Stratigraphically 
above L467 at same location. 

ll __________ 29820 ________ I69-7-2B ____ R. W. Imlay, 1969. On northwest-facing 
slope near center of SE%SW74 sec. 26, 
T.17 S., R. 26 E., Dayville30-min quad., 
Grant County, Oreg. From 20-30 ft 
above base of Weberg Member of Snow
shoe Formation. 

12 __________ 29396 ________ I66-8-1A ____ W. 0. Ross; 1966, Roadcut near center of 
SW%SW74 sec. 26, T. 17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Warm Springs Member of Snowshoe 
Formation, near middle. 

12 __________ 29397 ________ I66-8-1B ____ R. W. Imlay, 1966. Same as loc. 29396 
except 25 ft higher stratigraphically. 
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Loc.No. 
(pl. 48) 

Geological 
Survey 

Mesozoic 
localities 

Collector's 
field 

numbers 
Collector, year of collection, description 
of locality, and stratigraphic assignment 

13 __________ 29822 ________ I69-7-2A ____ W. 0. Ross and R. W. Imlay, 1969. On 
northwest-facing slope of low ridge 
southwest from Old Harris Place, SE%: 
SW%SWY.! sec. 26, T. 17 S., R. 26E., 
Dayville 30-min quad., Grant County, 
Oreg. Lower 50ft of Weberg Member of 
Snowshoe Formation. 

14_ _________ 29815 ________ I69-7-7A ____ W. 0. Ross and R. W. Imlay, 1969. Road-
cut on low hill just north of area mapped 
as Shaw Member of the Snowshoe For
mation by Dickinson and Vigrass (1965, 
west half of pl. 1), NEXSE%NE74 sec. 
32, T. 17 S., R. 26 E., Dayville 30-min 
quad., Grant County, Oreg. Basey 
Member of Snowshoe Formation, prob
ably 1,400-1,500 ft. above base (See 
Dickinson and Vigrass, 1965, p. 56, 86.) 

15------------------------ V146 ________ L. W. Vigrass, W. R. Dickinson, S. W. 
Muller, and J. H. Beeson, 1956. Roadcut 
on north side of small gully running 
southwest from volcanic cap rock to 
Swamp Creek, near center of NEXNE% 
sec. 33, T.17 S., R. 26 E., Dayville30-min 
quad., Grant County, Oreg. Basey 
Member of Snowshoe Formation, about 
1,400 ft. above base and near top of mem 
ber. 

16 ___________ 29398 ________ I6!)--8-1C ____ W. 0. Ross, 1966. About0.6milesouthwest 
of loc. 29396 in south-central part of NW};J: 
NE% sec. 34, T.17 S., R. 26 E., Dayville 
30-min quad., Grant County, Oreg. 
Warm Springs Member of Snowshoe 
Formation, near base. 

17 ________________________ V155 ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Bees on, 1956. On top of 
ridge, 1,300 ft. east-northeast of hairpin 
junction of Swamp Creek road with road 
to Pine Creek, SWHNE;4 sec. 34, T. 17 
S., R. 26 E., Grant County, Oreg. Top of 
Weberg Member of Snowshoe Formation. 

17------------------------ L583. _______ R. L. Lupher, 1934. About 1 mile south 
west of the old Wm. Harris Ranch house 
in north half of sec. 34, T.17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Weberg Member of Snowshoe 
Formation. 

18 ________________________ V13Q ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Bulldozer 
cut directly east of road to Pine Creek at 
hairpin juncture of Swamp Creek road 
with road to Pine Creek, SEXNW% sec. 
34, T. 17 S., R. 26 E., Grant County, 
Oreg. Weberg Member of Snowshoe For
mation, upper part. 

!\! ________________________ V128 ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Bulldozer 
cut on southeast side of a right angle bend 
in road along Swamp Creek, NW. cor. of 
NE~SW}i sec. 34, T. 17 S., R. 26 E., 
Grant County, Oreg. Above middle of 
Weberg Member of Snowshoe Formation. 

19 __________ 29403 ____ ---- I6!)--8-1D ____ R. W. Imlay and W. 0. Ross, 1966. East 
side of Swamp Creek in south-central 
part of NW;c4 sec. 34, T. 17 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Near Vigrass' loc. 128. Near top of 
Weberg Member of Snowshoe Formation. 

20 ________________________ V120 ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Crest of 
north-trending nose 200ft west of Swamp 
Creek, SW%SW!4 sec. 34, T. 17 S., R. 26 
E., Grant County, Oreg. Near middle of 
Weberg Member of Snowshoe Formation. 

20 ________________________ V12L _______ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. About 50ft 
southwest of loc. V120 and possibly 10 ft 
higher stratigraphically in Weberg 
Member. 

20 ________________________ V121a _______ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Same loca
tion as V120 but about 20 ft highe.r 
stratigraphically in Weberg Member. 

20_ --------- 29404 ________ I6!)--8-1E ____ R. W. Imlay and W. 0. Ross, 1966. At north 
end of low ridge 200 ft west of SwamP 
Creek, SW%SW% sec. 34, T. 17 s., 
R. 26 E., Dayville 30-min. quad., Grant 
County Oreg. Probably same place as 
Vigrass' loc. 120. Near middle of Weberg 
Member of Snowshoe Formation. 

21------------------------ L360 ________ R. L. Lupher, 1930. On westside of SwamP 
Creek, probably North-central part of 
NW% sec. 3, T. 18 S., R. 26 E., Grant 
County, Oreg. Brown and gray calcar
eous sandstone about 50 ft stratigraphi
cally above base of Weberg Member of 
Snowshoe Formation. 

Lac. No. 
(pl. 48) 

Geological 
Survey 

Mesozoic 
localities 

Collector's 
field 

numbers 
Collector, year of collection, description 
of locality, and stratigraphic assignment 

22 ________________________ V123 ________ L. V. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. On bare 
north-facing slope 150 ft northeast of a 
tributary to Swamp Creek, NW. cor. of 
SW~ sec. 3, T. 18 S., R. 26 E., Grant 
County, Oreg. One-third of distance from 
base to top of Weberg Member. Presum
ably below middle of member. 

22 __________ 29402 ________ I6o--8-2A ____ R. W. Imlay and W. 0. Ross, 1966. On bare 
northerly slope, about half a mile west 
of Swamp Creek in NW. cor. SW~ sec. 3, 
T. 18 S., R. 26 E., Dayville 30-min quad., 
Oreg. Near Vigrass' loc. 123. Near middle 
of Weberg Member of Snowshoe Forma
tion. 

22 ________________________ L355 ________ R. L. Lupher, 1930. On a western tribu-
tary of Swamp Creek near Old Huck 
Smith Ranch (abandoned), west-central 
part of sec. 3, T. 18 S., R. 26 E. (See 
description of sequence (Lupher, 1941, p. 
252), Dayville 30-min quad., Grant 
County, Oreg.) Upper part of Sonninia
bearing limestone of Weberg Member of 
Snowshoe Formation. 

22 ________________________ L36L _______ R. L. Lupher, 1930. Same locality data as 
L360. From a limestone bed 6-18 in. 
thick in brown calcareous sandstone 
about 15 ft. above base of Sonninia
bearing beds in upper part of Weberg 
Member of Snowshoe Formation. 

22 ________________________ L363 ________ R. L. Lupher, 1930. At same place as 
Lupher's loc. 361 but about 8 ft lower 
stratigraphically. Upper part of Weberg 
Member of the Snowshoe Formation. 

22 ________________________ L410 ________ R. L. Lupher, 1930. From measured section 
(Lupher, 1941, p. 252) east of the Old 
Huck Smith house on a western tributary 
of Swamp Creek in west-central part of 
sec. 3, T. 18 S., R. 26 E., Dayville 30-min 
quad., Grant County, Oreg. Upper part 
of Sonninia-bearing beds in the upper 
part of Weberg Member of the Snowshoe 
Formation. 

22 ________________________ L460 ________ R. L. Lupher, 1931. Gray limestone strati-
graphically above Lupher's loc. 355, 
western part of sec. 3, T. 18 S., R. 26 E., 
Dayville 30-min quad., Grant County, 
Oreg. Upper part of Weberg Member of 
Snowshoe Formation. 

23 ________________________ Vl54______ L. V. Vigrass, S. W. Muller, W.R. Dickin-
son, and J. H. Beeson, 1956. South side 
of east-trending ridge 750 ft east of Camp 
Creek and 300ft north of a gully, NE% 
NW!-4 sec. 1, T. 18 S., R. 25 E., Crook 
County, Oreg. Weberg Member of Snow
shoe Formation, probably near middle. 

24. _________ 29406 ________ I66-7-26A ___ R. W. Imlay and W. 0. Ross, 1966. From 
barrow pit below flow rock on east side 
of road, south central part of NE}4SW74 
sec. 1, T.18 S., R. 26 E., Dayville 30-min 
quad., Crook County, Oreg. Basey Mem
ber of Snowshoe Formation, about 900ft 
above base in area where member is about 
2,500 ft thick. 

25 ________________________ V216 ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. On crest of 
short northwest-trending ridge at head 
of creek that flows past the Basey Ranch 
house, SW!;J:SE% sec. 14, T. 18 S., R. 25 
E., Crook County, Oreg. Between 2 and 
4 ft above base of Weberg Member of 
Snowshoe Formation. 

26 ________________________ L21L _______ R. L. Lupher, 1927. From black sandy 
shale on ditch bank on east side of Beaver 
Creek opposite lower cabin between the 
mouths of Warm Springs Creek and 
Cl2ar Creek. Probably in SE~SW74 
sec. 8, T. 18 S., R. 26 E., Dayville 30-min 
quad., Grant County, Oreg. Warm 
Springs Member of Snowshoe Formation, 
probably upper part. 

27 __________ 26796 ________ V412 ________ R. W. Imlay, 1957. Greenish shale in 
road cut about 1mile northwest of Weberg 
Ranch houses at point where road 
changes from west-northwest to north, 
near center of SEl-;lNW!.i sec. 13, T. 18 S., 
R. 25 E., Dayville 30-min quad., Crook 
County, Oreg. Basey Member of Snow
shoe Formation, about 600 ft above 
base at place where member is about 
2,500 ft thick. 

28 ________________________ Y235(V241) __ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Near Wade 
Butte. A little west of center of sec. 24, 
T. 18 S., R. 24 E., Crook County, Oreg. 
Weberg Memher of Snowshoe Formation. 

____ ---------------------- V24L_ ______ Same as loc. V235. 
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29_ ----------------------- L2Q6 ________ R. L. Lupher, 1928. From shale exposed on 
westward-trending strike ridge capped 
with porphyry on west side of Warm 
Springs Creek opposite the Weberg 
Ranch house. Probably from northern 
part of NE~ sec. 24, T. 18 S., R. 25 E., 
Dayville quad., Crook County, Oreg. 
Warm Springs Member of Snowshoe 
Formation. 

30 __________ 26762 ________ I57-7-10B ___ R. W. Imlay, 1957. Roadcut directly south 
of Weberg Ranch houses, NW7'4 sec. 19, 
T. 18 S., R. 26 E., Grant County, Oreg. 
Weberg Member of Snowshoe Formation. 

3L ----------------------- L210 ________ R. L. Lupher, 1928, On west side of canyon 
of Beaver Creek above upper cabins. 
Probably in SW~ SE~ sec. 17, T. 18 S., 
R. 26 E., Dayville 30-min quad., Grant 
County, Oreg. Probably from Weberg 
Member, rather than Warm Springs 
Member of Sncwshoe Formation. 

32 ________________________ L212 ________ R. L. Lupher, 1928. Sandstone along ditch 
bank north and above Lupher's loc. 211 
which is in the Warm Springs Member. 
Presence of Docidoceras at Lupher's 
loc. 212 shows that it was derived from 
Weberg Member to the south or east and 
probably in the SE74 sec. 8, T. 18 S., R. 
26 E., Dayville quad., Grant County, 
Oreg. 

33 __________ 2924L _______ Bud. 135 ____ H. J. Buddenhagen, W. 0. Ross, and R. W. 
Imlay, 1965. Small gully 0.4 mile north 
of country road in NW~SWXSWX sec. 
24, T., 18 S., R. 24 E., Crook County, 
Oreg. Warm Springs Member of Snowshoe 
Formation, about 100 ft above base of 
member. 

34 __________ 29810 ________ 169--7-lOA ___ W. 0. Ross and R. W. Imlay, 1969. West of 
and below rib of Jurassic lava supporting 
country road. North-central part, NW~i 
SE~i sec. 33, T. 18 S., R. 25 E., Delint
ment Lake 15-min quad., Crook County, 
Oreg. Warm Springs Member of Snow
shoe Formation. 

35.--------- 28385 ________ Bud. 96 _____ H. J. Buddenhagen and R. W. Imlay, 1961._ 
About 1,400 ft south of Twelvemile 
Creek NE. cor. NEXNWX sec. 15, T. 
19 S., R. 25 E., Delintment Lake 15-min 
quad., Harney County, Oreg. Snowshoe 
Formation, Basey Member, about 300 
ft below top. 

36 __________ 28384 ________ Bud 95 ______ H. J. Buddenhagen and R. W. Imlay, 1961. 
Along county road in south-central part 
of sec. 29 (about 500 ft north of southern 
boundary), T. 19 S., R. 25 E., Delint
ment Lake 15-min quad., Harney 
County, Oreg. Snowshoe Formation 
Basey Member, upper part. 

37 ________________________ V16 _________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. From spur 
projecting into southeast end of a small 
valley one mile east-southeast of the 
Weberg Ranch house, SE. cor. of NEX 
NE~ sec. 19, T. 18 S., R. 26 E., Grant 
County, Oreg. Weberg Member of Snow
shoe Formation, near top. 

37 __________ 29827 ________ I69--7-10A ___ W. 0. Ross and R. W. Imlay, 1969. Float 
from spur at southeast end of alluvial 
valley in SE7,4NE~NE~ sec. 19, T. 18 
S., R. 26 E., Delintment Lake 15-min 
quad., Grant County, Oreg. Probably 
from upper part of Weberg Member of 
Snowshoe Formation. 

38------------------------ V162 ________ L. W. Vigrass, S. W. Muller, W. R. Dick-
inson, and J. H. Beeson, 1956. From 
rounded spur that projects west into head 
of valley which joins Warm Springs Creek 
at Suplee Hot Springs. SE~NE~ sec. 19, 
T. 18 S., R. 26 E., Grant County, Oreg 
Weberg Member of Snowshoe Formation: 

38------------------------ L408 ________ R. L. Lupher, 1930. Top of hill northeast 
of second gully north of the Colpitts (Old 
Washburn) Ranch house, probably NE~ 
SEX sec. 19, T. 18 S., R. 26 E. near Vi
grass' loc. 162. Delintment Lake 15-min 
quad., Grant County, Oreg. Weberg 
Member of Snowshoe Formation. 

39 ________________________ L350 ________ R. L. Lupher, 1930. About 600ft north of 
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gully which is about three-quarters of a 
mile north of Old Washburn place. Prob
ably in NEXSWX sec. 19, T. 18 S., R. 
26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Upper 10 ft of 
Weberg Member of Snowshoe Formation. 
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39 ________________________ L35L _______ R. L. Lupher, 1930. Same location as L350. 
From middle part of Sonninia-bearing 
limestone, below bed of Lupher's local
ity 350, in upper part of Weberg Member 
of Snowshoe Formation. 

39 ________________________ L352 ________ R. L. Lupher, 1930. Same location for 
Lupher's loc. 350 but on south side of 
gully. From Sonninia-bearing limestone 
in upper part of Weberg Member of Snow
shoe Formation. 

39 ________________________ L353 ________ R. L. Lupher, 1930. Same location as L350 
but high on south side of gully. From 
lower or middle beds of Sonninia-bearing 
limestone in upper part of Weberg Mem
ber of Snowshoe Formation. 

39 ________________________ L573 ________ R. L. Lupher, 1934. In third gulch north 
of old Washburn place, about one-fourth 
of a mile from county road and 75-100 ft. 
below a lone pine tree in bottom of main 
gully, northern part of NEXSWX sec. 19, 
T. 18 S., R. 26 E., Delintment Lake 
15-minquad., Grant County, Oreg. From 
Sonninia-bearing beds in upper part of 
Weberg Member of Snowshoe Formation. 

39 ________________________ L57L ______ R. L. Lupher, 1934. Same location as L573 
but near base of Sonninia-bearing beds, 
a few feet above gritty sandstone, in the 
Weberg Member. 

39 ________________________ L575 ________ R. L. Lupher, 1934. From north side of 
ridge south of gulch described under 
Lupher's loc. 573, about 100 ft east of a 
fault, and more than one-fourth of a mile 
east of county road. Probably near center 
of NE~SWX sec. 19, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. A little higher strati
graphically than Lupher's loc. 574 in 
lower part of Sonninia-bearing beds of 
the Weberg Member. 

39.----------------------- L578 ________ R. L. Lupher, 1934. Same data as L573. 
39 ________________________ L609 ________ R. L. Lupher, 1934? In third gulch north 

of old Washburn place, NEXSWX sec. 
19, T. 18 S., R. 26 E., Delintment Lake 
15-min quad., Grant County, Oreg. 
Weberg Member of Snowshoe Formation. 

40 __________ 27735 ________ Bud 70 ______ H. J. Buddenhagen, 1959. North side of 
gulchinNWX SWX SEXsec.19, T.18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. About 100ft above 
base of Weberg Member of Snowshoe 
Formation. 

41.----------------------- Vll2 ________ L. W. Vigrass, 1956. Near center SWX SEX 
sec. 19, T. 18 S., R. 26 E., Delintment 
Lake 15-min quad., Grant County, Oreg. 
Near base of upper limestone part of 
Weberg Member of Snowshoe Formation. 

42 ________________________ L298 ________ R. L. Lupher, 1930. East side of Warm 
Springs Valley half a mile below (north 
of) the Colpitts (Washburn) Ranch 
house. Probably in south-central part of 
sec. 19, T. 18 S., R. 26 E., Delintment 
Lake 15-min quad., Grant County, Oreg. 
Warm Springs Member of Snowshoe 
Formation. 

-!3 __________ 2161L _______ 149-8-lSA ___ R. W. Imlay and John Mcintyre, 1949. On 
northeast side of road directly north of 
the old Washburn (Colpitts) Ranch 
houses, probably NE cor. of NWXNEX 
sec. 30, T. 18 S., R. 26 E., Grant County, 
Oreg. Top of Weberg Member of Snow
shoe Formation. 

43 ___________ 21612 ________ I49-8-18B ___ R. W. Imlay and John Mcintyre, 1949. 
North of old Washburn Ranch house, 
SE~iSWXSEX sec. 19, T.18 S., R. 26 E., 
Grant County, Oreg. Upper part of 
Weberg Member of Snowshoe Formation. 

43 __________ 21613 ________ l49-8-18C ___ R. W. Imlay and John Mcintyre, 1949. 
Same data as for loc. 21612. 

43 ___ ------- 26766 ________ I57-8--9 ______ R. W. Imlay, 1957. From gully in SEXSW% 
SEX sec. 19, T. 18 S., R. 26 E., Delint
ment Lake 15-min quad., Grant County, 
Oreg. Lower part of upper third of 
Weberg Member of Snowshoe Formation. 

43 __________ 29823 ________ I69-6-26A ___ W. 0. Ross and R. W. Imlay, 1969. In first 
gully north of old Washburn place in 
SEXSW~iSEX sec. 19, T. 18 S., R. 26 
E., Delintment Lake 15-min quad., 
Grant County, Oreg. From upper 10 ft 
of 113 ft of sandstone and sandy beds in 
lower part of Weberg Member of Snowshoe 
Formation. 

43 __________ 29824 ________ I69-6-26B ___ W. 0. Ross and R. W. Imlay, 1969. Same 
data as for Mesozoic loc. 29823, but in 
limestone bed about 25 ft above top of 
113 ft of the sandstone division of the 
Weberg Member. 

43 __________ 29826 ________ I69-6-26E ___ R. W. Imlay and W. 0. Ross, 1969. Same 
data as for Mesozoic loc. 29823 but from 
upper 10 ft of sandstone division. 
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3 L580 R. L. Lupher, 1934. From second gulch 4 ------------------------ -------- north of Old Washburn Place, NE~4-
NW74NE7~ sec. 30, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. Mostly upper 20 ft of 
Sonninia-bearing beds at top of Weberg 
Member of Snowshoe Formation. 

13 ________________________ L58L _______ R. L. Lupher, 1934. Same data as L580 
except not restricted to upper 20 ft of 
upper part of Sonninia-bearing beds. 

44 _________________________ L228N R. L. Lupher, 1928. In low hills east of 
Warm Spring Creek and north of Colpitts 
Spring. Probably mostly near center of 
north half of NE~.i sec. 30, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Weberg Member of 
Snowshoe Formation, probably upper 
part. 

44 _________________________ V20a Same data as Joe. V20b but only 75ft above 
base of Weberg Member. 

44 _________________________ V20b L. W. Vigrass, S. W. Muller, W. R. Dickin-
son and J. H. Beeson, 1956. About 600ft 
north of same gulch as Y19 and 600 ft 
northeast of road, NE 1~4NE 1 4 sec. 30, 
T. 18 S., R. 26 E., Grant County, Oreg. 
Weberg Member of Snowshoe Formation, 
125 ft above base and about 20 ft above 
middle. 

45 ___________ 26768 ________ I57-7-9D R. W. Imlay, 1957. In gully east of old 
Washburn place, east of road, south
central part NEl,iNEL;i sec. 30, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Near top of Weberg 
Member of Snowshoe Formation. 

45 __________ 29825 ________ I69-6-26C ___ R. W. Imlay, 1969. In gulch east of old 
Washburn place in south-central part of 
NE~NE~ sec. 30, T. 18 S., R. 26 E., 
Grant County, Oreg. From 38 ft of 
yellowish-gray, calcareous sandstone 
which is from 40-78 ft above base of sand
stone division and 56 ft below base of 
limestone division of the Weberg Member 
of the Snowshoe Formation. 

45 __________ 29828 ________ I69-6-26D ___ R. W. Imlay and W. 0. Ross, 1969, Same 
data as Mesozoic loc. 29825 but from 45-50 
ft above base of linlPstone division which 
is about 110 ft thick. Near middle of 
upper part of Weberg Member of Snow
shoe Formation. 

45 __________ 29829 ________ I69-7-9A ____ R. W. Imlay and W. 0. Ross, 1969. Same 
data as Mesozoic loc. 29825, but collected 
about 110 ft above the base of limestone 
division at top of Weberg Member of 
Snowshoe Formation. 

45 ________________________ L228X ______ R. L. Lupher, 1929? In low hills east of 
Warm Springs Creek in vicinity of 
Colpitts (old Washburn) Ranch, Prob
ably from east half of NE~ of sec. 30, T. 
18 S., R. 26 E., Delintment Lake 15-min 
quad., Grant County, Oreg. Upper part 
of Sonninia-bearing beds in upper part of 
Weberg Member of Snowshoe Formation. 

45 ________________________ L307 ________ R. L. Lupher, 1927? East of Colpitts (old 
Washburn) Ranch near a bench mark. 
Probably east-central part of NE~, sec. 
30, T. 18 S., R. 26 E., Grant County, 
Oreg. Weberg Member of Snowshoe 
Formation. 

45 ________________________ L315 ________ R. L. Lupher, 1927? North side of gully 
from 300-500 ft east of Colpitts (old 
Washburn) Ranch house. South-central 
part of NE~ NE~ sec. 30, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Weberg Member of 
Snowshoe Formation, probably uppe.r 
part. 

45 ________________________ L370 ________ R. L. Lupher, 1930? Probably from eastern 
side of valley of Warm Springs Creek. 
Upper part of Sonninia-bearing beds in 
Weberg Member of the Snowshoe Forma
tion. 

45 ________________________ L305 ________ R. L. Lupher, 1927? Near mouth of gully 
200 ft east of county road and east of 
Colpitts (old Washburn) Ranch house, 
south-central part of NE~ sec. 30, T. 18 
S., R. 26 E., Delintment Lake 15-min 
quad., Grant County, Oreg. Weberg 
Member of Snowshoe Formation, prob
ably upper part. 

46 ________________________ VIS _________ L. W. Vigrass and others, 1956. From 
calcareous sandstone on west slope of 
hill 1,000 ft east of old Washburn place. 
NW~SE~NE~ sec. 30, T. 18 S., R. 26 
E., Delintment Lake 15-min quad., 
Grant County, Oreg. Warm Springs 
Member of Snowshoe Formation, basal 
bed. Labeled top of Weberg Member in 
original locality description. 
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46_ ----------------------- L232 ________ R. L. Lupher, 1928. On hillside east of Col-
pitts (old Washburn) Ranch house. 
Probably NW~SE~NE~ sec. 30, T. 
18 S., R. 26 E., Delintment Lake 15-min 
quad., Grant County, Oreg. Warm 
Springs Member of Snowshoe Forma
tion, near base. 

47------------------------ Vl9 _________ L. W. Yigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. About 1,000 
ft east and 400ft north of old Washburn 
place on south side of gulch near center of 
p,ast half of NE~ sec. 30, T. 18 S., R. 26 
E., Grant County, Oreg. Weberg Mem
ber of Snowshoe Formation, about 80ft 
above base and a little below middle of 
member. 

48 ________________________ L49L _______ R. L. Lupher, 1929. North of North Am-
monite Hill. Probably NW~ sec. 29, or 
SW~ sec. 20, T. 18 S., R. 26 E., Grant 
County, Oreg. Upper part of Weberg 
Mrmber of Snowshoe Formation. 

49 --------------- YS __________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
-- ------- son, and J. H. Beeson, 191i6. Directly east 

of stream channel ancl600 ft below (south) 
of head of gully draining south-southwest 
from North Ammonite Hill, SW~NE~ 
sec. 29, T. 18 S., R. 26 E., Grant County, 
Oreg. Near top of lower third of Weberg 
Member of Snowshoe Formation. 

49 ________________________ L610 ________ E. L. Packard, 1934? Probably from big 
gully on west side of North Ammonite 
Hill, NW~ sec. 29, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. Weberg Member of Snow· 
shoe Formation. 

49 __________ 26763 ________ I57-7-9A ____ R. W. Imlay, 1957. Northern part of North 
Ammonite Hill, NW~ sec. 29, T. 18 S., 
R. 26 E., Grant County, Oreg. Lower 
fourth of Weberg Member of Snowshoe 
Formation. 

50 ________________________ L22L _______ R. L. Lupher, 1928. East side of North 
Ammonite Hill, east half of NW~ sec. 29, 
T. 18 S., R. 26 E., Delintment Lake 
1.5-min quad., Grant County, Oreg. 
From 1 to 2 ft limestone bed containing 
many rhynchonellid brachiopods at base 
of Ichthyosaur-bearing beds and from 60 
to 80ft above base of Weberg Member of 
Snowshoe Formation. 

50 ____ -------------------- L225 ________ R. L. Lupher, 1928. From shale and sanely 
limestone containing many pelecypods 
and directly overlying brachiopod-bear
ing beds at 'Lupher's loc. 224. Forms 
middle part of a 45-60 ft unit that consists 
mostly of highly fossiliferous light-gray 
sandy limestone. 

50 ________________________ L226 ________ R. L. Lupher, 1928. From45-60ftofshale, 
lime.stone, and sanely limestone whose 
base is 6G-80 ft ahove base of Weberg 
Member. Includes beds of Lupher's locs. 
224 and 225 as well as overlying beds 
characterized by largf\ terehratulicl 
brachiopods. Same location as L224. 

50 _________________________ L228 ________ R. L. Lupher, 1928. From a limestone unit 
in lower part of an 85 foot sequence con
sisting mostly of sanely calcareous shal~, 
This limestone overlies a shaly umt 
which overlies beds of Lupher's loc. 226 
on North Ammonite Hill. 

50 ________________________ L229 ________ R. L. Lupher, 1928. East side of North 
Ammonite Hill at same place as Lupher's 
locs. 225-230. From sandy calcareous 
shale in middle of 85-ft sequence in upper 
part of Weberg Member of Snowshoe 
Formation. L 229 is higher stratigraph
ically than L228 and lower than L230. 

EO ________________________ L230 ________ R. L. Lupher, 1928. Same location as 
Lupher's locs. L225-229 but near top of 
hill. From Sonninia-bearing limestone in 
uppermost part of Weberg Member of 
Snowshoe Formation. May include some 
specimens from base of overlying Warm 
Springs Member. 

50 L'J48 R. L. Lupher, 1928. From 1 ft of brown 
------------------------ ~ -------- calcareous sandstone overlying Jchthyo-

smLr-bearing bed near divide on North 
Ammonite Hill. Probably near center 
of NW~ sec. 29, T. 18 S., R. 26 E., De
Hutment Lake 15-min. quad., Grant 
County, Oreg. Base of Sonninia-bearing 
beds in upper part of Weberg Member. 

50 ________________________ L37L _______ R. L. Lupher, 1930? Location un_kno~n. 
Probablv from area near the Umverstty 
of Oregon field camp in sees. 2!l or 30, T. 
18 S., R. 26 E., Grant County, Oreg. 
Probably from the IchthyosatLr-bearing 
beds near the middle of the Weberg 
Member of the Snowshoe Formation. 
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50 ________________________ L372 ________ R. L. Lupher, 1930? Probably from the 
same place and beds as Lupher's loc. 226 
near the middle of the Weberg Member 
of the Snowshoe Formation. 

50 ________________________ L373 ________ R. L. Lupher, 1930? Location unknown. 
Fossils indicate derivation from upper 
part of the Weberg Member of the Snow
shoe Formation. 

50 ________________________ L407 ________ R. L. Lupher, 1930? Location unknown. 
Fossils indicate derivation from upper 
part of Weberg Member of the Snowshoe 
Formation. 

50 ________________________ L474 ________ R. L. Lupher, 1931. North Ammonite Hill 
about 300 ft north of county road, NW~ 
sec. 29, T. 18 S., R. 26 E., Delintment 
Lake 15-min quad., Grant County, 
Oreg. From Ichthyosaur-bearing bed 
near middle of Weberg Member of Snow
shoe Formation. 

50 ________________________ L475 ________ R. L. Lupher, 1931. Same place as L474 
but just above Ichthyosaur-bearing bed 
near middle of Weberg Member of Snow
shoe Formation. 

50------------------------ L170L ______ Collector and year unknown. Suplee area. 
Presumably near the former field camp of 
the University of Oregon in sees. 28-30, 
T. 18 S., R. 26 E., Grant County, Oreg. 
From Ichthyosaur-bearing beds of the 
Weberg Member of the Snowshoe 
Formation. 

5L _______________________ L313 ________ R. L. Lupher, 1927? Southwest slope of 
North Ammonite Hill near a north
trending fenee, NW~ see. 29, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. From Ichthyosaur
bearing beds in middle part of Weberg 
Member of Snowshoe Formation. 

5L. _______________________ L584- _______ R. L. Lupher, 1934. Southwest side of 
North Ammonite Hill. About 200 ft 
north of county road and on east side of 
big guleh. Fron1 Sonninia-bearing beds in 
upper part of Weberg Member of Snow
shoe Formation. 

SL _______________________ L605 ________ R. L. Lupher, 1934. South slope of North 
Ammonite Hill in NW~ sec. 29, T.18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Weberg Member of 
Snowshoe Formation, probably from 
upper part of Sonninia-bearing beds. 

52_----------------------- V152 ________ L. W. Vigrass, S. W. Muller, W. R. Diekin-
son, and J. H. Beeson, 1956. Between two 
small draws on southwest slope of hill, 
250ft east of road, SE~NE>i sec. 30, T. 
18 S., R. 26 E., Grant County, Oreg. 
About 20ft below top of Weberg Member 
of Snowshoe Formation. 

53.----------------------- L228W ______ R. L. Lupher, 1928. On hill west of North 
Ammonite Hill and west of a big gully, 
SW~NW%" sec. 29, and east-central part 
of sec. 30, T. 18 S., R. 26 E., Delintment 
Lake 15-minquad., Grant County, Oreg. 
From about 2.5 ft of beds consisting of 
limestone, sandy limestone, and sandy 
shale equivalent to beds at Lupher's Joe. 
228 and probably also 230 in upper part 
of Weberg Member of Snowshoe Forma
tion. 

53 ________________________ L238 ________ R. L. Lupher, 1928. Same location as 
L228W. From Sonninia-bearing beds in 
upper part of Weberg Member of Snow
shoe Formation. 

53_----------------------- L239_ ------- R. L. Lupher, 1928. Same data as L238 but 
about 10ft lower stratigraphically. 

53 ________________________ L563 ________ R. L. Lupher, 1934. From easternmost 
small gully on south slope of hill west of 
North Ammonite Hill, about 150ft north 
of county road, probably in SW. cor. 
NW}4 sec. 29, T. 18 S., R. 26 E., Delint
ment Lake 15-min quad., Grant County, 
Oreg. Weberg Member of Snowshoe For
mation, probably near top. 

53 ________________________ L596 ________ R. ~-Lupher, 1934. On south slope of hill 
directly West of North Ammonite Hill 
200 ft west of a big gully, and 25 ft north 
of eounty road. Probably west-central 
part of sec. 29 (near line with see. 30) 
T: 18 S., R. 26 E., Delintment Lake 15: 
n~u~ quad., Grant County, Oreg. Son
nmw-bearing beds in upper part of 

54 
_ Weberg Member of Snowshoe Formation. 

--------------·---------- v15 _________ L. W. Vigrass, S. W. Mnller, W. R. Diekin-
son, and J. H. Beeson, 1956. From cut 
Where road bends sharply eastward from 
valley of Warm Springs Creek, NE~ 
SE~ sec. 30, T. 18 S., R. 26 E., Grant 
County, Oreg. Weberg Member of Snow
shoe Formation, near top. 
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55 ________________________ Ll16A _______ R. L. Lupher, 1928. No data available 
Presumably from top of Weberg Member 
near L116 which is in the basal part of 
the Warm Springs Member on divide be
tween Beaver Creek and Warm Springs 
Creek on south slope of North Ammonite 
Hill, sec. 29, T. 18 S., R. 26 E., Grant 
County, Oreg. 

56 ________________________ Ll16 ________ R. L. Lupher, 1927. South slope of North 
Ammonite Hill on divide between Warm 
Springs Creek and Beaver Creek. Prob
ably south-central part of NW~ sec. 29, 
T. 18 S., R. 26 E., Delintment Lake 
15-min quad., Grant County, Oreg. 
Warm Springs Member of Snowshoe 
Formation, near base. 

56.----------------------- L237 ________ R. L. Lupher, 1!128. South slope of North 
Ammonite Hill about 100 ft above the 
road and between the divide and a big 
south-trending gully. Probably south
eentral part of NW~ sec. 2!1, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Warm Springs 
Member of Snowshoe Formation, near 
base. 

56 ________________________ L476 ________ R. L. Lupher, 1931. South side of North 
Ammonite Hill, 2.50 ft above road, near 
divide. Probably near locs. L116 and 
L237 in southern part of NW~ see. 2<J, 
T. 18 S., R. 26 E., Delintment Lake 
15-min quad., Grant County, Oreg. 
Warm Springs Member of Snowshoe 
Formation, probably near base. 

56------------------------ L482 ________ R. L. Lupher, 1934. From North or South 
Ammonite Hill, or both. Warm Springs 
Member of Snowshoe Formation. 

56 ________________________ L560 ________ R. L. Lupher, 1934. South side of North 
Ammonite Hill, north of road and 100ft 
west of divide. Probably near locs. 
L115 and L237. Warm Springs Member of 
Snowshoe Formation, probably upper 
part. 

56 ________________________ L56L _______ R. L. Lupher, 1934. Same loeation as L560. 
Warm Springs Member of Snowshoe 
Formation, probably upper part. 

56 ___ --------------------- L56fi ________ R. L. Lupher, 1\134. Same location as L560. 
Lower than L561. Warm Springs Me.mber 
of Snowshoe Formation, probably upper 
part. 

56 __________ 26767-------- I57-7-10A ___ R. M. Imlay, 1957, South side of North 
Ammonite Hill, north of road in south
central part of NW~ see. 29, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Warm Springs 
Member of Snowshoe Formation, near 
base. 

57 ________________________ V166 ________ L. W. Vigrass and others, 1956. Bulldozer 
eut on divide southwest of junction of 
road to Boundary Spring with Suplee
Izee road. SE~NW~ sec. 29, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Warm Springs 
Member of Snowshoe Formation, near 
base. 

57_ _________ 27375 ________ 158-9-4A ____ R. W. Imlay, 1958. South side of North. 
Ammonite Hill, on road just west of road 
to Boundary Spring. Same plaee as loc. 
V166. NPar base of Warm Springs MembPr 
of Snowshoe Formation. 

58-----------------·------ V14 _________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 19.56. On short spur 
200 ft south of road and 500 ft east of 
entrance to the old Ontko place (aban
doned), NE~SE~ sec. :"0, T. 18 S., 
R. 26 E., Grant County, Oreg. Wpberg 
Member of Snowshoe Formation, near 
top. 

59 ___ --------------------- L311 .. _______ R. L. Lupher, 1926? Black shale about OJ;e-
quarter mile west of South ~mmomte 
Hill near road to Twelvem1le Creek. 
Probably in SE~SE~ sec. :~o. T. 18 S., 
R. 26 E., Delintment Lake 15-min. qu_ad., 
Grant County, Oreg. Warm Spnngs 
Member of Snowshoe Formation. 

60 ________________________ L102 ________ R. L. Lupher, 1927. From northeast base 
of South Ammonite Hill, probably NE~ 
SW~ see. 2(), T. 18 S., R. 26 E., Delint
ment Lake 15-min. quad., Grant County, 
Oreg. Weberg Member of Snowshoe For
mation, probably upper part. 

60 __________ 21610 _______ 149-8-17B ____ R. L. Lupher, R. W.lmlay, John Mcintyre, 
and H. J. Buddr.nhagen, 1949. South half 
of sec. 20, T. 18 S., R. 26 E., Grant 
County, Oreg. UppN part. of Weberg 
Member of Snowshoe Formatwn. 

6L _________ 27733 ________ Bud 39 _____ H. J. Buddenhagen, 1()59. Top of South 
Ammonite Hill in SW~NE~SW~ sec. 
29, T. 18 S., R. 26 E., Delintment Lake 
15-min. quad., Grant County, Oreg. 
Weberg Member of Snowshoe FormatiOn· 
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6L _________ 26760 I57-7-9C ____ R. W. Imlay, 1957. South side of South 
Ammonite Hill, SW74 sec. 29, T. 18 S., 
R. 26 E., Grant County, Oreg. Upper 
part of Weberg Member of Snowshoe 
Formation. 

6L _________ 26761 I57-7-9B ____ R. W. Imlay, 1957. Same deseription as 
loeality 26760 exeept from upper third of 
Weberg Member. 

6L _________ 26765 I57-7-8C ____ R. W. Imlay, 1957. South Ammonite Hill 
in SW74 sec. 29, T.18 S., R. 26 E., Delint
ment Lake 15-min quad., Grant County, 
Oreg. Upper part of Weberg Member of 
Snowshoe Formation. 

6L_ ---------------------- L306 ________ R. L. Lupher, 1927? Western slope of South 
Ammonite Hill about 600 ft south of 
county road and 50 ft west of a north
trending fence. Probably SW74 sec. 29, 
T. 18 S., R. 26 E., Delintment Lake 
15-min quad., Grant County, Oreg. 
From Ichthyosaur-bearing beds in middle 
part of Weberg Member of Snowshoe 
Formation. 

62------------------------ VU _________ L. W. Vigrass, S. W. Muller, W. R. DiDh. 
inson, and J. H. Beeson, 1956. Southeast 
slope of South Ammonite Hill, SE74SW74 
sec. 29, T. 18 S., R. 26 E., Grant County, 
Oreg. Weberg Member of Snowshoe 
Formation, about 100 ft above base. 

63 ________________________ L316 ________ R. L. Lupher, 1926? From 600ft south of 
Suplee-Izee road and 100ft west of Bound
ary Spring road between North and 
South Ammonite Hill. Probably in 
NE74SW74 sec. 29, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. Warm Springs Member of 
Snowshoe Formation. 

63 ________________________ VIO _________ L. W. Vigrass, W. R. Dickinson, S. W. 
Muller, and J. H. Beeson, 1956. Saddle 
between South Ammonite Hill and 
pyramidal hill to south. NE74SW74SW74 
see. 29, T. 18 S., R. 26 E., Delintment 
Lake 15-min quad., Grant County, 
Oreg. Warm Springs Member of Snow
shoe Formation. 

63 ________________________ V401________ Same as loc. V10. 
64. _________ 29401 ________ I66-7-27C ___ R. W. Imlay and W. 0. Ross, 1966. Road-

cut on eastern end of anticlinal hill south 
of South Ammonite Hill in SW74SE74 
sec. 29, T. 18 S., R. 26 E., Delintment 
Lake 15-min quad., Grant County, Oreg. 
Weberg Member of Showshoe Formation. 

65 ________________________ V205 ________ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. South slope 
of pyramidal hill directly south of South 
Ammonite Hill, SE74SW74 sec. 29, T. 
18 S., R. 26 E., Grant County, Oreg. 
Weberg Member of Snowshoe Formation, 
100 ft below top and probably near 
middle. 

65.----------------------- V237 _ ------- Same data as for loc. V205, but only 50ft 
below top of Weberg Member of Show
show Formation. 

66_ ----------------------- V168_ ------- L. W. Vigrass and others, 1956. Saddle 
south of pyramidal hill directly south of 
South Ammonite hill. NE74NE74NW74 
sec. 32, T.18 S., R. 26 E., near line ofl'.ee. 
29, Delintment Lake 15-min quad., 
Grant County, Oreg. Warm Springs 
Member of Snowshoe Formation, near 
base. 

67---------- 2758L _____________________ R. W. Imlay, 1959. At site of former field 
camp of the University of Oregon, west 
of spring. SE. cor. sec. 2::1, T. 16 S., R. 
26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Near base of 
Weberg Member of Snowshoe Formation. 

68 ________________________ L2l4_ _______ R. L. Lupher, 1928. On hillside 100ft east 
of site of University of Oregon field camp, 
SW74SW74 sec. 28, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. Weberg Member of Snow
shoe Formation, probably lower part. 69 ________________________ D94 _________ W. R. Dickinson, S. W. Muller, L. W. 
Vigrass, and J. H. Beeson, 1956. West side 
of ridge southeast of Jim Robertson 
Ranch house. NE74SW74SE74 sec. 28, T. 
18 S., R. 26 E., Delintment Lake 15-min 
qu!l;d., Grant County, Oreg. Warm 
Sprmgs Member of Snowshoe Formation 
near middle. ' 

70 ________________________ V3(=D88) __ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. On west slope 
of ridge east of Dobson Creek, near center 
of SE74 see. 28, T. 18 S., R. 26 E., Grant 
County, Oreg. Weberg Member of Snow
shoe Formation, 50 ft above base. 
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70. ________ ---- ____ ------- L103 _____ - __ R. L. Lupher, 1927? Southeast of Robertson 
Ranch house in SE74 sec. 28, T. 18 S., R. 
26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Locality claimed by 
Lupher as in the Nicely Shale but the 
presence of Docidoceras shows that the 
locality must be in the Weberg Member of 
the Snowshoe Formation. 

70 ________________________ V86(=D88) .. L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. About 600ft 
south of north end of ridge east of Dobson 
Creek, near center of SE74 sec. 28, T. 18 
S., R. 26 E., Grant County, Oreg. Weberg 
Member of Snowshoe Formation, 80 ft. 
above base. 

7L _______________________ V87(D89) ____ L. W. Vigrass, S. W. Muller, W. R. Dickin-
son, and J. H. Beeson, 1956. Float along 
irrigation ditch 400 ft west of Freeman 
Creek and 1300 ft south of Beaver Creek, 
SW74SW74 sec. 27, T. 18 S., R. 26 E., 
Grant County, Oreg. Weberg Member of 
Snowshoe Formation. 

72 ________________________ L235 ________ R. L. Lupher, 1928. On road to Allison 
guard station about 0.3 mile south of 
junction of Freeman Creek with Beaver 
Creek. SW74 sec. 27, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. Warm Springs Member of 
Snowshoe Formation. 

73 __________ 29399 I66-7-28A ___ R. W. Imlay and W. 0. Ross, 1966. Just 
above ditch on south side of field west of 
Freeman Creek. SE74SW74SW74 sec. 27, 
T. 18 S., R. 26 E., Delintment Lake 15· 
min quad., Grant County, Oreg. Warm 
Springs Member of Snowshoe Formation, 
near top. 

7 4 __________ 29239 __ - ____ I65-7-14A ___ R. W. Imlay and W. 0. Ross, 1965. On east 
side of road up Freeman Creek about 0.4 
mil.e south of junction with road along 
Beaver Creek. South central part of SE3i 
SW74 sec. 27, T. 18 S., R. 26 E., Delint
ment Lake 15-min quad., Grant County, 
Oreg. Warm Springs Member of Snow. 
shoe Formation, near top of lower third. 

75 ________________________ D100(56-77)_ W. R. Dickinson, S. W. Muller, L. W. 
Vigrass, and J. H. Beeson, 1956. Roadcut 
at sharp bend in road west of Freeman 
Creek, SE74NW74 sec. 34, T. 18 S., R. 
26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Basey Member of 
Snowshoe Formation, near base. 

76 ________________________ L108 ________ R. L. Lupher, 1927. From long strike ridge 
adjoining southwest side of upper part of 
Freeman Creek, probably southern half 
of NE74 sec. 34, T. 18 S., R. 26 E., Delint
ment Lake 15-min quad., Grant County, 
Oreg. Near eastern pinchout of Weberg 
Member of Snowshoe Formation. 

77 _________________________ D95 _________ W. R. Dickinson, S. W. Muller, L. W 
Vigrass, and J. H. Beeson, 1956. Float at 
cellar entrance just west of road near 
Harris Ranch house on west fork of 
Freeman Creek. A couple hundred feet 
north of loc. D96 in same quarter section. 
Warm Springs Member of Snowshoe 
Formation, at top. 

78 _________________________ D96 _________ W. R. Dickinson and L. W. Vigrass, 195?· 
Roadcut on bend in road at J. H. Harns 
Ranch house on west fork of Freeman 
Creek in NE74SW74 sec. 34, T. 18 S., 
R. 26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Probably same 
spot as L109 and USGS Mesozoic loc. 
29395. Warm SpringsMemberofSnowshoe 
Formation, near top. 

78 _________________________ L109 ________ R. L. Lupher, 1927. Roadcut 1.3 miles 
south of junction of Freeman Creek with 
Beaver Creek near forest boundary. 
Probably near USGS Mesozoic loc. 29395 
and Dickinson's loc. 96. NE74SW74 sec. 
34, T. 18 S., R. 26 E., Delintment Lake 
15-min quad., Grant County, Oreg. 
Warm Springs Member of Snowshoe 
Formation, near top. 

78 __________ 29395 ________ I66-7-28B ___ R. W. Imlay and W. 0. Ross, 1966. Roadcut 
on west side of road up west fork of 
Freeman Creek about 100 ft southeast of 
J. H. Harris Ranch house. Near center 
NE74SW74 sec. 34, T. 18 S., R. 26 E., 
Delintment Lake 15-min quad., Grant 
County, Oreg. Warm Springs Member of 
Snowshoe Formation, near top. 
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79 __________ 29813 ________ l69-7-9C ____ W. 0. Ross and R. W. Imlay, 1969. Roadcut 
in SE7{SW7{NW7{ sec. 32, T. 18 S., R. 
26 E., Delintment Lake 15-min quad., 
Grant County, Oreg. Basey Member of 
Snowshoe Formation, probably at least 
800ft above base in area where member 
is about 1,400 ft thick. 

80 ________________________ D97 _________ W. R. Dickinson and S. W. Muller, 1957. 
Low roadcut in valley of Freeman 
Creek. South central part of NEX"NWX' 
sec. 3, T. 19 S., R. 26 E., Delintment 
Lake 15-min quad., Harney County, 
Oreg. Warm Springs Member of Snow
shoe Formation, near top. 

8L _________ 29808 _________ I69-7-10F __ R. W. Imlay, 1969. Cut on broad eastward 
curve in road to Allison guard station. 
SE7{NE7{NW~ sec. ·, T. 19 S., R. 26 E., 
Delintment Lake 15-min quad., Harney 
County, Oreg. Warm Springs Member of 
Snowshoe Formation, upper part. 

82 __________ 29807-------- I69-7-10E ___ R. W.Imlay and W. 0. Ross, 1969. Cut on 
road to Allison guard station. East
central part of SE7{NW7{ sec. il, T. 19 S., 
R. 26 E., Delintment Lake 15-min quad., 
Harney County, Oreg. Warm Springs 
Member of Snowshoe Formation, near 
base. 

83 __________ 29816-------- I69-7-8A ____ R. W. Imlay and W. 0. Ross, 1969. Roadcut 
just east of small stream that flows into 
Dobson Creek, SE comer of NEX'NEX' 
sec. 4, T. 19 S., R. 26 E., Delintment 
Lake 15-min quad., Harney County, 
Oreg. Basey Member of Snowshoe 
Formation. Probably 70~800 ft above 
base in area where member is about 
1.000 ft thick. 

84------------------------ D98 _________ W. R. Dickinson and L. W. Vigrass, 1957. 
Roadcut at bend in road along west fork 
of Freeman Creek. South-central part of 
SE~NW~ sec. 3, T. 19 S., R. 26 E., 
Delintment Lake 15-min quad., Harney 
County, Oreg. Warm Springs Member of 
Snowshoe Formation, upper part. 

85. _________ 29805 ________ I69-7-10C ___ W. 0. Ross and R. W. Imlay, 1969. Cut on 
road to Allison guard station. SEX'SE~ 
NW~ sec. a, T. 19 S., R. 26 E., Delint
ment Lake 15-min quad., Harney 
County, Oreg. Warm Springs Member of 
Showshoe Formation, near top. 

86 ________________________ D101(56-74)_ W. R. Dickinson, S. W. Muller, L. W. 
Vigrass, and J. H. Beeson, 1956. On road 
to Allison guard station, a little south of 
pass between Freeman Creek and 
Howard Valley, near center ofNE~SWX' 
sec. a, T. 19 S., R. 26 E., Delintment 
Lake 15-min quad., Harney County, 
Oreg. Basey Member of Snowshoe Forma
tion, about 400 ft above base at place 
where member is about 1,000 ft thick. 

86 __________ 29814 I69-7-10H ___ W. 0. Ross and R. W. Imlay, 1969. Near 
top of hill on road to Allison guard 
station. Probably same place as Dickin
son's locality 101, NE7{SW7{ sec .. , T. 
19 S., R. 26 E., Delintment Lake 15-min 
quad., Harney County, Oreg. Near 
Dickinson's loc. 101. Basey Member of 
Snowshoe Formation, about 40~450 ft 
above base in area where member is 
about 1,000 ft thick. 

87 __________ 29812 I69-7-6A ____ R. W. Imlay, 1969. From :'~00 ft west of 
Mowich Spring in cut on south side of 
road, NW7{SE7{ sec.:', T.19 S., R. 26 E., 
Delintment Lake 15-min quad., Harney 
County, Oreg. Basey Member of Snow
shoe Formation, about 300 ft above base 
in area where member is about 1,000 ft 
thick. 

87---------- 29818 I69-7-3B ____ W. 0. Ross and R. W. Imlay, 1969. Roadcut 
10~200 ft west of Mowich Spring. NWX' 
NE~SE7{ sec. il, T. 19 S., R. 26 E., 
Delintment Lake 15-min quad., Harney 
County, Oreg. Basey Member of Snow
shoe Formation, probably 20ft lower than 
USGS Mesozoic loc. 29812. 

88 __________ 29400 ________ I66-7-28C ___ R. W. Imlay and W. 0. Ross, 1966. Cut on 
south side of road around north side of 
Big Mowich Mountain, near center of 
NE~ sec. 6, T. 19 S., R. 26 E., Delint
ment Lake 15-min quad., Harney 
County, Oreg. From 8-12 ft below top 
of Weberg Member of Snowshoe Forma
tion. 
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88 __________ 29817 ________ I69-7-3A ____ W. 0. Ross and R. W. Imlay, 1969. Same 
spot as USGS Mesozoic Joe. 29400 but 
slightly higher in Weberg Member in 
beds transitional into Warm Springs 
Member of Snowshoe Formation. 

gg __________ 29240 ________ Bud 14L ____ R. W. Imlay, W. 0. Ross, and H. J. Bud-
denhagen, 1965. Roadcut about one mile 
NNE of Allison guard station, NEX' 
SW7{SE~ sec. 10, T. 19 S., R. 26 E., 
Delintment Lake 15-min quad., Harney 
County, Oreg. Warm Springs Member of 
Snowshoe Formation, about 150 ft above 
base. 

90 ___________ 27356 ________ I58-8-22A ____ R. W. Imlay, 1958. Barrow pit about 1 mile 
northeast of Bear Valley guard station 
and 200 ft north of road to John Day, 
NE7{NW7{ sec. 7, T. 16 S., R. 30 E., 
Logdell 15-min quad., Grant County, 
Oreg. Snowshoe Formation, probably 
upper part of lower member. 

9L _________ 26773 ________ I57-7-JlC--- R. W. Imlay, 1957. North of Snowshoe 
Creek on northwest side of road from 
John Day to Izee at elevation of about 
5,200 ft, SEX' sec. 21, T. 16 S., R. 29 E., 
Logdell 15-min quad., Grant County, 
Oreg. Snowshoe Formation, lower part 
of middle member. 

92 __________ 27370 ________ I58-8-28C ___ R. W. Imlay and Reed Christner, 1958. 
North side of road from John Day to Izee, 
SE7{NW~NE~ sec. 22, T. 16 S., R. 29 
E., Logdell15-min quad., Grant County, 
Oreg. Snowshoe Formation, middle 
member. 

93 __________ 29832 ________ I69-6-28A ___ W. 0. Ross and R. W. Imlay, 1969. Shaley 
beds in roadcut on east side of hill about 
1Y2 miles by road south of Flagtaillookout 
tower, NW. cor. sec. 20, T. 16 S., R. 29 
E., Izee 15-min quad., Grant County, 
Oreg. Snowshoe Formation, probably 
upper part of lower member. 

94 __________ 27578 ________ I59--6-27 _____ R. W. Imlay, 1959. Roadcut at head of 
Snowshoe Creek near center of sec. 29, 
T. 16 S., R. 29 E., Izee 15-min quad., 
Grant County, Oreg. Snowshoe Forma
tion, lower part of middle member. 

95 __________ 26775 ________ I57-7-31B ___ R. W. Imlay, 1957. On old road up Lewis 
Creek, 0.6 mile south of divide and 1.8 
miles by road south of main road from 
John Day to Izee, slightly northeast of 
center of sec. 32, T. 16 S., R. 29 E., Izee 
15-min quad., Grant County, Oreg. 
Snowshoe Formation, base of upper 
member just above Silvies Member. 

96 __________ 26776 ________ I57-7-31A R. W. Imlay and W. R. Dickinson, 1957. 
and Dl19. Roadcut on main road from John Day to 

Izee about 100 yards up road from out
crop of conglomerate, SWX' sec. 31, T. 
16 S., R. 29 E., Izee 15-min quad., Grant 
County, Oreg. Snowshoe Formation, 
near b!)Se of middle member. 

97 __________ 28028------ __ D129 ________ W. R. Dickinson, 1960. Cut on logging road 
about 90 ft east of bend at crest of divide 
between Bunton Creek and Duncan 
Hollow, north central part of SW7{NEX' 
sec. 1, T. 17 S., R. 28 E., Izee 15-min 
quad., Grant County, Oreg. Snowshoe 
Formation, lower member, about 375 ft. 
above base of formation. 

98 __________ 28029 ________ D13o ________ W. R. Dickinson, 1930. Roadcut on east 
side of logging road in west fork of Bun
ton Hollow, SEX'NEX' sec. 1, T. 17 S., 
R. 28 E., Izee 15-min quad., Grant 
County, Oreg. Snowshoe Formation, 
lower part of middle member, about 
700 ft above base of formation. 

gg __________ 26759 _______ D117(3-49- R. W. Imlay and W. R. Dickinson, 1957. 
25). Roadcut on northwest side of Rosebud 

Creek about 125 yards east of largest 
draw between the mouths of Caps and 
Stonewall Creeks. Near center NW~
NWX' sec. 15, T. 17 S., R. 28 E., Izee 
15-min quad., Grant County, Oreg. 
Snowshoe Formation near base of middle 
member and about 750 ft above base of 
formation. 

100 _________ 27363 _______ I58-8-26D ___ R. W. Imlay and Reed Christener, 1958. 
Roadcut on west side of Rosebud Creek 
just south of bend in road and about 100 
yd north of creek crossing, NWX'SWX'
NW~ sec, 15, T. 17 S., R. 28 E., Izee 
15-min quad., Grant County, Oreg. 
Snowshoe Formation, lower part of mid
dle member, about 750 ft above base of 
formation. 
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lQL ________ 26774 ______ Dl16(3-49- R. W. Imlay and W. R. Dickinson, 1957. 
26). Roadcut on west sidP of Rosebud Creek 

near junction with Caps Creek. SE%:
NE~4 sec. 16, T. 17 S., R. 28 E., Izee 15-
min quad., Grant County, Oreg. Snow
shoe Formation, middle member, about 
750ft above base of formation. 

102 _______________________ L75 _________ R. L. Lupher, 1927. On north side of knoll 
about 100 ft south of sharp bend in road 
and 300 ft south of South Fork Bridge, 
SW%: see. 30, T. 17 S., R. 28 E., Izee 15-
min quad., Grant County, Ore.g. Lower 
memher of Snowshoe Formation, about 
250ft above base. 

102 _________ 29230 _______ I65-7-8C W. 0. Ross and R. W. Imlay, 1965. Ahout 
and D112. 250 yd southeast of South Fork Bridge, 

on spur east of mouth of ShPep Creek, 
SE%SW14 sec. 30, T. 17 S., R. 28 E .• Izee 
15-min quad., Grant County, Oreg. 
Probably same as Lupher's loc. 75. Lower 
nwmber of Snowshoe Formation, about 
250ft above hase. 

103 _________ 29237 ____ ___ I65-7-17A ___ W. 0. Ross and R. W. Imlay, 1965. On north 
faring slope about 400 ft south of South 
Fork of John Day River, NE%SE%:SW~4 
sec. 30, T. 17 S., R. 28 E., Izee 15-min 
quad., Grant County, Oreg. Lower 
member of Snowshoe Formation, prob
ably a little highrr stratigraphically than 
USGS Mf'sozoic loc. 26756. 

103 _________ 29238------- -------------- R. W. Imlay, 1965. Collected about 10ft 
higher stratigraphically than USGS 
Mesozoic loc. 29237. 

104 _________ 26756 _______ I57-7-16C R. W. Imlay, 19ii7. On low, narrow spur 
and D113. projecting north into meadows along 

south side of South Fork of John Day 
River, North-central part of SW%:SE%: 
sec. 30, T. 17 S., R. 28 E., Izee 15-min 
quad., Grant County, Oreg. Lowermrm
ber of Snowshoe Formation, about 200-
225 ft above base. 

105 _________ ·--- _______ . _ L74 ________ R. L. Lupher, 1927. Halfamileeastof South 
Fork Bridge and one-fourth of a mile 
south of the South Fork of John Day 
River at head of a small alluvial fan in 
a large draw, probably NE%:NEX sec. 
31, T. 17 S., R. 28 E., Izee 15-min quad., 
Grant County, Oreg. Snowshoe Forma
tion, middle member at least 1,500 ft 
above base of formation. 

105 ______________________ Dl14 ________ W. R. Dickinson, Hl57. On south side of 
South Fork of John Day River and on 
east slope of the largest gully between 
Sheep Creek and Buck Creek, NE%:
NE%: sec. 31, T. 17 S., R. 28 E., Izee 15-
min quad., Grant County, Oreg. Snow
shoe Formation, near top of middle 
member. 

106 _________ 26758 _______ D109 _______ S. W. Muller, R. W. Imlay, W. R. Dickin-
son, L. W. Vigrass, and John Beeson, 
1957. Bulldozer cut on open hillside east 
of head of Pole Canyon, about 500ft east 
of county road, SEXSW%: sec. 3, T.18 S., 
R. 27 E., Izee 15-min quad., Grant 
County, Oreg. Lower member of Snow
shoe Formation about 500ft above base. 

107 _________ 26752 _______ I57-7-1\lA R. W. Imlay, 1957. Bed of Flat Creek, 
and D105. NWXNW% see. 15 (near north line), 

T. 18 S., R. 27 E., Izee 15-min quad., 
Grant County, Oreg. Lower membf'r of 
Snowshoe Formation about 125 ft above 
base. 

107 _________ 26753 _______ I57-7-12B R. W. Imlay, R. L. Lupher, and J. H. 
and D106. Beeson, 1957. Bed of Flat Creek, SW%: 

SWX see. 10 (near south line), T. 18 S., 
R. 27 E., Izee 15-min quad., Grant 
County, Oreg. Lower 1nember of Snow
shoe Formation, 150-175 ft above base. 

107--------- 26754____ ___ I57-7-17C ___ R. W. Imlay,1957. Bed of Flat Cree.k, about 
half way between localitiE's 26753 and 
26755. Lower member of Snowshoe 
Formation, about 185-190 ft above base. 

107--------- 26755 __ ----- I57-7-17A R. W. Imlay, 1957. Bed of Flat Creek' 
and D107. SWXSW%: sec. 10, T. 18 S., R. 27 E., 

Izee 15-min quad., ~Grant County, Oreg. 
Lower member of t:inowshoe Formation, 
about 200 ft. above base. 

108 _______________________ D108(56-67) S. W. Muller, 1956. On east slope of canyon 
of Flat Creek about 100 ft above bed of 
creek, NW%:NW%: sec. 15, T. 18 S., R. 
27 E. Izee 15-min quad., Grant County, 
Oreg. Lower member of Snowshoe For
mation, about 250 ft above base. 
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109 _______________________ Ll28 ________ R. L. Lupher, 1937. On east side of Flat 
Creek, 100 ft ahove stream bed, and 250 
yards N. 25° W. from mouth of first main 
tributary that comes into Flat Creek 
from the west below Big Flat, probably 
south-eentral part of NW%: sec. 15, T. 
18 8., R. 27 E., Izee 15-min quad., Grant 
County, On•g. Probably same place as 
Dickinson's loc. 102. Snowshoe Forma
tion, middle mrmbrr. 

10\l _______________________ D102 ________ R. W. Imlay, W. R. Dickinson, and L. W. 
Vigrass 1\!56. Black mudstone and silt
stone on open slope north of Flat Creek, 
SE~..tNWJ~ sec. 15, T. 18 S., R. 27 E., 
Izee, 15-min quad., Grant County, Oreg. 
Probably near Lupher's loc. 128. Snow
shoe Formation, 60ft below top in middle 
member. 

110 _________ 26770 ______________________ J. H. Beeson and R. W. Imlay, 1957. North 
side of road along Emigrant Creek, near 
eenter ofNEX sec. 33, T. 20 S., R. 28 E., 
Sawtooth Creek 15-min quad., Harney 
County, Ore!!'. Snowshoe Formation. 

111_ ________ 26772 ______________ ------- J. H. Beeson and R. W. Imlay, 1957. West 
side of road along Blue Creek, one-quarter 
mil11 north of junction with road along 
Emigrant Creek, near center of NEX 
NW%: see. 34, T. 20 S., R. 28 E., Saw
tooth Creek 15-min quad., Harney 
County, Oreg. Snowshoe Formation. 

112 _________ 27579 ______________________ R. W. Imlay, 1959. North side of road along 
Emigrant Creek about 800 ft west of 
junction with road up Blue Creek, near 
center of SE%:NW%: sec. 34, T. 20 S., 
R. 28 E., Sawtooth Creek 15-min quad., 
Harney County, Oreg. Snowshoe 
Formation. 

113 _________ 29410 ________ 166-7-30B ___ R. W. Imlay and W. 0. Ross, Hl66. North 
side of road along Emigrant Creek, near 
point where road bends from west to 
northwest, east central part of SE~iNE~:! 
see. 33, T.20 S., R. 28 E., Sawtooth Creek 
15-min quad., Harney County, Oreg. 
Snowshoe Formation. 

25817 ________ REW55- R.E. Wallace and J. A. Calkins, 1955. 
F18 Roadcut in south central part of SW~i 

sec. 35 (near south line) T. 16 8., R. 30 E., 
Logdell 15-min quad., Grant County, 
Oreg. Snowshoe Formation. 

25824_ _______ REW55- R. E. Wallace and J. A. Calkins, 1955. On 
F35 L)ad southeast of Damon Creek, 

SE 1,iSEL,i see. 2, T. 17 S., R. 30 E., 
Logdell 15-ntin quad., Grant County, 
Oreg. Snowshoe Formation. 

116 _________ 2582L _______ REW55- R. E. Wallace and J. A. Calkins, 1955. In 
F26 road-metal quarry west of railroad siding 

and west of road along Shirttail Creek. 
Along west boundary of NEJ4 sec. 3, T. 
17 S., R. 31 E., Seneca 15-min quad., 
Grant County, Oreg. 

116 _________ 28017 ______ 14 __________ C. I. Trantham, 1960. Near main chute in 
quarry west of railroad track, west of 
road along Shirttail Creek, and along 
west boundary of NE~4 sec. 3, T. 17 S., 
R. 31 E., Seneca 15-min quad., Grant 
County, Oreg. Snowshoe Formation, 
near top. 

116 _________ 28018 _______ 14-L C. I. Trantham,1960. Same location as loc. 
28017 except about 100ft farther south. 

116--------- 28019 _______ 14-2_ C. I. Trantham, 1960. Same as loc. 28018 
except 5 ft farther south. 

116. ________ 28020 _______ 14-3 _________ C. I. Trantham, lfl611. About 300 yd south 
of loe. 28017 and 50ft north of a spring. 

116 __________ 28021__ _ ___ 14-4 _________ C. I. Trantham, 1960. About 100ft south of 
loe. 28020. 

116 __________ 29232_. __ l65-7-13B ___ W. 0. Ross and R. W. Imlay, 1965. In 
quarry about 225ft south of main chute 
on west side of old railroad track west of 
Seneca. Along west line of NE%: sec. 3, 
'.r. 17 S., R. 31 E., Seneca 15-min quad., 
Grant County, Oreg. Snowshoe Forma
tion. 

116 __________ 2923-L _______ I65-7-13A ___ W. 0. Ross and R. W. Imlay, ln6.'i. About 
170 ft south of main chnte in quarry on 
west side of road along Shirttail Crrek. 
Along west line of NE~i sec.:{, T. 17 S., 
R. :n E., SenPca 1.5-min quad., Grant 
County, Oreg. Snowshoe Formation. 

111-------------------·---- L'::O _________ R. L. Lupher, 1!1:.!7. Sandstone in nrw 
ehamwl of SilviPs River excavated hy 
railroad company about a quarh>r mile 
below southrrn margin of Bear Valley, 
near wrst linr of NW%:NW~4 sec. 2, T. 
17 S., R. :n E., Senf'ca 15-min quad., 
Grant County, On•g. l)(•scrilwd by 
Luphf'r as near east linP of NE'4 sec. :1. 
Snowshoe Formation, prohahly slightly 
lower stratigraphically than Lupher's 
loc. 5. 
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118 ________________________ L5 __________ R. L. Lupher, 1927. Shales in first road-
cut south of Senrca at north end of 
Silvies Canyon, S\"'~NW!4 see. 2, T. 17 
S., R. 31 E., Seneca 15-min quad., Grant 
County, Orrg. Snowshoe Formation. 

118 _________ 28022 _________ 4L __________ C. I. Trantham, 1960. East side of U.S. 
Highway 395 at first outcrop south of 
Seneca, NWU sec. 2, T. 17 S., R. 31 E., 
Seneca 15-min quad., Grant County, 
Oreg. Snowshoe Formation, near top. 

118 _________ 29235 _________ I65-7-1tiA ____ W. 0. Ross, 1965. Same place as Mesozoic 
loc. 28022 and probably same as Lupher's 
loc. 5, NW!4 sec. 2, T. 17 S., R. 31 E., 
Seneca 15-min quad., Grant County, 
Oreg. Snowshoe Formation, near top. 

119 _______________________ L8 ___________ A. K. Guard, 1927. Conglomeratic sand-
stone about 40ft thick on ridge northeast 
of road above shales of Lupher's loc. 28 
at north edge of Soda Valley. Most 
fossils collected from talus between out
crop of conglomerate and road. All 
fossils are in pebbles. NE 14SW~ sec. 2, 
T. 17 S., R. 31 E., Seneca 15-min quad., 
Grant County, Oreg. Snowshoe Forma
tirm. 

119 _______________________ L135 ________ R. L. Lupher, 1937. Float from middle(?) 
part of conglomerate exposed at Lupher's 
loc. 8. 

119_ ---------------------- L136 ________ R. L. Lupher, 1937. Float from lower part 
of eonglomerate exposed at Lupher's 
loc. 8. 

120 __ --------------------- L28 _________ A. K. Guard, 1927. From 200-250 ft of 
dark-gray shale containing some con
cretions exposed on northeast side of 
road at north edge of Soda Valley below 
conglomerate of Lupher's loc. 8 and above 
a basalt porphyry sill, NEUSW~ sec. 2, 
T. 17 S., R. 31 E., Seneca 15-min quad., 
Grant County, Oreg. Snowshoe For
mation. 

120----------------------- V2J2 ________ L. W. Vigrass, 1957. Roadcut on northeast 
side of highway 0.6 mile south of Seneca. 
Probably from same. place as Lupher's 
loc. 28. Snowshoe. Formation. 

120 _________ 29790 _________ I69-6-24A ___ R. W. Imlay and W. 0. Ross, 1969. From 
25-30 ft below top of about 250ft of dark 
shale which underlies conglomeratic 
sandstone on northeast side of U.S. 
Highway 395, NEUSWU sec. 2, T. 17 S., 
R. 31 E., Seneca 15-min quad., Grant 
County, Oreg. From upper part of same 
shale sequence as at Lupher's loc. 28. 
Snowshoe Formation. 

120 _________ 29792__ I69--6--24C ___ R. W. Imlay and W. 0. Ross, 1969. From 
lower 30 ft of about 250 ft of dark shale 
exposed at USGS Mesozoic loc. 29790. 

121_ ________ 29236 _________ I65-7-13D ___ W. 0. Ross, 1965. East side of road along 
Shirttail Creek, south central part of 
SE~SWU see. 3 (near south line), T. 17 
S., R. 31 E., Seneca 15-min quad., Grant 
County, Oreg. Snowshoe Formation. 

122 _________ 2923L ________ I65-7-13C ___ W. 0. Ross and R. W. Imlay, 1965. South 
side of road along Shirttail Creek, near 
center of NWU sec. 10, '1'. 17 S., R. 31 E., 
Seneca 15-min quad., Grant County, 
Oreg. Snowshoe Formation. 

123 _________ 28026 ________ 60-L ________ C. I. Trantham, 1960. About 120ft south 
of massive porphyry exposed. in highway 
cut, SWUNEU sec. 23, T. 17 S., R 31 E., 
Grant County, Oreg. Snowshoe Forma
tion. 

123 _________ 28027 _________ 60-2 _________ C. I. Trantham, 1960. Sixty feet south of 
USGS Mesozoic loc. 28026. 

123 _________ 29233 _________ 165-7-16 _____ W. 0. Ross, 1965. On east side of U.S. 
Highway 395 near eenter of NEX see. 23, 
T. 17 S., R. 31 E., Seneca 15-min quad., 
Grant County, Oreg. Probably same 
place as USGS Mesozoie loc. ~~80~3. 
Snowshoe Formation. 

124 _______________________ L57 _________ R. L. Lupher, 1927. Baked shale near 
prophyry in railroad cut between rail
road and highway, near east line of 
section in SW. cor. sec. 23, T. 17 8., R. 31 
E .. Seneca 15-min quad .. Grant County, 
Oreg. Snowshoe Formation. 

125 ________________________ L490 ________ R. L. Lupher, 1931. Shale in roadcut at 
south end of Silvies Canyon between two 
ooints of porphyry. Near USGS Meso
zoic loc. 21617 in NWl;t src. 26, T. 17 S., 
R. 31 E., Seneca 15-min quad., Oreg. 
Snowshoe Formation. 

125 ____ - ____ 21617 ________ l49-8-20B ___ R. W. Imlay, 1949. Roadcut on east side 
of U.S. Highway 395 in Silvies Canyon, 
NW~~NW;i sec. 26, T. 17 S., R. 31 E., 
Seneca 15-min quad., Grant County, 
Oreg. Snowshoe Formation. 
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126------------------------ L272 ________ R. L. Lupher, 1929. From baked shale near 
porphyry intrusion exposed on west side 
of old road from Silvies to Seneca, 0.7 
mile north of the Craddock Ranch 
house, SW!:!SW34 sec. 24, T. 17 S., R. 
31 E., Seneca 15-min quad., Grant 
County, Oreg. Snowshoe Formation. 

127 ____ ------------------- L56 _________ R. L. Lupher, 1927. Shale on south side of 
road along Camp Creek about a quarter 
of a mile above gate of Pacific Livestock 
Company, south central part of SW% 
SE~:! sec. 34, T. 17 S., R. 31 E., Seneca 
15-min quad., Grant County, Oreg. 
Snowshoe Formation. 

127 _________ 2677L _______ I57-4-8 _____ J. H. Beeson and R. W. Imlay, 1957. South 
side of Camp Creek near center of SE}i 
SE!.! sec. 34, T. 17 S., R. 31 E., Sene~a 
15-min quad., Grant County, Oreg. 
Snowshoe Formation. 

127 _________ 29-!13 ________ I66-7-21A ___ R. W. Imlay and W. 0. Ross, 1966. From 
tuffaceous h~ds exposed along strike for 
about 600 ft from hilltop to hilltop in 
southern part of SE\! sec. 34, T. 17 S., 
R. 31 E., Seneca 15-min quad., Grant 
County, Oreg. Includes same places as 
Lupher's loc. 56 and USGS Mesozoic 
Joe. 26771. Snowshoe Formation. 

128 _________ 25818 ________ REW55:-F19_ R. E. Wallace and J. A. Calkins, 1955. 
About one-sixth of a mile north of road 
along Camp Creek, south central part 
NE%SE~:1 sec. 30, T. 17 S., R. 31 E., 
Logdell 15-min quad., Grant County, 
Ore.g. Snowshoe Formation. 

129 _________ 25692 ________ REW55-F12_ R. E. Wallace and J. A. Calkins, 1955. 
Borrow pit on east side of road along 
Crooked Creek, SE3:1SW3.iNW)-;! sec. 2, 
T. 18 S., R. 30 E., Logdell15-min quad., 
Grant County, Oreg. Snowshoe 
Formation. 

130 _______________________ L55 _________ R. L. Lupher, 1927. Near forzst margin on 
west side of Silvies Valley about half a 
mile southwest of Jump Creek, sec. 8, 
T. 18 S., R. 31 E., Logdelll5-min quad., 
Grant County, Oreg. Snowshoe 
Formation. 

13L ________ 29415 ________ I66-7-22A ___ W. 0. Ross and R. W. Imlay, 1966. On 
hillside north of Flat Creek and 0.4 mile 
west of forest boundary NW%SE~SE3i 
sec. 7, T. 18 S., R. 31 E., Logdell 15-min 
quad., Grant County, Oreg. Snowshoe 
Formation. 

132 _________ 26777 _____ ·----------- ___ J. H. Beeson, 1957. Water-laid tuff near 
road north of Hall Creek, NE;iNW!:! 
sec. 34, T. 18 S., R. 31 E., Calamity 
Butte quad., Grant County, Oreg. 
Snowshoe Formation. 

133 _________ 28387 ______________________ R. W. Imlay, N. S. Wagner, H. C. Brooks, 
and R. A. Duncan, 1961. About 9 miles 
south of town of Ironside in NE. cor. 
sec. 9, T. 16 S., R. 39 E., Clover Creek 
Ranch 15-min quad., Malheur County, 
Oreg. Unnamed beds. 

13L ________ 27393 ______________________ W. D. Lowry, 1957. Near Rail Canyon, at 
elevation of 5000 ft, in roadrut 300ft cast 
of west side and 1,000 ft north of south 
side of sec. 11, T. 16 S., R. 38 E., Ironside 
Mountain 30-min quad.. Malheur 
County, Oreg. Unnamed beds. 

135 _________ 286!9 ________ Wag 6a ______ N. S. Wagner, H. C. Brooks, and R. W. 
Imlay, 1962. Juniper ]\fountain, about 
300 ft north of Pole CrE'ek on west side of 
a gulch in SWUSE 1 iNW1:i sec. 5, T. 
16 S., R. 41 E., Brogan 15-min quad., 
Malhe.ur County, Oreg. Unnamed beds. 

125 _________ 28650 ________ Wag 6b ______ N. S. Wagner and R. W. Imlay, 1962. 
Juniper Mountain. On hill about 150 ft 
northwest of USGS Mesozoic loe. 28649. 

1':6 _________ 28382 ________ Wagner 6 ____ N. S. Wagner, Howard Brooks, and R. W. 
Imlay, 1962. Crnter of south line of 
SE~NW~ sec .. '1, T. 16 S., R. 41 E., 
Brogan 1.5-min quad., Malheur County, 
Oreg. Unnamed beds. 

137 _________ 28373 ________ I61-7-18A ___ R. W. Imlav, Oeorge Kasch, and Jacob 
Nir, 1961. On Juniper Mountain near top 
of ridge 100 ft north of fence, SW. cor. 
of SW~ sec. 5, T. 16 S., R. HE., Brogan 
1.5-min quad., Malheur County, Oreg. 
Unnamed beds. 

l'J7 ________ 28374 ________ l61-7-18B ___ R. W. Imlay, GPorgc Kasch. and Jacob 
Nir, 1961. About 100 ft north of USGS 
Mesozoic. loc. 28373. 

128---~-~--- 28380 ________ Wag6Q-3 ____ N. S. Wagner, 1\!60. On Juniper Mountain 
near center of NE~ sec. 7, T. 16 S., 
R. 41 E., Brogan 15-min quad., l\Ialheur 
County, Oreg. Unnamed beds. 
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139 _________ 2838L ________ 'Jag GQ--L __ N. S. Wagner, George Kasch, and R. W. 
Imlay, 1!161. Juniper Mountain in SE. 
cor. NW,\4 sec. 7, T. 16 8., R. 41 E., 
Brogan 15-min quad., Malheur County, 
Oreg. Unnamed beds. 

140 _________ 27583 ______________________ ErnE'st Wolff, 1!1.58. Nearly 1 mile east of 
Beeker Creek in north-cE'ntral part of 
NEJ4SE,\4 sec. ;;6, T. H 8., R. 42 E., 
Bridgeport 15-min quad., Malhcur 
County Oreg. UnnamE'd hrds. 

141_ ________ 2911L _____________________ N. 8. Wagner, II. C. Brooks, and R. W. 
Imlay, 1964. North side of Durbin Creek 
on the Alvin Abrams Ranch, north 
central part of NE~~NW,\4 src. 7, T.l4 8., 
R. 44 F.., Huntington 15-min quad., 
Baker County, Oreg. Unnamrd beds. 

H2 _________ 2978L _______ Brooks-3 ____ JI. C. Brooks, H16U. North side of road 
along Durbin Creek, near middle of 
NW~~ sec. 16, T. 14 8., R. 44 E .. Hunt
ington 15-min quad., BakE'r County, 
Oreg. Unnamed heels. 

1!3 _________ 29782 __ . ______ I69-6··1\JA ___ II. C. Brooks, N. 8. Wagnrr, W. 0. Ross, 
and R. W. Imlay, Hl6fl. Nrar elevation 
of 4,193 ft on south sidE' of road in 8\V% 
SW,\4 src. 28, T. 14 8., R. 4~ E., Hunt
ington quad., Baker County, Oreg. 
Unnamed brds. 

SUMMARY OF RESULTS 

Middle Jurassic ammonites of early to late Bajocian 
age occur in east-central Oregon in several inliers 
spaced over a distance of about 120 1niles, from 10 miles 
east of Paulina on the 'vest to the Snake River on the 
east. In the Suplee area, which is farthest west, Bajoc
ian ammonites occur throughout 1,100-2,650 fee1t of 
beds included in the vVeberg, 'V ann Springs, and Basey 
Members of the Snowshoe Formation. Ne.xt to the east 
in the Izee area Bajocian ammonites occur in 1,600-
2,400 feet of the Snowshoe Formation but not in the 
lowest 125 feet, which is of Toarcian age, or in the 
upper 1,000 feet, which is of Bathonian? to early Cal
lovian age. A little farther east near Seneca the Snow
shoe Fonnation appears to be much thicker, but its 
total thiekness is unknown~ and its oldest exposed Ba
joeian beds cont.ain ammonites of the Otoites 8auzei 
zone. About 60 miles east of Seneca in the Juniper 
Mountains soutlnvest of Brogan, the Bajocian sequence 
is about 2,000 feet thick, and still farther east in the 
Huntington area is apparently several thousand feet 
thick. All these Bajoeian beds contain considerable vol
canic material deri,Tecl from nearby volcanoes and, 
except in the Suplee area, apparently represent con
tinuous deposition from Early Jurassic to early late 
Bajocian times. They were deposited in a sea that trans
gressed eastward far into the 'vestern interior of the con
tinent and was most extensive in late, Bajocian time. 

Early Bajocian (Aalenian) beds characterized by 
the ammonite Tm etocm·as have been identified ( 1) in 
the Suplee area in the, basal part. of the 'iV eherg ~{em
ber of the Sno,,shoe Formation, (2) in the Izee, area 
from 125 to 200 feet above the base of the Snowshoe 

Formation, ( 3) in the Juniper Mountain area, and ( 4) 
in the Huntington area. Tm.etocera8 is associated with 
Pra.estrigit-ies and Eudnietoceras in the Suplee area and 
and with fragments suggestive of Planarn1natoceras in 
the Izee area. 

The middle Bajocian is 'Yell represented in many 
areas. Beds equivalent to the Flyperlioceras discite8 
subzone at the base of the Sonninia smverbyi zone in
elude such ammonites as 8onninia (Eruhoplocera8), 
8onninia (PapilliceJ•as), A8thenoce1·as, E1.tdmetoceras, 
Fontannesia, H ebetoxyite8, Praestrigites, 8trigoceras, 
Pelekodite8, and Docidocel'as. Most of this assemblage 
has been found only in the Weberg Member of the 
Snmvshoe Formation in the Suplee, area. It comprises 
two faunules of which the upper may be distinguished 
frmn the lower by the presence of 8. (E1.thoploceras) 
adicJYt ('\Vaagen), 8. (E.) crassi8pinata Buckman, 
Docidoceraslupheri Imlay, n. sp., and lVitchellia (Lati
witchellia) new subgenus. Beds of the same general 
age, identified by the presence of Fontannesia, occur 
also farther east in Oregon in the Clover Creek and the 
Juniper Mountain areas. 

This ammonite assemblage, corresponding to the 
basal p:1rt of the Sonninia 8moerbyi zone, has much 
more in common with ammonites of the same age in 
Europe than those in Alaska. Thus eastern Oregon and 
Europe contain the same highly variable species, or sub
species of 8 onnin ia ( Eu ho ploceras) . Other species in 
common probably inelucle most of those ammonites that 
are herein compared 'vith European species of Fontan
nesia, Eudm.etoceras, Praestrigites, 8trigoceras, Flebe
toxyite8 and Docidocerms. Differences with Europe con
sist mainly of the absence in Oregon of Flyperlioceras 
and the presence of Latiu•itchellia~ n. subgen., Astheno
ccJ•as, and PaJ'illicera8. Resemblances with Alaska in
elude the presence of similar, or possibly identical, spe
eies of Eud1netoceras~ H ebetoxyites, .A8thenoceras, and 
Pelekodites. Differences with Alaska. inelude the ab
sence in Alaska of F ontanne8ia, Latiwitchellia, Papilli
ccras, 8trigoce;'a8, and Praestrigite8 and the absence in 
Oregon of Pseudoliocel'ms, Ala8kocel'as, and Pseudoci
docenfs. Part of these differences may reflect collecting 
failure, but part probably reflects facies or environ
mental differences related to the n1uch greater amount 
of calcimn carbonate deposited in Oregon at that time 
than in Alaska. 

Beds equivalent to the 8hirbuirnia trigonalis and 
lV itr:hellia lae l'iuscula snbzones of the 8onninia sorweJ'
b y i zone have been identified only in the Suplee area i:ri 
the topmost beds of the vVeberg Member and in the 
lower part of the '\Varm Springs Member of the Snow
shoe Fonnation. These beds are characterized through-
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out by the presence of W itchellia con nata (Buckman) , 
Sonninia (Papillice1'as) stantoni (Crickmay), Asthmw
cents delicatum Imlay, n. sp., and SteJJhanoceras spp. In 
addition the basal beds of the vVann Springs Member 
contain Fontannesia internwdia Imlay, n. sp. The high
est beds in the "'Veberg l\ie1nber contain that species as 
well as Stephanoceras juhlei Imlay, S. cf. S. doliclwecu8 
(Buekman), S. aff. 8. nodoswn (Quenstedt), Som'"dnia 
(Papillice1'as) stantoni (Crick1nay), and apparently 
also 8onninia (Euhoploceras) sp., and lVitclwllia (Lat
hvitchellia) evoluta Imlay, n. sp. at the top of their 
range. 

These beds in the vVeberg and vVarm Springs mem
bers are not older than the Shirb'ltirnia trigonalis sub
zone, as sho\vn by the presence of lYitclwll-ia proper and 
8tephanoceras throughout. They are not much younger 
basally, as shmvn by the presence of F ontannesia. They 
are older than the Otoites sa?.tzei zone, as shown by their 
stratigraphic position below beds containing Dorseten
sia, Enuileia, and Otoites. 

Beds equivalent to the European Otoites sauzd zone 
contain most of the ammonite genera just mentioned, 
except Fontannesia, but also include species of Dorse
tensia, Pelekodites, Lissoceras, Emile·ia, Parabigotites, 
Otm~tes, and N onnannites. The last two occur only near 
the top of the ranges of lVitchellia, 8. ( Papilliceras), 
and Endleia. Otherwise all these ammonites are present 
in the middle to upper parts of the vVann Springs Mem
ber in the Suplee area, in the upper part of the lo\ver 
member of the Snowshoe Fonnation in the Izee area, in 
the lmver exposed part of that formation in Silvies 
Canyon about 4 miles south of Seneca, and in unnan1ed 
beds in the Clover Creek drainage of the Ironside Moun
tain quadrangle. 

The highest part of the Otoites sauzei zone is prob
ably represented also in the lower part of the Basey 
l\1ember of the Snmvshoe Formation even though those 
beds lack Witchellia, Papilliceras, Otoites and Parabi
goti-tes. The evidence consists of five ammonite species 
that range upward from the Warm Springs 1\{ember 
but do not range higher, the absence of any genera char
acteristic of the Stephanoce1'a.s h'lanpries-ianwm zone, 
and, by cmnparison \vith Alaska (Imlay, 1964a, p. B7, 
B15), the association of Stephanoceras ltirschne'ri Im
lay at the bottom of its range with 8. juhlei Imlay at the 
top of its range. A similar association of am1nonites, oc
curring about four miles south of Seneca. (Lupher's loc. 
272), also contains Sonninia and is unlikely, therefore, 
to be younger than the Otoites sa·uzei zone. 

These ammonites representing the Otoites sau.zei zone 
bear elose affinities both with Alaska and with Europe. 
Species in common with Alaska include Parabigot-ites 
crassicostatus Imlay, N onnannites? kialagvikensis Im-

lay, Stephanocera8 kh·schneri Imlay, S. juhlei Imlay, 
and probably Otoites contractu,s ( J. de C. Sowerby). 
Species in common \Vith Europe include lVitchellia con
nata (Buckman), Otoites contractus (J. de C. Sowerby) 
a.nd N or1nannites fmYnosus Buckman. In addition, spe
cies in comn1on with Europe probably include 1nany of 
those that are compared with European species of Son
ninia (Papilliceras), Dorsetensia, Normann-ites, and 
Step h anoceras. 

Beds equivalent to the European Stephanoceras 
hnn-uphriesianu1n zone contain such anunonites as 
Dm'setensia, Pelekodites, Poecilomorphus, Olwnrh'o
cents, 8phaer;·oceras, N m·mannites, StephanoceJ•as, Telo
ceJ'as, Stenunatoceras? and probably Zemistephanus. Of 
these, Oho·nd1'oceras, Telocerw3, StenmwtocentsP and 
Zem isteplw:nus? occur above the local range of Dorse
tensia, are equivalent to the upper part of the Stephano
cent.s hwnphriesianwn zone, and characterize the top of 
the Basey ~{ember of the Snowshoe Formation in the 
Suplee area, the Snowshoe Formation undifferentiated 
near Emigrant Creek, and the Iniddle ammonite as
semblage of the Snowshoe Formation south of Seneca. 
The lower part of the S. hu1nph1'iesianum zone has been 
identified only in the 1nicldle part of the Basey 1\fember 
by an association of 8phaeroceras \Tith Dorsetensia and 
8tephanoce1'as. 

These am1nonities representing the 8teplzanoceras 
hwnphriesian'ltm zone have stronger affinities \vith 
Alaska than with Europe. Species in common with 
Alaska include Ohondroceras aU ani (~IcLearn), Nor
mannites crickmayi (1\fcLearn) ~ 8teplwnoceNts kirsch
neri Imlay, Te?oceras itrnsae (~fcLearn), and probably 
include species that are compared herein with N onnan
nites ·itinsae (lHcLearn) and Zemisteplwnus Pichard
soni (Whitea ves). Species from Oregon that are similar 
to species from Europe are described herein under Poe
ct?omOl'phus, OllondJ·oceras, 8phaeroceras, N ormannites, 
8tephanoceras, Stemmatoceras, and Teloceras, but 
the only identical species appears to be j'\lormannites 
Ol'bignyi Buckman. 

Beds equivalent to the lower part of the upper Ba
jocian of Europe contain the ammonites Leptospllinctes, 
L. (Prm·siszJhinctes n, 8piroceras, SphaeToceras, Nor
mannites, 8tepltanocera8, Teloce1·as '? Zem.isteplwmts ~' 
the new genus Lupherites, and probably ill egasphaero
cera.s. This faunule occurs (1) at and near the top of 
the Snowshoe Formation \vest and immediately south 
of Seneca and (2) much farther east in unnamed beds 
in the Juniper ~fountains south of Brogan, and (3) in 
the Huntington area. It bears stronger affinities with 
upper Bajocian ammonites of Europe than of Alaska. 
Species in common with Europe include 8piroceTas 
bifurcahun ( Quenstedt) and 8. rmnu1atwn (Desha yes). 
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Species closely similar to species in Europe include 
SphaeJ'ON'J'as cf. S. brongniarti ( J. de C. Smverby), 
N OJ'mannites aff. N. orbigny£ Buckman, and Lepto
sphinctes ef. L. 1cptws Buckman, Species identical with 
Alaskan species includes only ill egas plweroceras rotun
dum Imlay but probably includes Lepto8phinctes cf. L. 
evolutus Imlay. The upper Bajocian ammonites from 
eastern Oregon differ from those in Europe in lacking 
any species of the Parkinsoniidae and in having 1l/ ega
sphaerocera8. They differ frmn those in Alaska in hav
ing different species of Normannitic8 ancl.8phaeJ'ocera8, 
in lacking representati,·es of Lis8oceJ'a8 and Oppelia 
(Liroxyltes) and in having a fair abundance of Spiro
ceras \vhich genus is questionably represented in Alaska. 

Close faunal resemblances of the Bajocian ammonites 
of eastern Oregon with those of Alaska and Europe shmv 
that marino comwctions existed \vith both regions. One 
connection with Europe via the Arctic region seems rea
sonable, when one considers the knmvn distribution of 
Bajocian rocks in Alaska, Canada, and Greenland. 
Another marine connection with Europe either through 
Central America or around South America also seems 
reasonable during· times ·when the ammonite faunules of 
eastern On•gon had greater affinities to those of Europe 
than of Alaska. Such times are represented in Oregon 
by early middle Bajocian beds characterized by Eu)w
plocel'as and by late Bajocian beds characterized by 
Spiroceras. 

Bajocian ammonities frmn eastern Oregon are as
signed to 12 families and ±2 genera and subgenera. The 
Sonninidae, Hildoceratidae, and Stephanoceratidae are 
the dominant families, constituting 83 percent of the 
speeimens and 52 percent of the genera and subgenera 
present. The six most common genera in decreasing 
order of abundance arc AsthenoceJ'as, Sonnlnia. Dm'se
tensia, Stepha norcras, Pelekr.Hl ites, and T1nctoceras. One 
new genus LupheJ'ites resembles Polyplectites. One new 
subgenus 1Vitclwl1ia. ( Lati-witchellia) resembles "Zugo
plwrites" Buckman. Eighteen new species are described. 

SYSTEMATIC DESCRIPTIONS 

Family PHYLLOCERATIDAE Zittel, 1884 
Genus PHYLLOCERAS Suess, 1865 

Phylloceras spp. 

Plate 1, figure 17, plate 2, figure 9 

This genus is represented by two laterally crushed 
septate specimens. One specimen (pl. 1, fig. 17) has very 
tine, dense radial lirae similar to those on Phylloceras 
kunthi Nenmayr (1871, p. 312, pl. 13, figs. la, b). The 
other sp<.'eimen (pl. 2, fig. 9) has slightly flexuous ribs 
that are fine and closely spaced near the umbilicus but 
become a little eoarser and fairly widely spaced ven-

trally. Its sutnre line is \Yorn but shmvs a bifid external 
saddle and a trifid first lateral saddle. Both speei
mens have vague broad radial folds, and neither have 
constrietions. 

Figured spccinwns.-l"~SN~I 168+00 and CAS 13327. 
Occurrence8.-Snowshoc Formation, lower part of 

'\Vebcrg J\Iember, at Lupher's loc. 468; Snowshoe, For
mation undifi'erentiatecl ncar Seneca at USGS J\feso
zoie loc. 29790. 

Genus CALLIPHYLLOCERAS Spath, 1927 

Calliphylloceras sp. 

Plate 1, figures 1, 2 

Four specimens are assigned to Oalliphylloceras, 
rather than If olcopltylloceras, because of the presence of 
fine dense raised lines, or lirae on their shells, and be
cause the constrictions present are only gently sigmoidal, 
arc confined mostly to the internal molds, and are repre
sented by \veak flares on the surface of the venter. 

Figul'ed specimen.-Stanford lTniversity Museum 
Paleontology 10006. 

Occun'ences.-Snowshoc• Formation, upper part of 
'Veberg 1\Iember, at Lupher's loc. 228X, 230, 584, and 
Vigrass· loc. 152. 

Genus HOLCOPHYLLOCERAS Spath, 1927 

Holcophylloceras sp. 

Plate 1, figures 1R-21. l)latt> 2. figures 7 and 8. 

H olcophylloceJ'as is represented in the Bajocian beds 
of eastern Oregon by 50 small internal 1nolds, of whieh 
a fmv retain smne shell n1aterial. These 1nolds have a 
moderately eompressed shell, frmn six to seven acutely 
sigmoidal eontrietions per whorl, and very "·eak riblets 
on the venter and on the upper parts of the flanks at 
diameters greater than about 35 1nm. The suture line 
has cliphyllie saddles. 

The specimens closely resemble imn1ature forms of 
If. co8tisparsl!1n (Imlay ( 1964a, p. B32, pl. 1, figs. 11, 
12) from beds of Bajocian age in the Cook Inlet region, 
Alaska, and possibly belong to that species. 

Fig·nred specimens.-CAS 13328-13330. 
Occw'rf-nces.-Snmvshoe. Formation, '\Veberg ~fern

her at lTSGS Mesozoic locs. 21611, 26768, 27735, 
Lupher's loes. 210, 228N, and 313, and Vigrass' loe. 155; 
'\Varm Springs 1\Ie.mber at l\fesozoie loes. 26767, 29239, 
Lupher's locs. 206, 211, 235, 237, ±76, 561, 566, and 
Vigrass' locs. 10 and 149; Basey J\Iember at ~fesozoic 
loes. 26769 and 29818; lower 1nember at l\Iesozoic loe. 
29237 and Lupher's loe. 75; Iniddle Inmnber at Mesozoie 
loe. 26773. Also present in unna1necl beds in the Juniper 
:Mountain area of J\1:alheur County at 1\fesozoie loe. 
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28381. The species is represented by 6 specin1ens from 
the "\Veberg ~Iember, 05 fron1 the "\Varn1 Springs ~1em
ber, 3 frmn the lower member, and 1 from each of the 
other members or units listed. 

Family SPIROCERATIDAE Hyatt, 1900 
Genus SPIROCERAS Quenstedt, 1858 

Spirocera.s bifurcatum (Quenstedt) 

Plate 1. figures 3-8. 

Hamites bifureati Quenstedt, 1858, vl. 55, figs. 1-12. 
Hamife8 bifurcati Quenstedt, 1886. pl. 70, figs. 27-44. 
A_ncyloccra8 tcnue Douville (not d'Orlligny), 1916, pl. 3, figs. 

12a, b. 
.l.ipimccra8 bis]Jirwtum (Baugier and Sauze). Roman and Petonr

aud, 1927, pl. 3, figs. 13-20, pl. 4, figs. 1-13, pl. 5. figs. 7-11. 
Spiroceras bifurcatun" (Quenstedt). Potonie, 1929, pl. 17, figs. 

4-8, I)l. 18, figs. 26-28. 

This species is represented near Seneca, Oreg. by 22 
1nolds that exhibit considerable variation in coarseness 
of ribbing. Some (pl. 1, figs. 3, 4, 8) are as coarsely 
ribbed as the lectotype (Potonie, 1929, pl. 17, fig. 4; 
Arkell and others, 1957, p. L205, fig. 235-1a), and others 
are considerably finer ribbed. The ribs are narrow, high, 
fairly "\videly spaced, incline slightly forward on the 
flanks, becmne a little stronger ventrally, and terminate 
in pron1inent tubercles that bound a smooth Inicl-Yentral 
area. In add-ition, a rmv of weak radially elongate tuber
cles, or S"\vellings, oecur on the ribs high on the flanks. 

Types.-1-Iypotypes, t-:-SN~I 168-±91-168495. 
Occnrrences.-Near top of Snowshoe Fonnation un

differentiated near Seneea at USGS ~1:esozoic loes. 
28017, 28022, 29232, and 2923-±; unnmned beds in Juniper 
~fountain area at 1\:Iesozoic loc. 28650. 

Spiroceras annulatum (Deshayes) 

Plate 1, figures 9-16 

A_ncyloeeras annulatnrn Deshayes. d'Orhigny, 1850, v. 576, pl. 
225, figs. 1-7. 

A_neylocera8 tenue Dom·ille (not d'Orbigny), 1916, 1)1. 3, figs. lla, 
lJ, 13a, b. 

cf. Spirocrl'((s to;roconicum Buckman, 1924, Type Ammonites. v. 
5, pl. 492. 

Spiroccras annulatum (Deshayes). Roman and Petouraud, 1927, 
v. 33, pl. 3, fig. 21. pl. 5, fig. 1G-19. 

Spiroceras bifurcatum annulatum (Deshayes). Potonie, 1929, 
v. 50, p. 240, pl. 17. figs. 19-25a. 

T,-venty speei1nens frmn Oregon differ from SzJiro
cents bifurcatunl. in having finer and 1nore closely spaeed 
ribs, less reclueecl ribbing along the 1nidventralline, and 
'veaker ventral tubf'reles. 

Types.-Hypotypes, USNM 168496, 168497, 168499-
168502. 

Occnrrences.-Near top of Snowshoe Formation un
differentiated near Seneca at USGS Mesozoic. locs. 28018 

and 29232 and questionably at loe. 29236 ~ unnamed beds 
in tTnniper ].\fountain area at :Mesozoie loc. 28650. 

Family HILDOCERATIDAE Hyatt, 1867 
Genus ASTHENOCERAS Buckman, 1899 

Asthenoceras delicatum Imlay, n. sp. 

Plate 3, figures 1-32. plate 4, figures 3-6 

This species is represented by about 380 specimens. Of 
these 85 are from the middle and upper parts of the 
"\Veberg Member of the Snowshoe Fonnation, 215 frmn 
various parts of the "\Varn1 Springs 1\feinber, 3 frmn the 
base of the Basey ~fe1nber, 1-± from the lower 200 to 600 
feet of the lower 1ne1nber of the Snmvshoe For1nation 
near Izee, 3 from the Snmvshoe Formation undifferen
tiated in Silvies Canyon south of Seneea, and 60 frmn 
unnamed beds on Juniper :Mountain in the Brogan 
quadrangle. 

The shell is eompressecl and eYolute. The 'vhorls are 
subovate in section, higher than wide, vary considerably 
in thickness relative to the height, en1brace the preced
ing whorl frmn one-fourth to one-third, and are most 
evolute on the body "\Yhorl. The flanks are gently to 
moderately rounded. The umbilical 'vall is low, nearly 
vertical at~ its base, and rounds evenly into the. flanks. 
The venter is nalTO"\-vly to moderately rounded and bears 
a fairly high hollow floored keel that is bordered by 
furrows. The body ehamber oceupies a little more than 
half a "\vhorl and on three specimens terminates in 
elongate lateral lappets. Other speeimens that are ap
preeiably larger are either broken at the adoral end of 
their body chambers or appear to terminate in a simple 
aperture. 

The inner whorls are smooth or. bear faint swellings 
to a diameter of a bout 8 mm. The sueceecling septate 
whorls bear rihs that ,·ary considerably in eoarseness, 
density and flexnosity from one sp£>cimen to another 
and even during the grmvth of a single speeimen. None
theless about 90 percent of the specime.ns are finely 
ribbed, and only 10 percent are mode.rately to coarsely 
ribbed. 

The finely ribbed septate whorls are charaeterized 
by fine, dense, gently faleoicl unforked ribs and striae 
that extend from the umbilical seam to the keel, beeome 
slightly stronger ventrally, and project fonvard on the 
margins of the venter. In addition, these septate whorls 
generally bear low broad radial swellings or undula
tions on the lm-ver parts of their flanks. Aclorally on 
the penultimate \vhorl and on the bo\lY ehamber of the 
finely ribbed specimens, the ribs gradually become a 
little stronger, more widely spaeed, more falcoid; some 
bifurcate near the 1niddlc of the flanks, and some arise 
on the. flanks as continuations of striae. 
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The moderately to coarsely ribbed variant differs 
from the finely ribbed variant in having coarser and 
n1ore widely spaced ribs and more distinct rib furca
tion, and in lacking radial S\vellings on their septate 
\Yhorls. Ten of these specimens (pl. 3, figs. 1-11) in par
ticular have so n1uch coarser ribbing than the finely 
ribbed specimens that they would normally be assigned 
to a different species except for the presence of a num
ber of transitional forms (pl. 3, figs. 12-14). 

The suture line is simple. The first lateral saddle is 
very broad. The ventral lobe is a little stouter than the 
first lateral lobe wh:ch is irregularly trifid. The sus
pensive lobe trends nearly straight to the umbilical 
seam. 

The dimensions in millimeters and ratios of the dianl
eter (in parentheses) are as follows : 

Specimens Diameter Whorl Whorl Umbilical 
height thickness width 

Holotype (pl. 3, figs. Hl, 20) _________ 27 [!_ .5(0. 3.5) 7. 5(0. 28) 11(0. 41) 
Paratype (pl. 3, fig. 26) _____________ 20 8 ( . 40) 6. 5( . 32) 7( . 3-5) 
Paratype (pl.:<, fig. 27) _____________ 21 8 (. 38) 6 ( . 2\=1) 8(. 38) 
Paratype (pl. 4, figs. 5, 6) ___________ 28.5 11 ( . 40) 10.5( .37) 10( . 35) 
Paratype (pl.?, fig.:,)_ _____________ 28 (! ( .32) 7. 5( . 27) 12( . 43) 
Paratype (pl. 3, figs. 5, 6) ___________ ~2 11. 5( . 36) n ( . 28) 13( . 41) 

The septate whorls of Asthenoce1·as delicatum_, Imlay, 
n. sp. closely resemble the type specimens of Astheno
ceJ·as nannodes (Buckman) (1899, p. XLIX; 1889, p. 
213, pl. 33, figs. 13-16) from the zone of Lttdtolgia 1nU1'
chinsonae in England. They differ by having stouter 
whorls and somewhat stronger ribs that project for
ward much more strongly on the margins of the venter. 
The most finely ribbed variants of the Oregon species 
have appreciably coarser ribbing than the specimens 
of Asthenoceras from vVide Bay m1 the Ahska Penin
sula described by \Vestermann (1969, p. 61, pl. 14, figs. 
1-7). Asthenocera"<s is represented elsewhere in Alaska 
by one specimen that probably belongs to the coarsely 
ribbed variant of A. delicatu1n. This specimen (pl. 4, 
figs. 1, 2) was obtained in the basal part of the Tuxedni 
Fornl'ation of the Talkeetna Mountains at USGS 
Mesoz,oie loc. 24137. 

Types :-Holotype, CAS 13331; paratypes, CAS 
13332-13347; Stanford University Museum Paleontol
ogy 10007-10014; USNM 168503. 

Occnrrences.-Snowshoe Fonnation, Weberg Mem
ber at Lupher's locs. 228, 228N, 305, 306, 313, 474, and 
609, VigTass' locs. 15, 16, and 112, lTSGS Mesozoic locs. 
21611, '26768, 27735, 29827, 29828; \Varm Springs Mem
ber at Lupher's locs. 116,206,232,298, 316,482, 560, and 
561, Vigrass' 1.ocs. 10, 18, 166, and 403, lTSGS Mesozoic 
locs. 29239 and 29240; lower member near Izee at 'Meso
zoic locs. 26756 and 26758; Snowshoe Form'ation un
differentiated at Lupher's loc. 490 in Silvies Canyon; 
basal beds of Basey Mmnber at Dickinson's loc. 100; 

unnamed beds at USGS Mesozoic locs. 28381 and 28387 
on ,T uni per l\fountain in the Brogan quadrangle, l\fal
heur County. 

This species in the Suplee area ranges frmn the middle 
part of the Weberg l\fember into the basal part of the 
Basey Member. This range, on the basis of associated 
an1monites, corresponds with the European 8 onninia 
sowerbyi zone and the Otoites sauzei zone. It ,occurs 
higher, therefore, than A. nannodes (Buckman) from 
the Ludwigia murchismute zone of England (Buckman, 
1889, p. 214:). 

Asthenoceras 1 sp. 

Pl.ate 35, figure 10 

This species is represented by one laterally com
pressed internal 1nolcl which shows two outer septate 
whorls and most of the adult body chamber. The shell 
has highly evolute coiling, ·a wide umbilicus, and some
what flattened flanks that round evenly into a low 
steeply inclined umbilical wall. The venter bears a low 
keel that is bordered by narrow smooth areas. The body 
eha1nber ,oecupies about three-fifths of a whorl and ter
minates in an elongate, lateral lappet. 

The ribs on the innermost exposed whorl are variably 
fine, gently flexuous, and become slightly stronger ven
trally. They trend forw·ard on the lower third of the 
flanks, trend backward on 1nost of the remainder of the 
flanks, and then curve gently forward .on the venter. 
The ribs near the adapical end of the outermost septate 
whorl become 'abruptly 1nuch stronger, more widely 
spaced, and rursiradiate. On the adoral half of the same 
whorl the ribs do not reeurve forward on the venter. 
Aclorally on the body chamber the ribs beeome stronger 
and 1nore widely spaced, remain strongly rursiradiate 
and persist to the aperture. 

The suture, line is poorly preserved but appears to 
have essentially the same plan as on Asthenoceras delic
atun1 Imlay, n. sp. 

This species has much finer ribbing on its innermost 
exposed whorl than occurs on any of the species that 
were referred to Pelekodites by Arkell (1954, p. 563). 
This feature suggests a generic relationship with the 
species herein described as Asthenoce1·as delicat,um Im
lay, n. sp. It differs, hmvever, by being more evolnte, by 
its ribs not projecting strongly fonvard on its septate 
whorls, and by its ribs becoming rursiradiate on its 
outermost whorl. 

Figure specin1en.-USNM 168505. 
Ocmtrrence.-Snowshoe Formation, upper part of 

Weberg Member at USGS Mesozoic loc. 21611. 
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Genus FONTANNESIA Buckman, 1902 

Fontannesia costula Imlay, n. sp. 

Plate 4, figures 16-26 

This species, represented by 20 internal molds, is 
characterized by evolute coiling, a prominent keel, and 
faint ribbing. Its whorls are subovate in section, much 
higher than wide, and flattened on their sides. The um
bilical wall is gently inclined and merges evenly into 
the flanks. The venter is narrow and bears a prominent 
narrow keel that is bordered by narrow flattened areas. 
A complete body chamber, present on the holotype, 
occupies a little more than half a \Yhorl. The aperture is 
sinuous on the flanks and is prolonged ventrally as a 
lappet which is broken. 

On the septate whorls the lower parts of the flanks 
are nearly smooth but under oblique lighting show 
radial trending striae and faint undulations. These pass 
a little below the middle of the flanks into very weak 
closely spaced ribs that incline backward on the flanks 
and then sharply forward on the margins of the venter. 
The ribs are strongest along the zone of greatest rib 
curvature, terminate abruptly before reaching the keel, 
and become slightly stronger toward the aperture. On 
the body chamber the lower parts of the flanks are like
wise nearly smooth, but the highest parts of the flanks 
bear fairly distinct ribs that curve forward and then 
eJ?.d abruptly along narrmv flattened areas bordering the 
keel. 

The suture line has a fairly broad first lateral saddle 
and a fairly narrow, trifid first lateral lobe that is con
siderably longer than the ventral and second lateral 
lobes. The suspensive lobe descends gradually to the 
umbilical seam. 

The holotype, which has been somewhat crushed, at a 
maximum diameter of 85 mm, has a whorl height of 25 
mm, a whorl thickness of 15? mm, and an umbilical 
width of 38 mm. 

In its smooth appearance, this species resembles some 
specimens of Fontannesia 1.oklteho·usei Arkell (1954, 
p. 566, pl. 29, figs. 3, 6, 8) from western Australia. That 
species, however, has strongly ribbed inner septate 
whorls and completely smooth outer whorls, 1vhereas on 
the Oregon species the ribs are faint to weak on all 
whorls and are strongest on the body chamber. 

Fontannesia costula Imlay, n. sp. closely resembles 
F. inter1nedia Imlay, n. sp. in shape and coiling. It dif
fers by having much weaker ribbing and apparently 
also a more prominent keel. It is not considered a vari
ant or subspecies of F. 1'nte1'nwdia because the collec
tions do not contain any specimens that have ribbing of 
intermediate strength. 

Types.-Holotype, CAS 13348; paratypes CAS 
13349-13351; Stanford University Museum of Paleon
tology 10015, 10016. 

Occurrences.-Snowshoe Formation, Weberg Mem
ber at Luphur's locs. 228, 228N, 370 and 584, Vigrass' 
locs. 8 and 241, and USGS Mesozoic loc. 29828. 

The species ranges through the upper two-thirds of 
the ""\Veberg Member in those areas where the upper 
limestone division of the member is fully developed. 

Fontannesia intermedia Imlay, n. sp. 

Plate 4, figures 7-15 

This species is represented by 27 internal and external 
molds. The shell is compressed and evolute. The whorls 
are subovate in section, are 1nuch higher than wide, em
brace from one-fourth to one-fifth of the preceding 
whorl and become more evolute during growth. The 
flanks are flattened. The umbilical wall is gently in
clined and merges evenly into the flanks. The venter is 
narrow, fastigate, and bears a fairly prominent hollow 
unfloored keel that is bordered by narrow flattened 
areas. An incomplete body chamber is represented by 
half a whorl on the largest specimen. 

The ribs on the small septate whorls are mostly sim
ple, gently falcoid, fairly closely spaced, faint on the 
lower part of the flanks and weak on the upper part. 
Adorally on the larger septate whorls the ribs grad
ually become a little stronger, more \Yiclely spaced, and 
more distinct. Some ribs bifurcate lo1-v on the flanks, 
and many ribs arise freely on the upper part of the 
flanks. On the outermost nonseptate half whorl the ribs 
are distinct on the entire flank but become stronger 
ventrally. 

Fontannesia intermedia Imlay, n. sp. differs from F. 
luculenta Buckman (1905, p. CLXXXIX; 1902, pl. 46~ 
figs. 4, 5, 8, pl. 47, figs. 10-12) from England and from 
the Oregon specimens herein compared with that 
species in having finer, denser ribbing, a distinctly 
higher keel, more evolute coiling, and a more com
pressed shell. Compared with species from western 
Australia, it shmYs some resemblance to the densely 
ribbed variety of F. cl arkei (Crick) figured by Arkell 
(1954:, pl. 29, figs. 1, 2, pl. 30, fig. 2) but differs by hav
ing finer ribbing on its inner whorls, and much coarser 
ribbing on its outer whorls. It is more evolute and has 
mnch finer ribbing on its inner whorls than some speci
mens of Fontannesia frmn New Guinea described by 
'" estermann and Getty ( 1970, p. 238-244, pls. ±8, 49). 

The suture line is poorly presNTed but has a very 
broad first lateral saddle and a. slender, trifid first 
lateral lobe that is a little longer than the ventral lobe. 

The small specimen shown on plate 4, figures 10, 11 at 
a diameter of 4:3 mm has a whorl height of 16 mm, a 
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whorl thickness of 10.5 n11n, and an mnbilical width 
of 16 mm. These dimensions do not include the keel 
which is about 2.5 mm high. 

Types.-Holotype, CAS 13352; paratypes CAS 13353, 
13354; Stanford University Musemn of Paleontology 
10017. 

Occurl'ences.-Snowshoe Formation, Weberg Mem
ber at USGS Mesozoic lacs. 21613, 26761, 26766; Lu
pher's lacs. 228N, 2'28"\V, 228X, 239, 410; Vigrass' loc.s. 
16, 121a, and 205; "'\Varn1 Springs Member, near base, at 
Lupher~s loc. 232 and Vigrass' loc. 18. The species ranges 
through the upper lin1estone division of the Weberg 
Member into the basal beds of the Warm Springs 
Mmnber. 

Fontannesia cf. F. luculenta Buckman 

Plate 5, figures 14-19 

cf. Fontannesia carinat(l Buckman, 1905. Palaeontographical 
Soc. of London, supplement p. CLXXXIX ; 1892, pl. 46, 
figs. 4-, 5, 8, pl. 4 7, figs. 10-12. 

This species is represented by 16 internal Inolds. 
It is characterized by moderately strong, gently falcoid 
ribs that persist onto the body chamber. The shell is 
moderately compressed and fairly evolute. The whorls 
are ovate in section, much higher than wide, and em
brace about one-third of the preceding whorl. The flanks 
are somewhat flattened. The umbilical wall is steep at 
its base, gently inclined above, and rounds evenly into 
the flanks. The venter is fastigate and bears a low keel 
that becomes very \Veak adorally on the body chamber. 
The keel is hollow and unfloored. The body chamber 
occupies about half a whorl. The aperture is sinuous 
on the flanks and is prolonged ventrally as a lappet 
whieh is broken. 

The ribs on the flanks are rnoderately strong, n1oder
ately spaced, gently falcoid, and persist onto the adult 
body chamber. They begin on the umbilieal wall, be
come stronger ventrally on the flanks, are strongest on 
the margins of the venter, and then fade out rather 
abruptly. ~lost ribs remain simple, but a few bifurcate 
low on the flanks. Adorally on the body chan1ber the 
ribs gradually beeome stronger exeept near the aperture 
where they become slightly weaker, especially on the 
lower part of the flanks. 

The suture line has a broad, bifid first lateral saddle. 
Its first lateral lobe is moderately long, trifid, and ap
preeiably longer than the ventral lobe or the second 
lateral lobe. Its suspensive lobe deseends slightly to the 
mnbilieal seam. 

The specimen shown on plate 5, figure 15 appears to 
be only slightly eompressed laterally. At a diameter 
of 73 mm its whorl height is 27 mm, its whorl thickness 
is 20.5 mm, and its umbilical width is 30 111111. 

This Oregon speeies resembles Fontannesia luculenta 
Buckman (1905, p. CLXXXIX; 1892, pl. 46, figs. 4, 
5, 8, pl. 47, figs. 10-12; Arkell, 1954, fig. 5 on p. 564) 
from England in whorl shape, coiling, and ribbing and 
may belong to that species. It appears to differ, how
ever, by having slightly stronger ribbing on its umbili
cal slope and by developing an adult body ehamber at 
a much smaller size. Its inner septate whorls likewise 
resemble those of F. clm·kei (Crick) (Arkell, 1954, p. 
565, pl. 28, pl. 29, figs. 1, 2, pl. 30, figs. 1-4) from Aus
tralia, but its outer septate whorls differ by retaining 
ribbing instead of becoming snwoth. F. aft'. F. clarkei 
( Criek) frmn New Guinea (Westermann and Getty, 
1970, p. 238, pis. 48, 49) differs frmn the Oregon species 
in having a n1nch more prominent keel and in its ribs 
projecting more strongly on the margins of tihe venter. 
F2~gured specimens.-CAS 13355 and 13356. 
OrruJ'rences.-Snowshoe Formation, middle and 

npper parts of the vYeberg Member at USGS :Mesozoic 
lacs. :21611, 26760, 277:13 and Lupher's lacs. 228, 228X, 
228"'\V, 855 and 475. lTnnamecl beds in the Clover Creek 
area at Mesozoic loe. 288'87, and in the Brogan quad
rangle at Mesozoie loe. 28381. 

Fontannesia cf. F. carinata Buckman 

Pia te 5, figures 4-13 

cf. Fontannesia carinata Buckman, 1905-. Palaeontographical 
Soc. of London, p. CLXXXIX; 1892, pl. 47, figs. 13, 14. 

Nineteen internal n1olds belong to a species that is 
charaeterizecl by fairly eoarse, strongly falcoid ribs. 
The shell is 1noderately eompressed and fairly evolute. 
The whorls are ovate to subquadrate in section, a little 
higher than wide, and e1nbraee about one-third of the 
preceding "\Vhorl. The flanks are somewhat flattened on 
small specimens and gently rounded on larger septate 
speeimens. The mnbilical wall is moderately to steeply 
inclined and rounds evenly into the flanks. The venter 
on small specimens is fastigate and bears a low keel. 
During growth the venter beeomes evenly rounded and 
the keel weakens and disappears. The body chamber on 
the largest speci1nen oecupies about three-fifths of a 
whorl and is incmnplete. 

The ribs are strongly falcoid, fairly eoarse and mod
m·ately spaced. On septate speeimens the ribs begin 
weakly on the umbilieal wall, beeome strong on the 
flanks, are strongest on the margins of the venter, and 
then fade out rather abruptly before reaehing the keel. 
Most ribs remain simple, but a few bifurcate a little 
below the middle of the flanks. Adorally on the body 
ehmnber the ribs fade out on the nmbilieal wall, become 
less falcoid but stronger on the flanks, and are pro
jected aeross the venter as broad low swellings. 
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The suture line has a moderately broad, bifid first 
lateral saddle, an equally broad trifid first lateral lobe 
that is a little longer than the ventral and second lateral 
lobes. 

The specimen shown on plate 5, figures 7, 8 at a diam
eter of 61 mm, has a whorl height of 22 mm, a whorl 
thickness of 18 mm, and an umbilical width of 21 mm. 

These Oregon specimens fit very well into the species 
concept of Fonhmnesia gl'mn.moceroides (Hang) as de
fined by Buckman ( 1892, p. 262) before he subdivided 
that species. Among those subdivisions, the Oregon 
specimens most closely resemble F. CaJ'inata Buckman 
(1905, p. CLXXXIX; 1892, pl. 47, figs. 13, 14) frmn 
England, but differ by having a slightly lower and 
weaker keel that disappears on the body chamber. Ex
cept for their strongly falcoid ribs, the Oregon speci
mens like,vise resemble F. explanata Buckman ( 1905, p. 
CLXXXVIII; 1892, pl. 46, figs. 6, 7) and F. grmnnw
ceroides (Hang) as restricted by Buckman (1905, p. 
CLXXXVII; 1892, pl. 46, figs.1-3; pl. 47, figs.15-17). 
F. fairbridgei Arkell (1954, p. 563, pl. 27, figs. 1-4) 
from Australia differs by having wider and sparser 
ribs and a higher and more persistent keel. 

F(qu.red specimens.-CAS 13357-13361. 
Occu.rrences.-Snowshoe Fonnation, middle and up

per parts of "\V eberg ~!ember at lTSGS ~f0sozoic locs. 
26768 and 29824; Lupher's loc. 226, 228, 228X, 355; 
and Vigrass' loc. V121a. 

Fontannesia cf. F. evoluta (Buckman) 

Plate 5, figures 1-3 

Of. Nannina evoluta Buckman, 1927, v. 7, pl. 752. 

One internal mold from eastern Oregon has highly 
evolute coiling, a low hollow unfloored keel, and moder
ately strong, fairly widely spaced ribs that trend radi
ally or slightly forward on the flanks and then curve 
forward on the margins of the venter. Its overall ap
pearance is similar to that of F. ez.·olrtda (Buckman), 
but at a comparable size its ribbing is slightly denser 
and its umbilicus is slightly wider. 

F-igured specinwn.-Stanford University ~iuseum of 
Paleontology 10018. 

OcmU'l'ence.-Snmvshoe Formation, near middle of 
Weberg Nlember at Vigrass' loc. V121a. 

Genus TMETOCERAS Buckman, 1892 

Tmetoceras scissum (Benecke) 

Plate 2, figures 1-6 

[For synonymy see 'Vestermann. 19~4a, p. 428, 429] 

Tnwtoce1'as sciss'urn (Benecke) in eastern Oregon is 
represented by 105 molds from the lower part of the 
Snowshoe Fonnation in the Izee-Suplee areas, 40 molds 

from unnamed beds in the Juniper ~Iountain area south
west of Brogan, and 13 molds from the Huntington 
area. 

The species is characterized by highly evolute coil
ing, by a subcircnlar to subovate whorl section, by 
sharp, high rectiradiate. ribs that terminate. ventrally in 
blunt spines, by a deep fairly smooth mid-Yentral 
groove', and gPnerally by clPep constrictions. A more de
tailed description has been published by 'Vestermann 
(1064a,p.J2D,435). 

The worlchvide range of T-m.etorcJ'as scissum (Ben
ecke) probably corresponds to the entire early Bajocian 
(Aalenian) according to "\Vestermann (1964a, p. 429-
435). lie notes that in En rope the species is most com
mon in the upper part of the LeioceJ·as opalinum zone 
and is not knmv definitely as high as the Lu(hoigia mur
chisonae zmw, although the genus itself ranges that 
high. In Alaska and Argentina by contrast, TnwtocePas 
scissum (Benecke) occurs directly below the Sonninia 
sowerbyi zone in beds that are correlated 'vith the Lud
'lDigia much1"sonae and GJ•aplwceras concavwn zones of 
northwest Europe ('Vestermann, 196Ja, p. 434, 435: 
1967, p. 67, 68). 

In eastern Oregon, TmetoceJ·as is associated 'vith 
PJ'aestrigites in the lower 80 feet of the "\Veberg ~1em
ber (Lupher's localities 207, 366 and 467), with Plan
amrnatoceras? in the lmver member of the Snowshoe 
Formation (lTSGS ~fesozoie locs. 26753 and 26755), 
and questionably with Docidocel'as in the basal "\Veberg 
~1ember (Lupher's loc. 366). This last oeeurrence, how
ever, is in a general collection made from a considerable 
thiekness of beds. As yet, Tm..etoceras in eastern Oregon 
has not been colleeted frmn the same bed as Docidocera8, 
and most occurrences are definitely below the range of 
DocidoceraB. 

Types.-Hypotypes CAS 13362, 13363; Stanford 
lTniversity ~fuseum Paleontology 10019. 

Occu.J•rences.-Snowshoe Formation, ( 1) from 125 to 
200 feet above base of lower member at lTSGS l\feso
zoic locs. 26752, 26753, and 26755; (2) from 'Veberg 
~!ember at Vigrass' locs. 3, 121a, 155 and158, Lupher's 
locs. 207, 208, 366, 411, 466, 467 and 583, and lTSGS 
1\Iesozoic ]ocs. 26764, 27374, 29820, 29821 and 29822; 
(3) questionably from basal bed of "\Varm Spring l\fein
ber at Vigrass' 1 oe. 18 ; ( 4:) unnamed beds in ,Juniper 
~fountain area of the Brogan quadrangle, ~Ialheur 
County, at 1JSGS ~1esozoie locs. 28373 and 2837 4:; ( 5) 
unnan~ed beds in the Huntington quadrangle, Baker 
County at lJSGS ~fesozoie loc. 29784; and ( 6) prob-

~ ' 
ably represented in the Bridgeport quadrangle, ~ial-
heur County, at ~Iesozoic loc. 27583. 
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Family HAMMATOCERATIDAE Buckman, 1887 
Genus EUDMETOCERAS Buckman, 1920 

Subgenus EUAPTETOCERAS Buckman, 1922 

Eudmetoceras (Euaptetoceras) cf. E. (E.) hauthali (Burckhardt) 

Plate 6, figures 6-9 

Seven small molds rPpresent a spPcies characterized 
by fairly involute coiling, a low vertical umbilical wall 
that rounds evenly into the flanks, a lmv keel, and fairly 
strong, gently flpxuous ribs. The primary ribs are weak, 
low on the flanks but become stronger ventrally and are 
swollen aL or a little below, the middle of the :flanks. 
Frmn the primary ribs pass pairs of sonw\Yhat weaker 
secondary ribs that persist to the keel and become 
broader and lmver vPntrally. Some pairs of forked ribs 
are separated by single ribs that arise freely on the 
:flanks or are faintly connected ·with one of the forked 
ribs. 

This Oregon species has fairly involute coiling and 
swollen primary ribs as on E. obtedum Buckman (1925, 
pl. 555) from Europe. Close comparisons from Europe 
cannot be made, hmn'ver, until the inner whorl of the 
European species has been illustrated. The Oregon spe
cies in lateral view agrees in the same features with E. 
ha'lttlwli (Burckhardt) (1903 p. 16, pl. 1, figs. 18-20) 
from Argentina and is nearly the same in size. It differs 
by having a stouter whorl section and slightly stronger 
primary ribs. 

F·igured specimens.-lTSN~i 168506. 
Occnrrence.-Snowshoe Formation, highest part of 

\V eberg lVIember at USGS l\iesozoic loc. 29400 near the 
eastern pinchout of the member. 

Eudmetoceras (Euaptetoceras) cf. E. (E.) klimakomphalum 
(Vacek) 

Pia te 6, figures 10-18 

cf. H arpoceras klimakomphalum V~cek, 1886, p. 81. pl. 8, figs. 
16a, b, 17a, b. 

cf. Hanwceras klimakomphalum Vacek Burckhardt, 1903, p. 15, 
pl. 2, figs. 1-3. 

cf. Eudmetoceras klimakomphalum (Vacek). Arkell, 1956, p.176. 
cf. Eudmetoceras klimakomphalwn (Vacek). Sapunov, 1964, p. 

262, pl. 2, figs. 2a-c. 
cf. Eudrnetoceras (Eua.ptetoceras) klimakomphalum (Vacek). 

Seyed-Emami, 1H67, 11. 94, pl. 3, figs. 9 and 10; pl. 11, fig 5. 
cf. Hammatoceras (Pseudaptetoceras) klitnakomphalunz 

(Vacek). Geczy, 1966, p. 78, pl. 19, fig. 2, pl. 40, fig. 11. 
Eudmetoceras (EuaqJtctoccras) klimakomphalum (Vacek). See 

Westermann, 1969, p. 74, 75 for additional references to 
species. 

This species is represented in eastern Oregon by about 
30 septate specimens of which most are crushed laterally. 
It has a compressed ovate whorl section that is much 
higher than wide. Flanks are flattened and subparallel 
below but converge above to a narrowly rounded venter 
that bears a low keel. Umbilicus is narrow but widens 

slightly during growth. Umbilical wall is low, vertical 
and rounds abruptly into the flanks. The adult body 
whorl is not preserved. 

The ribs on the smallest septate whorls are fine, closely 
spaced and gently flexuous. The primary ribs incline 
forward, become stronger ventrally, and generally pass 
into pairs of weaker secondary ribs on the. 1niddle third 
of the :flanks. Some secondary ribs arise freely on the 
upper third of the flanks. The. secondary ribs trend 
radially on the :flanks but become slightly prorsiradiate 
near the kee I. 

During subsequent growth, the ribs weaken gradually 
on the lower parts of the :flanks, and the primary ribs 
disappear. Therefore, the largest preserved septate 
whorl at its adoral end is nearly smooth on the lower 
part of the flanks and bears faint broad ribs on the 
upper part of the flanks. 

The. suture line cannot be traced. The largest speci
men at an esti1nated diamete.r of 105 mm, has a whorl 
height of 55 mm, a whorl thickness of 35 mm, and an 
umbilical width of 22 mm. 

These Oregon specimens, as far as pre-servation per
mits comparisons, are identical with Eurbnetoce'J'as 
klim,akmnphalum. (Vacek). They differ from E. amplec
tens Buckman (1920, Type Ammonites, v. 3, pl. 180 A, 
B) in having a wider umbilicus and a fairly sharp 
umbilical edge. They differ from the subspecies E. 
kli1nakomphalum discoidale Westermann (1969, p. 75, 
pl. 14, figs. 8, 9, pl. 16, tlgs. 1, 2, pl. 17, fig. 1, pl. 18, fig. 1, 
text-figs. 23-25 on p. 77, 78) in having a stouter whorl 
section a wider umbilicus on their large se.ptate whorls, 
somewhat finer and denser ribbing and a fairly sharp, 
instead of an evenly rounded, mnbilical edge. 

Fig·ured specimens.-USNl\1168507, 168508. 

Occurrences.-Sno\vshoe Formation, highest part of 
\Veberg lHember as USGS :Mesozoic locs. 29817 and 
29400 near the eastern pinchout of the Weberg Member. 

Eudmetoceras (Euaptetoceras) cf. E. (E.) amaltheiforme (Vacek) 

Plate 6, figures 1-5 

cf. Harpoceras amaltheiformc Vacek, 1886, p. 81, pl. 9, figs. 1-4. 
cf. Eudmctoceras amaltllcitormc (Vacek). Arkell, 1956, p. 176. 
cf. Hammatoccra8 (Pseudaptetocerw~) amaltheitorme (Vacek). 

Geczy, 1966, p. 82, pl. 21. vi. 4-1. fig. 5. 
cf. Eudmetocera8 ( Eua,ptctoccras) amaltll eiforme (Vacek). 

Bremer, 1966, v. 158, lll. 15, figs. 2a,b. 
cf. Endmetoceras (Euaptetoceras) am.altheiforme (Vacek). 

Seyed-Emami, 1967, p. 91-94, pl. 3. fig. 8, pl. 11, figs. 1a,b, 

2a,b. 

One small septate mold has a compressed ovate whorl 
section that is much higher than wide. The. flanks are 
flattened and subparallel. The. venter is narrowly 
rounded and bears a low keel. Its umbilicus is moderate-
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ly narrow. The umbilical wall is low, vertical and 
rounds fairly abruptly into the flanks. The inner whorls 
exposed in the umbilicus bear transverse swellings at the 
base of the flanks but are not spinose. The outermost 
preserved septate whorl bears fairly weak, gently flexu
ous ribs that become broader and 1nore distinct ven
trally. The primary ribs are faint near the umbilicus, 
become fainter ad orally, and pass into pairs of some
what stronger secondary ribs at or below the middle 
of the flanks. Some secondary ribs arise freely on the 
middle third of the flanks. 

The specimen at a diameter of 64 mm has a whorl 
height of 29 mm, a whorl thickness of 16 mm, and an 
umbilical width of 15 mm. 

The suture line has a broad, deep and trifid first lat
eral lobe that is nearly twice as long as the second lateral 
lobe and slightly longer than the ventral lobe. The sus
pensive lobe trends nearly straight to the umbilical 
seam. 

This Oregon specimen is similar in appearance to in
termediate-size septate whorls of E. mnaltheifm'me 
(Vacek) as illustrated by Bremer (1966, pl. 15, figs. 
2a, b) and Seyed-Emami (1967, pl. 11, figs. 2a, b). It 
differs from E. klhnalwn~Jplwlrtt1n (Vacek) ( 1886~ pl. 8, 
figs. 16, 17) in having a wider umbilicus at a comparable 
size and a less abruptly rounded umbilical edge. E. 
amplecten8 Buckman (1920, pl. 180) has a much nar
rower umiblicus, and a 1nore evenly rounded umbilical 
edge. 

The straightness of the suspensive lobe on the Oregon 
specimen resmnbles that on E. amplecten8 Buckman and 
contrasts with the slightly contracted suspensive lobe 
on E. mnaltheijor1ne (Vacek) (1886, pl. 9, fig. 1; Geczy, 
1966, pl. 2L fig. 5), or on a larger specimen of E. ldima
kmnphal1Nn (Vacek) (1886, pl. 8, fig. 16). However, a 
small specimen of E. klimakomphalurn (Vacek) (1886, 
pl. 8, fig. 17), comparable in size with the Oregon speci
men, also has a straight suspensive lobe. 

The Oregon specimen differs from Eudmetocera8 
(Euaptetoceras) sp. aff. E. (E.) nucleosphw8tttm vVest
ermann (1969, p. 80, pl. 17, figs. 2a, b, text fig. 23) in 
lacking nodes on its small inner whorls and in having 
a stouter whorl section, a more abruptly rounded um
bilical edge, and slightly more evolute coiling. 

Figttaed 8peci1nen.-CAS 13364. 
Ocourrence.-Snowshoe Formation, middle part of 

Weberg Member, at Lupher's loc. 1701. 

Genus PLANAMMATOCERAS Buckman, 1922 

Planammatoceras1 spp. 

Plate 24, figures 2, 3; plate 27, figures 2, 3 

This genus is possibly represented by 14 crushed frag
ments. The smallest specimen (pl. 24, fig. '2) has evolute 

coiling, a low keel on its venter, sharp ribs that generally 
arise freely low on the flanks and incline slightly for
ward, and a few· widely spaced umbilical tubercles from 
which pass two or three ribs. This specimen resembles 
the tuberculate whorls of Hanwnatoceras tuberculatum 
Sato (1954, p. 86, pl. 7, fig. 1, pl. 8, fig. 2, pl. 9, figs. 1, 2) 
which "'\Vestennann (1964a, p. 351) refers to Planam-
1natocera8. 

Somewhat larger specimens (pl. 27. figs. 2, 3) bear 
short, thick primary ribs that terminate low on the 
flanks in radially elongate swellings or tubercles frmn 
which arise pairs of fairly thick, gently flexuous sec
ondary ribs. These specimens bear some resemblance to 
the outer whorls of Paramnwtoceras ,rugatu.-m Buck
man (19·25, pl. 578) and P. obtectwm Buckman (1925, 
pl. 555) fron1 the Ltttdwigia mw·chisonae zone of Eng
land. They appear to be less strongly tuberculate than 
Antmonites subin8ignis Oppel (Renz, 1925, pl. 1, figs. 
5a, b) which is referred to a new genus Pseuda1nmato
cera.'3 by Elmi (1963a, p. 60; 1963b, p. 15, pl. 1, figs. 1, 2). 

The largest specimen (pl. 24, fig. 3) from Oregon 
bears short, broad, low primary ribs that end in radially 
elongate swellings. From these pass frmn one to three 
fairly sharp flexuous secondary ribs that curve forward 
on the venter and appear to be slightly S"'\vollen on the 
margins of the venter. Other secondary ribs arise freely 
on the flanks. A low ventral keel is present. This speci
men resembles "H am1natoceras" hosourense Sa to ( 1954, 
pl. 7, figs. 5, 6, pl. 9, figs. 5, 6) frmn Japan, except for 
the presence of radially elongate swelling. Their pres
ence suggests comparison with the large specimens of 
P. tubeJ'cttdatunt (Sa to) (1954, pl. 9, fig. 1). 

The presence of such swellings or tubercles does not 
bar an assignment to Planam1ndtoceras as indicated by 
Sa to (1962, p. 66), because swellings and tubercles do 
occur on Parmnmatocera,s ru:gattttm Buckman ( 1925, pl. 
578) and Hammatoceras planinsigne Vacek (See 
Geczy, 1966, pl. 11, figs. 1-3) which Arkell (1956, p. 
177) assigns to Planamnwtoceras. The subject has been 
discussed fully by Geczy (1966, p. 31) who, however, 
considers Planammatoceras to be a synony1n of H mn-

1natoce1'as. 
Figured specimens.-lTSNM 168509-168511. 
Occu1Tences.-Snowshoe Formation, lower member at 

lTSGS Mesozoic locs. '26753 and 26755. At these locali
ties Planmmnatoceras? is associated with Tmetoceras 
scissmn (Benecke) in dark siltsto11e from 125--'200 feet 
above the base of the Snowshoe Formation. Their lowest 
occurrence is about 50 feet above beds containing H augia 
of late Toarcian age (Imlay, 1968, p. C14, C46, pl. 9, 
figs.14, 15, 17, 18). 
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Family SONNINIIDAE :Buckman, 1892 
Genus SONNINIA :Bayle, 1879 

Sonninia cf. S. nodatipinguis (:Buckman) 

Plate 13, figures 1-4 

This species is represented by three laterally crushed 
internal molds and one external n10ld. The coiling is 
highly evolute on the inner whorls and fairly evolute 
on the outer whorls. The venter bears a high keel. The 
adult body chamber is unknown, but the adoral half of 
the outer whorl on the largest specimen is nonseptate. 

'The innermost (see pl. 13, fig. 4) whorls up to a di
alneter of about '7 1nm bear small lateral tubercles. The 
succeeding whorl at diameters between '7 and 15 mm 
bears alternating long and short, rectiradiate, strong 
nontuberculate ribs of which the short ribs are slightly 
the "\Yeaker. The long ribs are fairly strong at the tnn
bilical seam and are strongest low on the flanks. The 
short ribs appear first near the Iniddle of the flanks, 
but during growth appear lower and lower on the flanks. 
All ribs curve slightly forward high on the flanks. 

Adorally on the outermost preserved whorls all ribs 
become equally high, strong, widely spaced, are highest 
low on the flanks 'and fade out rather abruptly on the 
ventral margin before reaching the keel. 

The suture line cannot be traced, and the specimens 
are too crushed to measure accurately. 

The Oregon specimens possibly .belong to Sonninia 
tnwedniensis Imlay ( 1964a, p. B32, pl. 2, figs. 5-10) 
frmn Alaska but appear t.o have stronger ribs on the 
lower parts of their flanks. In that respect they show 
more resemblance to the inner whorls of Stiphronwr
phites nodatipinguls Buck1nan (1923, pl. 398) from the 
Shirbttt.irnia trigonalis subzone of the Sonninia. sowerbyi 
z.one of England. 

Fig·ured specimens.-CAS 13365-13368. 
0 ccurrence.-Snowshoe Formation undifferentiated 

near Seneca at Lupher's loc. 272. 

Subgenus EUHOPLOCERAS :Buckman, 1913 

Sonninia (Euhoploceras) modesta :Buckman 

Plates 7-10 

Sonninia nwde.<Jta Buckman, 1892, p. 32S, pl. 68, pl. 70, fig. 5; 
1894, pl. 95, figs. 3-5 ( holotype) . 

Sonninia . .<JimtJlcx Buckman, 1892, p. 326, pl. 70, figs. 2--4. 
Sonninia . .<Jilb.<Jtri.ata. Buckman, 1892, p. 330, pl. 70, figs. 6, 7, pl. 

71, figs. 6-8. 
Sonnin ia IJarvico.<Jtata. Buckman, 1892, p. 339, pl. 75, figs. 3-5. 
Sonninia. nuda. Buckman, 1893, p. 352, pl. 82, figs. 3, 4. 
Sonninia inaequa Buckman, 1894, p. 400, pl. 101, figs. 4-6. 
Sonninia. mode.<Jta. Buckman, 1894, p. 422, pl. 95, figs. 3-5; ?pl. 96, 

figs. 1, 2. 
Sonninia. .<Jttb.<JimiJle.r Buckman, 1894, p. 42:7, pl. 9'5, figs. 6-8. 
?Sonninia mode.<Jta Buckman. Hiltermann, 1939, p. 153, pl. 10, 

figs.5,6,pl.11,fig.1. · 

Sonninia modesta mocle.<Jta Buckman. Oechsle, 1958, p. 111, pl. 
13, fig. 7, pl. 14, fig. 8, pl. 16, fig. 5. 

Sonninia mode.<Jta .<JUb.<Jtriata Buckman. Oechsle, 1958, p. 111, 
pl. 13, fig. 6, pl. 14, fig. 7, pl. 19, fig. 3. 

Sonninia nwde.<Jta nenningen.<Ji.<J Oechsle, 1958, p. 111, pl. 13, 
fig.5,pl.14,fig.6,pl.18,fig.1 

The Oregon specimens, herein identified with Bon
ninia modesta Buekman, are represented by '70 internal 
molds. Many of the molds are much "\Yeathered, some 
are crushed laterally, and most are completely septate. 

These specimens are characterized by striae and 
weak to fairly weak ribs on all or most of their septate 
whorls; weak tubercles or swellings only on their inner
Inost whorls at diameters of less than 15 mn1; a low 
rounded keel; flattened flanks~ a compressed whorl sec
tion that is 30 to 50 percent higher than wide ; a step
like umbilicus; a ve.rtical or very steep umbilical wall; 
an abruptly rounded umbilical edge; and by their coil
ing changing during growth from moderately involute 
to moderately evolute. Thus the small septate whorls 
embrace about three-fifths, intermediate-sized "\Yhorls 
embrace about one-half, and the penultimate whorl em
braces about one-third of the preceding whorls. 

The body chamber is incmnpletely preserved but is 
possibly represented on the largest specimen by one
fifth of a nonseptate whorl whose fonner continuation 
is imprinted for nearly half a. whorl. This imprint 
indicates that the body chamber embraced only about 
two-fifths of the preceding whorl. 

On the septate whorls the ribs begin near the umbili
cal e.dge, trend radially to near the middle of the flanks, 
curve for"\Yard on the upper parts of the flanks and on 
the venter, and then fade near the keel. Many ribs arise 
singly near the umbilical edge, but many other ribs 
arise by furcation or intercalation on the lower parts 
of the flanks. The ribs are generally weak, become 
slightly stronger ventrally and adorally, and vary 
somewhat in strength in different specimens. On the 
finer ribbed specimens (pl. 10) the outermost septate 
whorl bears broad, faint radial undulations. On the 
n1.ore coarsely ribbed specimens the adoral end of the 
largest septate whorl bears several moderately strong, 
widely spaced ribs (pl. '7, fig. 5). In general the 1nore 
coarsely ribbed specimens are stouter than the finer 
ribbed spe.cimens. 

The adult body chamber develops much stronger rib
bing than the septate \vhorls. On the more coarsely 
ribbed va,riant (pl. 9, figs. 5, 6) the body cha1nber bears 
ribs that are single, flexuous~ forwardly inclined, \videly 
spaced, moderately strong, becoming slightly stronger 
adorally. On the finer ribbed variant the ribs are broad 
and faint on the adapical part of the body chamber 
but become nroderately prominent ad orally on the upper 
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half of the flanks and on the ventral margin (pl. 8, 
figs. 6, 7). 

The dimensions (in milli1neters) and ratios of the 
dia.meters (in parentheses) are as follows : 

Specimens Diameter Whorl Whorl Umbilical 
height thickness width 

Hypotype (pl. 7, fig. 5) _____________ 153 63(0. 41) 48(0. 31) 53(0. ?4) 
Hypotype (pl. 7, figs. 1,4)__ ________ 94 45( .48) 32( .34) 25( . 2.5) 
Hypotype (pl. 8, figs. 3, 5) __________ 75 :m .so) 24( . ::2) 16( . 21) 

The largest available specimen at the adapical end 
of the incomplete body cha1nbm· has a diameter of 
about 250 mm. If the body chamber occupied three
fifths of a whorl, the adult shell had a diameter of a.t 
least 380 1nm. 

The suture line has a. trifid first lateral lobe that is 
much longer than the ventral and second lateral lobes. 

The Oregon specimens under discussion agree very 
well in most characteristics with the holotype of Son
ninia 1nodesta Buck1nan (1894, pl. 95, figs. 3-5), with 
the specimens assigned to that species by Oechsle (1958, 
pl. 13, figs. 5-7; pl. 16, fig. 5, pl. 18, fig. 1, pl. 19, fig. 3), 
and with most of the other described species herein con
sidered to be synonyms of S. nwdesta. The finer ribbed 
specimens from Oregon (pl. 7, figs. ·2, 3, pl. 8, figs. 3, 5, 
pl. 9, fig. 1, pl. 10) are dosely compara:ble in strength 
of ribbing with S. subst'f"l:ata Buck1nan and S. sitnplew 
Buckman, and have slightly stronger ribbing than S. 
pa1'1Jicostata Buckman, S. nuda Buckman, and S. mo
desta nenningensis Oechsle. The more coarsely ribbed 
specimens frmn Oregon (pl. 7, figs. 1, 4, 5) are com
parable in strength of r~bbing with S. nwdesta Buck
man, 8. inaequa Buckman, and 8. subsiTnplew Buckman. 
Smne· specimens from Oregon bear fairly prominent 
ribs (pl. 7, fig. 5, pl. 9, figs. 5, 6) near the adoral end of 
their largest preserved septate whorl, as on one large 
paratype of S. modesta Buckman (1892, pl. 68, figs.1, 2). 

None of the Oregon specimens assigned to S onninia 
modesta Buckman bear prominent tubercles on their 
inner whorls like those on one small ammonite de
scribed by Buckman (1894, p. 423, pl. 96, figs. 1, 2) as 
an immature exa1nple of that species. His assignment 
may be questioned, however, because the small ammo
nite does not have an abruptly rounded un1bilical edge 
and because similar prominent tubercles have not been 
shown in any other illustration of the species at a com
para:ble size. 

Types.-Hypot.ypes CAS 13369-13375, 13467; Stan
ford lTniversity Museum Paleontology 10020; USNM 
168512-168513. 

Ocmtrrence8.-Snowshoe. Formation, Weberg Me·m
ber at Lupher's locs. 108, 116A, 228, 228W, 228N, 228X, 
229, 238, 306, 351, 355, 371, 372, 373, 407, 580, 584, and 

610; Vigrass' locs. 8, 14, 20b, 120, 121a, 152, and 241; 
USGS Mesozoic locs. 26765, 29824, 29825, 29827, and 
29828. 

S onninia modesta Buckman in Oregon ranges through 
the upper two-thirds of the Weberg Member. The speci
men from Lupher's loc. 116A is probably from the very 
top. 

Sonninia modesta Buckman in England is recorded 
from the H yperlioceras discites subzone at the base of 
the Sonninia sowerbyi zone. In Wiirttemberg, Germany, 
the species is associated with other ammonites ( Oechsle, 
1958, p. 124) that Westerman (1966, p. 308) correlates 
with the lower and middle parts of the 8. sowerbyi zone. 
Presumably he means those parts of the S. sowerbyi 
zone older than the W itchellia laeviuscula subzone. 

Sonninia (Euhoploceras) dominans Buckman 

Plates 11 and 12 

Sonnlnia clomJnans Buckman, 1892, p. 322, pl. 66 (holotype), 
pl. 67, figs. 1, 2, pl. 69. 

Sonninia subcostata Buckman, 1892, p. 330, pl. 71, figs. 4, 5. 
Sonninia obtusijomtis Buckman, 1892, p. 333, pl. 72, figs. 3-5. 
Sonninia co8tata Buckman, 1892, p. 338. pl. 74, fig. 1, pl. 75, figs. 

1, 2. 
Sonninia papilionacea Buckman, 1893, p. 367, pl. 90, figs. 1-3. 
Sonninia eurornphalica Buckman, 1893, p. 362, pl. 85, figs. 1-3. 
Sonninia ornphaUca Buckman, 1893, p. 363, pl. 83, figs. 5-9. 
Sonninia palmata Buckman, 1893, p. 372, pl. 90, figs. 7-9. 
Sonninia scalpta Buckman, 1893, p. 376, pl. 87, figs. 1-3. 
Sonninia dominatrix Buckman, 1894, p. 392, pl. 94, figs. 3, 4. 

pl. 95, fig. 2. 

Sonninia ttmbilicata Buckman, 1894, p. 397, pl. 84, figs. 1-3. 
?Sonninia carntwa Buckman, 1894, p. 403, pl. 99, figs. 4-6. 
Sonninia dominata Buckman, 1894, p. 408, pl. 97, figs. 1-3. 
Sonninia multicostata Buckman, 1894. p. 410, pl. 86, figs. 1-3. 
Sonninia costigera Buckman, 1894, p. 428, pl. 102, figs. 1-3. 

S onninia dominans Buckman is represented in east
ern Oregon by 43 internal molds of which many are 
crushed, fragmentary, or 1nuch weathered. The outer 
three-fourths of the specimen shown on plate 11, figures 
1 and 4, is nonseptate and probably represents the entire 
adult body chamber. 

The Oregon specimens of this species are character
ized by moderately to fairly evolute coiling, a slightly 
compressed to moderately stout subovate whorl section, 
a low steeply inclined umbilical wall, an evenly rounded 
umbilical margin, strongly costate intermediate and 
outer whorls, and weak tubercles that generally occur 
only in the smallest whorls (pl. 11, fig. 2, pl. 12, fig. 3). 

Both tubercles and ribs show some variation in coarse
ness and density. The tubercles are rather inconspicu
ous, occur on most specimens at diameters of less than 
16 mm, occur on a few specimens at diameters of about 
25 mm, and occur rarely on intermediate-size whorls. 
The ribs, in contrast to the tubercles, are fairly con-
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spicuous at nearly all growth stages. They begin near 
the edge of the umbilicus, trend radially or slightly 
backward on the lower part of the flanks, curve slightly 
forward high on the flanks and on the venter, are 
strongest near the middle of the flanks, and become 
markedly stronger and sparser adorally on the inter
mediate and outer whorls. On the smallest whorls most 
ribs arise singly, but a few arise in pairs low on the 
flanks. On larger whorls all ribs arise singly at the 
umbilical edge. 

Most specimens are so deformed that measurements 
are meaningless. The large specimen shown on plate 11, 
figures 1 and 4 at a diameter of 190 mm, has a whorl 
height of 67 mm, a whorl thickness of 47 mm between 
ribs or 62 mm on the ribs, and an umbilical width of 
65mm. 

The suture line is essentially the same as on Sonninia 
modesta Buckman as described and illustrated herein. 

The Oregon specimens just described show consider
able resemblance to the holotype of Sonninia dominans 
Buckman ( 1892, pl. 66, figs. 1, 2) and to most of the 
other described species that are herein considered sy
nonyms of S. d01ninans but a.re less tuberculate than 
some immature specimens assigned to that species by 
Buckman ( 1892, pl. 67, figs. 1, 2; 1894, pl. 94, fig. 1). 
Some coarsely ribbed Oregon specimens (pl. 11, figs. 1, 
4; pl. 12, figs. 1-4) of S. dominans Buckman closely re
semble S. dominatrim Buckman (1894, p. 392, pl. 94, 
fig. 3), S. costata Buckman ( 1892, p. 338, pl. 7 4, fig. 1), 
and S. costigera Buckman (1894, pl. 102). Some finely 
ribbed Oregon specimens of S. dominans (pl. 11, fig. 1; 
pl. 12, fig. 5) are similar to S. multicostata Buckman 
(1894, p. 410; 1893, pl. 86, figs. 1-3) and S. subcostata 
Buckman (1892, p. 330, pl. 71, figs. 4, 5). 

The Oregon specimens of S. dominan.s Buckman 
differ from the holotype of Sonninia adicra (Waagen) 
in lacking tubercles on their intermediate-sized whorls, 
in bearing much weaker and sparser tubercles on their 
small whorls, and in developing strongly costate rib
bing at an earlier grmvth stage. Obviously fragments of 
strongly costate outer whorls that are not attached to 
intermediate-sized 'vhorls cannot be definitely assigned 
to either species. 

The Oregon specimens of S. domi,nans Buckman 
differ considerably from the associated specimens of S. 
modesta Buckman, described herein. They have a less 
compressed shell, an evenly rounded instead of an 
abruptly rounded umbilical edge, more evolute inner 
whorls, stronger ribbing at all growth stages, and in 
particular bear much more prominent ribs on their in
termediate-sized septate whorls. 

Types.-Hypotypes, CAS 13376-13381; Stanford 
University Museum Paleontology 10021. 

Occurrences.-Snowshoe Formation, upper part of 
Weberg Member at Lupher's locs. 102, 108, 226, 228, 
228N, 228W, 229, 238, 306, 307, 350, 407, 609; Vigrass' 
locs. 19, 20b, 154, 216; USGS Mesozoic locs. 21610, 
21612, 26766, 29826. The species is possibly represented 
also at Lupher's locs. 228X, 248, 355, 363, 474, at Vi
grass' locs. 8 ancl121, and at lTSGS ~1esozoic loc. 21611 
and 29-±02. The species ranges through the middle and 
upper parts of the vVeberg Member. Its lowest known 
occurrence is at loc. V19 about 80 feet above the base 
of the member. 

In England Sonninia d01ninans Buckman, as herein 
described, occurs mostly in the Hyperlioce'l'as d,iscites 
subzone in the basal part of the Sonn:inia smoerbyi zone, 
but has been recorded also ( 1893, pl. 90, figs. 7-9) under 
the name S. pabnata Buckman from the top of the 
Graphoceras concaz··wn zone. In Scotland it occurs with 
Graplwceras spp. probably near the top of the G. con
cat'U'ln zone (Morton, 1965, p. 99). 

Sonninia (Euhoploceras) polyacantha (Waagen) 

Plates 18 and 19; plate 20, figures 1, 5-7; plate 21, figures 8, 9 

Ammonites polyacantlws Waagen, 1867, p. 592, pl. 29, figs. 1a, b. 
Sonninia renovata Buckman, 1894, p. 433, pl. 93, figs. 1-3. 
Sonninia polyacantha (Waagen). Dorn, 1935, p. 44, pl. 9, fig. 1, 

pl. 17, fig. 1, text fig. on pl. 4, fig. 2. 
Sonninia costosa ( Quenstedt). Dorn, 1935, p. 40, pl. 4, fig. 1. 
Sonninia polyacantha (Waagen). Oechsle, 1958, p. 88, pl. 11, 

fig. 1, pl. 18, fig. 2. 

This species is represented by 16 internal molds of 
which most are crushed laterally and none shows a 
complete body chamber. It is characterized by mod
erately evolute coiling, a slightly comp,ressed subovate 
'vhorl section, a low steeply inclined to nearly vertical 
umbilical wall, an evenly rounded umbilical edge, vari
ably weak to strong, nonspinose ribs on its small septate 
whorls, and moderate to strong, spinose ribs on all 
of its larger septate whorls and on its body chamber. 

The ornamentation varies considerably in strength 
and density. The innermost whorls as exposed in the 
umbilicus bear 'veak fairly closely spaced radially 
trending ribs and weak tubercles or swellings. These are 
succeeded at diameters of 20 to 25 nnn by weak to mod
erately strong ribs that trend radially on the flanks, 
curve forward on the venter, and are nontuberculate 
except for weak lateral swellings at wide intervals. 
Adorally the ribs gradually become fairly widely 
spaced; some become much coarser than others, and the 
coarser ribs become strongly tuberculate to spinose near 
the middle of the flanks at diameters ranging from 70 to 
110 mm. In all speeimens the change frmn nontubercu
late to strongly tuberculate ribs occurs rather abruptly. 
The largest septate whorls and the body chamber bear 
widely spaced, fairly strong spinose ribs that trend radi-
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ally on the lower parts of the flanks and curve adorally 
on the upper parts. From some of the spines pass pairs 
of secondary ribs. Some spinose ribs are separated by 
shorter nonspinose ribs that are weak on the flanks but 
may become fairly strong on the margins of the venter. 

Most of the specimens are so crushed that accurate 
measurements cannot be made. The specimen shown on 
plate 20, figures 1 and 5 at a diameter of 105 mm has a 
whorl height of 41 mm, a whorl thickness of about 36 
mm between the ribs, and an un1bilical ·width of 38 mm. 
On the septate whorls of the specimen shown on plates 
18 and 19 the same dimensions are 190, 7 4, 50, and 66 
mm, respectively. 

The suture line is fairly well exposed on one speci1nen 
(pl. 18, fig. 1), except for one interruption at a broken 
spine. It is essentially the same in plan as on Sonninia 
nwdesta Buckman and S. dominans Buckman as illus
trated herein. 

The Oregon specimens herein assigned to S. polycan
tha (Waagen) closely resemble the European speci1nens 
of that species, as listed in the synonymy. Some of the 
Oregon specimens have slightly weaker ribbing on their 
small septate whorls, (pl. 21, figs. 8, 9) or coarser spines 
on their outer whorls (pis. 18 and 19), but other Oregon 
specimens (pl. 20, figs. 1, 7) match very well with Euro
pean specin1ens as illustrated. The presence of forked 
secondary ribs, \Vhich is a conspicuous feature of several 
specimens from Oregon, has been noted also inS. polya
cantha from Europe (Dorn, 1935, p. 45). 

The Oregon specimens of Sonninia (E.) polyacantha 
(Waagen) at diameters less than 70-100 mm bear rather 
weak ribs, as on specimens of S. dominans Buckman: at 
comparable sizes. They differ from S. dominans at 
greater diameters by the abrupt appearance of promi
nent widely spaced spines that persist onto the body 
chamber and become n1ore conspicuous than the ribs. 
Except for these spines they do not differ greatly from 
the coarsely ribbed variant of S. dmninans (see pl. 11, 
fig. 4), in which the ribs on adult whorls become s\vollen 
near the middle of the flanks. 

This resemblance to S. dmninans suggests that S. 
polyacantha could be considered either a subspecies or a 
variety of S. dominans. A specific rank is favored herein 
because of the ease with which adult specimens of S. 
poly acantha (Waagen) and S. dmninans Buckman may 
be separated, because S. don~inans appears earlier in 
England and probably appears earlier in Oregon, and 
because S. polyacantha (Waagen) is recognized as a 
distinct species by the German authorities (Dorn, 1935, 
p. 44; Oechsle, 1958, p. 88) who have studied the genus 
Sonninia in considerable detail. Final determination of 
the validity of S. (E.) polyacantha (Waagen), as well 
as the other species of S. ( Euhoploceras) discussed 

herein, must await careful stratigraphic collecting in 
various parts of western Europe where the beds con
taining Etthoploceras are not condensed. 

~{orphological intergradation of Sonninia polya
cantlza ("\Vaagen) with S. adicra C\Vaagen) is recorded 
by Oechsle ( 1958, p. 85-89) on the basis of an occurrence 
in southern Germany. Nonetheless he maintains that 
separate specific names are justified because of differ
ences in the development of their ornamentation. Actu
ally the development of spines and ribs occurs in reverse 
order in the two taxa. 

Types.-Hypotypes, CAS 13382-13386; USNM 
168514. 

Occurrences.-Snowshoe Formation, upper part of 
'Veberg member at Lupher's locs. 228, 228X, 228N, 230, 
361, 363, 370, 373, 573 and 581 ; Vigrass' loc. 123; USGS 
~:Iesozoic loc. 29828. 

Sonninia polyacantlza (1Vaagen) in Oregon has been 
found mostly in the limestone-bearing upper part of the 
'Veberg ~{ember. One specimen, however, from Vigrass' 
locality 123 was reported from below the middle of the 
member. In Germany S. poly acantha (W aagen) has 
been recorded from the lower part of the Sonninia 
sowerbyi zone ( Oechsle, 1958, p. 124; Arkell, 1956, p. 
124; Westermann, 1966, p. 308). In England, S. reno
vata Buckman, which is herein considered to belong to 
S. polyacantlza, occurs in the discites subzone at the base 
of the smoerbyi zone. 

Sonninia (Euhoploceras) adicra (Waagen) 

Plate 13, figures 5-12; plate 14-17 

Ammonites adicrus Waagen, 1867, p. 591, pl. 25, figs. la, b. 
Bonninia acanthodes Buckman, 1889, p. 658, 659, pl. 22, figs. 6, 7, 

22, 23. 
Bowninia acanthodes Buckman, 1892, p. 319, pls. 58-60. 
Borminia irregnlaris Buckman, 189"2, p. 320, pl. 61. 
Bonninia marginata. Buckman, 1892, p. 321, pl. 62, pl. 63, fig. 2, 

pl. 64, pl. 65, figs. 1, 2. 
Bonninia submarginata Buckman, 1892, p. 329, pl. 71, figs. 1-3. 
Bonninia cymatera Buckman, 1892, p. 332, pl. 73, figs. 2, 3, pl. 100, 

figs. 5-7. 
Bonninia spinicostata Buckman, 1892, p. 337, pl. 73, figs. 4-6. 
Bonnin·ia tnagnispinata Buckman, 1892, p. 341, pl. 76, figs. 1-6. 
Bonninia semlsp·inata Buckman, 1892, p. 343; 1893, 1)1. 77, figs. 

1-2. 
Bonnini(~ biplicata Buckman, 1893, p. 345, pl. 78. 
Bonninia crassljormis Buckman, 1893, p. 348, vi. 78, figs. 1-6. 
Bonnin·ia crassa, Buckman, 1893, p. 350, pl. 82, figs. 1. 2. 
Bonninia crassibulata Buckman, 1893, p. 353, pl. 80, figs. 1-3. 
Sonninia nodata Buckman, 1893, 369, pl. 89, figs. 1-3. 
Bonninia paucinoclata Buclnnan, 1893, 1). 370, 1)1. 91, figs. 7-9. 
Bonninict tridactyla, Buckman, 1894, p. 393, pl. 101, figs. 1-3. 
Bonninia. t·egularis Buckman, 1894, p. 395, 1)1. 96, figs. 3-5. 
Bonnin ia spinea Buclmmn, 189-1, 405, pl. 86, figs. -1-6. 
Sonninia dominica Buckman, 1894, p. 410; 1892, pl. 69. 
Bonnin ia mutans Buckman, 1894, p. 414, pl. 91, figs. 4-6. 
Bonninia subirregu.laris Buckman, 1894, p. 426, pl. 98, figs. 4, 5; 

1893,pl.77,figs.6-9,pl.88,fig.4. 
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Sonninia locuples Buckman, 1894, p. 431, pl. 92, figs. 1-4, 1)1. 103, 
fig. 4 ; 1892, pl. 50, iigs. 16-18. 

Sonninia reformata Buckman, 1894, p. 434, pl. 89, figs. 6-8. 
Sherbornites projectifer Buckman, 1923, Y. 4, pl. 411. 
Sherbornites adicrus ("Waagen). Buckman, 1926, Y. 6, vi. 669. 
Sonninia adicra ('Vaagen). Dorn, 1935, p. 37, pl. 3, figs. 1, 2, pl. 

6, fig. 1, pl. 10, figs.1, 7. 
Sonninia adicra CWaagen). Hiltermann, 1939, p. 150, vi. 10, figs. 

3-4, text figs. 20-24. 
Sonninia adicra ('Vaagen). Oechsle, 1958, p. 85, pl. 10, figs. 5-9, 

pl. 11, fig. 2, pl. 18, figs. 3-4. 

This species is represented in collections frmn Oregon 
by 15 internal molds of which most have been com
pressed laterally. The outer three-fifths of the largest 
whorl of one mold (pl. 16, fig. 1) is nonseptate and1nay 
represent 1nost of the adult body chamber. 

The Oregon specimens of Sonninia adicra (Waagen) 
are characterized by moderately to fairly evolute coil
in<>' slio-htly comrJressed subovate whorl sections, a low o' o ~ 

keel a low steeply inclined mnbilical 'vall that rounds ' . evenly into the flanks, prominent lateral spines on thmr 
inner and intermediate-sized whorls, and fairly prom
inent nonspinose ribs on their outer whorls. On the jnner 
whorls the spines arise near the 1niddle of the flanks 
from fairly strong ribs that are separated by one or 
more weak ribs (pl. 13, figs. 7-10 ; pl. 14, fig. 1). 
Adora.Ily on the intermediate-size whorls the ribs be
come stronger and more uniforin in size, and the spines 
become weaker but persist to diameters of 100 to 120 mm. 
The outermost septate whorl and the parts of the body 
chambers that are preserved are orna1nented only with 
strong ribs that trend radially or curve slightly back
ward on the lmver parts of the flanks, curve forward on 
the upper parts of the flanks and on the venter, ter
minate rather abruptly near the low keel, and are 
strongest near the middle of the flanks. 

The sma.Il specimen shown on plate 13, figures 11 
and 12, at a diameter of 96 mm has a whorl height of 35 
mm, a whorl thickness of 31Inm, and an umbilical width 
of 39 n1n1. 

The suture line, exposed' only on one small specimen, 
is essentially the san1e as in Sonninia nwdesta Buckman 
as shown and described herein. 

The Oregon specimens of Sonninia adicra (Waagen) 
show appreciable variation in the strength and density 
of their ribbing. Some have coarse and sparse ribbing 
(pl. 13, fig. 10, pl. 14, fig. 5, pl. 15, fig. 5, pl. 16) as on 
the English specimens described by Buckman (see syn
onyn1y) under such names as 8. acanthodes, S. spin,i
costata, S. loc'nples, S. cynwtera, and S. 1nagni8pi1wta. 
Some have finer and denser ribbing (pl. 13, figs. 11, 12, 
pl. 14, figs. 1, 3, 6, pl. 15, fig. 4, pl. 17), as on specimens 
described by Buckman (see synonymy) under such 
names asS. 1na1·ginata, S. sttbmarginata, S. biplicata, S. 
1•efor1nata, S. nodata, and S. dominica. On one Oregon 

specimen (pl. 15, figs. 1, 2) the ribs are strong ~n the 
flanks but fade out rather abruptly on the margins of 
the venter, as on the holotype of S. adicJYt (\Vaagen) 
frmn Gen~any (Dorn, 1935~ pl. 10, figs. l, 7; Hilter
mann, 1939, pl. 18, figs. 3, 4) and on specimens from 
England described by Buckman (see synonymy) under 
such na1nes as 8. spinea, 8. tl'idattyla, 8. r1•assibullata 
8. locuples, S. irregularis. S. cra88ifm'nFis, 8. cras~ibul
tala, 8he1•bornites JHo}ectifer, and SheJ•bornites adzcrus. 
All these so-ealledL sp~cies, as well as the Oregon speci
mens described herein under S. adicra (Waagen), ap
pear to the \\Titer to be morphological variants of a 
single species. 

Similar conclusions concerning the relationships of 
S onninia adicra (W aagen) with certain species as de
fined by Buckman were reached previously by Hilter
mann (1939, p. 150-152). He restricted S. adicra, how
ever, only to those specimens on "'hich the ribs of the 
largest whorls become swollen near the middle of the 
flanks and then fade out high on the flanks or on the 
1nargins of the venter. If future studies should confirm 
Hiltermann's concept of S. adicra (W aagen), then most 
of the specimens from Oregon described herein under 
that name should be called S. acantlwdes Buckman. 

This restriction of the definition of 8 onninia adicra 
(vVaagen) was not accepted by 'Vestermann (1966), 
who concluded, on the basis of detailed measurements, 
that those specimens bearing "'eak ,·entral ribbin~, as on 
the holotype of S. adicra, are connected gradationally 
with specimens bearing strong ventral ribbing, as on the 
holotype of S. acanthodes Buckman. 

S onninia adicra (W aagen) bears coarse ribbing on its 
outer whorls nearly identical with that on typical speci
mens of S. domi1;ans Buckman. It differs from that 
species mainly in having spines and stronger, more 
variable ribbing at diameters less than 100 to 120 mm. 
It does not develop spines on its outer whorls as on S. 
pol.yacantlw (W aagen). These differences are not too 
great to preclude derivation of S. adicra (Waagen) 
from S. d01ninans Buckman which first appears at a 
lower stratigraphic position both in Europe and in Ore
o·on and does not range as high as S. adicra (Waagen) 
h1 Europe. Retention of 8. adicra and 8. dominans as 
separate taxa is favored by these morphologic and 
stratio-raphic differences. One of these taxa could be con-

e. .. 
siclered as a subspecies of the other, but from a utilitar-
ian viewpoint the use of specific na·mes is si1npler. 

Types.-Hypotypes, CAS 13387-13393, 13395, 133~7; 
1JSNM 168515. The small specimens compared w1th 
the inner whorls of S. (E.) adient (Waagen) (pl. 13, 
figs. 5-9) are assigned the numbers, CAS 13394 and 

13396 and USNM 168498. 
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Occurrences.-Snowshoe Forn1ation, upper part of 
Weberg Member at Lupher's locs. 228, 2'28N, 228W, 315, 
491; USGS Mesozoic locs. 26765, 29403; probably pres
ent also at Lupher's loc. 230. 

Sonninia adicra (vVaagen) in Oregon has been found 
only in the upper part of the \Veberg Member, mostly 
near the top of the member, and well above the lowest 
occurrences of S. dmnhwns Buckman and S. rnodesta 
Buckman. In England S. adicra (W aagen), or its prob
able synonyn1 S. acanthodes Buckman, occurs in the 
lmver two snbzones of the Sonninia sowm·byi zone. It is 
represented in the H yperlioceras dis cites subzone by 
many specimens described by Buckman (1892-1894, see 
synomymy) and in the Shirbui-rnia trlgonalis subzone 
by two species described under the generic name Sher
bornites by Buckman (see synomymy). In southern 
Germany, S. ad1'cra has a similar range (Oechsle, 1958, 
p. 124). 

Sonninia (Euhoploceras) crassis.pinata Buckman 

Plate 22, figures 1, 2, 4; plate 23, figures 1-4; plate 24, figures 
1, 4 ; pia te 25, figures 17-19 

Sonninia crassispinata Buckman, 1892, p. 317, pl. 57, figs. 1, 2, 
pl. 65, fig. 5; 1894, pl. 93, fig. 7. 

Sonninia 'reclinans Buckman, 1894, p. 421, pl. 98, fig. 7, pl. 103, 
fig. 21 ; 1892, pl. 48, figs. 16, 17, pl. 65, figs. 34. 

Sonninia gibbera Buckman, 1894, p. 421; 1893, pl. 87, figs. 4, 5, 
pl. 88, figs. 1-3. 

This species is represented in collections fron1 east
ern Oregon by 16 molds of which most are somewhat 
crushed laterally and none shows the complete body 
chamber. It is characterized by fairly evolute coiling~ 
ovate to circular whorl sections, a steep to vertical um
bilical wall that rounds evenly into the flanks,. strong 
to very strong ribs on most whorls, and prominent lat
eral spines that are present on all the preserved whorls 
at diameters greater than a few millimeters. 

On small septate whorls, less than about 100 mm in 
dia1neter, the spines arise just below the line of involu
tion from fairly strong radially trending ribs. Between 
these ribs are from one to five nonspinose ribs that are 
weak on the lower parts of the flanks and become a lit
tle stronger ventrally. All ribs curve forward consider
ably near the venter and fade out near the keel. 

On large.r septate whorls the spines arise near the 
middle of the flanks from fairly prominent primary ribs 
that trend radially or slightly backward on the lower 
parts of the flanks. During growth both spines and 
spinose ribs become progressively stronger and more 
widely spaced~ whereas nonspinose ribs become weaker 
and fewer in numbers. From the spines arise one or two 
broad ribs that curve forward and fade out before reach
ing the keel. In addition, striae that trend parallel to 
the ribs are present on some internal molds. 

Adorally on the nonseptate whorl, represented par
tially on three specimens~ the primary ribs and spines 
become even stronger for at least one-third of a whorl. 
Near the adoral end of the largest whorl fragment (pl. 
22, fig. 4), hmvever, both ribs and spines become slightly 
weaker. 

The specimen sho\vn on plate 23, figures 2-4 at a di
ameter of 130 nnn has a vdwrl height of 46 mm, a whorl 
thickness of 46 mm between the spines, and an umbili
cal width of 48 mm. On the smaller speci1nen shown on 
plate 25, figures 18 and 19, the same dimensions are 
98, 38, 37, and 34 Inm, respectively. 

The suture line cannot be traced. 
The Oregon specimens, just described, are closely sim

ilar to Sonninia Cl'assispinata Buckman from England 
and to its synonyms S. gibbera Buckman and S. ·reclin
ans Buckman. They differ mainly by having smnewhat 
stronger ribs and spines on their nonseptate whorls than 
is shown on the only illustrated adult specimen of S. 
crassispinata Buckman ( 1892, pl. 57). They bear essen
tially the same relationships to the Oregon specimens 
herein identified with S. adicra (W aagen) as the Eng
lish specimens of S. cl'assispinata Buckman bear to the 
German specimens of S. adicr;·a (Waagen) and to its 
probable English equivalentS. acanthodes Buckman. In 
both Oregon and Europe the specimens herein assigned 
to S. C/Ytssispinata differ frmn those assigned to S. 
adieNt in having a rounder~ stouter whorl section; 
stronger spines that persist onto the body whorl instead 
of being present only on whorls of small to interme
diate sizes; and much coarser and more widely spaced 
ribs at 1nost growth stages. As these differences are 
consistent and as specimens showing intermediate char
acteristics are not present, at least in Oregon collections, 
S. CJ'assispinata is hnrein rated as a species rather than 
a subspecies or a variety of S. adicra (W aagen). 

Types.-Hypotypes, CAS 13398; 13399, 13401-13403; 
lTSNM 168516, 168517. 
Occu.rrences.-Snowshoe Formation, upper part of We
berg Member at Lupher's locs. 228N, 353, 361, 370, 578, 
605, Vigrass' loc. 20b, lTSGS Mesozoic locs. 21612,26762, 
and26766. 

Sonninia crassispinata Buckman in Oregon occurs 
only in the upper li1nestone part of the Weberg Member, 
well above the lowest occurrence.s of S. mode8ta Buc.k
Inan and S. dmninans Buckman. 

Sonninia crass·ispinata Buckman is recorded in Eng
land from the Hypel'lioceras discites subzone in the basal 
part of the Sonninia sowerbyi zone (Buckman, 1892, p. 
317; 1894, p. 421), in Scotland frmn the next younger 
Shir;·b'ttiTnia h'igonalis subzone (1\:forton, 1965, p. 199), 
in the southern part of European USSR from beds con
taining Sonninia sowerbyi and Hyperlioceras discites 
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(Sasanov, 1964, table 2 on p. 794), and in Turkey from 
beds containing Docidoceras, Fontannesia, Eudnteto
ceras (Euaptetoceras), and Bradfordia (Bremer, 1966, 
p.161). 

Sonninia (Euhoploceras) cf. S. (E.) crassispinata Buckman 

Plate 22, figure 3; plate 24, figure 5 

Two internal molds from Oregon differ from S. cras
sispinata (Buckman), as described herein, in lacking 
spines on their small whorls at diameters between 15 to 
45 mm. Instead, those whorls bear ribs that are flexuous, 
closely spaced, and in part paired. The succeeding whorl 
bears widely spaced spines that are separated by four 
to eight gently flexuous to nearly radial ribs. The largest 
preserved septate whorl bears prominent spines as 
in the Oregon specimens of S. crassispinata. Overall, the 
appearance of these molds suggests that they rep
resent a variant of that species. 

Figured specimens.-CAS 13400; Stanford Univer
sity Museum Paleontology 10022. 

Occurrences.-Snowshoe Formation, upper part of 
Weberg Member at Lupher's loc. 228X and Vigrass' 
loc. 8. 

Subgenus PAPILLICERAS Buckman, 1920 

Sonninia (Papilliceras) stantoni (Crickmay) 

Plate 26, figures 1-10, 12, 13 

Papilliceras stantoni Crickmay, 1933, p. 910, pl. 29, figs. 1, 2, pl. 
32, fig.1. 

Papilliceras stantoni Crickmay. Lupher, 1941, p. 262. 

This species is represented in eastern Oregon by 58 
molds, of which most are from Lupher's loc. 57. 

The Oregon specimens are not as stout as the holotype 
illustrated by Crickmay (1933, pl. 32, fig. 1), but all 
are more or less compressed laterally. Their coiling is 
fairly evolute and becomes more so during growth. The 
inner whorls embrace each other about two-fifths and 
the outer whorls about one-fourth. The flanks vary from 
gently rounded on the small inner whorls to nearly flat 
on the largest whorls. The venter is narrowly to moder
ately rounded and bears a single weak keel. The umbili
cus is fairly wide. The umbilical wall is low, steeply 
inclined on the inner whorls, nearly vertical on the outer 
whorls, and rounds evenly into the flanks. The adult 
body chamber is unknown. 

The ornamentation consists of a row of prominent 
medium lateral tubercles, of fairly strong ribs, and of 
faint growth lines. The ribs on the small inner whorls 
are high, narrow, and are separated by somewhat wider 
interspaces. Most of the ribs begin singly but some arise 
in pairs near the line of involution, trend nearly radially 
on the flanks, curve gently forward near the venter, and 
then terminate abruptly before reaching the keel. Dur
ing growth the ribs gradually become much more widely 

spaced, higher and broader near the middle of the flanks, 
and weaker near the umbilicus and venter. Bifurcation 
and trifurcation of the ribs occur at the tubercles on 
some small and intermediate sized whorls. 

The tubercles are round and prominent on the inner 
whorls and become spinose on the outer whorls. On the 
inner whorls the tubercles arise abruptly from the ribs 
at shell diameters of 12-20 mm and are sporadic in 
distribution. On some sma.ll whorls every third or 
fourth rib bears a tubercle. On other small whorls the 
tuberculate ribs may be separated by many nontuber
culate ribs. Adorally on intermediate-sized whorls the 
distribution of tubercles becomes more regular. On the 
largest preserved whorls every rib bears a tubercle, and 
both ribs and tubercles are evenly spaced. 

The specimens available are too compressed to be 
measured accurately. The suture line is not preserved. 

This species was compared by Crickmay (1933, p. 911) 
with Papilliceras acantherum Buckman (1921, pls. 205 
A, B) from the Otoites sauzei zone of England. It dif
fers, however, by having sharper and more closely 
spaced ribs at comparable sizes. Its inner whorls re
semble those of P. papillatum Buckman ( 1920, pl. 150 
A, B), but its outer whorls bear sparser and stronger ribs 
and spines. Its outer whorls bear much stronger ribs and 
spines than on S. mesacantha (Waagen) (1867, p. 594, 
pl. 28, figs. 1a, b; Dorn, 1935, pl. 8, figs. 1, 4). 

Types.-Hypotypes, CAS 13404-13411; USNM 
168518-168521. 

0 ccurrences.-Snowshoe Formation undifferentiated 
in the Seneca area at USGS Mesozoic locs. 21617,28026, 
and Lupher's loc. 57; top of Weberg Member at Meso
zoic loc. 21611; Warm Springs Member at Mesozoic loc. 
29241, Vigrass' loc. 18, and Lupher's loc. 311. It ranges 
from the top of the Weberg Member into the upper part 
of the Warm Springs Member. 

Sonninia (Papilliceras) cf. S. (P.) arenata (Quenstedt) 

Plate 26, figure 11 

c:t. Ammonites arenatus Quenstedt, 1886, pl. 60, fig. 10. 
cf. Sonninia arenata Quenstedt. Dorn, 1935, p. 38, pl. 7, figs. 1, 2. 
cf. Sonninia blackwelderi Orickmay, 1933, p. 911, pl. 30, figs. 1-4. 

Three small compressed molds bear fine growth striae 
and weak widely spaced ribs. The ribs bear weak tuber
cles near the middle of the flanks on the largest pre
served whorls. Their general appearance is closely simi
lar to that of the holotype of S. ( P.) arenata ( Quen
stedt) as refigured by D.orn (1935, pl. 7, fig. 1), as well 
as to that of the fragmentary holotype of S. ( P.) black
welderi Crickmay. 

Figured specimen.-USNM 168522. 
Occu-rrence.-Snowshoe Formation, upper part of 

Warm Springs Member at USGS Mesozoic loc. 29241. 
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Sonninia (Papilliceras) cf. P. (S.) juramontana (Crickmay) 

Pia te 27, figure 1 

cf. Papilliceras juramontanum Orickmay, 1933, p. 911, pl. 31. 

This species is represented by one l'aterally crushed 
internal mold that shows nearly two whorls but does not 
show the innermost whorls. The smallest exposed whorl 
up to a diameter of about 58 mm bears variably weak 
radially trending ribs that are faint near the umbilicus 
and become slightly stronger ventrally. The outermost 
preserved whorl embraces about ,one-fourth of the pre
ceding whorl and bears 34 ribs that trend radially across 
most of the flanks but curve gently forward high on the 
flanks and on the margins of the venter. These ribs 
adorally gradually become more widely spaced, thicker 
and stronger on the lower half of the flanks, :and br,oader 
and weaker on the upper half of the flanks. This change 
in ribbing corresponds with the appearance of a row of 
median lateral tubercles on 22 ribs that occupy the outer 
four-fifths of the whorl. 

This specimen differs fr,om the Oregon specimens 
herein com pared with S. ( P.) espinazitensis Tornquist 
in being more evolute and in its la.rgest whorl having 
stronger and 1nore closely spaced ribs on the lower pa.rts 
of the flanks. Its ribs are more comparable in strength 
and spacing with those on the holotype ,of S. ( P.) jura
montana ( Crickma.y) ( 1933, pl. 31) at a similar size. 
That specimen may differ by having tubercles and spines 
on its small inner whorls, but both specimens are too 
poorly preserved for close comparisons. 

Figu1'ed specimen.-CAS 13412. 
Occ~wrrence.-Snowsb,oe Formation, Warm Springs 

Member, at Lupher's loc. 206. 

Sonninia (Papilliceras) cf. S. (P.) espinazitensis Tornquist 

Plate 27, figures 4-6 

cf. Sonninia espinazitensis Tornquist, 1898, Palaeont. Abh. Jena, 
v. 8, no. 2, p. 20, pl. 3, figs. 2, 3, pl. 4, fig. 1. 

The species is represented by four laterally crushed 
internal molds. The outer whorl embraces about half of 
the preceding whorl. The whorl shape before crushing 
was probably ovate and higher than wide. The adult 
body chamber is unknown. 

The ornamentation consists of radially trending ribs 
and of round tubercles that arise from the ribs near 
the middle of the flanks at diameters greater than about 
85 mm. On the smallest 'v horls the ornamention consists 
entirely of variably weak~ fairly closely spaced radial 
ribs that become stronger ventrally and curve slightly 
forward on the venter. Some of the ribs arise near the 
umbilical seam, some arise by furcation low on the 
flanks, and some arise freely at various heights on the 
flanks. Adorally on whorls of intermediate size the ribs 

gradually become· a little stronger, less variable in 
strength, and 1nore widely spaced. After the appearance 
of tubercles, the ribs rather abruptly become widely 
spaced, uniformly strong on the lower parts of the 
flanks, and 'veak to indistinct on the upper parts of the 
flanks. This change occurs in about one-fourth of a 
whorl. The tubercles similarly change from weak to 
prominent in about half a whorl. 

The Oregon specimens closely resemble Sonninia 
espinazitensis Tornquist from Argentina and are possi
sibly within the range of variation of that species. 
Their ribbing is a little coarser than on one specimen 
figured by Tornquist ( 1898, pl. 3, fig. 2) and nearly 
as coarse as on the largest specimen figured by Torn
quist ( 1898, pl. ±, fig. 1). The Oregon specimens pos
sibly differ by an earlier development of lateral tuber
cles. S. (P.) pseudoarenata Maubeuge (1951, p. 48, pl. 
13, fig. 3a, b) has much coarser ribbing on its inner 
whorls and probably weaker tubercles on its outer 
whorls. 

Fig·wred specim,ens.-lTSNM 168523; CAS 13413. 
OccW'J'ena.-Snowshoe Formation, near and below 

middle of "'Veberg ~1ember at USGS Mesozoic loc. 
26763, Lupher's loc. 360 and Vigrass' loc. V120. 

Genus WITCHELLIA Buckman, 1889 

Witchellia connata (Buckman) 

Plate 20, figure 4; plate 21, figures 1-7. 10, 11 

Zugella connata Buckman, 1927, v. 7 pl. 750. 

This species is represented by 36 fragmentary and 
partly crushed molds. The shell is compressed, has flat
tened flanks, and is moderately involute. The whorls 
embrace about one-half of the preceding 'vhorls. The 
venter bears a fairly low kee 1 that is bordered by fur
rows. The umbilicus is shallow and moderately narrow. 
The umbilical wall is low~ gently inclined and rounds 
evenly into the flanks. The adult body chamber is un
known. On the. largest specimens the body chamber oc
cupies about three-fifth of a whorl. 

The shell is ornamented with sharp, fairly strong 
ribs that become stronger ventrally and are a little nar
rower than the. inner spaces. These ribs arise singly or 
in pairs near the umbilicus, pass radially or slightly 
for"'ard across the flanks, and ClUTe gently forward 
on the venter where they terminate abruptly near the 
ventral furrows. 

The Oregon specimens are. virtually identical with 
Witchellia connata (Buckman) (1927, pl 750) in rib
bing and coiling and are considered to be within the 
range of variation of that species. 

Types.--Hypotypes, 1JSN~1 168524:--168529; CAS 
13413, 13414; Stanford University Museum Paleontol
ogy 10023. 
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0 ccur1'ences .-Snowshoe Fon.nation, undifferenti
ated at Lupher's loc. 57 and USGS Niesozoic loc. 280~6; 
lower member at Mesozoic loc. 29230 ~ middle member 
at Mesozoic loc. 2677 4; Warm Springs l\fember at 
USGS Mesozoic loc. 29395, 29807, 29808, Dickinson's 
loc. 94 ( = V4) and Lupher's loc. 116. This species 
ranges from near the base to near the top of the Warm 
Springs Member. In England Zugella connata Buckman 
is recorded questionably from the Shirbtd1·nia trigonali.s 
subzone of the Sonninia. sowe'Pbyi zone. (See Davis, in 
Buckman, 1930 v. 7, p. 36.) 

Witchelli.a sp. 

Pia te 20, figures 2, 3 

The genus Witchellia is represented in the Warm 
Springs l\fember of the Snowshoe Formation by three 
specimens in addition to those referred to lV. connata 
(Buckman). One of these specimens, illustrated herein, 
shows the bisulcate venter and rounded umbilical mar
gin that characterize the genus. Its surface bears very 
weak ribs that incline slightly forward on the flanks 
and curve forw·ard on the margins of the venter. 

Fig'IN'ed specimen.-Stanford University l\fuseum 
of Paleontology 10024. 

Occurrence.-Snowshoe Formation, Warm Springs 
1\tfembers, at Dickinson's loc. D94 ( V 4). 

Subgenus LATIWITCHELLIA Imlay, n. subgen. 

This subgenus differs from Witchellia Buckman 
(1889, p. 658; Arkell and others, 1957, p. L270) in hav
ing more evolute coiling, a relatively broader whorl 
section that does not become higher and compressed on 
the· body chamber, less com1non rib furcation near the 
base of the flanks, only slight weakening of its ribs 
adorally on the body chamber, and blunt nodes high on 
the flanks on some coarsely ribbed variants. 

The type species is lVitchellia ( Latiwitchellia) et)O

luta Imlay, n. sp. 
Latiwitchellia shows some resemblance to Zugophorr

ites Buckman ( 1922, p. :141), Gela1sinife8 Buckman 
( 1925, pl. 593a, b), and Zugella. Buck1nan ( 1927, pl. 
750) which are considered to be synonyms of TVitchel
lia (Arkell and others, 1957, p. L270. It differs from all 
in being a little more evolute, in its body chamber not 
becoming appreciably higher or smoother adorally, and 
in bearing tubercles on the flanks. It differs from Zugel
la also in its ribs bifurcating less commonly low on the 
flanks. 

Lati-witchellia is associated in eastern Oregon with 
am1nonite genera and species that cmTe late 'vith the 
lowest part of the Sonninia 80WeJ•byi zone of Europe. 
It occurs, therefore, in slightly older beds than Zugo
phorites and Gela.sinites of Buckman which are the 
oldest known European representatives of Witchellia 

and occur in the Shirbuir·nia trigonalis subzone of the 
Sonninia sowerbyi Zone. It is undoubtedly older, also, 
than Zugella Buckman ·which is reported questionably 
from the Shirbui1"1tia trigonalis subzone (Davis, In 
Buckman, 1930, v. 7, p. 36). 

Witchellia (Latiwitchellia) evoluta Imlay, n. sp. 

Plates 31-33 

This species is represented by 52 molds, of which 
most are crushed laterally and retain very little shell 
material. 

The shell is compressed to moderately compressed 
and is evolute. The whorls are ovate to snbquadrate in 
section, higher than wide, and embrace each other about 
one-fifth. The flanks are nearly flat and round evenly 
into the venter. The venter is gently rounded to almost 
flat and bears a low kee I that is bordered by furrows. 
The umbilical 'vall is low, inclines steeply at its base, 
and rounds evenly into the flanks. The adult body cham
ber occupies about three-fifths of a whorl. The adult 
aperture inclines gently forward on the flanks and pro
jects strongly fon-vard on the venter. On the flanks of 
internal molds the aperture is marked by a deep con
striction that is followed by a sweUing. Such a constric
tion is not present on the shell. 

The ornamentation consists of nodes and of recti
radiate to rursiradiate ribs that bend sharply forward 
high on the flanks. The ribs vary considerably in 
strength from one specimen to another and likewise 
vary during growth on a single specimen. The nodes 
develop high on the flanks at the points where the flank 
ribs bend forward, occur mostly on the intermediate 
and outer whorls of coarsely ribbed variants (pl. 31) 
but occur also on specimens whose ribs are only moder
ately coarse. Of the 52 specimens available, 18 have 
n1oderate to coarse ribs and are nodate, four have fairly 
fine ribs, and the remainder have ribs intermediate in 
coarseness between the extremes. Some nodate speci
mens are no more coarsely ribbed than some non-nodate 
specimens. All variants occur together and range 
through the upper part of the Weberg Member. 

On typical specimens such as the holotype (pl. 32, 
figs. 1, 2, 5, 6) the innermost whorls bear ribs that are 
broad, low and nearly rectiradiate on the lower parts of 
the flanks, become narrower, higher and generally rursi
radiate on the middle parts, become still higher and 
projected adorally high on the flanks and on the venter, 
and then terminate abruptly at the furrows bordering 
the keel. ~lost of these ribs are simple, but some bifur
cate or are swollen on the middle third of the flanks 
and some arise freely on the flanks. 

On the intermediate and outer septate whorls of typi
cal speci1nens, the ribs are moderately to fairly strong, 
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become slightly stronger ventrally, are mostly simple, 
but some bifurcate lmv on the flanks, and a few arise 
freely near the middle of the flanks. Some ribs on the 
flanks trend nearly radially and others are slightly rursi
radiate. All ribs project for·ward high on the flanks and 
on the venter and then terminate abruptly at the ventral 
furrows. The ribs are strongest at the point of greatest 
curvature high on the flanks. On the body chamber of 
typical specimens the ribs gradaully become slightly 
weaker ad orally, particularly on the lower parts of the 
flanks but persist distinctly to the aperture. 

The nodate, moderate (pl. 32) to coarsely ribbed 
variant (pl. 31) differs from typical specimens, such as 
the holotype, in its flank ribs being generally coarser, 
sparser and more rursiradiate, in its whorls being gen
erally stouter and more subquadrate, and in bearing 
nodes high on the flanks. These nodes may be rounded 
or elongated spirally, are particularly prominent on the 
outer two septate whorls~ may occur on consecutive ribs, 
or sporadically, and do not occur on the adoral half of 
the body chamber. 

The finely ribbed yariant (pl. 33) differs from typical 
specimens in its ribs being much weaker, lower and more 
variable in strength on its intermediate and outer 
whorls. Tubercles are not present, although one adult 
near the ada pi cal end of its body chamber bears one rib 
that is strongly swollen ventrally. 

The suture line has an extremely broad, irregularly 
rounded first lateral saddle. The first lateral lobe is tri
fid, is moderate in width and length, is about the same 
length as the ventral lobe, and is considerably longer 
than the second lateral lobe. The suspensive lobe rises 
slightly to the umbilical seam. 

The holotype at a maximum dia1neter of 92 1nm has a 
whorl height of 25 mm, a whorl thickness of 23 mm, and 
an umbilical width of 48 mm. On the largest adult 
nodate variant, the same dimensions are 104, 30, 25 and 
48 mm, respectively. On the largest adult fine-ribbed 
variant, the same dimensions 'are 96, 25, 23, and 49 mm, 
respectively. 

Types.-Holotype,l'"SNM 168530; paratypes, r-sN~1 
168531-168533 ~ paratypes, CAS 13416-13428. 

Occw'l'ences.-Snowshoe. Formation, upper part of 
Weberg Member. The typical species occurs at Lupher's 
locs. 228, 228N, 228W, 361, 370, 371, 373, 563, and 580, 
at Vigrass' locs. 128 and 241, and at USGS ~1esozoic 
locs. 21611, 21612, 26766, 29403, and 29828. The nod-ate 
variant occurs at Lupher's locs. 228, 228N, 228,V, 307, 
355, 361, and 584, at Vigrass' locs. 16, 152 and 235, and 
at USGS Mesozoic loc. 29829. The finely ribbed variant 
occurs at Lupher's locs. 228 and 584 and at lTSGS ~1eso
zoic locs. 26766 and 29828. 

Genus DORSETENSIA (Buckman), 1892 

Dorsetensia cf. D. pulchra Buckman 

Plate 30. figures 1-4, 7, 8 

cf. Dorseten8ia pulchrn Buckman. 1R92, p. 306, pl. 52, figs. 25-27. 
cf. Dorsetensia pulchra. Buckman. Doru, 1935, p. 99, pl. 18, fig. 3. 

This species, represented by 33 poorly preserved com
pressed 1nolds, is assigned to Dorseteru;ia instead of 
Witchellia because it is fairly evolute, has a low vertical 
umbilical ·wall that rounds abruptly into the flanks, and 
a single keel that is not bordered by furrows. The whorls 
overlap about one-third of the preceding whorls. The 
ribs on the flanks of the inner whorls ·are thin, cross the 
flanks nearly radially, curve forward near the venter, 
and arise singly or in pairs near the umbilicus. Adorally 
the ribs become broader, lower and more widely spaced. 
On the largest whorls the ribs are irregularly spaced, 
very lmv, and in part are replaced by striae. 

This Oregon species may be identical with D. pul
chra Buckman, but it appears to differ in being slightly 
more evol ute and in some of its ribs arising in pairs. It 
differs from D. dive1'8istriata Imlay, n. sp. in being 
n1ore evolute, in bearing stronger ribbing on its inner 
whorls, and in having much smoother, less striate outer 
whorls. Similar appearing ammonites, from southwest
ern British Columbia, possibly belonging to Dorseten
sia, were described as Witchellia~ sp. by Frebold (in 
Frebold and others, 1969, p. 25, pl. 4, figs. 6, 7). 

Figured specimen.S'.-lTSNM 168534; CAS 13429. 
Occurl'ences.-Snowshoe Formation, near top of 

'Varm Springs Member, at lTSGS Mesozoic locs. 29241, 
29395, and Lupher's loc. 109. 

Dorsetensia cf. D. subtexta Buckman 

Plate 28, figures 1-7; plate 29, figure 7 

cf. Dorsetensia subtea:ta Buckman, 1892, p. 309, pl. 54, figs. 3-5, 
pl. 55, figs. 1, 2. 

C'f. Don;etensia subtea:ta Buckman. Dorn, 1935, p. 103, pl. 21, 
fig. 2. pl. 23, fig. 1. pl. 25, fig. 7, pl. 29, fig. 4 

cf. Dor8etensia liostraca subtea:ta Buckman, Huf. 1968, p. 103-
107, pl. 41, fig. 1, pls. 42-46. pl. 47, fig. 1. 

One species of Dorsetensia in Oregon is represented 
by four fairly large specimens and by 35 immature 
specimens of various sizes. It is characterized by a fairly 
high whorl section, flattened flanks, a steplike umbili
cus, and variably weak, gently flexuous ribs. Its ·whorls 
embrace about one-half of the preceding ,vhorls. All 
these features, except a slightly stouter whorl section, 
appear to be identical ,vith those shmvn on published il
lustrations of Dorsetensia subtemta Buckman from 
Europe. 

Figured speci1nens.-USNM 168535, 168536; CAS 
13430, 13431. 
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Occun·ences.-Snowshoe Formation, lower member 
at Lupher's loc. 75; Warm Springs Member at Lup
her's loc. 206 and USGS Mesozoic loc. 29239 ; Basey 
Member at USGS Mesozoic loc. 26769, 29812, 29818. 
This species ranges through the upper two-thirds of 
the Warm Springs Member and the lower third of the 
Basey Mmnber. 

Dorsetensia cf. D. complanata Buckman 

Plate 29, figures 5, 6 

cf. Dorsetensia complanata Buckman. 1892. p. 306. pl. 53, figs. 
1-10,pl.34.figs.1,2. 

Three specimens from Oregon bear fairly strong, very 
widely spaced, rectiradiate or slightly rursiradiate ribs 
si1nilar to those on the septate whorls of one specimen 
of Dorsetensia figured by Buckman (1892, pl. 54, fig. 1). 
The Oregon specimens appear to have slightly stronger 
and less flexuous ribbing and to be less evolute. Their 
ribs are considerably more widely spaced than on D. 
edouardiana ( d'Orbigny) ( 1843, pl. 130, figs. 3-5) . The 
assignment to D·orseten~ia rather than Witchellia is 
based on the presence of a simple keel that is not bor
dered by furrows. 

Fig·ured specimens .-USNM 168537. 
OcC'urrence.-Snowshoe Formation, a little below 

middle of Warm Springs Member at USGS Mesozoic 
loc. 29396. 

Dorsetensia a:ff. D. edouardiana (d'Orbigny) 

Plate 30, figures 9-12 

[For synonymy see Huf, 1968, p. 72, 73] 

Two external molds from eastern Oregon show parts 
of two whorls. They have fairly evolute coiling, flat
tened flanks, a single fairly high keel that is not bor
dered by furrows, and an mnbilical wall that is low, 
vertical and rounds abruptly into the flanks. Part of 
the outer whorl of the largest specimen is nonseptate 
and embraces about one-third of the preceding whorl. 
The ribs on the septate whorls are variably low, fairly 
widely spaced, trend radially or slightly forward on 
the flanks, and curve gently forward on the margins of 
the venter. The ribs on the partial nonseptate whorl 
differ by being Inuch stronger. 

The suture line partly preserved on the larger speci
men is characterized by the ventral lobe being slightly 
longer than the first lateral lobe. 

The Oregon species is assigned to Dorsetensia rather 
than to Witchellia because it has an abrupt umbilical 
edge and lacks furrows on its venter. Its ribbing be
comes coarser than on most species of DoJ'setensia but 
bears some resemblance to ribbing on D. edouardiana 
( d'Orbigny) ( 1843, pl. 130, figs. 3-5). The Oregon spe
cies differs from the holotype of D. edouardia11a at a 

comparable size in having more evolute coiling, ·weaker 
ribs on its smaller whorl, and coarser and sparser ribs 
on its larger ·whorl. The ribbing on the largest Oregon 
specimen closely resembles that on an ammonite as
signed to lV itchellia edouardiana (d'Orbigny) by Dorn 
(1935, p. 112, pl. 6, fig. 2). That ammonite, however, is 
reported to have furro,vs on its venter and hence prob
ably actually belongs to Witchellia. 

Figu1'ed specimens.-USNM 168538; Stanford Uni
versity Museum Paleontology 10025 and 10037. 

Occtttrrences.-Snowshoe Formation, near top of 
Warm Springs Member at Dickinson's loc. 97; in lower 
300 feet of Basey Member at lTSGS Mesozoic loc. 29812, 
which is in the lmver sixth to seventh of the member. 

Dorsetensia sp. undet. 

Pia te 30, figures 5, 6 

One small undeformed septate specimen from a con
cretion is the best preserved representative of Dorseten
sia that has been found in eastern Oregon. Its shell is 
compressed and moderately evolute. The outer whorl is 
nearly twice as high as wide and embraces about one
half of the next inner whorl. The flanks are flattened 
below but round evenly above into a narrowly arched 
venter. The venter bears a fairly low keel that is not 
bordered by furrows. The umbilical wall is low. The 
umbilical edge is rounded on the inner whorls exposed 
in the umbilicus but near the adoral end of the specimen 
becomes sharp. 

The innermost whorls, as exposed in the umbilicus, 
bear strong widely spaced ribs. The outermost whorl 
bears variably strong widely spaced flexous ribs that 
curve strongly forward on the venter. Many of the ribs 
divide at or below the middle of the flanks. Near the 
adoral end of the specimen the ribs fade rather abruptly 
and are replaced by flexous striae that persist for at 
least one-fourth of a whorl. 

The specimen at a diameter of 41 mm has a whorl 
height of 18.5 mm, a whorl thickness of 11.5 mm, and 
an umbilical width of 12 mm. 

This specimen differs from the inner whorls of the 
species herein compared with D. pulch1·a Buckman in 
having sparser and more flexuous ribs that bifurcate 
higher on the flanks and fade out at an earlier growth 
stage. 

Fig'ltred specimen.-CAS 13442. 
Occurrence.-Snowshoe Formation, 60 feet below top 

of middle member at Lupher's loc. 128. 

Dorsetensia oregonensis Imlay, n. sp. 

Pia te 29, figures 1-4 

This species is represented by about 135 compressed 
specimens preserved in gray to black thinly laminated 
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silty claystone. The only specimens that are fairly well 
preserved are from Lupher's loc. 272 where the clay
stone has been hardened by igneous intrusions. 

Dorsetensia oregonensis has a compressed shell, flat
tened flanks, a narrow venter, and fairly evolute coiling. 
Its outermost whorls overlap from one-fourth to one
third of the preceding whorl. Its venter bears a single 
fairly low keel that is not bordered by furrows. The 
umbilicus is shallow and moderate in width. The um
bilical wall on the largest preserved whorl is low, verti
cal, rounds abruptly into the flanks, and adorally on the 
body chamber develops a sharp umbilical edge. The 
body chamber is incomplete but is represented by at 
least half a whorl. 

The ribs on the inner whorls are stout, become 
stronger ventrally, and are about as wide as the inter
spaces. They begin on the umbilical \vall, are radial to 
gently flexuous on the flanks, curve slightly forward on 
the venter, and fade near the keel. The ribs near the 
adapical end of the body chamber weaken and broaden 
rather abruptly, but adorally on some specimens be
come strong again on the lower parts of the flanks. 

The specimens are too poorly preserved to permit 
making accurate measurements or to trace the suture 
lines. 

This species bears a general resemblance to D. adnata 
(Imlay) (1964a, p. B34, pl. 6, figs. 6-10) from Alaska, 
but its coiling is more evolute, its ribs are much stronger 
on its septate whorls, and its body chamber tends to be
come smooth or faintly ribbed. It has much denser rib
bing on its septate whorls than occurs on D. con1planata 
Buckman ( 1892, p. 306, pl. 53, figs. 1-10, pl. 54, figs. 
1, 2). 

Types.-Holotype, CAS 13432; paratypes, CAS 
13433-13435. 

Occurrences.-Snowshoe Formation undifferentiated 
at Lupher's loc. 272; middle member at Lupher's loc. 74 
and USGS Mesozoic locs. 26776, 27578; Basey Member 
at USGS Mesozoic locs. 26769, 29816, 29818, and Dick
inson's loc. 101; upper part of Warm Springs Member 
at Dickinson's loc. 97. 

The species ranges from near the top of the Warm 
Springs ~!ember (loc. D97) to near the middle of the 
Basey Member (Mesozoic loc. 29816). It also ranges 
throughout the middle Inember of the Snowshoe Forma
tion. 

Dorsetensia diversistriata Imlay, n. sp. 

Plate 29, figures 8-14 

The species is represented by 15 laterally crushed 
molds. Before crushing, the shell probably had a com
pressed form and flattened flanks. The whorls embrace 
from one-half to three-fifths of the preceding whorl. 
The venter bears a single keel that is not bordered by 

furrows. The umbilicus is shallow and moderately nar
row. The umbilical wall is low, vertical, and rounds 
fairly abruptly into the flanks. The body chamber is 
unknown. 

The ribs on the small exposed inner whorls are fine, 
closely-spaced, fairly regular, incline slightly forward 
on the flanks, curve weakly forward on the venter, arise 
singly or in pairs near the umbilicus, become stronger 
ventrally, and fade out before reaching the keel. During 
growth the ribbing gradually becomes highly variable 
in strength and spacing, and the entire surface of the 
shell becomes covered with fine striae. 

The ribs on the largest preserved whorls vary in 
strength from very weak to moderately weak, are high
est near the middle of the flanks, are broadest on the 
venter, are variably but widely spaced, arise singly near 
the umbilicus, are radial or incline slightly forward on 
the flanks, and curve gently forward on the venter. 

Dimensions cannot be determined or the suture line 
traced because of poor preservation. 

Dorsetensia diversilstriata is characterized by its vari
ably fine ribbing and by the development of abundant 
striae on its whorls of intermediate and large sizes. In 
this respect as well as in coiling it shows considerable 
resemblance to Dorsetensia l1yalina (Buckman) (1924, 
pl. 519) from the Otoites sauzei zone of England, but 
differs in developing stronger and much less flexuous 
ribbing on its outer \vhor1s. It differs from D. limstraca 
Buckman (1892, p. 310, pl. 53, figs.11-16, pl. 55, figs. 3-5, 
pl. 56, fig. 1 ; Dorn, 1935, pl. 11, fig. 5) in being more 
evolnte and in developing stronger and more varia
ble ribbing. Witchellia shnuZans (Buckman) ( 1926, pl. 
631 ) has a higher keel, a rounder umbilical wall, and 
weaker, less variable ribbing. 

Types.-Holotype, CAS 13436, paratypes, CAS 
13437-13441. 

Occu.r':l'ence.-Snmvshoe Formation in Seneca area at 
Lupher's loc. 57. 

Genus PELEKODITES Buckman, 1923 

Pelekodites webergi Imlay, n. sp. 

Plate 34, figures 19-34 

This species is represented by 34 internal molds. The 
shell is very small and highly evolute. The whorl 
section is ovate and higher than wide. The venter is 
narrow, somewhat flattened, and bears a low keel. The 
umbilical wall is low and rounds evenly into the flanks. 
The body chamber occupies about three-fifths of a wh?rl 
and terminates in narrow elongate lateral lappets whiCh 
are preserved on a. number of specimens. 

The inner septate whorls are nearly smooth, or bear 
faint undulations. The outermost septate whorl bears 
faint, broad, backwardly inclined ribs that become 
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slightly stronger ventrally. The body chamber bears 
broad, low, rather widely spaced ribs that curve forward 
on the lower third of the flanks, curve strongly back
ward on the middle and upper parts of the flanks, 
curve forward on the venter, and then fade out before 
reaching the keel. Most ribs rem-ain simple, but some 
bifurcate near the middle of the flanks. Some secondary 
ribs arise freely on the middle of the flanks. The forward 
curvature of the ribs at about the top of the lower third 
of the flanks becomes greater toward the aperture. 

The only available suture line that can be traced 
accurately is exposed on an immature specimen. It has a 
fairly broad first lateral saddle and a small trifid first 
lateral lobe that is as long as, or slightly longer than, 
the ventral lobe. 

The specimen shown on plate 34, figures 32 and 33, ap
pears to be only slightly compressed. At a diameter of 
26 mm, it has a whorl height of 8 mm, a whorl thickness 
of 61h mm, and an umbilical width of 10.5 mm. 

Peleko.dites 1-vebergi resembles P. buckman (Haug) 
(1893, p. 292, pl. 9, figs. 4a, b; Huf, 1968, p. 44, pl. 3, 
figs.1-4, pl. 4, figs.1-3) in size and in most rib character
istics. It differs by having slightly more evolute coiling, 
a little stronger ribbing, and a higher sharper keel. 
None of the specimens are as smooth as some of those 
of P. buckma,,ti (Hang) illustrated by Huf (1968, pl. 3, 
figs. 2, 4, 5, pl. 4, figs. 1, 2). P. boweri (Buckman) 
(1905, Suppl. p. CXCI, pl. 24, figs. 1-4; Huf, 1968, 
p. 36-44, pl. 1, figs. 6, 7, pl. 2, figs. 1-5; see synonomy 
in Huf, 1968, p. 36, 37) averages larger in size, has 
somewhat stronger and less backwardly inclined ribbing, 
and shows less rib furcation. 

This species is named in honor of Melvin Weberg, 
from whose ranch many of the fossils described herein 
have been collected. 

Types.-Holotype, CAS 13443; pa.ratypes, CAS 
13444, 13445; paratypes, USNM 168539-168543; Stan
ford University Museum Paleontology 10026. 

Occurtences.-Snowshoe Formation, middle and up
per part of Weberg Member at USGS Mesozoic loc. 
21612, 26761, 26766, and 29828; Lupher's locs. 229, 370, 
474, and 596; Vigrass' loc. 205. 

Pelekodites silviesensis Imlay n. sp. 

Plate 34, figures 5-18 

The species is represented by 105 internal and ex
ternal n1olds of which most are preserved in a, dark 
gray noncalcareous to slightly calcareous mudstone, but 
a few are preserved in calcareous concretions. 

The shell is small and highly evolute. The whorl sec
tion is ovate and higher than wide. The venter is nar
row and bears a low blunt keel. The umbilical wall is 
low, vertical at its base, and rounds evenly into the 

flanks. The body chamber occupies about three-fourths 
of a whorl and terminates in an elongate lateral lappet. 
Such lappets are preserved on many specimens, and 
their former presence is indicated on others. 

The ribs are flexuous, moderately spaeed and fairly 
strong. They are highest near the middle of the flanks 
and become a little broader and lower ventrally. They 
curve forward on the lower third of the flanks, recurve 
strongly backward on the upper two-thirds of the flanks, 
and then curve slightly forward near the keel. Most ribs 
remain simple, but some bifurcate on the lower third 
of the flanks. On the innermost whorls, as exposed in 
the umbilicus, the ribs are swollen low on the flanks but 
ttre not distinctly tuberculate. 

The suture line cannot be traced. The dimensions can
not be measured accurately because none of the speci
mens show the completed whorl section. 

Pelekodites silviesensis, Imlay, n.s.p. is nearly identi
cal in appearance with P. schlu1nbergeri (Haug) (1893, 
p. 296, pl. 8, figs. 6a,b; Huf, 1968, p. 31, pl. 1, figs. 4,5) 
from the European zone of Sonninia sowerbyi. It differs 
by having some forked ribs and being slightly more 
evolute. It differs in the same respects frmn P. nanno
Tnorphus (Buckman) (1923, p. 445), which Huf (1968, 
p. 31) includes in the synonyn1y of P. schlumbergeri 
(Hang), and 'Vestermann (1969, p. 115) considers as 
probably a strongly ornate variant of Pelekodites pele
kus Buckman. It differs also by ranging upward into 
slightly younger beds that are correlated with the Euro
pean subzone of Otoites sauzei. Pelekodites cf. P. pele
kus Buckman from Alaska (Westermann, 1969, py. 126, 
pl. 32, figs. 1a,b, 2a,b) differs from the P. silviesensis 
Imlay, n. sp. in having weaker ribbing and attaining a 
smaller adult size, but is possibly within the range of 
variation of that species. 

Types.-Holotype, CAS 13446; paratypes CAS, 
13447-13453; paratypes, USNM 168544-168548. 

Occurrences.-Snowshoe Formation in Seneca area 
at Lupher's locs. 57 and 272; upper part of lower Inem
ber as lTSGS Mesozoic locs. 29230 and 26758 (Dickin
son~s loc. 109) ; lower part of middle member at Mesozoic 
loc. 26773 and 27578; Warm Springs Member at USGS 
Mesozoic locs. 29241, 29239, 29399, and Dickinson's loc. 
97; Basey Member at Dickinson's locs. 100 and 101 and 
Mesozoic locs. 29812 and 29818. The species occurs in the 
upper two-thirds of the 'Varm Springs Member and the 
lower third of the Basey ~fember. 

Pelekodites do'bsonensis Imlay, n. sp. 

Plate 34, figures 1-4 

Seven compressed molds are characterized by evolute 
coiling; faint broad ribs on their smallest septate 
whorls; low, broad, rather closely spaced, mostly un-
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forked, backwardly inclined ribs on their outer two 
septate whorls; and weaker, more backwardly inclined, 
more widely spaced ribs on their body chamber. Ad
orally on the body chamber the ribs gradually becon1e 
much weaker. Lateral lappets are not preserved, but 
their former presence is indicated by the curvature of 
the ribs near the adoral end of the body chamber. The 
body cha1nber oecupies about three-fou;ths of a \Yhorl. 
The venter bears a lmv keel. 

Pelekodites dobsonensis, Imlay, n. sp. differs from P. 
silviesensis Imlay, n. sp. in being much larger and in 
having much broader and lower ribs on its outer septate 
whorls and mueh weaker ribs on its smallest septate 
whorls. It also appears to be less evolute. Its ribs are 
weaker and more backwardly inelined than those of 
Poecilornorphus arisdorfensis Maubeuge (1955, p. 35, 
pl. 6, figs. 6a-c) frmn lower Bajoeian beds in Switzer
land. It differs from Pelekodites? sp. from the Cook 
Inlet area, Alaska (Imlay, 1964a, p. B36, pl. 6, figs. 4, 5, 
11) in having slightly stronger and more rursiradiate 
ribbing. 

Types.-Holotype, lJSNM 168549; paratypes, USNM 
168550-168552. 

Occw·ence.-Snowshoe Formation, near 1niddle of 
Basey Member at USGS Mesozoic. loe. 29816. 

Genus POECILOMORPHUS Buckman, 1889 

Poecilomorphus varius Imlay, n. sp. 

Plate 25, figures 1-16 

The speeies is represented by 68 laterally crushed in
ternal and external molds preserved in a matrix of 
brown nonealeareous siltstone. The shell is moderately 
involute and before eompression was probably elliptical 
in section. The venter bears a fairly low, rounded keel 
that, on the internal mold, is bordered by weak furrows. 
The umbilical wall on the small inner whorls is low, 
steep and rounds evenly into the flanks. On the larger 
whorls the umbilical wall is low, vertical, rounds fairly 
abruptly into the flanks, but does not have a distinct 
umbilical edge. The body chamber oecupies at least 
three-fifths of a whorl but is ineompletely preserved. 
The aperture is unknown. 

The shell is ornamented with strongly falcate ribs 
that become stronger ventrally and ad orally, that ter
Jninate abruptly on the venter near the keel, and that 
vary considerably in coarseness and density. Of the 60 
specimens present, 27 have fairly eoarse ribbing (pl. 25, 
figs. 10-16), 17 have fairly fine ribbing (pl. 25, figs. 
1-3), and the remainder have ribbing of intermediate 
coarseness (pl. 25, figs. 4-8). 

Falcate ribs first appear on the upper parts of the 
flanks at whorl clian1eters of about five mm, but within 
half a whorl appear also lower on the flanks. Most of 

these ribs are simple, but some bifureate between the 
umbilieal edge and the middle of the flanks, and some 
arise freely on the flanks. These ribs, and especially the 
forked ribs, are fairly strong on the lo\ver parts of the 
flanks and become even stronger ventrally. During sub
sequent growth the ribbing on the lower parts of the 
flanks gradually becomes weaker and striate, whereas the 
ribbing on the upper parts becomes stronger. This 
change is most noticeable at a diameter of about 18 n1m 
on the finely ribbed variant and about 25 mm on the 
coarsely ribbed variant. 

The preservation of the speeimens is too poor for 
making accurate measurements or for preparation of 
the suture line. 

The eoarsely ribbed variant of Poecilomorphus 
'L'ariu.s Imlay, n. sp. shows some resemblance to Poecilo
moPphus anguUn·us Buckman (1927, pl. 757) from the 
Steplwnoceras hwnph1·iesiamtm zone in England but 
differs in having stronger and more falcate ribbing. In 
these respects it resembles P. pri1niferus Buekman 
(1927, pl. 756 a, b) but differs in having fewer forked 
ribs. The coarsely ribbed variant of P. L'aPi?.ts Imlay, 
n. sp. also closely resembles GraphoceJ'as crickmayi 
Frebold (in Frebold and others, 1969, p. 22, 32, pl. 2, 
figs. 2-1) from British Columbia but differs in not 
being slightly concave on the lower parts of its flanks. 

The intermediate and finely ribbed variants of the 
Oregon species closely resemble P. 1'eg·ulatus Buckman 
(1927, pl. 7±6) to whieh they were compared by Ralph 
Lupher in labels aeeompanying the specimens. They 
appear, however, to have sharper ribbing ventrally. As 
all three speeies deseribed by Buekman were obtained 
from a single bed (Davies, in Buckman, 1930, p. 34) 
they n1ay represent variants of a single species com
parable in range of variation with the Oregon species. 

TyJJes.-Holotype, CAS 13±54; paratypes, CAS 
13±55-13±66; paratypes, lTSNM 168553, 168554. 

Occurrences.-Snowshoe Formation undifferentiated 
near Seneca at Lupher's loes. 28 and 136 and at USGS 
~fesozoie locs. 29790 and 29792; lower two-thirds of 
middle member near Izee at lTSGS Mesozoic. locs. 26759 
and 27368. Poecilornorphus cf. P. va·ri·us Imlay, n. sp. 
oecurs above the middle of the Basey Member at 
M·esozoic loe. 29815 and Vigrass' loe. 146 and near the 
top of the Basey ~iember at lTSGS Mesozoic loc. 28384. 

Family STRIGOCERATIDAE Buckman, 1924 
Genus PRAESTRIGITES Buckman, 1924 

Praestrigites cf. P. deltotus (Buckman) 

Plate 35, figures 1-9, 11-14 

cf. Deltostrigitel'l deltoflts Buckman, 1924, v. 5, pl. 467. 

The genus PraestJ·igites is represented by 7 internal 
molds of various sizes. These molds a.re discoidal, 
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strongly compressed, and have a minute umbilicus and 
a hollow floored keel. The body chamber is incomplete 
and is represented on the largest specimen by about one
fifth of a whorl. 

The ribs on the small septate whorls are lmv, fairly 
broad, closely spaced and gently flexuous on the flanks, 
incline slightly fonvard near the venter, and terminate 
near the keel. The ribs begin near the umbilicus as faint 
broad swellings. Some primary ribs divide between the 
middle and the upper fourth of the flanks into slightly 
higher and narrower ribs. Many secondary ribs arise 
freely along the zone of furcation. 

Adorally on the largest septate whorls the ribs be
come indistinct dorsally, lower and broader ventrally, 
and nearly disappear on the adoral part of the largest 
septate whorl. 

The largest specimen near the ada pi cal end of its 
body chamber has a diameter of 88 mm, a whorl height 
of 53 n1m, and a whorl thickness of 22 mm. 

The suture line is imperfectly preserved. The first 
lateral saddle is moderately broad. The first lateral lobe 
is trifid and slightly longer than the ventral lobe. The 
suspensive lobe descends evenly to the umbilicus. 

The largest _specimens of Prae8trigite8 from Oregon 
agree very "·ell in all characteristics with the holotype 
of P1·aestrigites deltotus (Buckman) but cannot be 
identified positively because the ribbing on the inner 
whorls of that species is unknmvn. P. praenunth.i-8 Buck
man (1924, pl. 466) apparently differs by having finer 
ribs that do not become as broad ventrally. 

Figiu·ed specimen8.-lTSNM 168555; CAS 13468-
13470. 

Occll/l'l'mwes.-'Yeberg Member of Snowshoe Forma
tion at USGS ~fesozoie loc. 21610 and Lupher's lacs. 
207, 228N, 366, and 467. The species ranges throughout 
most of the 'Yeberg :Member (Dickinson and Vigrass, 
1965, p. 51). It is associated with Tnwtoceras (L207, 
L366, IA67) in the lower part of its range and with 
Lath_nitchellia. and Sonninia in the upper part. 

Genus STRIGOCERAS Quenstedt, 1886 

Strigoceras cf. S. languidum (Buckman) 

Plate 36, figures 13, 17-21 

cf. Leptostrigitcs languidlus Buckman. 1924, v. 5, pl. 477a, b. 

Three internal molds are characterized by a discoidal, 
compressed shape, a hollow floored keel, a minute um
bilicus, faint spiral fluting near the middle of the flanks, 
and lmv broad ribs on the upper parts of the flanks. 
The ribs incline gently baclnvard across most of the 
upper half of the flanks and then ctnTe fonvard high 
on the flanks. 

These specimens, as far as their preservation pennits 
comparisons, bear ribbing and spiral fluting comparable 

in strength with that on 8. lang·uidtl/ln (Buckman) and 
much weake,r than that on S. cmnpressmn (Buckman) 
(1924,v.5,pl.468). · 

Figw·ed specinwns.-Stanford t:nive,rsity Muse,um 
of Paleontology 10027; CAS 134 71, 13472. 

Occurrence8.-Snowshoe Formation, middle and 
uppe,r parts of 'Verberg ~fember at Lupher's loc. 371 
and 460 and Vigrass'loc. 205. 

Strigoceras sp. undet. 

Plate 36, figures 14-16 

One small specimen is assigned to 8b·igocera8 rather 
than to Praestrigites because, it has 'veak spiral fluting 
and faint spiral lines. It has slightly weaker ancl denser 
ribbing than the specimens herein cmnpared with S. 
langu.idmn (Buckman) (1924, pl. 477a, b) but is other
wise similar and could belong to the same species. 

Figul'ed 8pecimen.-l"TSN~I 168556. 

OccUJ'J'ence.-Snowshoe Formation, upper part of 
YF eberg Thiember at lTSGS ~fesozoie loc. 26766. 

Genus HEBETOXYITES Buckman, 1924 

Hebetoxyites cf. H. hebes Buckman 

PLate 36, figures 1-4, 8-10 

cf. HebetoJ'yite.<J hebes Buckman, 1924, v. 5, pl. 475. 

The genus, H ebetoxyite8, is represented by eight in
ternal molds 'vhich are compressed, discoidal, bear a 
minute umbilicus and have a narrowly rounded vente,r. 
The umbilical "·all is low, vertical, and rounds abruptly 
into the flanks. The body chamber is unknown. 

The ribs are, "·eak, widely spaced and falcoid. They 
vary from very 'veak to indistinct on the lower part of 
the flanks and are moderately weak on the upper part. 
They become slightly stronger during growth and then 
nearly fade out on the adoral part of the largest septate 
whorl. The ribs on the lmver part of the flanks are nearly 
straight and incline slightly forward. They curve back
ward a little above the middle of the flanks, then curve 
forward on the ventral margin, and fade out on the 
venter. Some of the specimens bear a faint, broad spiral 
ridge near the middle of the, flanks. 

The smaller specimen illustrated, at a dia1neter of 
±3 mm has a "·horl he,ight of 24 mm, a whorl thickness 
of 10 mm, and an umbilical width of 4 mm. 

The suture line has moderately broad lobes and sad
dles. The first lateral lobe is much longer than the ven
tral lobe and only a little longer than the second lateral 
lobe. The suspensive lobe is incompletely preserved but 
apparently descends evenly tmvard the umbilicus. 

The Oregon specimens of H ebetoxyite8 differ from H. 
lzebes Buckman (1924, pl. 475) in having straighter ribs 
on the lo"·er part of the flanks and Inore, strongly re
cniTecl ribs on the upper part. The shape of their ribs 
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more closely resembles that on H. olypeus Buckman 
(1924, p. 496b) which species is distinguished by hav-
ing much stronger ribs ventrally. · 

F-igured specint,ens.-CAS 1:34 73, 1:34 7 4. 
Occurrences.-Snowshoe Fonnation, 1niddle and 

upper parts of 1Veberg ~1ember at lTSGS ~fesozoie loe. 
21610 and Lupher's locs. 225, 226,475 and 584. 

Family HAPLOCERATIDAE Zittel, 1884 

Genus LISSOCERAS Bayle, 1879 

Lissoceras hydei Imlay, n. sp. 

Plate 40, figures 24-33 

This species is represented by 30 specimens of which 
most have been crushed laterally. The shell is com
pressed and moderately involute. The \vhorls are ellipti
cal in section, higher than wide; and are thickest a lit
tle below the middle of the flanks. The flanks are gently 
convex, converging above to a moderately rounded ven
ter. The umbilicus is fairly narrow. The umbilical wall 
is low and vertical at its base and rounds evenly into the 
flanks. The body chamber is incomplete but. occupies 
at least three-fourths of a whorl. 

The separate whorls bear fine, closely spaced ribs that 
begin faintly near the umbilicus, become stronger ven
trally, incline forward on the lo\ver third of the flanks, 
incline backward on the remainder of the flanks and 
then terminate rather abruptly at the edge of a narrow 
smooth miclventral area. During growth the ribs re
main faint to weak on the lower third of the flanks but 
beeome much stronger and more baekwardly inclined 
on the upper parts of the flanks. Furcation of ribs near 
the middle of the flanks oceur rarely on son1e of the 
most strongly ribbed specimens. Ado~ally on the body 
whorl the ribs fade out ahnost completely on the lower 
third of the flanks, but become even stronger on the 
upper third. A smooth midventral band is present on 
at least part of the body whorl and probably persists 
on the entire whorl. 

The specimens are too crushed to be measured aceu
rately. The suture line is imperfectly preserved andean
not be traeed. 

Lissoceras hydei Imlay, n, sp. is eharacterized by a 
moderately involute compressed shell, sharp ba.ck
wardly inclined ribbing, a smooth miclventral area, and 
an evenly rounded umbilieal edge. Its general appear
ance is similar to that of BJ•adfordia helenae (Renz) 
(1925, p. 28, pl. 2, figs. :3, 4) and B. i,nclusa Buckn1an 
(1910, pl. 9, figs. 2, 3), but it differs fron1 all described 
speeies of Bradfordia in its umbilical \Vall rounding 
evenly into the flanks instead of forming a sharp or 
raised eclg:e. In this feature, as well as in the others 
listed, it greatly resembles Lissoceras smnicost,u]atum
Buekman (192:3, pl. 400) frmn the Sonninia sowerbyi 
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zone of England but differs in having much coarser rib
bing. It differs fr01n an Alaskan speeies, deseribed as L. 
ef. L. sernicostu]atun'" (Buckman) (Imlay, 1964a, p. B-
38, pl. 4, figs. 7, 8) in having mueh sharper ribbing that 
inelines baclnvard more strongly. Overall, its eharae
teristies appear to be intermediate between those of Lis
soceras and Bradfordia, whieh genera are closely re
lated, according to Arkell (in Arkell and others, 1957, 
p. L274, L275). 

This speeies is named in honor of the raneher Emil 
Hyde of the Izee area, Oregon. Many fossils deseribed 
herein and in other publieations were collected on his 
property. 

Types.-Holotype, CAS 13475; paratypes, CAS 
13476-13482; paratype USNM 168557. 

Occurrences.-Snowshoe Formation undifferentiated 
in Seneca area at Lupher's loe. 57 and USGS Mesozoie 
locs. 21617 and 28027; near middle of lower member 
near Izee at Lupher's loe. 75, Dickinson's loe. 108 and 
Mesozoie loc. 29230; Warm Springs ~Iember at Meso
zoic loc. 29241. 

Lissoceras t sp. 

Plate 36, figures 5-7, 11, 12 

This speeies is represented by one small internal mo1u. 
The shell is compressed and involute. The whorls are 
elliptical in section, nearly twice as high as wide, are 
widest near the umbilicus, and embrace about two-thirds 
of the preeeding whorls. The flanks are nearly flat and 
converge in their upper third to a narrowly arehed, 
almost sharp venter. The umbilieus is fairly narrow and 
step like. The umbilieal wall is low, vertieal, ttnd rounds 
fairly abruptly into the flanks. The ineomplete body 
chamber eomprises at least half a whorl. 

The shell bears faint gently flexuous ribs that beeome 
slightly stronger ventrally and adorally. These ineline 
forward on the lower part of the flanks, recurve baek
ward just above the middle of the flanks, and then eurve 
forward again high on the flanks and on the venter. 

The suture line is simple. The first and seeond lateral 
saddles are broad. The first lateral lobe is fairly stout, 
trifid, and eonsiderably longer than the ventral lobe. 

The speeimen at a maximum diameter of 31.5 mm, 
has a whorl height of 15 mm, a whorl thiekness of 8 mm, 
and an umbilical width of 6 mm. 

The Oregon speeimen of Lissoce1'a8 ~ sp. in shape 
and ornamentation resembles Lissoceras psilod,iscus 
(Sehloenbaeh) as figured by Arkell (Arkell and others, 
1957, p. L272, figs. 1a, b), but its suture line has mueh 
broader and simpler saddles and lobes that are similar 
to those on the Tithonian genus PseudolissoceJ'a8 (Ar
kell and others, 1957, pl. L272, fig. 2c). 

Figured specilnen.-USNM 168558. 
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Occurrence.-Snowshoe Formation, upper part of 
Weberg Member at USGS l\iesozoic loc. 21610. 

Family OPPELIIDAE Bonarelli, 1894 
Genus OPPELIA Waagen, 1869 

Oppelia cf. 0. subradiata (J. de C. Sowerby) 

Plate 40, figure 13 

The genus Oppelia is represented by part of an ex
ternal mold and an attached sutured fragment. The 
mold bears falcoid ribbing that is faint on the lower 
and middle parts of the flanks, is fairly strong and 
closely spaced on the upper part of the flanks, and then 
weakens on the margin of the venter. Its general appear
ance is similar to that of the genotype of 0. subradiata 
(J. de C. Sowerby) (Arkell, 1951, p. 50, 51, cext fig. 11). 

Figured specimen.-CAS 13483. 
0 ccunence.-Snowshoe Formation, undifferentiated 

near Seneca at Lupher's loc. 8. 

Family OTOITIDAE Mascke, 1907 
Genus DOCIDOCE.RAS Buckman, 1919 

Docidoceras lupheri Imlay, no. sp. 

Plate 38, figures 8, 9, 12, 14-17 

The species is represented by five internal molds of 
which two have adult apertures. The shells are com
pressed and fairly evolute. The body whorl at its adapi
cal end embraces about one-third of the preceding 
whorl, but becomes retracted during growth and at its 
adoral end embraces only about one-fourth. The whorls 
are ovate in section and slightly wider than high. The 
flanks and venter are evenly convex. The umbilicus is 
fairly wide and moderate in depth. The umbilical wall 
is nearly vertical at its base, steeply inclined above, and 
rounds evenly into the flanks. The body chamber occu
pies a little more than one complete whorl. The aperture 
is marked by a constriction that is followed by a collar. 
The collar is narrow on the lower parts of the flanks and 
fairly broad on the venter. 

The outermost three septate whorls bear narrow, 
rather widely spaced primary ribs that are weak near 
the line of involution but become fairly strong ventrally 
and terminate in radially elongate tubercles at the base 
of the flanks. From the tubercles pass two or three sec
ondary ribs that are a little weaker than the primary 
ribs and that cross the venter transversely. Many forked 
ribs are separated by secondary ribs that begin freely 
on the flanks along the zone of furcation. As a result 
secondary ribs outnumber primary ribs about thre~ to 
one. The holotype and the specimen from Lupher's loc. 
408 have slightly coarser and sparser ribbing than the 
other specimens. 

On the body chamber both ribs and tubercles gradu
ally become stronger and sparser adorally except near 

the aperture where the tubercles almost disappear and 
the secondary ribs arise mostly in pairs. 

The holotype at a maximum diameter of 67 mm has a 
whorl height of 19 mm, a whorl thickness of 24 mm, and 
an umbilical width of 35 mm. 

The suture line cannot be traced. 
Docidoceras l'ltpheJ'i Imlay, n. sp. is characterized by 

the presence of small tubercles at the base of the flanks 
on the body whorl as well as on the septate whorls, by 
its ribs commonly branching in three's and by having a 
compressed "Thorl section. Among described species, it 
shmvs considerable resemblance to D. zemJstephanoides 
Geczy (1967, p. 233, pl. 58, figs. 2, 5, pl. 60, fig. 3) from 
Hungary but differs in being much more compressed 
and only half as large. It differs from D. longalml/ln 
(Vacek) (1886, pl. 17, figs.l, 2; vVestermann, 1964b, pl. 
6, figs. 1, 2) in being much smaller, in having fewer 
secondary ribs, and more distinct tubercles that are 
lower on the flanks. D. aff. D. longalvwn (Vaeek) fron1 
the Alaska Peninsula ('¥ estermann, 1969, p. 134, pl. 32, 
figs. 5a-c, pl. 33, text fig. 44 on p. 135) has a stouter 
whorl section, coarser ornamentation, an apparently 
nearly smooth body chamber, and is much larger. 

The Oregon species is not assigned to Steplwnoceras 
because its ribs braneh much lmver on the flanks than is 
eharacteristic of that genus. It differs from P8eudotoites 
(Arkell, 1954, p. 572,----577, pl. 32, figs. 2-4, pls. 33-37, pl. 
38, figs. 1-6, pl. 40) in having a pronounced instead of a 
weak apertnral collar, more evolnte inner "Thorls, and 
\Yeaker tubercles on its adult body whorl. 

This species in named in honor of Ralph L. Lupher. 
Types.-Holotype, CAS 13484; paratypes, CAS 

13485, 13486; paratype, USNl\f 168559. 
OccW'J'ences.-Snowshoe Formation, Weberg Mem

ber at lTSGS l\fesozoic loc. 29828 and Lupher~s locs. 103, 
228, 228N, and 408. The species occurs in the lower half 
of the limestone division of the 'Veberg Member, or in 
the middle of the range of .Sonninia (Euhoploceras). 

Docidoceras warmspringsense Imlay, n. sp. 

Plate 38, figures 1-7, 13 

This species is represented by seven molds, of \vhieh 
four bear adult apertures. The shells are moderately 
eompressed and fairly evolute. The adult body whorl 
embraces about two-fifths of the preceding whorl and is 
slightly retracted near the aperture. The whorls are 
depressed ovate in seetion and eonsiderably broader than 
high. The flanks are strongly convex. The venter is 
broadly rounded. The umbilicus is \vide and fairly shal
low. The umbilical wall is steeply inclined and rounds 
evenly into the flanks. The body chamber oceupies 
nearly a complete whorl. The aperture on the internal 
1nold is n1arked by a constriction that is followed by a 
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collar which is broad on the venter and narrow on the 
lower parts of the flanks. 

The ornamentation on the inner septate 'vhorls, as 
shown in the umbilicus, consists of strong primary ribs 
that are strongest low on the flanks and that give rise to 
pairs of slightly weaker secondary ribs near the line. of 
involution. On the outer septate 'vhorl the primary ribs 
are strong, are swollen a little belm·v the middle of the 
flanks, and give rise to two or three slightly weaker 
secondary ribs that cross the venter transversely. Smne 
short ribs arise freely on the flanks between pairs of 
ribs. 

The suture line, dra"·n near the adapical end of the 
body chan1ber, has very broad irregularly shaped sad
dles. The first lateral lobe is fairly narrow, trifid, and a 
little longer than the ventral lobe. The suspensive lobe 
trends nearly straight to the. umbilical seam. 

The holotype, which has been somewhat crushed 
laterally, at a 1naximmn diameter of 57 mm, has a whorl 
height of 17 mm, a whorl thickness of 24 mm, and an 
un1bilical width of 27 mm. On the paratype shown on 
plate 38, figures 6 and 7, the same dimensions are 55, 19, 
24, and 25 mm, respectively. 

Docidoceras ~oarrruspringsense Imlay, n. sp. resembles 
D. planulatum Buckman (1921, pl. 264) in coiling 
whorl shape, strength of secondary ribs, and number 
of secondary ribs relative to the primary ribs. It differs 
by having wider spaced and much stronger primary 
ribs. 

Types.-Holotype, CAS 13487; paratypes, CAS 
13488, 13489. 

Occurrences.-Snowshoe Formation, 1nidclle and up
per parts of Weberg J\iember at Lupher~s locs. 226, 
228N, 306, 352, and 371. 

Docidoceras sparsicostatum Imlay, n. sp. 

Plate 37, figures 1-3, 5-12, 15, 16 

This species is represented by 16 internal molds. The 
shell is fairly stout and moderately evolute. The whorls 
are depressed ovate in section and variably wider than 
high. The largest preserved whorls embrace nearly half 
of the preceding whorls. The flanks are moderately 
to strongly convex. The venter is regularly to broadly 
rounded. The umbilicus is 1noderate in width and fairly 
deep. The umbilical wall is steeply inclined and rounds 
evenly into the flanks. The body chamber on the halo
type occupies three-fourths of a whorl and is incomplete. 

The inner septate whorls, as exposed in t1he umbilicus, 
bear sharp, widely spaced, forwardly inclined primary 
ribs. The outer septate whorls bear similar primary 
ribs that become higher and more widely space.d 
adorally and are strongest near the middle of the flanks. 
From these ribs pass two or three lower and broader 

secondary ribs that arch gently forward on the venter. 
Other ribs aPise freely near the zone of furcation and 
result in nearly four secondary ribs for each prim1ary 
rib. Adorally on the body ehamber the primary ribs 
gradually become much higher and broader and very 
widely spaced. 

Docidoceras sparisicostatnm Imlay, n. sp. shows con
siderable varia~tion in whorl shape and in ,the strength 
and spacing of its primary and secondary ribs. Within 
the species, the holotype has a fairly depressed whorl 
section, very coarse and widely spaced prim·ary ribs, 
and moderately fine secondary ribs. The paratype sho,vn 
on plate 37, figures 1-3, has the most depressed whorl 
section, finer than average secondary ribs, and moder
ately spaced but fairly coarse 1wimary ribs. The para
type shmvn on plate 37, figures 15 and 16, has the least 
depressed whorl section, fairly coarse seeondary ribs, 
and widely spaced but only moderately eoarse primary 
ribs. These specimens show that the species varies 
considerably but overall is characterized by its primary 
ribs being forwardly inclined, moderate to coarse, and 
moderately to widely spaced. 

The holotype at a diameter of 7.0 mm has a whorl 
height ·of 24 mm, a whorl thickness of 30 mm, and an 
umbilical width of 31 mm. On the paratype shown on 
plate 37, figures 10, 15, ·and 16, the same dimensions are 
58, 20, 26, and 24 1nm, respectively. 

The suture Ene has moderately broad, irregularly 
bifid saddles, a short ventral lobe, and a long slender 
irregularly trifid first lateral lobe. The suspensive lobe 
trends nearly straight to the umbilical seam. 

This species is clist,inguished from all described 
spec:ies of Docidoceras by its coarse primary ribs being 
more widely spaced. 

Types.-Holotype, Stanford lTniversity Museum 
Paleontology 10028; paratype, lTSNM 168560; para
types CAS 13490, 13491. 

Ocmtrrences.~Snowshoe Formation, Weberg Mem
ber, at USGS Mesozoic locs. 26760, 27581 and 29825; 
Lupher's loes. 212, 214, 224:, 226 ·and 368, and Vigrass' 
locs. 11, 86, and 87. The speeies ranges throughout the 
upper two-thirds of t:he Weberg Member above beds 
characterized by Tnwtoceras. 

Docidoceras cf. D. liebi Maubeuge 

Plate 37, figures 4, 13. 14 

cf. Docidoceras liebi l\Iaubeuge, 1955, p. 42, pl. 9, figs. la-d, 2. 

This speeies is represented by three internal molds. 
The shell is stout. The whorls are depresse.d ovate in 
section, much wider than high, and become more de
pressed during growth. The septate whorls embrace 
about three-fifths of the next inner whorl. The body 
whorl becomes eccentric during growth, and near its 
adoral end embraces only about one-fourth of the pre-
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ceding whorl. The flanks are strongly convex. The 
venter is broadly convex and becmnes broader during 
growth. The umbilicus is moderate in width and very 
deep. The umbilical wall is steeply inclined and rounds 
evenly into the flanks. The body chamber (not shown) 
is incomplete and the aperture is not preserved. 

The ribs on the septate whorls are fine, closely spaced, 
and become slightly coarser adorally. The primary ribs 
are 1noderately sharp, incline slightly forward and 
terminate in acute tubercles at about two-fifths of the 
height of the flanks. From the tubercles pass three or 
four weak secondary ribs that arch gently forward on 
the venter. A few secondary ribs arise freely on the 
flanks. The outer septate whorl of the largest specimen 
bears 27 pri1nary ribs and about 106 secondary ribs. The 
body chamber (not illustrated) on its flanks bears traces 
of broad, rather widely spaced primary ribs that a p
parently terminate in lateral swellings, but the venter is 
too corroded to show any ribbing. 

The largest Oregon specimen at a diameter of 77 1nm, 
has a whorl height of 26 mm, a whorl thickness about 
40 mm, and an umbilical width of 35 mm. The suture 
line cannot be traced. 

The two smaller specin1ens of Docidoceras cf. D. liebi 
Maubeuge from Oregon are nearly identical in shape 
and ribbing with DocidoceJ'a~ liebi Maubeuge (1955, p. 
42, pl. 9, figs. 1, 2) frmn the Sonninia sowe'rbyi zone of 
Switzerland. They appear to be a little less involute and 
may bear stronger tubercles. The larger septate speci
mens from Oregon are decidedly less evolute. D.? 
paucinodosum Westermann (1969, p. 153, pl. 44, figs. 
1-3) has similarly fine and closely spaced secondary ribs 
but much sparser and weaker primary ribs, a higher 
whorl section, and more evolute coiling. 

Figured spec·i1nens.-CAS 13492, 13493. 
Occur·rences.-Snowshoe Formation, upper part of 

Weberg Member, at Lupher's locs. 361 and 575. 

Genus EMILEIA Buckman, 1898 

Emileia buddenhageni Imlay, n. sp. 

Pia te 39, figures 8-11, 13, 15 

This species is represented by five fairly complete 
specimens and seven fragments. All are crushed 
laterally. 

The shell is small for the genus. The, inner whorls 
overlap each other about three-fourths; the oute-r whorl 
overlaps about one-half. The body chambe-r occupie-s 
about four-fifths of a whorl. The, aperture, on the in
tenlal mold is marked by a pronounced forwardly in
clined constriction that is followed by a collar. 

On the, small inner whorls the, primary ribs are 
Inoderately strong, moderately spaced, begin at the um
bilicus, become stronger ventrally, trend radially to near 

the, Iniddle, of the flanks and then eli vide, into two or 
three weaker secondary ribs that also trend radially 
across the flanks and cross the, venter transversely. Some 
ribs arise, freely on the, flanks. The ribs do not bear 
tubercles. During grmvth the primary ribs gradually 
become a little shorter. very widely spaced, and rela
tively much stronger than the, secondary ribs. Second
ary ribs outnumber primary ribs about 3 to 1 on the 
inner whorls and 4 to 1 on the, largest whorls. 

The suture line cannot be traced accurately. All speci
mens are, too crushed to make meaningful measurements. 

Enu:Zeia buddenhageni Imlay, n. sp. is characterized 
by fairly coarse ribbing for the genus and, in particular, 
by long, strong and widely spaced primary ribs. Among 
described species it closely resembles the holotype of E. 
b·ulligera Buckman (1927, pl. 732a~c) in coiling and 
style, of ribbing. It dift'ers by being much smaller, by 
having shorter primary ribs on its outer whorl and 
much weaker primary ribs on its inner whorls. It diffe-rs 
from E. Tnultifida Buckman (1927, pl. 733) in its pri
mary ribs being much stronger than its secondary ribs. 
E. b1·occhii (Sowerby) (Buckman, 1927, pl. 710a~d) 
has more secondary ribs per primary rib. 

The, species is named in honor of H. J. Buddenhagen 
who has spent many field seasons mapping and studying 
the Jurassic rocks of eastern Ore-gon. 

Types.-Holotype, USNM 168562; paratypes, lTSNM 
168563-168565. 

Occurre·nce.-Snowshoe Formation, lower part of 
Warm Springs Member at USGS Mesozoic loc. 29241. 
Questionably present at Lupher's loc. 109 near top of 
Warm Springs Member. 

Emileia sp. undet. 

Plate 39, figures 5, 12, 14 

This species is represented by six laterally crushed 
molds of which three represe-nt inner whorls and three 
re-present adult whorls. 

The shell is small for the genus. The, inner whorls 
overlap each other about three-fourths and the, outer 
whorl about one-half. 

On the, smallest preserved septate whorls the, primary 
ribs are moderately strong, fairly widely spaced, trend 
radially and terminate on the edge of the umbilicus in 
radially elongate, swel1ings. From these, pass two or 
three weaker, radial trending secondary ribs. All se-c
ondary ribs widen slightly ventrally. 

During subsequent growth the swellings disappear, 
the primary ribs extend across the lowe-r third of the 
flanks~ and the se-condary ribs arise, in bundles of three 
to four and become, much weaker relathre, to the, primary 
ribs. Adorally on the body chamber all ribs become 
inclined forward and become much weaker, and near the 
aperture, are, replaced by striae, of irregular strength. 
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The suture line cannot be traced. 
The ribbing of Em.ileia sp. undet. bears a little re

semblance to that of E. 1nult·ijida Buckman (1927, pl. 
733) but differs in having shorter and stronger primary 
ribs, finer and denser secondary ribs, and in the develop
ment of striation on the adult body chamber. 

Figured specimens.-USNM: 168566; Stanford lTni
versity Museum Paleontology 10029. 

Occurrences.-Snowshoe Formation, middle to upper 
part of Warm Springs Member at lTSGS Mesozoic lac. 
29241 and Dickinson's loc. D94. 

Genus OTOITES :Mascke, 1907 

Otoites contractus (J. de C. Sowerby) 

Plate 39, figures 1-4, 6, 7 

[For synonymy see Westermann, 1954, p. 88, 92] 

The species is represented in eastern Oregon by 30 
molds that show different growth stages and some vari
ation in ribbing. Most of these specimens of 0 toites con
tractus (J. de C. Sowerby) have very coarse ribbing 
similar to that on the holotype (Buckman, 1920, pl. 158) 
from England and on some of the specimens from Ger
many illustrated by Westermann (1954, pl. 1, fig. 5). 
They also closely resemble a specimen from Argentina 
( Gottsche~ 1878, pl. 2, figs. 4a, b) that Westermann 
(1954, p. 94) considers to belong to a subspecies of 
E. contractus. Some of the specimens are a little finer 
ribbed than the others but resemble a specimen frmn 
Germany that has been assigned to E. conb·actus by 
Westermann ( 1954, pl. 2, fig. 1). 

The coarsely ribbed variant (pl. 39, figs. 2-4, 6) bears 
three secondary ribs per primary rib at the adapical end 
of the body whorl, but toward the aperture the number 
of secondary ribs decreases to two for each primary 
rib. On the most finely ribbed variant (pl. 39, figs. 1 
and 7) the number of secondary ribs per primary rib 
decreases adorally on the body whorl from four to three. 

Types.-Hypotypes, USNM 168567-168572. 
Occurrences.-Snowshoe Formation undifferentiated 

at Lupher's lac. 57 and probably at USGS Mesozoic 
loc. 29413; upper part of Warm Springs Member at 
USGS Mesozoic lacs. 29241, 29395, and 29808 and 
Lupher's lac. L109. 

Family SPHAEROCERATIDAE Buckman, 1920 

Genus CHONDROCERAS :Mascke, 1907 

·Chondroceras allani (:McLearn) 

Plate 40, figures 11, 12 

[For synonymy see Imlay, 1964a, p. B42] 

This species is represented in eastern Oregon by 13 
molds. On the penultimate whorl the primary ribs are 
moderately sharp and divide below the middle of the 
flanks into two or three weaker secondary ribs. Other 

secondary ribs arise by intercalation low on the flanks. 
On the body whorl all ribbing becomes coarser and 
sparser adorally and secondary ribs become fewer rela
tive to the primary ribs. 

The few specimens of OlwndJ•oceras allani available 
from Oregon show some variation in coarseness of rib
bing comparable with that in collections of the species 
from Alaska (USGS Mesozoic locs.19981, 20000, 20025) 
and Alberta (Mesozoic lac. 14630). The species is readily 
distinguished from 0. defontii McLearn (1927, pl. 1, 
fig. 3; 1929, pl. 12, figs. 1-3) in having appreciably 
coarser ribbing on its penultimate whorl and on the 
adapical end of the body whorl. 

Figured specimens.-USNM 168573, 168574. 
Occurrences.-Snowshoe Formation undifferentiated 

at ·usGS Mesozoic locs. 26770, 29413, and probably also 
at Lupher's lac. 28; upper part of Basey Member at 
Mesozoic lac. 28384. 

Chondroceras n. sp. undet. 

Plate 40, figures 8-10 

Six laterally compressed internal n10lds represent a 
distinctive species characterized by its small size, in
volute coiling, and sharp forwardly inclined ribbing. 
The body chamber occupies about three-fourths of a 
whorl, becomes scaphitoid near the aperture, and is 
terminated by a constriction and a collar. The primary 
ribs are high, rather widely spaced and forwardly in
clined. Most of them bifurcate at, or a little below the 
middle of the flanks into slightly weaker secondary ribs 
that also incline forward. Some primary ribs remain 
undivided, and some secondary ribs arise freely near 
the middle of the flanks. Secondary ribs outnumber pri
mary ribs slightly more than 2 to 1. Adorally the ribbing 
becomes higher, sharper, and more widely spaced. The 
suture line cannot be·traced accurately. 

Ohondroceras n. sp. undet. bears a general resem
blance to some small adult specimens of Ohondroceras 
from Europe described as 0. orbignyanu1n C1'assicosta
tum Westermann (1956a, p. 79, pl. 5, fig. Sa-d, pl. 6, 
figs. 3-5) , but differs in being much more tightly coiled 
and in its ribs branching higher on the flanks. 

Figured specimens.-CAS 13494-13496. 
Occurrence.-Snowshoe Formation at Lupher's 

loc. 28. 
Genus SPHAEROCERAS Bayle, 1878 

Sphaeroceras cf. S. brongniarti (J. de C. Sowerby) 

Plate 40, figures 17-23 

The genus 8phaeroceras is represented near Seneca 
in eastern Oregon by molds of four tiny adult specimens. 
Three of the specimens have been deformed, but one 
(pl. 40, figs. 20-22) shows the globular shape that is 
characteristic of the genus. On all specimens the septate 
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parl of the body whorl has an extremely narrow umbili
cus, and the adoral part of the body whorl is abruptly 
contracted from the septate part of the shell. The aper
ture t~r~inates in a flared collar that is followed by a 
constriction and then by a smooth area that is projec
ted on the venter. 

The ribbing is low and weak on the internal molds but 
fairly sharp on the external molds. The primary ribs 
are varia?le in strength. They begin at the umbilicus, 
trend radially on the lowest part of the flanks, and then 
curve forward to the middle of the flanks where some of 
then1 divide into pairs of slightly weaker secondary ribs. 
All secondary ribs arch gently forward on the venter. 

The suture line cannot be traced accurately. 
The undeformed specimen near the a perlure has a 

maximum diameter of 16 mm, a thickness of 10.5 mm, 
and a whorl height of 5.5 mm. About half a whorl from 
the aperture the same dimensions are 12.5, 9.0, and 6.0 
mm respectively. 

·These Oregon specimens of Sphaeroce1'as, although 
too poorly preserved for exact specific identification, 
have all the features of S. b1·ongnia1·ti ( J. de C. Sow
erby) (Arkell, 1952a, p. 77, text-fig. 20, nos. 1 and 2; 
Roman and Petouraud, 1927, p. 46, pl. 5, figs. 6a, b; 
Westermann, 1956a, p. 28-34, pl. 14, figs. 1-6) and 
probably are within the range of variation of that 
species. 

Fignred specimem.-lTSNM 168575-168577; CAS 
13497. 

Occurrences.-Snowshoe Formation undifferentiated 
near Seneca at Lupher's loc. 8 and at USGS Meso
zoic locs. 28017, 28018, and 29236. At the last three locali
ties it is associated with Spiroce1'as. 

Sphaeroceras sp. 

'Plate 40, figures 14-16 

This species is represented by six very small molds 
of which most are deformed, four bear adult apertures, 
and all represent the body whorl. The shape of this 
whorl is nearly globular on the least deformed speci
mens. The septate part of the whorl has a very narrow 
umbilicus. The body chamber occupies about three
fifths of a whorl and is somewhat contracted from the 
septate part of the whorl. The aperture terminates in a 
flared collar that is followed by a smooth area. 

The ribs are fine and fairly sharp. The primary ribs 
begin at the umbilicus, incline slightly forward on the 
lower parts of the flank, and some divide into slightly 
weaker secondary ribs near or below the middle of the 
flanks. A few secondary ribs arise freely on the middle 
third of the flanks. All secondary ribs arch gently 
forward on the venter. 

The suture line cannot be traced, and accurate meas
urements cannot be made. 

Splweroceras sp. differs from S. brongniarti ( J. de 
C. Sowerby) (Arkell, 1952, p. 77, text fig. 20, nos. 1 and 
2) and from the specimens herein compared with that 
species in being considerably smaller and in having a 
slightly larger umbilicus on the septate part of the 
body whorl. 

Fig·uPed specimens.-USNM 168578, 168579. 
Occurrences.-Snowshoe Forination, from 600-1000 

feet above the base of the Basey Member in its lower 
1niddle part at lTSGS Mesozoic locs. 29813, 29814, and 
29816. 

Genus MEGASPHAEROCERAS Imlay, 1962 

Megasphaeroceras rotundum Imlay 

Plate 40, figures 4-7 

Jfegasphaeroccras rotundum Imlay, 1962, p. A10, pl. 3, figs. 1, 
4-12. 

cf. Mcgasphacroceras cf. M. rotunclum Imlay, 1967, p. 96, pl. 14, 
figs. 1-6, 9--16, pl. 16, figs. 1-4. 

Four crushed septate specimens from Oregon are char
acterized by an extremely small umbilicus, and by fine, 
sharp, closely spaced ribs. Most primary ribs bifurcate 
lmv on the flanks into slightly finer and sharper second
ary ribs. Most pairs of forked ribs are separated by one 
or two secondary ribs that arise freely on the flanks 
near the zone of furcation. These features are identical 
with those on the most densely ribbed variant of Mega
splzaeroceras rotundu,m from Alaska (Imlay, 1962, pl. 
3, fig. 8) and are only slightly finer than on one specimen 
of llfegasphaeroceras from the 'vestern interior region 
(Imlay, 1967, pl.16, figs.1-4). 

Types.-Hypotypes CAS 13498-13501. 
Occu1'rence.-Snowshoe Formation undifferentiated 

near Seneca at Lupher's loc. 28. 

Family STEPHANOCERATIDAE Neumayr, 1875 

Genus NORMANNITES Munier-Chalmas, 1892 

Normannites (Normannites) orbignyi Buckman 

Plate 41, figures 9, 10, 18, 20 

Xormannites orbignyi Buckman, 1927, v. 7, pl. 734, figs. 1-3. 
N. (N.) orbignyi Buckman, Westermann, 1954, p. 138, pl. 5, 

figs. 3, 4, pl. 6, fig. 1. 

Nonnannites (Normannites) orbignyi Buckman is 
represented by seven internal molds. The coiling is evo
lute. The outermost half whorl of the largest mold is 
nonseptate and probably represents part of the body 
chamber. Lateral lappets are not preserved. The pri
mary ribs are sharp, high, moderately spaced, trend 
nearly radial, or incline slightly forward, and terminate 
at or below the middle of the flanks in small, pointed 
tubercles. From the tubercles pass pairs of sharp sec
ondary ribs that are slightly weaker than the primary 
ribs. On one mold the secondary ribs incline abruptly 
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forward from the tubercles. On the other molds the sec
ondary ribs incline only slightly forward. 

These Oregon specimens, as far as preservation per
mits comparisons, are identical in appearance with N. 
orbignyi Buckman. Their ribbing may be slightly 
weaker than on the specimen figured by Buckman (1927, 
pl. 734), but is essentially identical with that on smne 
specimens figured by Westermann (1954, pl. 5, fig. 4a, 
pl. 6, fig. 1). 

Figured speci1nens.-USNM 168580-168583. 
Occurrences.-Snowshoe Formation undifferentiated 

near Emigrant Creek at USGS Mesozoic locs. 26772, 
27579, and near Seneca at Mesozoic locs. 26777, 29415, 
and 29790; above middle of Basey Member at Mesozoic 
loc. 29815. 

Norniannites (Normannites) n. sp. a:ff. N. (N.) orbignyi Buckman 

Plate 41, figures 14-16 

Seven fragmentary molds differ from N. ( N.) 01'

bignyi Buck1nan (1927, pl. 734), as well as from the 
Oregon specimens herein compared with that species in 
having a broader whorl section, higher and sharper ribs 
on their body whorl, and apparently finer and more 
closely spaced ribs on their septate, whorls. None of the 
European specimens assigned to N. ( N.) orbignyi 
(Buckman) or to its subspecies by Westermann ( 1954, 
pl. 5, figs. 3, 4, pl. 6, figs. 1, 3-5, pl. 7, pl. 8, fig. 1) has 
nearly as sharp ribbing. 

Figured specirnens. -USNM 16884, 168585. 
OccuJ•rences.-Snowshoe Formation undifferentiated 

near Seneca at USGS Mesozoic locs. 25821, 28020, 29231, 
and 29232. 

Normannites (Normannites) cf. N. (N.) braikenridgii 
(1. de C. Sowerby) 

Plate 41, figure 17 

One species is represented by seven small molds of 
which three retain lateral lappets. The body whorl over
laps nearly half of the preceding whorl. The ribs are 
high, sharp, and fairly closely spaced. The primary 
ribs incline slightly forward on the lower third of the 
flanks and terminate in small tubercles. From the tu
bercles pass pairs of secondary ribs that likewise incline 
slightly forward on the flanks and are nearly as strong 
as the primary ribs. On the adoral third of the body 
chan1ber some primary ribs remain simple, and some 
secondary ribs are loosely connected with the primary 
ribs. Tuberculation becmnes weak near the aperture. 
The specimens are too crushed for accurate Ineasure
ments. The suture line is not preserved. 

This species resembles N ornw.nnites b1·a.lkenridgii 
(Sowerby) (Buckman, 1914, pl. 81; Westermann, 1954, 
pl. 9, figs. la-c) in coiling, tuberculation, strength and 

density of ribbing, and in their secondary ribs being 
nearly as strong as their primary ribs. It differs by 
being 1nuch smaller. In this respect it shows more re
semblance to some small ammonites that have been de
~cribed as N. bra.ikenridgii 't'entriplanus Westermann 
(1954, p. 169, pl. 9, figs. 5-7). 

Figured 8pecimen.-CAS 13502. 
Occurrence.-Snowshoe Formation at Lupher's loc. 

57. 

Normannites (Normannites) cf. N. (N.) quenstedti Roche 

Plate 41, figures 11-13 

ef. A.mmonites brafkenridgii Sowerhy. Quenstdt, 1886, v. 2, p. 
525, pl. 65, fig. 5. 

cf. Nonnannites qu,enstedti Roche, 1939, p. 221. 
cf. N. (N.) quenstedt Roche. Westermann, 1954, p. 179, pl. 11, 
figs. 2-4. 

This species is represented by two molds of which one 
shows part of the body whorl including the lateral lap
pet. The other specimen has an ovate whorl section, and 
a fairly wide, moderately deep umbilicus. Its outermost 
whorl empraces about three-fifths of the preceding 
whorl. Its ribs are high, sharp, fairly closely spaced, in
cline gently forward on the flanks, and cross the venter 
transversely. The primary ribs terminate in weak tu
bercles at about two-fifths of the height of the flanks. 
From the tubercles pass pairs of slightly weaker ribs. 
The suture line is not preserved. 

The Oregon specimens greatly resemble the type spec
imens of N. ( N.) quemstedti Roche in size, evolution, 
strength of ribbing, and in furcation of ribs slightly 
below the middle of the flanks. Its ribbing is slightly 
denser than on the holotype figured by Westermann 
(1954, pl. 11~ figs. 2a-c) but is comparable in density 
with one hypotype (Westermann, 1954, pl. 11, figs. 3a, 
b). N. (N.) braikenridgii (J. de C. Soweroy), as fig
ured by Westermann (1954, pl. 9, figs. 1-7) has sharper 
and denser ribbing and rib furcation occurs a little 
lower on the flanks. 

Flgured 8pecime11s.-CAS 13503 and 13549. 
Occta1·ence.-Snowshoe Formation at Lupher's loc. 8. 

Subgenus ITINSAITES McLearn, 1927 

Normannites (Itinsaites) crickmayi (McLearn) 

Plate 41. figures 2-5 

[For synonymy see Imlay, 1964a, p. B43, B44]. 

This species is represented in eastern Oregon by 32 
laterally crushed speeimens, of which 5 show parts of 
the lateral lappets of adults. The specimens have a 
fairly 'vide umbilieus, which on the largest specimen 
widens near the aperture owing to contraction of the 
body chamber. The ribbing is fairly coarse and widely 
spaced. The primary ribs are appreciably stronger than 
the secondary ribs, curve slightly forward on the lower 
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two-fifths of the flanks, and terminate in acute tuber
cles. From the tubercles pass two or three secondary 
ribs that incline gently forward on the flanks. Some 
secondary ribs arise freely along the zone of furcation. 
Secondary ribs outnumber primary ribs about 21;2 to 
1 on the septate whorls and on the adapical part of the 
body chamber. Near the aperture there are about two 
secondary ribs for each primary rib. 

The Oregon species of N or'mannites (I tinsaites) 
crickrnayi does not develop as coarse ribbing on its 
body chamber as does the holotype of N. (I.) crickmayi 
McLean1 (1927, pl. 1, figs. 5~ 6), but its ribbing is 
nearly as coarse as that on a specimen identified with 
that species by Imlay (1964a, p. B43, pl. 14, figs. 6-8). 

Types.-Hypotypes, USNM 168586-168589. 
0 ccun·ences .-Snowshoe Formation undifferentiated 

near Emigrant Creek at USGS Mesozoic locs. 26770, 
26772, and 29410; near Seneca at Mesozoic locs. 29413 
and 29790 and questionably at Mesozoic locs. 25692 and 
25824. Questionably present in the Izee area from 
Lupher's loc. 109 near the top of the Warm Spring 
Member. Present in Suplee area at Mesozoic loc. 29815 
in the Basey Member. 

Normannites (Itinsaites) formosus (Buckman) 

Plate 41, figure 19 

Epalxites tormosus Buckman, 1920, v. 3, pl. 151, figs. 1-3. 
Itinsaites fornwsus (Buckman). Westermann, 1954, p. 260, pl. 

22, fig. 4, pl. 25, figs. la-c. 

One laterally compressed mold from eastern Oregon 
is characterized by its fairly large size, evolute coiling, 
prominent primary ribs that terminate in prominent 
tubercles near the middle of the flanks, and much weak
er secondary ribs that become stronger adorally on 
the body chamber. These secondary ribs at the adapical 
end of the body whorl number three to four for each 
primary rib, but decrease in density adorally and near 
the aperture number two to three for each primary rib. 
The body chamber is complete, occupies about five
sixths of a whorl, and bears a lateral lappet. 

The Oregon specimen of N ormannites (I tinsaites) 
forrnosus (Buckman) resembles N. vigorosus (Imlay) 
(1962, p. A-12, pl. 4) from upper Bajocian beds in 
Alaska in size, evolution and vigorous ribbing but 
differs in having higher, sharper and more closely 
spaced ribs. It shows much more resemblance to N. 
fornwsus Buckman from which it differs in having 
slightly stronger primary ribs and slightly weaker 
secondary ribs. It is considered to be within the range 
of variation of that species. 

Type.-Hypotype, USNM 168590. 

Occurrence.-Snowshoe Formation undifferentiated 
near Seneca at USGS Mesozoic loc. 21617. 

Normannites (Itinsaites) cf. N. (I.) gracilis (Westermann) 

Plate 41, figure 21 

cf. Itinsaites gracilis Westermann, 1954, p. 284, pl. 26, figs. 3a, 
b, 4. 

One external mold represents most of a body whorl 
and a small part of a penultimate whorl. Its coiling is 
fairly evolute. Its body ·whorl bears from 30 to 34 pri
mary ribs that are sharp, moderately spaced~ incline 
fonvard on the lower two-fifths of the flanks, and termi
nate in small acute tubercles. The secondary ribs are 
much finer, denser and weaker than the primary ribs, 
arise from the tubercles by twos and threes, or arise 
freely bebveen the tubercle~. Secondary ribs outnumber 
primary ribs about 3 to 1 on the adapical part of the 
body chamber. 

This species appears to differ from N. (/.) gracilis 
1Vestermann in its tubercles being n1ore prominent and 
its secondary ribs finer. 

Figured spechnen.-USNM 168591. 
Occurrence.-Snowshoe Formation lower part of 

middle member at lTSGS Mesozoic loc. 28029. 

Normannites (Itinsaites) aft'. N. (I.) itinsae (:McLearn) 

Plate 41, figures 6-8 

This species is represented by five compressed internal 
molds, of which three bear lateral lappets. The coiling 
is fairly evolute. The body chamber occupies about 
three-fifths of a whorl. The primary ribs are high, sharp, 
moderately spaced, incline forward on the lower two
fifths of the flanks, and terminate in high, pointed tuber
cles that are strong except near the lateral lappets. 
From the tubercles pass three to four secondary ribs 
that are much weaker than the primary ribs. Some of 
the secondary ribs are indistinctly connected with the 
primary ribs. 

This Oregon species in lateral view greatly resembles 
Normannites (Itinsaites) itinsae (McLearn) (1927, p. 
73, pl. 1, fig. 7; 1929, p. 26, pl. 15, figs. 2, 3) but .at
tains only about two-thirds of the size of that species, 
has somewhat denser ribbing, and retains prominent 
tubercles to a later gro·wth stage. 

FiguTed specimens.-C'AS 13504-13506. 

0 ccu1'rence.-Snowshoe Formation undifferentiated 
near Seneca at Lupher's loc. 272. 

Normannites (Epalxites) cf. N. (E.) anceps (Quenstedt) 

Plate 41, figure 1 

cf. Ammonites contractus anceps Quenstedt, 1886, Y. 2, p. 521, 
pl. 64, fig. 20. 

cf. Epalxites anccps (Quenstedt). Westermann, 1954, p. 297, pl. 
27,figs.4a-c,pl.28,figs.l-3. 

One internal mold of one side of an ammonite repre
sents an adult, as shown by the presence of a lateral 
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lappet. It is characterized by evolute coiling, by strong, 
rather widely spaced primary ribs, and by prominent 
lateral tubercles that are elongated spirally. These tuber
cles are particularly prominent on the inner whorls and 
on the adapical half of the body whorl but weaken 
considerably near the aperture. Secondary ribs are ex
posed only on the outermost fourth of the specimen 
near the aperture. At this place four primary ribs di
vide into pairs of secondary ribs and three prima.ry 
ribs remain simple. In addition three secondary ribs 
arise freely near the middle of the flanks. All secondary 
ribs are lo,ver and broader than the primary ribs. 

The Oregon specimen is assigned to the subgenus 
Epalwites rather than to Itinsaites because of the coarse
ness of its primary ribs and tubercles. Its a ppea.rance in 
side view is similar to that of N. (E.) anceps (Quen
stedt) as figured by Westermann (1954, pl. 27, fig. 4a, 
pl 28, fig. 2). Close-comparisons cannot be made, how
ever, because of lack of knowledge concerning the shape 
of the whorls and the characteristics of the secondary 
ribs of the Oregon specimen. 

Figured specimen.-USNM 168592. 
Occurrence.-Snowshoe Formation undifferentiated 

in Seneca area at USGS Mesozoic loc. 29413. 

Subgenus M:'ASCKEITES Buckman, 1920 

Normannites (M:'asckeitest) cf. N. (M:'. t) densus (Buckman) 

Plate 40, figures 1, 2 

cf. Masckeites den.sus Buckman, 1920, v. 3, pl. 152, figs. 1-4. 
cf. M asckeites densus Buckman. Westermann, 1954, p. 332, pl. 

32, figs. la-c. 

Two compressed molds represent an evolute finely
ribbed species. The largest specimen shows parts of two 
septate whorls and a large part of a body chamber. The 
other specimen probably represents the adoral end of 
the body chamber, as indicated by the presence of a con
striction. The body chamber occupies at least three
fourths of a whorl. Lateral. lappets are not preserved. 

The primary ribs on the septate whorls are sharp, 
fairly closely spaced, curve slightly forward on the lower 
two-fifths of the flanks, and terminate in swellings or 
weak tubercles. From the swellings pass pairs of weaker 
secondary ribs that trend nearly radially. Many rib pairs 
are separated by single ribs that arise freely along the 
zone of furcation. Adorally on the body chamber the 
secondary ribs gradually become nearly as strong as 
the primary ribs and many curve slightly backward. 

The Oregon specimens in coiling and ornamention 
closely resemble Normannite8 densus (Buckman) from 
the basal part of the Btephanoceras humphrt~esianwrn 
zone of England. They possibly differ by having a 
longer body chamber and slightly more evolute coiling. 

Figured specinwns .-USNM 168593. 

Occurrence.-Snowshoe Formation, Warm Springs 
~iember, probably upper part, at USGS Mesozoic loc. 
29.241. 

Normannites t kialagvikensis Imlay 

Plate 40, figure 3 

Nornwnnites kialagvikensis Imlay, 1964a, p. B43, pl. 13, figs. 1-8, 
10, 11, 17. 

Three molds, one of which represents an adult am
monite, closely resemble the type specimens from 
Alaska in size, coiling~ strong biplicate ribbing, and the 
presence of lateral lappets. They differ from the small 
septate inner whorls of Pa·rabigotites crassicostatus Im
lay (1964a~ p. B54, pl. 29, figs. 1-16) in bearing small 
pointed lateral tubereles but conceivably could repre
sent the microconch of that species. 

Types.-Hypotype, CAS 13507. 
Occnrrence.-Snowshoe Formation undifferentiated 

near Seneca at Lupher's loc. 57. 

Genus STEPHANOCERAS Waagen, 1869 

Stephanoceras mowichense Imlay, n. sp. 

Plate 45, figures 5-7 

This species is represented by seven molds that 'are 
probably slightly compressed. Adult specimens are 
small for the genus and are highly evolute. The body 
chamber terminates in a broad collar. All ribs are high, 
thin and moderately spaced. The primary ribs arise at 
the umbilical seam, trend gently forward on the lower 
two-fifths of the flanks, and terminate in acute tubercles. 
The secondary ribs are somewhat weaker than the pri
mary ribs, arise mostly in pairs from the tubercles, and 
trend nearly radially. A few secondary ribs arise freely 
near the middle of the flanks. Adorally on the body 
chamber the fnrcation points become indistinct. Near 
the aperture occurs an alternation of long and short 
unforked ribs. Small but distinct tubercles persist al
most to the aperture. 

Measurements cannot be made accurately or the suture 
line traced because of inadequate preservation of the 
specimens available. 

Stephanoceras nwwichense Imlay, n. sp., in ornamen
tation and size, resembles N ornwnnites. It is assigned to 
Stephanoce1·as, however, because its aperture terminates 
in a collar instead of in lateral lappets. It is much 
smaller than any described species of Stephanoceras. 

Types.-Holotype, USN~1168594; para.types USNM 

168595, 168596. 
Occu:rrences.-Snowshoe. Formation, near top of 

Warm Springs Member at USGS Mesozoic loc. 29395 

and Lupher's loc. 109. 
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Stephanoceras sp. A 

Plate 45, figure 10 

This species is represented by two laterally crushed 
external molds. On the small septate whorls the primary 
ribs are low, fine, closely spaced, incline strongly for
ward, bifurcate a little below the line of involution and 
are faintly to weakly tubercu]ate at the furcation points. 
Adorally on the next to the largest whorl, the ribs be
come abruptly stronger. The primary ribs be
come moderate in height and spacing, divide near the 
middle of the flanks into two or three much weaker 
secondary ribs, and bear weak tubercles at the furcation 
points. Most forked ribs are separated by single ribs that 
arise freely near the middle of the flanks. The outer
most whorl, which may be part of the body chamber, 
bears irregularly broad, low, flexuous striated ribs of 
which some divide near the 1niddle of the flanks and 
bear blunt tubercles at the furcation points. 

Stephanoceras sp. A. is characterized by its forwardly 
inclined primary ribs, by the fine and dense ribbing on 
its sma1l whorls, and by the weakness of its lateral 
tubercles. 

Figured specimen.-USNM 168597. 

Occurrence.-Snowshoe Formation undifferentiated 
in the Senec.:t area at USGS Mesozoic loe. 25818. Pos
sibly represented also by .four small specimens at 
Lupher's loe. 8. 

Steph.anoceras sp. B 

Plate 45, figure 9 

This species, represented by one external mold, bears 
forwardly inclined ribs as on Stephanoceras sp. A. It 
differs by having much coarser and sparser ribbing, by 
its outer whorl bearing many simple ribs, and by the 
presence of lateral tubercles only on the outermost pre
served whorl. 

Figured specimen.--CAS 13548. 

Occurrence.-Snowshoe Formation undifferentiated 
in the Seneca area at Lupher's loc. 57. 

Stephanocer.as sp. C 

Plate 44, figures 1-6 

This species is represented by 25 molds of which most 
are crushed. It has moderately involute coiling, a de
pressed subquadrate 'vhorl section, a fairly high and 
nearly vertical umbilical wall, weak lateral tubercles, 
and high sharp wiry ribs that incline gently forward on 
the flanks but cross the venter transversely. Most pri
mary ribs bifurcate at about two-fifths of the height of 
the flanks into slightly weaker secondary ribs. Some 
primary ribs remain simple and alternate with second
ary ribs that begin freely near the middle of the flanks. 

Most furcation points are faintly swollen or · wettkly 
tuberculate. Secondary ribs outnumber primary ribs 
about 2=Y2 to 1. 

The suture line has a broad first lateral s·addle, a long 
slender trifid first lateral lobe that is as long as the 
ventral lobe, a fairly broad and short second lateral lobe, 
and a retracted suspensive lobe. 

The specimen on which the suture line is exposed 
appears to be only slightly compressed. At a diameter 
of 61 mm, it has a whorl height of 22 mm, a whorl thick
ness of 28 mm, and an umbilical width of 24 mm. 

Stephanoceras sp. C differs from other species of 
Stephanoceras from eastern Oregon in its subquadrate 
whorl section, its fine, sharp ribs, and its weak lateral 
tubercles. The characteristics of its ribbing suggest that 
it may belong to Oadomites Munier-Chalmas (Arkeil 
and others, 1957, p. L288) rather than Stephanocera8. 

Figtrred speci1nens.-USNM 168598. 
Ocew'1'ence8.-Snowshoe Formation undifferentiated 

in the Seneca area at lTSGS Mesozoic loc. 29231; un
named beds in Juniper Mountains area, Malheur 
County, at Mesozoic loc. 28649. Associated ammonites 
indicate a stratigraphic. position in or near upper 
Bajocian beds containing Spiroceras. 

Stephanoceras sp. D 

Plate 43, figures 10-14 

This species is represented by 10 crushed molds that 
show parts of five whorls. It is characterized by mod
erately evolute coiling, by high, sharp, widely spaced 
ribs, and by weak, radially elongate lateral tubercles at 
the furcation points of the ribs. On the four smallest 
preserved whorls the primary ribs incline backwards on 
the umbilical wall and then incline gently forward to 
the middle of the flanks where most of them divide into 
pairs of slightly weaker secondary ribs. A few primary 
ribs remain simple. A few secondary ribs arise freely 
near the middle of the flanks. All secondary ribs incline 
forward on the flanks and arch gently forward on the 
venter. Secondary ribs outnumber primary ribs about 
two toone. 

The largest· preserved whorl bears very strong and 
striated primary ribs, of which one forks near the mid
dle of the flanks and the others remain simple. Three of 
the ribs bear weak lateral tubercles. 

The species differs from Stephanoceras sp. A, de
scribed herein, in having fewer, much stronger, and 
more widely spaced primary ribs. The differences are 
particularly striking on the small inner whorls. 

Fig1.tred specimens.-USNM 168599, 168600. 
Occurrences.-Snowshoe Formation undifferentiated 

in the Seneca area at USGS Mesozoic loc. 28020. Un
named beds in Juniper Mountain area, Malheur County, 
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at Mesozoic loc. 28649. Stephanooeras sp. D at Mesozoic 
loc. 28020 is associated with N ormannites and is several 
hundred feet higher stratigraphically than beds con
taining Spirooeras at Mesozoic locs. 28018, 28022, and 
29232. At Mesozoic loc. 28649 Stephanooerra.s sp. D is 
associated with Spirooeras? and N or1nannites in beds 
that are 150 feet northwest along the strike from Meso
zoic loc. 28650 which has furnished Spiroceras bifu1'0a
tum ( Quenstedt) . 

Stephanoceras cf. nodosum (Quenstedt) 

Plate 44, figures 7-11 

cf. Ammonites noclo8u8 Quenstedt, 1858, p. 400, pl. 54. fig. 4. 
cf. Ammonites humphriesianus nodo8us Quenstedt, 1886, p. 532, 

pl. 65, fig. 17. 
cf. Stephanoceras nodo8ttrn (Quenstedt). ·weisert. 1932, p. 136, 

pl. 15, figs. 1, 2. 
cf. Stephanoceras cf. S. nodosttm (Quenstedt). Imlay, 1964a, 

p. B46, pl. 16, figs. 7, 8. 

Twenty Oregon specimens assigned to this species 
vary somewhat in the sparseness and coarseness of their 
ribs and tubercles. Some (pl. 44, figs. 8, 10) have ribs 
and tubercles as coarse and sparse as one specimen from 
Alaska (Imlay, 1964a, pl. 16, figs. 7, 8) or as on some 
specimens of S. nodosum ( Quenstedt) from Germany 
(Quenstedt, 1886, pl. 65, fig. 17; W eisert, 1932, pl. 15, 
fig. 2). Others (pl. 44, figs. 7, 9, 11) have weaker and 
denser ribs and tubercles as inS. (Skirrooeras) maorum 
(Quenstedt) (1886, pl. 65, fig. 10); Buckman, 1921, pl. 
248; W eisert, 1932, pl. 15, figs. 3, 5), which W eisert 
(1932, p. 137) notes is transitional into S. nodosrztm 
(Quenstedt). The specimens from Oregon appear to be 
less evolute than the figured specimens of S. 1naorU1n 
( Quenstedt) and in that respect show more resemblance 
to S. nodosum (Quenstedt). 

Figured speoimen.s.-USNM 168601, 168602; CAS 
13508,13509. 

Ooourrenoes.-Snowshoe Forn1ation, near base of 
middle member, at USGS Mesozoic locs. 27363 and 
27578; near middle of lower member at Lupher's loc. 75; 
Seneca area at Lupher's locs. 28 and 57; Twelvemile 
Creek area at ·usGS Mesozoic loc. 28384 in upper part 
of Basey Member. 

Stephanoceras a:ff. S. nodosum (Quenstedt) 

Plate 44, figures 12, 13 

One small septate specimen has fairly evolute coiling 
and depressed ovate whorl. The outer half whorl is de
formed and partially retracted from the remainder of 
the specimen. The inner whorls exposed in the umbilicus 
bear sharp widely spaced forwardly inclined primary 
ribs that terminate in tubercles at the umbilical seam. 
The outermost exposed whorl, adapica] to the deformed 
part, bears 16 moderately strong, very widely spaced, 
nearly radial primary ribs that terminate in prominent 

tubercles at about two-fifths of the height of the flanks. 
From the tubercles pass four or five weaker secondary 
ribs that arch forward on the venter. Adorally the pri
mary ribs become more widely spaced and on the outer
most deformed half whorl are separated by intervals of 
about one centimeter. 

This specimen differs from Stephanooeras nodosum 
( Quenstedt) ( 1858, pl. 5-±, fig. 4; 1886, pl. 65, fig. 17) in 
having appreciably weaker ornamentation, more widely 
spaced primary ribs, and more. closely spaced secondary 
ribs. It has ·weaker ornamentation and a more cOin
pressed whorl section than the Teloceras-1ike ammonite 
described by 'Vestermann (1969, p. 151, pl. -±3, figs. 1a, 
b) from the base of the Sonninia sowerbyi zone on the 
Alaska Peninsula. 

Fig'UJ'erl speoi1nen.-Stanford lTniversity Museum 
Paleontology 10030. 

Oocurrenoe.-Snowshoe Formation, upper part of 
vVeberg J\riember at Vigrass'loc. 162. 

Subgenus SKIRROCERAS Mascke, 1907 
Stephanoceras (Skirroceras) kirschneri Imlay 

Plate 30, fig. 13; plate 42. figures 1-10 

Stephanoceras (SkirroceraB) kirschneri Imlay, 1964a, p. B47, 
pl. 18, figs. 1-4. pl. 19. · 

This species is represented in eastern Oregon by 4 7 
specimens, of \Vhich 17 are from Lupher's loc. 272. The 
specimens from this locality occur in a grayish-brown 
thinly laminated noncalcareous mudstone that has been 
hardened by intrusions of nearby igneous rocks. As a 
consequence the fossil specimens are harder and better 
preserved than is normal in unaltered mudstone. In 
particular, rubber imprints of external molds :from 
Lupher's Joe. 272 bear much sharper ribs and more 
prominent tubercles than occur on the. illustrated type 
specimens from southern Alaska which are all internal 
molds. One external mold from Alaska, however, has 
just as sharp ornamentation and is herein illustrated 
for comparison (pl. 30, fig. 13). 

S. (8.) kirschnen: Imlay, as discussed previously 
(Imlay, 1964a, p. B47), is nearly identical in coiling 
and ornamentation with 8. ( S.) mac rum ( Quenstedt) 
(1886, pl. 65, fig. 11 ~ Buckman, 1921, pl. 248; Weiserl, 
1932, pl. 15, fig. 3) frmn Europe. Its adult whorls, how
ever, appear to be higher and to bear laterally com
pressed rather than rounded tubercles. 

Types.-Hypotypes, CAS 13510-13514; lTSN~f 
168603-168607. 

Oooun·ences.-Snowshoe Formation undifferentiated 
in the Emigrant Creek area at lTSGS ~Iesozoie locs. 
26770, 26772. and 29410 ~ in the Senec.a area at Lupher's 
locs. 55, 272 and l\fesozoic loe. 29790 ; near base of 
middle 1nember at ~fesozoic loc. 26776; near middle of 
Basey Member at lTSGS Mesozoic loes. 27377, 27737, 
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29813 and 29816; probably represented also in the lower 
and middle parts of the Basey Member at Mesozoic loc. 
29815. The lowest occurrences of StephanoceraB kirsch
neri Imlay overlap the highest occurrences of S. juhlei 
Imlay in the lower part of the middle member of the 
Snowshoe Formation and in equivalent beds in the 
basal part of the Basey Member. 

Stephanoceras (Skirroceras) juhlei Imlay 

Plate 43, figures 1-7, 15 

Stephanoceras (Skirroceras) juhlei Imlay, 1964a, p. B47, pl. 16, 
figs. 1, 3-6, pl. 17. 

This species is represented by 25 molds, of which 20 
are frmn Lupher's loc. 272. Two specimens are pre
served in a hard dark gray limestone and are nearly un
deformed. The others are preserved in a brownish-gray, 
finely laminated mudstone and are crushed laterally. 

The specimens of Stephanocers ( Skirl'oceras) juhlei 
Imlay from Oregon do not show the body chamber. 
On one internal mold (pl. 43, fig. 15) the outermost 
whorl be.ars ribbing comparable to that on the. outer
most septate whorl of tlw Alaskan holotype (Imlay, 
1964a, pl. 17). The other molds are comparable with 
one of the small septate paratypes of S. juhlei Imlay 
(1964a, pl. 16, figs. 1, 6). All these small specimens from 
Oregon and Alaska are characterized by highly evolute 
coiling, dense fine ribbing, by their primary ribs bear
ing tubercles at about two-fifths of the height of the 
flanks, and by their secondary ribs outnumbering the 
primary ribs about four to one. The external molds of 
the Oregon specimens, as illustrated by rubber imprints, 
have slightly sharper ribbing than on the small para
type from Alaska which is an internal1nold and is also 
partially corroded. If one allows for corrosion, the ap
pearance of this paratype is closely similar to that of 
an external mold fron1 Oregon (pl. 43, fig. 7). 

Stephanoceras juhlei Imlay, as discussed pr~viously 
(Imlay, 1964a, p. B48), greatly resembles 8. rhytus 
Buckman (1921, pl. 205a, b) but has somewhat longer 
primary ribs. It conceivably could be within the range 
of variation of that species. Both differ from the holo
type of S. bay lei (Oppel) ( d'Orbigny, 1846, pl. 133) 
in having finer and more numerous secondary ribs. This 
difference is particularly noticeable on the specimens 
assigned to 8. bay lei (Oppel) by Fallot and Blanchet 
(1923, p. 155, pl. 5, figs. 1-3). 

Types.-Hypotypes, CAS 13515-13520; USNM 
168608; Stanford lTniversity Museum Paleontology 
10031. 

Occurrences.-Snowshoe Formation, uppermost bed 
of Weberg Member at Vigrass' loc. 130; vVarm Springs 
Member at Lupher's loc. 311; above middle of lower 
member at USGS ~fesozoic loc. 28028 ; lower part of 
middle member at Mesozoic loc. 27578; near base of 

Bas<:~y Member. at Vigrass' loc. 401; Seneca area at 
Lupher's loc. 272, Mesozoic loc. 29233 and Vigrass' 
loc. 242. 

Stephanoceras (Skirroceras) a1f. S. (S.) juhlei Imlay 

Plate 43, figures 8, 9 

One specimen bears closely spaced fine secondary ribs 
as en S. (S.) juhlei Imlay, as herein illustrated, but 
diffE::rs in being less evolute, in having higher, longer 
and more closely spaced primary ribs, and in develop
ing ·?oarser ribbing on its outermost preserved whorl. At 
a co nparable size, S. rhytus Buckman (1921, pl. 250a,b) 
has much shorter and weaker primary ribs. 

F\gurecl specinum.-USNM 168609. 

0 emtn•ence.-Snowshoe Formation undifferentiated 
in ti:1e Seneca area at USGS l\·fesozoic loc. 29413. Pos
sibly represented also by three fragments at Lupher's 
loc. 30. 

Stephanoceras (Skirroceras) cf. S. (S.) leptogyrale (Buckman) 

Plate 46, figure 15 

The species is represented by one fairly complete adult 
specimen and by six fragments, of which all are crushed 
laterally. These are characterized by highly evolute coil
ing, moderately strong and moderately spaced ribs, a 
row of prominent tubercles at about two-fifths of the 
height of the flanks, and about three secondary ribs 
for each primary rib. The species differs frmn S. (S.) 
}uhlei Imlay (1964a, p. B47, pl. 16, figs. 1, 3-6, pl. 17) 
in having much coarser and sparser ornamentation and 
in attaining a much smaller size. It appears to have 
slightly weaker ribbing than S. (S.) leptogyrale (Buck
man) (1924, pl. 516) from England. 

Figured specirnen.-USNM 168610. 
Occurrence.-Snowshoe Formation, Warm Springs 

l\1ember, at USGS Mesozoic loc. 29241. 

Stephanoceras (Skirroceras) cf. S. (S.) dolichoecus (Buckman) 

Plate 45, figures 8, 11 

This species is represented by two laterally crushed 
specimens, of which the smallest represents eight inner 
whorls, and the largest represents four outer whorls. 
The species apparently has a total of nine whorls. The 
shell is compressed and highly evolute. Both flanks and 
venter are evenly rounded. The length of the body cham
ber is unknown. The aperture is marked by a trumpet
like expansion. 

The inner five whorls, as exposed in the umbilicus, 
bear strong primary ribs that incline slightly forward 
and apparently are. nontuberculate. Adorally on the next 
two whorls the primary ribs become weaker, more 
\videly spaced, and terminate in conical tubercles at 
about two-fifths of the height of the flanks. From these 
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tubercles pass pairs of fairly strong secondary ribs. 
Most pairs of ribs are separated by single ribs that arise 
freely on the flanks. Adorally on the outer two whorls 
the primary ribs become weaker and shorter, the 
secondary ribs become a little stronger than the pri1nary 
ribs, and the row of conical tubercles oceurs a little 
lower on the flanks. Near the aperture both ribs and 
tubercles become indistinct on the lower half of the 
flanks. 

The specimens are too distorted for measurements, 
and the suture line is not exposed. 

This species greatly resembles Stephanoceras (Skir-
1'ocerm_;) dolichoecus (Buckman) (1921, pl. 265) in its 
highly evolute coiling and rib characteristics, but it is 
much smaller and its tubercles persist to a later growth 
stage. 

Figured specinz,ens.-Stanford lTniversity ~fuseum 
Paleontology 10032, 10033. 

Occurrences.-Snowshoe Formation, Weberg Mem
ber, upper part at Vigrass' loc. 162 and near top at 
Vigrass' loc. 16. 

Subgenus PHAULOSTEPliANUS Buckman, 1927 

Stephanoceras (Phaulostephanus 1) oregonense Imlay, n. sp. 

Plate 45, figures 1-4 

This speeies is represented by nine laterally crushed 
molds. Its eoiling is highly evolute and its outer three 
whorls barely einbrace each other. The flanks round 
evenly into the umbilical \vall and the venter and prob
ably were gently convex before crushing. The body 
ehan1ber occupies slightly more than one complete 
whorl. The aperture on the internal mold is marked by a 
constriction that is fol1owed by a collar. · 

The body whorl of the holotype at a diameter of 90 
mm has 46 primary ribs and 93 secondary ribs. On the 
outer two septate whorls the secondary ribs outnumber 
primary ribs about 2112 to 1. 

On the inner septate \Yhorls the primary ribs are 
closely spaced, fairly low, curve gently forward to the 
middle of the flanks, and terminate in swellings or in 
weak tubercles. From them pass fron1 two to three 
slightly weaker secondary ribs that trend nearly 
radially. During growth all ribs gradually become 
stronger and more \videly spaced, secondary ribs become 
sparser, and tuberculation becomes weaker. On the 
penultimate whorl and on the adapical end of the body 
whorl the primary ribs are swol1en ventrally but are not 
tuberculate. On the adoral end of the body whorl the 
primary and secondary ribs are nearly equal in strength, 
and only a few of the primary ribs are swollen ventrally. 

All specimens are so crushed that accurate Ineasure
ments are not possible. The suture line cannot be traced. 

This species greatly resembles Stephanoce1'as (Phaul
osteplwnus) paululus (Buckman) (1927, pl. 754, figs. 

1-3) but differs in being more evolute, nearly twice as 
large, finer ribbed, and perhaps in bearing weak tuber
cules on its small septate whorls. That species is reported 
to be nontuberculate (Arkell and others, 1957, p. 
L289) ; but, as illustrated, the swollen ventral ends of 
its primary ribs resemble the swollen rib ends of the 
Oregon species. 

Types.-Holotype lTSNM 168611; paratypes USNM 
168612, 168613. 

Occurrences.-Snowshoe Formation, Warm Springs 
Member, in middle to upper parts, at lTSGS Mesozoic 
locs. 29395 and 29241. Probably represented also at 
Mesozoic loc. 29832 in the lower part of the Snowshoe 
Formation on the south side of Flagtail Mountain. 

Genus STE::Ml'tiATOCERAS Mascke, 1907 

Stemmatoceras a1f. S. al'bertense McLearn 
Plate 46, figures 1-9 

cf. Stemrnatoceras n. sp. aff. S. albertense l\IcLearn (Imlay, 1967, 
p.91,pl.10,figs. 1-8,pl.16,figs.5-7). 

This species is represented by nine in1mature speci
mens that do not include any of the body whorl. The 
whorls are depressed, much wider than high, are widest 
at about three-fifths of their height, and embrace about 
bvo-fifths of the preceding whorls. The flanks are gently 
convex, and round evenly into a steep umbilical wall and 
into a broad depressed venter. The umbilicus is fairly 
wide. 

The primary ribs are strong, fairly closely spaced, in
cline forward on the flanks, and terminate in small acute 
tubercles at about three-fifths of the height of the 
whorls. From the tubercles pass two, or rarely three, 
sharp secondary ribs that are much thinner and lower 
than the primary ribs, that incline forward just above 
the zone of tuberculation, and then cross the venter 
nearly transversely. Three specimens have slightly 
stronger and sparser ribbing than the others but other
wise appear to be identical and are herein considered to 
be a variant. 

The largest specimen, at a whorl height of 22 mm, 
has a whorl thiekness of 36 mm. 

The suture line has broad and deeply dissected 
saddles. The first lateral lobe is narrow, trifid and a 
little shorter than the ventral lobe. The suspensive lobe 
is strongly retracted. 

The Oregon speein1ens of Stemmatoceras show some 
resemblanee to immature specimens of S. albertense 
MeLearn fron1 Alberta, Canada, as illustrated by Fre
bold (1957. pl. 21, figs. 2a, b, pl. 23, figs, lb, c) but have 
much more closely spaced primary ribs and fewer sec
ondary ribs per primary. They show more resemblance 
to S. n. sp. aff. S. albe1·tense McLearn from the western 
interior region of the United States (Imlay, 1967, pl. 10, 
pl. 16, figs. 5-7) but apparently have a n1ore depressed 
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venter, denser and longer pri1nary ribs, and fewer sec
ondary ribs per primary rib. 

Fig·ured specimens.-CAS 13521-13524. 
Occurrence.-Snowshoe Formation undifferentiated 

in the Seneca area at Lupher's loc. 8. 

Genus TELOCERAS Mascke, 1907 

Teloceras itinsae McLearn 

Plate 46, figures 10, 11, 13 

Teloceras itinsae McLearn, 1932, p. 51, pl. 10 figs. 1, 2. 
Teloceras itinsae McLearn. Imlay, 1964a, p. B50, pl. 23, figs. 9, 10, 

pl. 24, figs. 1-5, 7. 

This species is represented in eastern Oregon by three 
sn1all immature specimens of which the larger is com
parable in size with the holotype (McLearn, 1932, pl. 10, 
figs. 1, 2) and with a hypotype figured by Imlay ( 1964a, 
pl. 24, fig. 2) . The Oregon specimens bear stout, widely 
spaced, nearly radial primary ribs that terminate in 
pronounced conical tubercles. Fron1 each of these pass 
three weaker secondary ribs that incline slightly for
ward. In addition, successive bundles of secondary ribs 
are generally separated by single intercalated ribs that 
arise at or above the zone of tuberculation. 

Types.-Hypotypes, USNM 168614-168616. 
0 ccurrences .-Snowshoe Formation undifferentiated 

near Emigrant Creek at USGS Mesozoic locs. 26770 and 
29410. 

Genus ZEMISTEPHANUS McLearn, 1927 

Zemistephanus 1 cf. Z. richardsoni (Whiteaves) 

Plate 46, figures 12, 14 

Two fragmentary a1nmonites frmn eastern Oregon 
are characterized by moderately evolute coiling and by 
stout conical tubercles that occur at the very edge of the 
umbilicus. Fron1 the tubercles pass bundles of t\vo to 
three ribs. Between successive rib bundles are one or two 
intercalated ribs that arise above the zone of tubercula
tion. All secondary ribs incline slightly forward. 

These specimens resemble both Zemistephanus and 
Pse·udotoites in eoiling and in having stout tubercles at 
the base of the flanks, but their fragmentary condition 
precludes definite generic identifieation. Assign1nent to 
Zemisteplwnus is favored, however, by their association 
with such genera as Teloceras, Nonnannites, and Ohon
droceras, which occur well above the. known range of 
Pseudoto-ites. The genus Oto-ites has much 1nore tightly 
coiled septate whorls than these genera and does not 
attain as large a size. 

Among the described species of Zemistephanu:;;, the 
Oregon specimens match closely in strength and den
sity of ribbing Z. 1'l:chardsoni (Whiteaves) (1876, p. 32, 
pl. 5, figs. 1, 2; McLearn, 1929, pl. 9, figs. 1, 2, pl. 10, 
fig. 2; Imlay, 1964a, pl. 25, figs. 6, 7, pl. 26, figs. 1-7). 
They have appreciably weaker and denser ribbing than 

Z. carlottensis (Whiteaves) ( 1876, p. 38, pl. 6; Arkell, 
1954, figs. 11 and 12 on p. 588 and 589; Imlay, 1964a, 
pl. 2±, fig. 6, pl. 27, figs. 1-3 pl. 28, figs.1-3). 

Figured speci11wns.-lTSNM 168617; CAS 13525. 
Occw'J'ences.-Sno,-vshoe Forn1ation undifferentiated 

near Emigrant Creek at USGS ~Iesozoic loe. 29410 and 
near Seneca at Lupher's loc. 30. 

Genus LUPHERITES Imlay, n. gen. 

This genus is characterized by an ovate whorl section, 
by moderately evolute coiling that beeomes more evo
lute in the adult, by fine, dense, simple or forked, non
tuberculate ribs on most of its septate whorls, by an 
abrupt change to coarse, tubereulate ribs on its body 
whorl, and by the presence of lateral lappets. 

The type species is Luphterites senecaen8'is Imlay, 
n. sp. The genus is na1ned in honor of Ralph L. Lupher 
vd10 collected most of the available specimens. 

Lupherites bears a general resemblance to Polyplecti
tes ~Iaseke, 1907 (See Arkell and others, 1957, p. L290; 
Westermann, 1954, p. 335-338). It differs, however, by 
lacking tubercles on n1ost of its septate whorls, by de
veloping coarse tuberculate ribs abruptly on its body 
whorl, and by having a broader first lateral saddle. 

Lupherites senecaensis Imlay, n. sp. 

Plate 47, figures 1-20 

This species is represented by about 85 internal and 
external molds, of whieh most have been crushed lat
erally. The appearance of the least deformed specimens 
indicate that the whorls originally were ovate in sec
tion and probably a little higher than wide. The flanks 
are flattened in their lower parts but round evenly into 
an evenly rounded venter. The umbilicus is moderately 
wide. The umbilieal wall is low, vertical at its base, and 
rounds evenly into the flanks. The s.eptate whorls em
braee each other about one-half. The body whorl be
comes slightly retracted and embraces about two-fifths 
of the penultimate whorl. The body chamber occupies 
about three-fifths of a whorl. The aperture, preserved 
on several fragments, bears elongate lateral lappets. 

The ribs on most of the septate whorls. are fine, 
low, and closely spaced and are not tuberculate. They 
trend gently forward on the flanks and cross the venter 
transversely. Many of them remain simple, but some 
bifurcate on the middle third of the flanks. Most of 
the pri1nary ribs are separated by one or b-vo second
ary ribs that arise freely on the middle third of the 
flanks. Tubercles are absent on most of the septate 
whorls and first appear on some speeimens on the· adap
ical part of the outermost septate '-vhorl as weak radi
ally elongate swellings. 

The ribbing on the adoral part of the outermost sep· 
tate '-vhorl changes abruptly from fine and dense to 
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coarse and sparse. This change is accompanied, or in 
some specimens preceded, by the development of weak 
lateral tubercles. 

On the body chamber the primary ribs are sharp, 
high, and widely spaced and incline forward on the 
flanks. Smne remain simple, and some divide on the 
middle third of the flanks into pairs of sharp but 
slightly weaker secondary ribs. Some furcation points 
are swollen, some are weakly tuberculate, and some 
are merely sharpened. Most pairs of forked ribs are 
separated by a secondary rib that arises freely on the 
upper third of the flanks. All ribs cross the venter 
transversely. 

Dimensions cannot be measured accurately because 
all the specimens are deformed. 

The suture line, fairly well exposed on one specimen, 
has moderately broad saddles and lobes. The first lateral 
lobe is irregularly trifid, slightly shorter than the ven
tral lobe, and much longer and broader than the second 
lateral lobe. The second lateral saddle is much smaller 
than the first lateral saddle. 

L1..tpherites senecaensis Imlay, n. sp. bears a general 
resemblance to species of Polyplectites as discussed 
under the definition of the genus. 

Typ:es.-Holotype CAS 13526; paratypes, CAS 
135'27-13540; paratypes, USNM 168618,168619. 

Occurrences.-Snowshoe Formation undifferentiated 
near Seneca at Lupher's locs. 8 and 30. Unnamed beils 
in the Huntington quadrangle at lTSGS Mesozoic lor·. 
29111. 

Family PERISPHINCTIDAE Steinmann, 1890 

Genus LEPTOSPHINCTES Buckman, 1920 

Leptosphinctes cf. L. leptus Buckman 

Plate 47, figure 25 

One laterally crushed, evolute ammonite, represented 
by both internal and external molds, shows parts of five 
whorls of which four are septate. The outermost whorl 
apparently overlaps about one-third of the next inner 
whorl. The venter is not exposed. The ornamentation 
consists of thin widely spaced, nearly radial or slightly 
prorsiradiate primary ribs, of which nearly half bi
furcate at about two-thirds of the height of the flanks. 
Some of the secondary ribs are indistinctly connected 
with the primary ribs. The furcation points are not 
swollen or tuberculate. Constrictions are not present. 

The suture line cannot be traced accurately but ap
pears to be similar to that of L. delicatus Imlay ( 1962, 
pl. 5, fig. 8) from Alaska. 

The Oregon species resembles the septate whorls of 
L. leptus Buckman (1920, pl. 160) in fineness of rib
bing, but is probably more evolute. 

Figured specimen.-CAS 13541. 

Occurrence.-Snowshoe Formation near Seneca at 
Lupher's loc. 28. 

Leptosphinctes cf. L. evolutus Imlay 

Plate 47, figures 21-23, 26, 27 

cf. Leptosphinctes evolutus Imlay, 1964a, p. B54, pl. 28, figs. 4-6. 

One species of Leptosphinctes from eastern Oregon, 
represented by four fragmentary crushed molds, is 
characterized by highly evolute coiling and coarse wide
ly spaced ribs. The smallest specimens bear very high, 
sharp, ·widely spaced primary ribs that incline forward 
on the flanks and terminate in swellings or weak tu
bercles on the margins of the venter. Fron1 these tuber
cles pass one or two lower and broader secondary ribs 
that arch gently forward on the venter and, at least 
on one specimen, are clearly not interrupted by a mid
ventral furrow. One of these small specimens also bears 
a deep constriction. 

On the two large fragments the primary ribs are 
even higher and more widely spaced, incline forward 
on the flanks, curve strongly forward on the margins 
of the venter and then fade out or become very weak on 
the venter. Most ribs remain simple, but one primary 
rib divides indistinctly into two secondary ribs. The 
venter of these large specimens is poorly exposed but 
appears to be nearly smooth and without a ventral fur
row, such as occurs in similarly coarsely ribbed species 
of Parkinsonia. 

This species of Leptosphinctes from eastern Oregon 
closely resembles the most coarsely ribbed paratype of 
L. e1,olutus Imlay ( 1964a, pl. 28, fig. 5) from the 
Talkeetna Mountains, Alaska. It n1ay differ by having 
slightly higher ribs and fewer forked ribs on its outer 
whorls. None of the described European species of 
Leptosphinctes are nearly as evolute or as coarsely 
ribbed. 

F·ig·u.red spec-imens .-CAS 13542-13545. 
Occurrence.-N ear top of Snowshoe Formation un

differentiated near Seneca at Lupher's loc. 30. 

Leptosphinctes sp. 

Plate 47, figure 24 

One fragment of a whorl bears sharp, strong primary 
ribs that incline slightly forward on the flanks and 
divide at about three-fifths of the height of the flanks 
into pairs of broader and lo,ver secondary ribs. One 
primary rib remains simple and a few secondary ribs 
are indistinctly connected with primary ribs. 

The ribbing is sharper and higher than in most spe
cies of Leptosphinctes but is comparable in coarseness 
with that on L. ( ProrsisphiTtctes) pseudomartinsi 
(Siemiradzki) (Arke1l and others, 1957, p. L314, fig. 
395). That species differs by having more forwardly 
inclined ribbing on its venter. 
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Fig,ured speeimen.-USNM 168620. 
Oeeurrenee.-Snowshoe Formation, near base of 

upper member, at USGS Mesozoic loc. 26775. 

Subgenus PRORSISPHINCTES Buckman, 1921 

Leptosphinctes (Prorsisphinctes~) spp. juv. 

Plate 47, :figures 28-30 

The subgenus Prorsisphinctes is probably represented 
by seven immature molds. These specimens have highly 
evolute coiling, forwardly inclined ribbing and some 
constrictions. Most primary ribs pass into pairs of 
slightly weaker secondary ribs at or a little above the 
middle of the flanks. The secondary ribs continue to 
incline forward on the upper parts of the flanks and 
arch weakly forward on the venter. Five of the speci
mens (pl. 47, fig. 29) from Lupher's loc. 30 represent a 
fairly coarsely ribbed species comparable to the inner 
whorls of L. (P.) phanerus (Buckman) (1921, pl. 211) 
or L. (P.) meseres (Buckman) (1923, pl. 446; 1927, pl. 
446A). The other two specimens (pl. 47, figs. 28, 30) 
represent a finely ribbed species comparable to the inner 
whorls of L. (P.) stmnphus (Buckman) (1921, pl. 247). 
Their ribs also resemble those on Leptosphinctes leptus 
Buckman (1920, pl. 160) except for being more for
wardly inclined. 

Figured specimens.-USNM 168621, 168622; CAS 
13546. 

Occurrence8.-Snowshoe Formation undifferentiated 
near Seneca at Lupher's loc. 30. Unnamed beds in the 
Juniper Mountain area, Brogan quadrangle, at USGS 
Mesozoic localities 28649 and 28650. 

Genus PARABIGOTITES Imlay, 1961 

Parabigotites crassicostatus Imlay 

Plate 47, :figures 31-36 

Dactylioceras sp. A, Kellum, Daviess and s,vinney, 1945, figs. 
5A-B (not C-E). 

Parabigotites crassicostat1ts Imlay, 1961, p. 472-473, pl. 64, figs. 
4-10. 

Parabigotites crassicostatus Imlay, 1964a, p. B54, pl. 29, :figs. 
1-16. 

This species is represented in eastern Oregon by six 
specimens that show the same characteristics and range 
of variation as the type specimens from Alaska. The 
largest specimen is finer ribbed than most of the illus
trated Alaskan specimens but is similar in that respect 
to certain small specimens (Imlay, 1964a, pl. 29, figs. 11, 
13). It matches closely also with a finely ribbed variant 
(see pl. 4 7, fig. 34) that occurs in Alaska in the 1\::ialag
vik Formation (USGS Mesozoic locs. 19773 and 21258), 
in association with the typical coarsely ribbed variant. 

The microconch equivalent of this species could be 
Nor1nannites kialagvikensis Imlay (1964a, p. B43, pl. 
13), as once suggested by G. E. G. Westermann (written 
commun., Nov. 30, 1964). 

Types.-Hypotypes, USNM 168623; CAS 13547; 
Stanford University Museum Paleontology 10034-
10036. 

Occurrences.-Snowshoe Formation, middle to upper 
parts of Warm Springs Member at Lupher's loc. 211, 
Dickinson's locs. 94, 96 and 98, and lTSGS Mesozoic loc. 
29805. The species is probably represented also in the 
lower member of the Snmvshoe Formation at USGS 
~{esozoic loc. 27356. 
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(Prorsisphinctes) --------- 92 
Mesozoic locality descriptions ---------- 43 
MilJleral ------------------------------- 16 
Mining Park ------------------------- 34 
modesta, Sonninia -------- 4, 18, 62, 64, 66, 67 

Sonninia (Euhoploceras) ---------- 5, 16, 
20, 34, 62; pJs. 7, 8, 9, 10 

nenningensiB, Sonninia ------------ 63 
molliB, Stephanoceras ----------------- 20 
Mormon Sandstone -------------------- 34 
Mowich Mountain -------------------- 13, 18 
Mowich upwarp ---------------------- 9 
mowichense, Stephanoceras -------- 85; pl. 45 
Mudstone ----------------------------- 36 
multicostata, Sonninia ---------------
multifida, Emileia --------------------

64 
80,81 

N 

Nannoceras 7 

nannodes, Asthenoceras --------------- 3, 56 
nannomorphus, Pelekodites ------------ 74 
nelchinanum, Stephanoceras 

(Skirroceras) ------------- 33 
nenningensiB, Sonninia modesta -------- 63 
nodatipinguiB, Sonninia ---- 28, 35, 62; pl. 13 
nodosum, Stephanoceras __ 24, 25, 32, 87; pl. 44 
Normannites ---- 8, 15, 16, 24, 29, 31, 54, 82, 90 

braikenridgii --------------------- 35 
ventriplanus ----------------- 83 

crickmayi ------------------------ 24, 28 
kialagvikensiB -----~----- 32, 85, 92; pl. 40 
orbignyi -------------------------- 24, 28 
vigorosus ------------------------- 84 
(Expalxites) anceps ----------- 84; pl. 41 
(ltinsaites) crickmayi -------- 24, 32, 33, 

89; pl. 41 

formOBUB ------------------ 84; pl. 41 
gracilis ---------------- 25, 81,; pl. 41 
itinsae ----------------- 33, 81,; pl. 41 

(Masckeites) densus ----------- 85; pl. 40 
(Normannites) braikenridgii ___ 89; pl. 41 

orbignyi --------------- 82, 89; pl. 41 
quenstedti ----------------- 89; pl. 41 

( N ormannites) braikenridgii, 
Normannites ---------- 89; pl. 41 

orbignyi, Normannites ------ 82, 89; pl. 41 
quenstedti, Normannites ------- 89; pl. 41 

North Ammonite Hill ----------------- 11, 18 
nucleospinosum, Eudmetoceras 

(Euaptetoceras) ---------- 61 
nuda, Sonninia ------------------------- 63 

0 

obtectum, Eudmetoceras --------------- 60 
Parammatoceras ------------------ 61 

Oppelia ------------------------------ 8, 78 
subradiata ·-------------------- 78; pl. 40 
(Liroxyites) ---------------------- 54 
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Oppelidae ----------------------------- 2, 78 
orbignyanum crassicostatum, 

Chondroceras -------------- 81 
orbignyi, Normannites ---------------- 24, 28 

Normannites 
(Normannites) ______ 82, 89; pl. 41 

Oregon, marine Jurassic connections 
with Alaska, Europe ------ 54 

oregonense, Stephanoceras 
(Phaulostephanus) ---- 89; pl. 45 

oregonensiB, Dorsetensia ----- 24, 25, 72; pl. 29 

Ostrea -------------------------------- 15 
Otoites ---------------------- 8, 24, 32, 81, 90 

contractus --------- 8, 22, 24, 32, 81; pl. 39 

reesidei --------------------------- 35 
sauzei zone ---------------- 2, 15, 20, 22, 

24, 25, 28, 30, 31, 32,33, 34 

Otoitidae ----------------------------- 2, 78 

p 

Paleogeographie setting --------------- 96 

papiUatum, Papilliceras --------------- 68 
Papilliceras --------------------- 5, 20, 24, 68 

acantherum ----------------------- 68 
papillatum ------------------------ 68 

(Papilliceras) arenata, 
Sonninia ----- 20, 32, 34, 68; pl. 26 

blaclcwelderi, Sonninia ------------ 34, 68 
espinazitensiB, Sonninia ----- 20, 69; pl. 27 
juramontana, Sonninia ------ 34, 69; pl. 27 
pseudoarenata, Sonninia ----------- 69 
Sonninia -------------------------- 4 
stantoni, Sonninia ------ 22, 35, 68; pl. 26 

Parabigotites ------------------ 16, 22, 30, 92 
crassicostatus ------------------ 8, 22, 24, 

32, 33, 85, 92; pl. 47 

faunule ----------------------- 34 
Parammatoceras obtectum ------------

rugatum 
parvicostata, Sonninia ---------------
Parkinsonia -------------------------
Parkinsoniidae ------------------------

61 
61 
63 
91 
54 

paucinodosum, Docidoceras ----- 32, 80; pl. 38 

Paulina ------------------------------ 1, 52 
Pelecypods ---------------------------- 18, 36 
Pelekodites --------------------- 2, 14, 54, 73 

boweri ---------------------------- 74 
buckman -------------------------- 74 
buckmani ------------------------- 74 
dobsonensiB -------------------- 71,; pl. 34 
nannomorphus ------------------- 74 
pelekus --------------------------- 74 
schlumbergeri --------------------- 74 
silviesensiB -------- 22, 24, 25, 28, 71,; pl. 34 
webergi -------------------- 18, 79; pl. 34 
sp -------------------------------- 75 
species in Western Europe -------- 7 

pelekus, Pelekodites ------------------ 74 
Perisphinetidae ----------------------- 2, 91 
phanerus, Leptosphinctes 

(Prorsisphinctes) --------- 92 
Phaulostephanus ---------------------- 8, 89 
(Phaulostephanus) oregonense, 

Stephanoceras --------- 89; pl. 45 
PhyUoceras --------------------------- 16, 54 

kunthi ---------------------------- 54 
sp -------------------------- 54; pls. 1, 2 

Phylloeeratidae ----------------------- 2, 54 
Pine Creek --------------------------- 18 
palmata, Sonninia -------------------- 64 
Planammatoceras ---------------- 4, 25, 59, 61 

benneri --------------------------- 33 
tuberculatum ------------------ 61; pl. 24 
sp ---------------------------- 61; pl. 27 

planinsigne, Hammatoceras ------------ 61 
planulatum, Docidoceras --------------- 79 
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Plicatula ------------------------------ 16 
Poecilomorphus ----------------- 7, 14, 28, 75 

angulinus ------------------------- 75 
arisdorfensiB ---------------------- 75 
macer ---------------------------- 7 
primiferus -------------------------- 75 
regulatus ------------------------- 75 
varius ------------------ 24, 28, 75; pl. 25 
species in Europe ----------------- 7 

Pole Creek --------------------------- 16,31 
polyacantha, Sonninia -------------- 4, 64, 66 

Sonninia (Euhoploceras) _______ 5, 20, 64; 
pls. 18, 19, 20, 21 

Polyplectites -------------------- 8, 54, 90, 91 
praenuntius, Praestrigites ------------- 76 
Praestrigites ------------------- 20, 59, 75, 76 

deltotus -------------------- 16, 75; pl. 35 
praenuntius ----------------------- 76 

primiferus, Poecilomorphus ------------ 75 
propinqu,ans, Sonninia ---------------- 4 
Prorsisphinctes ----------------------- 29, 92 
( Prorsisphinctes) meseres, 

Leptosphinctes ------------ 92 
phanerus, Leptosphinctes ---------- 92 
pseudomartinsi Leptosphinctes ----- 91 
stomphus, Leptosphinctes --------- 92 

Pseudammatoceras -------------------- 61, 77 
pseudoarenata, Sonninia (Papilliceras) _ 69 

Pseudogrammoceras ------------------- 3 
pseudomartinsi Leptosphinctes 

(Prorsisphinctes) --------- 91 
Pseudotoites -------------------------- 78, 90 
psilodiscus, Lissoceras ---------------- 8, 77 
pulchra, Dorsetensia ------------ 71, 72; pl. 30 

Q 

quenstedti, N ormannites 
(Normannites) -------- 89; pl. 41 

R 

Rail Canyon -------------------------- 16 
Red Glacier Formation --------------- 24, 32 
reesidei, Otoites ----------------------- 35 
References cited ---------------------- 92 
regulatus, Poecilomorphus ------------ · 75 
rhytus, Stephanoceras ----------------- 35J 88 
richardsoni, Zemistephanus -------- 30, 33, 34, 

90; pl. 46 

.Rosebud Creek ------------------------ 14 
rotundum, Megasphaeroceras ----- 8, 82; pl. 40 
Royal Gorge quadrangle -------------- 35 
rugatum, Parammatoceras ------------ 61 

s 

Sailor Canyon Formation ------------- 35 
Santa Ana Mountains ----------------- 35 
Sawtooth Creek quadrangle ----------- 15 
scklumbergeri, Pelekodites ------------ 74 

.schucherti, Stiphromorphites ----------- 35 
scissum, Tmetoceras ------ 3, 16, 18, 25, 30, 31, 

59, 61; pl. 2 

Sedimentary material, nonvolcanie ----- 36 
semicostulatum, Lissoceras ------------ 8, 77 
Seneca --------------------------- 1, 8, 15, 52 
Seneca area, ammonite assemblages --- 28,29 

ammonite correlations ------------ 25 
Seneca quadrangle -------------------- 28 
senecaensiB, Lupherites ------------ 90, pl. 47 
Shaw Creek --------------------------- 9 
Shaw Member, Snowshoe Formation --- 9,14 

Skerbornites ------------------------- 67 
.Skirbuirnia --------------------------- 4 

trigonaliB subzone ------------- 4, 20, 22 
Sierta Nevada ----------------------- 34 
silveria, Sonninites -------------------.- 83 
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Silvies Canyon ------------------------ 9 
Silvies Member, Snowshoe Formation ____ 9,14 

Silvies River ------------------------- 15 
silviesensis, Pelekodites --------- 2.2, 24, 25, 

28, 74; pl. 34 

simplex, Sonninia --------------------- 63 
simulans, Witchellia ------------------- 73 
skawaki, Sonninites ------------------- 33 

_ ~kiTTf!Ceras --------------------------- 8.7 
( SkirroceTas) bayleanum, 

Stephanoceras ------------- 35 
dolichoecus, Stephanoceras __ 18, 88; pl. 45 
juhlei, Stephanoceras ___ 25, 33, 88; pl. 43 
kirschneri, Stephanoceras __ 24, 28, 32, 33 

87; pis. 30, 42 
leptonYTale, Stephanoceras _____ 88; pl. 46 

macr!tm, Stephanoceras ---------- 87 
nelchinanum, Stephanoceras, ------- 33 

Snake River ------------------------ 1, 36,52 
Snowshoe Formation ------------ 9, 11~ 16, 25 

Emigrant Creek area --------- 15, 30, 42 

Izee area ------------------ 14, 25, 41, 52 
Seneca area ---------- 15, 25, 28, 29, 42, 52 

Silvies Member ------------------- 9, 14 
Suplee Area ------------ 11, 16, 22, 38, 40 
Basey Member ------------- 19, 24, 40, 52 

Shaw Member ---------------- 14 
Warm Springs Member __ 13, 22, 40,52 

Weberg Member -------- 11, 16, 38, 52 
Sonninia ------------------------ 2, 32, 54, 62 

acanthodes ------------------------ 66,67 
adicra ---------------------- 4, 64, 65, 67 
costata --------------------------- 64 
costigeTa -------------------------- 64 
crassispinata ---------------------- 67 
dominans ------------------ 64, 65, 66, 67 
dominatrix ------------------------ 64 
inaequa --------------------------- 63 
juhlei ----------------------------- 35 
mesacantha ----------------------- 68 
modesta -------------- 4, 18, 62, 64, 66, 67 
nenningensis ---------------------- 63 

assemblage -------------------- 18 
multicostata ---------------------- 64 
nodatipingttis ----------- 28, 35, 62; pl. 13 
nuda ----------------------------- 63 
palmata -------------------------- 64 
paTVicostata ---------------------- 63 
polyacantha -------------------- 4, 64, 66 
propinquans ---------------------- 4 
simplex --------------------------- 63 
SOWeTbyi ------------------------- 4, 67 

zone ------- 3,20,22,30,31,33,34,36 

subcostata ------------------------ 64 
subsimplex ------------------------ 63 
substriata ------------------------- 63 
tuxedniensis ---------------------- 32, 35 
(AlaskoceTas) ala8kensis ---------- 33 
(Euhoploceras) ----------------- 4, 65, 78 

adicra ----------------- 4, 16, 20, 65; 
pis. 13, 14, 15, 16, 17 

bifurcata --------------------- 32, 35 
CTassispinata -------- 5, 16, 20, 67, 68; 

pls. 22, 23, 24, 25 
dominans --------- 5,16, 63; pls. 11, 12 
modesta ------------ 5, 16, 20, 34, 62; 

pls. 7, 8, 9, 10 
morphological comparisons _ _ _ _ 6 

polyacantha ---------------- 5,20, 64; 
pls. 18, 19, 20, 21 

(PapilliceTas) -------------------- 4 
arenata ---------- 20, 32, 34, 68; pl. 26 
blackwelderi ------------------ 34, 68 
espinazitensis ---------- 20, 69; pl. 27 
juramontana ------------ 34, 69; pl. 27 
pseudoarenata ---------------- 69 
stantoni ------------ 22, 35, 68; pl. 26 

sp ---------------------------- 25 
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Sonniniidae ------------------------- 2, 54, 62 
Sonninites hansoni -------------------- 34 

silveTia --------------------------- 33 
sl;;awaki -------------------------.- 33 

sowerbyi, Sonninia -------------------- 4, 67 
sparsicostatum, Docidoceras _ 16, 18, 79; pl. 37 

spatians, Spatulites ------------------- 7 
Spatulites spatians -------------------- 7 
SphaeToceras --------------- 14, 24, 29, 54, 81 

brongniarti -------------- 8, 81, 82; pl. 40 

sp ------------------------- 24, 82; pl. 40 
Sphaeroceratidae --------------------- 2, 81 
Spiroceras ------------- 3, 16, 29, 31, 54, 55, 87 

annulatum --------------------- 55; pl. 1 
bifurcatum --------------- 29, 55, 87; pl. 1 

Spiroceratidae ------------------------ 2, 55 
stantoni, Lilloettia -------------------- 9 

Sonninia (Papilliceras) __ 22, 35, 68; pl. 26 

StemmatoceTas ------------------ 8, 32, 35, 89 
albertense --------------------- 89; pl. 46 

Stephanoceras --------------- 2, 16, 20, 29, 30, 
31, 32, 54, 78, 85 

baylei ----------------------------- 88 
humphriesianum ------------------ 85 

zone ------------- 7,16, 20, 22, 24, 25, 
28, 29, 30, 31, 34, 36 

juhlei ------------------------- 24, 25, 28 
kirschneri --------------------- 14, 25, 28 
macrum -------------------------- 87 
mollis ----------------------------- 20 
mowichense ------------------- 85; pl. 45 
nodosum ------------- 24, 25, 32, 87; pl. 44 
rhytus ---------------------------- 35, 88 
(Phaulostephanus) oregonense __ 89; pl. 45 

(SkirroceTas) bayleanum ---------- 35 
dolichoecus ------------- 18, 88; pl. 45 
juhlei -------------- 25, 33, 88; pl. 43 
kirschneTi ------------- 24, 28, 32, 33, 

87; pis. 30, 42 

leptogyrale ---------------- 88; pl. 46 
macrum ---------------------- 87 
nelchinanum ------------------ 33 

sp. A ------------------------- 86; pl. 45 
sp. B ------------------------- 86; pl. 45 
sp. C ------------------------- 86; pl. 44 
sp. D ------------------------ 86; pl. 43 

Stephanoceratidae ------------------ 2, 54, 82 
Stiphromorphites schucherti ----------- 35 
stomphus, Leptosphinctes 

(Prorsisphinctes) 92 

Stratigraphic summary --------------- 8 
StrenoceTas subfurcatum zone --------- 34 

Strigoceras --------------------------- 76 
compressum ---------------------- 76 
languidum ----------------- 18, 76; pl. 36 
sp ---------------------------- 76; pl. 36 

Strigoceratidae ----------------------- 2, 75 
subcostata, Sonninia ------------------ 64 
subinsignis, Ammonites --------------- 61 
subradiata, Oppelia ---------------- 78; pl. 40 
subsimplex, Sonninia ------------------ 63 
substriata, Sonninia ------------------- 63 
subtexta, Dorsetensia ____ 24, 25, 71; pls. 28, 29 

subzone, HypeTlioceras discites ------ 7, 20, 22 
Shirbuirnia trigonalis ----------- 4, 20, 22 
Teloceras bladgeni ---------------- 24 
Witchellia laeviuscula ------------- 7, 20 

Summary, Oregon Bajocian ammonite 

study --------------------- 52 
Suplee ----------------------- 2, 9,16, 24, 40 
sutneroides, Witchellia ---------------- 31 
Swamp Creek ------------------------- 13,18 
Systematic descriptions --------------- 54 

T 

Talkeetna Mountains ----------------- 33 
Taylorsville --------------------------- 34 

Page 

TeloceTas ----------------------- 8, 29, 35, 90 
blagdeni subzone ------------------ 24 
itinsae ------------------ 30, 33, 90; pl. 46 

Thickness, Oregon Bajocian rocks ----- 8 
Tmetoceras --------------- 2, 13, 16, 20, 25, 32, 

35, 36, 54, 59, 79 
scissum ___ 3, 16, 18, 25, 30, 31, 59, 61; pl. 2 

Toarcian age ------------------------- 52 
Toarcian ammonites ------------------ 9 
Transgressive Jurassic Pacific seas --- 36 
Trowbridge Formation ---------- 9, 14, 15, 16 
tuberculatum, HammatoceTas ---------- 61 

PlanammatoceTas -------------- 61; pl. 24 
Turbidity currents -------------------- 37 
Tuxedni Bay -------------------------- 32 
Tuxedni Formation ------------------- 33 
tuxedniensis, Sonninia ----------------- 32, 25 
Twin Creek Limestone --------------- 34 
Twist Creek Siltstone ---------------- 33 

v 

varius, Poecilomorphus _____ 24, 28, 75; pl. 25 
ventriplanus, Normannites braikenridgii 83 
vicarius, Xenocephalites --------------- 9,15 
vigorosus, Normannites --------------- 84 

Volcanic facies ------------------------ 36 

w 

Warm Springs Creek -------------- 11, 18, 22 
Warm Springs Member, ammonite 

correlations --------------- 22 
ammonite distribution in Suplee area 40 

Snowshoe Formation ----------- 9, 22, 40 
warmspringsense, Docidoceras ___ 18, 78, pl. 38 

Water depth, Jurassic Pacific seas ----- 37 
Weberg Member, ammonite assemblages_ 16 

ammonite distribution in Suplee area 38 

Showshoe Formation ----------- 9, 16, 38 
webeTgi, Pelekodites ------------ 18, 73; pl. 34 

Westgate ----------------------------- 36 
Western Interior, comparisons Oregon 

Bajocian ammonites with 

other faunas -------------- 34 
whitehousei, Fontannesia -------------- 57 
Wide Bay area, Alaska ------------- 31, 33, 35 
Witchellia ------------- 4, 16, 24, 30, 69, 70, 72 

connata ---------- 22,25, 69, 70; pls. 20, 21 
edouardiana ---------------------- 72 
laeviuscula subzone --------------- 7, 20 

pinguis zone ---------------------- 24 
simulans "'------------------------- 73 
sutneToides ----------------------- 31 
(Latiwitchellia) ---------------- 5, 20, 54 

evoluta ------ 16, 18, 70; pls. 31, 32, 33 
evoluta faunule --------------- 20 

sp ------------------------- 70, 71; pl. 20 

x,z 

Xenocephalites vicarius --------------- 9, 15 
zemistephanoides, Docidoceras --------- 78 

Zemistephanus --------------------- 8, 29, 90 
carlottenis ------------------------ 90 
richardsoni ---------- 30, 33, 34, 90; pl. 46 

zone, Graphoceras concavum -------- 4, 20, 22 
Ludwigia murchisonae ------- 3, 20, 25, 30 

Otoites sauzei --------------- 2, 15, 20, 22, 
24, 25, 28, 30, 31, 32, 33, 34 

Sonninia sowerbyi ------------- 3, 20, 22, 
30, 31, 33, 34, 36 

Stephanoceras humphriesianum __ 7, 16, 20, 
22, 24, 25, 28, 29, 30, 31, 34, 36 

StrenoceTas subfurcatum ---------- 34 
Witchellia pinguis ---------------- 24 

Zugella ------------------------------- 70 
Zugophorites ------------------------- 54, 70 
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PLATE 1 

[All figures natural size unless otherwise indicated. Specimens shown in figs. 3-16 are from the highest beds of the Snowshoe 
Formation near Seneca] 

FIGURES 1, 2. Calliphylloceras sp. (p. 54). 
Lateral and ventral views (X 2) of specimen, Stanford Univ. Mus. 

Paleontology 10006 from Vigrass' loc. 152. Weberg Member of the 
Snowshoe Formation. 

3-8. Spiroceras bifurcatmn (Quenstedt) (p. 55). 
3, 4. Ventral and lateral views (X 2) of hypotype, USNM 168491 from 

USGS Mesozoic. 28017. 
5. Hypotype, USNM 168493 from USGS Mesozoic loc. 28022. 
6. Hypotype, USNM 168494 from USGS Mesozoic loc. 29232. 
7. Ventro-lateral view of hypotype, USNM 168495 from USGS Mesozic 

loc. 29232. Shows ventral groove. 
8. Hypotypc, USNM 168492 from USGS Mesozoic loc. 29232. Shows weak 

lateral and strong ventral tubercles. 
9-16. Spiroceras annulatwn (Deshayes) (p. 5t5). 

9, 10. Ventral and lateral views of hypotype, USNM 168502 from USGS 
Mesozoic loc. 28650. 

11. Hypotype, USNM 168500 from USGS Mesozoic loc. 29232. 
12, 13. Ventral and lateral view of hypotype, USNM 168499 from USGS 

Mesozoic loc. 29232. 
14. Hypotype, USNM. 168501 from USGS Mesozoic loc. 28018. 
15. Hypotype, USNM 168496 from USGS Mesozo'tc loc. 29232. 
16. Hypotype, USNM 168497 from USGS Mesozoic loc. 29232. 

17. Phylloccras sp. (p. 54). 
Specimen, USNM 168490 from USGS Mesozoic loc. 29790 in middle 

part of Snowshoe Formation near Seneca. 
18-21. H olcophylloceras sp. (p. 54). 

18. Specimen, CAS 13328 from Lupher's loc. 221. 
19-21. Lateral and ventral views (X 2) of specimen, CAS 13329 from 

Lupher's loc. 211 in the Warm Springs Member of the Snowshoe 
Formation. 
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PLATE 2 

[All figures are natural size. All specimens shown in figs. 1-6 and 9 from the Weberg Member of the Snowshoe Formation] 

FIGURES 1-6. Tm etoceras scissum (Benecke) (p. 59). 
1, 2. Ventral and lateral views of h ypotype, CAS 13362 from Lupher's 

Joe. 207. 
3, 4. Lateral and ventral views of hypotype, CAS 13363 from Lupher's 

loc . 207. 
5, 6. Lateral and ventral views of hypotypc, Stanford Univ. Mus. 

Paleontology lOOHl from Vigrass's Joe. 3. 
7, 8. Holcophylloceras sp. (p. 54). 

Apertural and lateral views of specimen, CAS 13330 from Lupher's 
loc. 235 in the Warm Springs Member of the Snowshoe Formation. 

9. Phylloceras sp. (p. 54). 
Crushed internal mold bearing some sh ell material. 

Specimen CAS 13327 from Lupher's loc. 468. 
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PLATE 3 

[All figures natural size unless otherwise indicated] 

FIGURES 1-32. Asthenoceras delicaturn Imlay, n. sp. (p. 55). 
Within the species those specimens shown in figures 1-11 are t he most 

coarsely-ribbed; in figures 12-14 are moderately-ribbed; and in figures 
16-32 are the most finely ribbed. Specimens shown in figures 1, 2, 4-7, 
9-ll, 15- 17 and 22- 2.') arc from the Weberg Member. All others arc 
from the Warm Springs Member of t he Snowshoe Formation. 

1. Para type, CAS 13344 from Lupher's loc. 306. 
2. Paratype, CAS 13345 from Lupher's loc. 306. 
3. Paratype, CAS 13338 from Lupher's loe. 232. 
4. Paratype, CAS 13334 from Lupher's loc. 228N. 
5- 7. Paratype, CAS 13336 from Lupher's loc. 228N. Note lateral 

lappet on fig . 5. 
8. Paratypc, CAS 13333 from Lupher's loc . 116. 
9-11. Ventral and lateral views of paratypc, CAS 13335 from Lupher's 

loc . 228N. 
12. Para type, Stanford Univ. Mus. Paleontology 10012 from Vigrass' 

loc . 10. 
13. Paratype, Stanford Univ. Mus. Paleontology 10013 from Vi grass' 

loc. 10. 
14. Paratype, Stanford U niv. Mus. P aleontology 10014 from Vigrass' 

loc. 18. 
15. Suture line (X 2) (drawn at whorl height of 13 mm) of paratype, 

Stanford Univ. Mus. Paleon tology 10010 from Vigrass' loc. 16. 
16, 17. Paratype, CAS 13341 from Lupher's loc . 306. 
1R. Paratypc, USNM 168503 from USGS Mesozoic loc. 29239. 
10, 20, 28- 30. Holotype, CAS 13331 from Lupher's loc. 116 (figures 28-30 

are X 2). 
21. Paratype, Stanford Univ. Mus. Paleontology 10008 from Vigrass' 

loc. 166. 
22. Para type, CAS 13337 from Lupher's loc. 228N. 
23 . Paratype, CAS 13343 from Lupher's loc. 306. 
24. Paratype, CAS 13342 from Lupher's loc. 306. 
25. Paratype, CAS 13340 from Lupher's loc. 305. 
26. Paratype (X 2), CAS 13346 from Lupher's loc. 560. Note swellings 

on flanks . 
27. Paratype (X 2), CAS 13347 from Lupher's loc . 561. 
31. Paratype (X 2), CAS 13332 from Lupher's loc . 116. Note lateral 

lappet. 
32. Paratype (X 2), Stanford Univ. Mus. Paleontology 10007 from 

Vi grass' Joe. 10. N otc lateral lappet. 
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PLATE 4 
(All figures natural size unless otherwise indicated. Specimen shown in Jigs. 5 and 6 is from the Warm Springs Member. 

All others are from the Weberg Member of the Snowshoe Formation] 

FIGURES 1, 2. Asthenoceras cf. A. delicatum Imlay, n. sp . (p. 33). 
Ventral and lateral views of specimen, USNM 168504 from USGS 

Mesozoic loc. 24137 in the basal sandstone of the Tuxedni Formation, 
0.53 mile S 74.5° E of mouth of Pass Creek, Talkeetna Mountains, 
Alaska. Specimen resembles the coarsely ribbed variant of A . delicatum 
Imlay. 

3- 6. Asthenoceras clelicatum Imlay, n. sp. (p. 55). 
3. Suture line (X 2) (drawn at whorl height of 10 mm). Paratype, 

Stanford Univ. Mus. Paleontology 10011 from Vigrass' loc. 16. 
4. Paratype, Stanford Univ. Mus. Paleontology 10009 from Vigrass' loc. 

16. Shows change from fine to coarse ribbing. 
;;, 6. Paratypc, CAS 13339 from Lupher's loc. 232. This specimen is much 

stouter than average and shows marked change from fine to coar~e 
ribbing. 

7-15. Fonlannes·ia intermedia Imlay, n. sp. (p. 57). 
7. Rubber imprint of external mold. Paratype, CAS 13354 from Lupher's 

loc. 239. 
8, 0. Paratype, Stanford Univ. Mus. Paleontology 10017 from Vigrass' 

loc. 16. Outer whorl is nonseptate. 
10, 11, 15. Lateral and apertural views (X 1) and suture line (X 2). 

Holo type, CAS 13352 from Lupher's loc . 228W. 
12-14. Lateral, apertural, and ventral views. Paratype, CAS 13353 from 

Lupher's loc. 228X. 
16-26. Fontannesia costula Imlay, n. sp. (p. 57). 

16. Paratype, CAS 13349 from Lupher's loc. 228. 
17. Para type, CAS 13350 from Lupher's loc. 228. 
18-20. Paratype, Stanford Univ. Mus. Paleontology 10016 from Vigrass' 

loc . 241. 
21, 26. Holotype, CAS 13348 from Lupher's loc. 228N. About three

fourths of outer whorl is body chamber. 
22-24. Ventral and lateral views (X 1) and suture line (X 2) (drawn at 

whorl height of 13 mm). Paratype, Stanford Univ. Mus. Paleontology 
10015 from Vigrass' loc. 8. 

25. Paratype, CAS 13351 from Lupher's loc. 370. 
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PLATE 5 
[All figures natural size unless otherwise indicated. All specimens shown are from the Weberg Member of the Snowshoe 

Formation] 

FIGURES 1 'J -..,, Fontannesia cf. F. cvoluta (Buckman) (p. 59). 
Specimen, Stanford Univ. Mus. Paleontology 10018 from Vigrass' 

loc. 121a. 
4-13. Fontannesia cf. F. carinata Buckman (p. 58). 

4,5. Specimen, CAS 13361 from Lupher's loc. 355. 
6, 12. Suture line (X 2) and lateral view of specimen, CAS 13357 from 

Lu pher's loc. 226. 
7, 8. Specimen, CAS 13359 from Lupher's loc. 35:). About three-fourths 

of outer whorl represents body chamber. 
9, 11. Partial body chamber of specimen, CAS 13358 from Lupher's loc. 

228X. 
10, 13. Immature specimen, CAS 13360 from Lupher's luc. 355. 

14- 19. Fontannesia cf. F. luwlenta Buckman (p. 58). 
14-17. Suture line (X 2) (drawn at whorl height of 18.5 mm), lateral, 

ventral, and apertural views of specimen, CAS 13356 from Lupher's 
loc. 355. Figure 16 shows ventral elongation of shell. 

18, 19. Specimen, CAS 13355 from Lupher's loc. 355. 
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PLATE 6 

[All figures natural size unless otherwise indicated. All specimens shown arc from the Weberg Member of the Showshoe 
Formationl 

FlGUiu.:s 1-5. Eudmetoceras (Euaptetoceras) cf. E. (E.) amaltheiforme (Vacek) (p. 60) 
A pert ural, lateral, and ventral views (X 1) and suture line (X 2) of 

specimen, CAS 13364 from Lupher's loc. 1701. 
6-9. Eudmetoceras (Euaptetoceras) sp. juv. cf. E. (E.) hauthali (Burckhardt) 

(p. 60) . 
6. Specimen, USNM 168506a. 
7, 8. Specimen, USNM 168506b. 
9. Specimen, USNM 168506c. All from USGS Mesozoic loc. 29400. 

10-18. Eudmetoceras (Euaptetoceras) cf. E. (E.) klimakomphalum (Vacek). (p. 60), 
ll, 16, 18. Lateral views of t.hrce crmhed immature specimens, USNM 

168508a-c from USGS Mesozoic loc. 29817. 
10, 12, 13, 17. Lateral views of four crushed immature specimens . USNM 

168507a-d from USGS Mesozoic loc. 29400. 
14, 15. Lateral view and cross section of fairly large specimen, USNM 

168507e from USGS Mesozic loc. 29400. About one-fourth of outer 
whorl is nonseptate. 
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PLATE 7 
[All figures are natural size. All specimens shown are from the Weberg Member of the Snowshoe Formation] 

FIGUHES 1-5. Sonninia (Euhoploceras) modesla Buckman (p. 62). 
1, 4. Septate hypotype, CAS 13370 from Lupher's loc. 228N. Note 

abrupt umbilical edge and change in coiling from moderately involute 
to moderately evolutc. Represents a stout and fairly coarsely ribbed 
variant. 

2, 3. Immature septate hypotype, CAS 13374 from Lupher's Joe. 373. 
Has fairly fino ribbing . 

. i. Moderately large septate hypolype, CAS 13375 from Lupher's Joe. 584. 
Note vertical umbilical wall, fairly abrupt umbilical edge, fairly stout 
whorl section, and moderately coarse ribbing. See cross section on pl. !J, 
f-ig. 4. Specimen develops slighUy stronger and sparser ribbing than 
Sonninia subcoslala Buckman (1892, pl. 86, fig. 1) or S. multicoslala 
Buckman (18!J3, pl. 86, ftg. 1), but closely resembles S. inaequa Buckman 
(1894, pl. 101, figs. 4, 5). 
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PLATE 8 

[All figures natural size unless otherwise indicated . All specimens shown are from the Weberg Member of the Snowshoe 
Formation] 

Froum:s 1- 7. Sonninia (Euhoploceras) modesta Buckman (p . 62). 
1, 2, 6, 7. Hypotype, USNM 168512 from USGS Mesozoic loc . 29828. 

Shows weakly-ribbed septate whorls (ftgs. 1, 2) and moderately-ribbed 
outer nonseptate whorl (ftgs . 6, 7) similar to those on specimen of 
Sonninia modesta Buckman (1892, pl. 68) from England. Note abrupt 
umbilical edge and change in amount of involut ion . 

3-5. Suture line (X 2) and lateral and apertural views of immature 
septate hypotype, CAS 13373 from Lupher's loc. 306. It is moderately 
compressed and has fairly fine ribbing. 
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PLATE 9 

[All figures natural size unless otherwise indicated. All specimens shown are from the Weberg Member of the 
Snowshoe Formation] 

Fraun~::s 1- 7. Sonninia (Euhoploceras) modesta Buckman (p. 62). 
1. Very small septate hypotype, Stanford Univ. Mus. Paleontology 

10020 from Vigrass ' Joe. 152. 
2. Suture line of hypotype, CAS 13369 from Lupher's Joe. 228. Drawn at 

whorl height of 60 nun. 
3. Suture line of hypotype, CAS 13372 from Lupher's Joe. 228W. Drawn 

at whorl height of 48 mm. 
4. Cross-section of hypotype, CAS 13375, shown on pl. 7, fig. 5. 
5, 6 . Hypotype, CAS 13371 from Lupher':> loc. 228W. Shows change 

in ribbing from fairly weak on septate whorls to fairly strong on body 
chamber. Resembles Sonninia subcostata Buckman (1892, pl. 71, fig. 
4) at a comparable size. Develops sli ghtly coarser ribbing at an earlier 
growth stage than on a certain paratype of S. modesta Buckman (1892, 
pl. 68). 

7. Small septate whorl (X 2) of hypotype, USNM 168513 from USGS 
Mesozoic Joe. 29828. Shows nearly smooth nucleus followed by de
velopment of weak flexuous ribs. 
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PLATE 10 
[Figure about four-fifths natural size] 

FIGUlu: 1. Sonninia (Euhoploceras) modesta Buckman (p. 62). 
Laleral view of large laterally crushed hypotype, CAS 13467 from Luphers' 

loc. 610 in Weberg Member of Snowshoe Formation. Adoral fifth or 
outer whorl is rwnseptate and presumably represents part of the adult 
body chamLer. Note vertical umbilical wall, abrupt umbilical edge, 
widening of umbilicus during growth, general smoothness of internal 
mold, and presence of broad radial undulations. Weathering accounts 
for some nf the smoothness on the adapical part of the outer whorl. 
Note resemblance to S. simplex Buckman (1892, pl. 70, figs. 2- 4), S. 
substriata Buckman (1892, pl. 71, ftg. 6), S. parvicostata Buckman (1892, 
pl. 7;), figs. 3-5), S. modesta Buckman (1892, pl. 68), and S. nuda Buckman 
(1893, pl. 82, figs . 3, 4). 
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PLATE 11 

[All figures are 11atural size. All specimens are from the Weberg Member of the Snowshoe Formation] 

FJGURES 1- 4. Sonninia (Euhoploceras) dominans Buckman (p. 63). 
1, 4. Hypotype, CAS 13378 from Lupher's Joe . 228. Whorl section drawn 

at diameter of 180 mm. Resembles Sonninia costigera Buckman (1894, 
pl. 102) and S. obtus1jormis Buckman (1892, pl. 72, figs. 3-.'i). 

2. Small, immature septate hypotype, CAS 13380 from Lupher'R Joe. 306. 
3. S11ture line drawn at whorl height of 42 mm on hypotype, CAS 13377 

from Lupher 's Joe. 226. Specimen bears ribbing comparable with that 
present near the adoral end of the specimen shown on pl. 12, fig. 5. 
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PLATE 12 
[All figures are natural size. All specimens shown are from the Weberg Member of the Snowshoe Formation] 

FJGURES 1-5. Sonninia (Euhoploceras) dominans Buckman (p. 63). 
1. Hypotype, Stanford Univ. Mus. Paleontology 10021 from Vigrass' 

Joe. 1!J. lle~embles Sonninia costata Buckman (1892, pl. 74, fig. 1) . 
2, 4. H ypotype, CAS 13381 from Lupher'~ Joe. 407. Resembles inter

mediate septate whorls of Sonninia dominans Buckman (1892, pl. 86). 
3. Hypotype, CAS 1337Ei from Lupher':; Joe. 108. Resemble:; Sonninia 

ornphalica Buckman (1893, pl. 83, figs. 5, 6) and S. dominat1·ix Buckman 
(18!l4, pl. 94, fig. 3). 

5. Hypotype, CAS 1337!) from Lupher':; Joe. 228N. Resembles Sonninia 
multicostata Buckman (1894, pl. 86, figs. 1, 2). 





PLATE 13 

[All fig ures natural size unless otherwise indicated . Specimens shown in figs. 1-4 are from lowest ex posed beds of Snowshoe 
Formation near Seneca, Oreg.; other specimens arc from the Weberg Member of the Snowshoe Formation in the Suplee 
area, Oreg] 

FIGURES 1-4. Sonuinia cf. S. Nodatipinguis (Buckman) (p . 62). 
All front L11phcr's Joe. 272. 

l. Specimen, CAS 13366. About three-fifth~ of outer whorl is nonseptate. 
Note tuberc le~ on inner whorl. 

:2. Rubber imprint of external mold, CAS 13305. Note strong radial
t rending ribs that fade out on venter. 

3. Septate and partially corroded internal mold, CAS 13301-l. 
4. Small corroded internal mold (X 2), CAS 13367. Note t ubercles on 

inner whorls. 
fi, 6. Sonninia (Enhoploceras) sp . juv . (p. 05). 

5, 6. Specimen, USNM 1G8498 from USGS Joe. 21612. Shows prominent 
tubercles characteristic of inner whorls of species of Sonninia (Euhoplo
ceras) adicra (Waagen) or S. (E.) crassispinata Buckman, as described 
herein. 

7- 9. Sonninia (Et•hoploceras) cf. S. (E.) adicra (Waagen) (p. 65). 
7, R. Internal mold with some adhering shelly material, CAS 13394 from 

Lupher's Joe. 228N. 
9. Internal mold showing strong tubercles and ribs, CAS 13396 from 

Lupher's Joe. 407. 
l 0- 12. Sonninia (Euho ploceras) adicra (Waagen) (p. 6.5). 

10. Latera lly crushed internal mold of hypotype, CAS 13397 from L!tp
her's Joe. 491. Shows ~trong ~pi nes characteristic of inner and inter
mediate whorls. Resembles inner whorle~ of S. acanthodes Buckman 
(1il92, pis. 5R- 60), a~ well a~ S. /ocnples Buckman (1892, pl. 50, figs . 
16, 17; 1894, pl. 92, ftgs. 1, 2). 

11, 12. Hypotypc, CAS 13392 from Lupher's Joe. L228N . 
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PLATE 14 
[All figures are natural size] 

FrGmu:s 1-6. Sonninia (Euhoploceras) aclicra (Waagcn) (p. 65). 
From the Weberg Member of the Snowshoe Formation. 

1. Hypotype, USNM 168;)15 from USGS Mesozoic loc. 26765. Change 
from tuberculatc to nontubcrculate ribs occurs at an earlier growth 
than in some specimens. 

2, :j. HypoLype, CAS 13395 from Lupher's loc. 228W. Cross section was 
drawn ncar adoral end. About one-fourth of outer whorl is nonscptate. 

3, 4, 6. H ypntype, CAS 13393 from Lupher's loc. 228N. Shows tubercles 
on inner septate whorls similar to those shown on pl. 13, figs. 10, 11. 
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PLATE 15 

[All figures are natural size] 

FJGURJ::S 1-5. Sonninia (Euhoploceras) adicra (Waagen) (p. 65) . 
From the Weberg Member of the Snowshoe Formation. 

1, 2. Lateral and ventral views of a stout hypotype, CAS 13390 from 
Lupher's loc. 228N. This specimen differs from other Oregon specimem 
assigned to S. adicra in its ribs fading out on the venter as on the halo
type of that species (Darn, 1935, pl. 10, fig. 7). 

3, 5. Hypotypc, CAS 13391 from Lupher's loc . 228N. Represents a coarsely 
ribbed variant of average stoutness. Resembles S. cymatera Buckman 
(1892, pl. 73, figs. 2, 3), S. spinicostata Buckman (1892, pl. 73, figs. 4-6) , 
and S. /ocuples Buckman (1894, pl. 92, figs. 5-7). 

4. Laterally crushed hypotype, CAS 13389 from Lupher's loc . 228N. 
Shows loss of tuberculation at a fairly early growth stage. 
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PLATE 16 

[Figure is natural size] 

Fraunt·: 1. Sonninia (Euhuploceras) adicra (Waagen) (p . 6.5). 
Laterally crushed hypotype, CAS 13388 from Lupher'~ loc. 228N. From 

the Weberg Member of the Snowshoe FormaLion. About three-fifths of 
outer whorl is nonseptate and probably represents most of body chamber. 
Resembles S. (E.) acanthodes Buckman (1892, pls .. ~8-60). 
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PLATE 17 
[Figure is about four-fifths natural size] 

FJG UHJ·: 1. Sonninia (Euhoploceras) adicra (Waagen) (p. 65) . 
Moderately stout hypotypc, CAS 13387 from Lupher's loc. 228, upper 

part of Weberg Member of Snowshoe Formation. As slightly less than one
fourth of the outer whorl is nonseptate, the complete adult shell must have 
had a diameter of at least 350 mm . This specimen is nearly identical in appear
ance with the large adult specimens of Sonninia marginala Buckman (1892, 
pis. 62 and 64). 
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PLATE 18 

[All figures natural size unless otherwise indicated] 

FIGUR<;S 1-3. Sonninia (Euhoploceras) polyacantha (Waagen) (p. 64). 
Hypotype, CAS 13385 from Lupher's Joe . 573. From Weberg Member of 

the Snowshoe Formation. Suture line drawn at whorl height of 70 mm. 
Figure 3 represents inner septate whorls of the specimen shown on plate 
19 at reduced size. The cross section (X 3/5) represents the outer two 
whorls of t he complete specimen shown on plate 19. 
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[Figure reduced to three-fourths natural size] 

FIGURB 1. Sonninia (Euhoploceras) polyacanlha (Waagcn) (p. 64). 
Hypotype CAS 13385 from Lupher's loc. 573. Same specimen shown on 

plate 18. The outermost whorl is nonseptate and presumably represents 
part of the body chamber. 





PLATE 20 

[All figures are natural size. Specimens shown in figs. 1, 5-7, are from the Weberg Member of the Snowshoe Formation; 
other specimens are from the Warm Springs Member] 

FIGURES 1, 5-7. Sonninia (Euhoploceras) polyacantha (Waagen) (p. 64). 
1, 5. Hypotype, CAS 13382 from Lupher's Joe. 361. 
6. H ypotype, CAS 13384 from Lupher's Joe. 373. 
7. H ypotype, CAS 13383 from Lupher's Joe. 363. 

2, 3. Witchellia sp. (p. 70). 
Specimen, Stanford Univ. Mus. Paleontology 10024 from Dickinson's 

Joe. D94. 
4. Witchellia connata (Buckman) (p. 69). 

H ypotype, CAS 13413 from Lupher's Joe . 116. 
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PLATE 21 
I All figures natural size unless otherwise indicated . Specimens shown in figs. l -7and 11 are from the Warm Springs Member 

of the Snowshoe Formation; in figs. 8 and 9 from the Weberg ;\<!ember; and in fig. lO from the lower part of the Snowshoe 
Formation south of Seneca] 

FIGURES 1-7, 10, 11. Witchellia connata Buckman (p. 69). 
1, 2. Hypotypc, Stanford Univ . Mus. Paleontology 10023 from 

Dickinson's loc . 94 ( = V 4) 
3. I-lypotypc, USNM 168528 from USGS Mesozoic loc. 29808. 
4. Ilypotypc, USNM 168527 from USGS Mesozoic loc. 29395 . 
. 5. Hypotypc (X 2), USNM 168529 from USGS Mesozoic loc. 

29807. 
6. Hypotypc, USNM 168526 from USGS Mesozoic loc. 29395. 
7. Hypotypc, USNM 168525, from USGS Mesozoic loc. 29395. 
10. Hypotypc, CAS 13414 from Lupher's loc. 57. 
11. Hypotype, USNM 168524 from USGS Mesozoic loc. 29395. 

8, 9. Sonninia (Euhoploceras) polyacantha (Waagen) (p. 64) . 
8. Ilypotype, USNM 168514 from USGS Mesozoic loc . 29828. 
9. Jl ypotype, CAS 13386 from Lupher's loc. 581. 
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PLATE 22 

[All figures are natural size. All specimens arc from the Wcbe.rg Member of the Snowshoe Formation] 

FIGURES 1, 2, 4. Sonninia (Euhoploceras) crassisp1:nata Buckman (p. 67). 
1, 2. Lateral views of hypotypc, USNM 168516 from USGS Mesozoic 

Joe. 26766. 
4. Compressed hypotype, CAS 13403 from Lupher's Joe . 605. Outer 

whorl is nonseptatc and probably represents part of adult body 
chamber. 

3. Sonninia (Europloceras) cf. S. (E.) crassispinata Buckman (p. 68). 
Specimen, Stanford Univ. Mus. Paleontology 10022 from Vigrass' 

Joe. 8. N otc absence of spines on innermost exposed whorl at 
diameter between 15 to 45 mm. 
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PLATE 23 

[All figures arc natural size] 

FIGURES 1- 4. Sonninia (Euhoploceras) crassispinala Buckman (p. 67). 
From the Weberg Member of the Snowshoe Formation. 

1. Hypotype, USNM 168517 from USGS Mesozoic Joe. 21612. About 
one-third of outer whorl is nonseptate. 

2-4. Cross section and lateral views of hypotype, CAS 13402 from 
Lupher's Joe. 361. 
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PLATE 24 
[All figures are natural size. Specimens shown in figs. I, 4, and 5 arc from the Weberg Member of the Snowshoe Formation; 

the other specimens are from the lower member of the Snowshoe Formation in the Izee area] 

FIGURES 1, 4. Sonninia (Euhoploceras) crassispinata Buckman (p. 67). 
1, 4. Hypotype, CAS 13398 from Lupher's Joe. 228N. One-third of 

outer whorl is nonseptate. 
2, 3. Planammatoceras? cf. P. tuberculatum (Sa to) (p. 61). 

2. Crushed fragment of inner whorls of specimen USNM 168509 from 
USGS Mesozoic Joe. 26755. 

3. Crushed fragment of outer whorl of specimen USNM 168510 from 
USGS Mesozoic lac. 26753. 

5. Sonninia (Euhoploceras) cf. S. (E.) crassispinata Buckman (p. 68). 
Specimen, CAS 13400 from Lupher's Joe. 228X. Note absence of spines 

on innermost exposed whorls. 
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PLATE 25 

All figures natural size unless otherwise indicated. Specimens shown in figs. 1-10 and 12-14 are from the middle part of the 
Snowshoe Formation in a large shale exposure east of highway and 0.6 mile scuth of Seneca, Oreg. Specimens shown 
in figs. 11 and Hi are from lower part of 1niddle member of Snowshoe Formation in the Iz ~t'l area. Specin1ens shown in 
figs. li-10 are from the Webcrg :vlcmbcr of the Snowshoe Formation. Figs. 1, 3, 5, 6, 12, 14, and 16 arc from rubber 
imprints of rxternal mold~] 

FIGURES 1-16. Poecilomorphus varius Imlay, n. sp. (p. 75). 
All specimens except those shown in figures 11, 15, 16 are from 

Lupher's loc. 28. 
1. Paratypc, CAS 13466. 
2. Paratype, CAS 13465. Shows keel. 
3. Paratype, CAS 13464. Shown with larger whorl at bottom. 
4. Paratypc, CAS 13461. 
5. Paratype, CAS 13458. 
6. Paratype, CAS 13460. 
7. Paratypc, CAS 13462. 
8. Paratype, CAS 13459. 
9. Paratypc, CAS 13463. Shows keel. 
10. Paratypc, CAS 13457. 
11. Paratypc, USNM 168553 from USGS Mesozoic loc. 27363. 
12. Para type (X 2), CAS 13456. 
13, 16. Holotypc (X 1 and X 2), CAS 13454. Figure 16 (X 2) is from 

a rubber imprint. 
14. Paratype (X 2), CAS 13455. 
15. Paratype, USNM 168554 from USGS Mesozoic loc. 27363. 

17-19. Sonninia (Euhoploceras) crassispinata Buckman (p. 67). 
17. Much weathered hypotype, CAS 13401 from Lupher's loc. 353. 
18, 19. Ilypotype, CAS 13399 from Lupher's loc. 228N. Cross section 

drawn from ncar adoral end. 
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PLATE 26 

[All figures are natural size. Specimens shown In figs . 1, 11 , and 12 arc from the Warm Springs Member and In ftg. 10 from 
the Weberg Member of the Snowshoe Formation in the Suplee area. All others are from the middle part of the Snow
shoe Formation in tho Seneca area, Oreg. Figs. 2, o, 7-9, 12, an d 13 arc from rubber imprints of external molds] 

FIGURES 1-10, 12, 13. Sonninia (Papilliceras) stanloni (Crickmay) (p. 68). 
Specimens shown in figures 4- 9, 13 are from Luper's loc. 57. 

1. Hypotypc, USNM 168518 from USGS Mesozoic loc. 29241. 
2. Hypotypc, USNM 168521 from USGS Mesozoic loc. 21617. 
3. Hypotype, CAS 13407 from Lupher's loc. 311. 
4. Hypotype, CAS 13405. 
5. Hypotype, CAS 13404. 
6. Hypotype, CAS 13410. 
7. Hypotype, CAS 13408. 
8. Hypotype, CAS 13411. 
9. Hypotype, CAS 13409. 

10. Hypotype, USNM 168520 from USGS Mesozoic loc. 21611. 
12. Hypotype, USNM 168519 from USGS Mesozoic loc. 29241. 
13. Hypotype, CAS 13406. 

11. Sonninia (Pa pilliceras) of. S. (P.) arenata (Quenstedt) (p. 68) . 
Specimen, USNM 168552 from US GS Mesozoic loc. 29241. 
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PLATE 27 
[All figures are natural size. Specimen shown in fig. 1 is from the Warm Springs Member of the Snowshoe Formation in 

th~ Suplee area. Specimens shown in figs. 2 and 3 are from the lower member of that forrnatian in the Izce area and in 
figs. 4--j) nrc from the Weberg Member of the Snowshoe Formation] 

FIGURE 1. Sonninia (Papilliceras) cf. S. (P.) juramontana (Crickmay) (p . 69). 
Specimen, CAS 13412 from Lupher's loc. 206. 

2, 3. Planammatoceras? spp. (Buckman) (p. 61). 
2. Rubber imprint of external mold of specimen USNM 16851la from USGS 

Mesozoic loc. 26753. 
3. Internal mold of specimen, USNM 16851lb from USGS Mesozoic loc. 

26753. 
4- 6. Sonninia (Papilliceras) cf. S. (P.) espinazitensis Tornquist (p. 69). 

4. Specimen, USNM 168523 from USGS Mesozoic loc. 26763. 
5, 6. Specimen, CAS 13413 from Lupher's loc. 360. 
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PLATE 28 

[All figures are natural size. Specimens shown in figs. 1 and 2 are from Warm Springs Member; in figs. 3, 4, and 6 from 
the lower part of the Basey Member; and in figs. 5 and 7 from the lower member of the Snowshoe Formation] 

F I GURES 1-7. Dorsetensia cf. D. subtexta Buckman (p. 71). 
1, 2. Lateral and apertural views of specimen, USNM 168536 from USGS 

Mesozoic loc. 29239. Sec other view on pl. 29, fig. 7. 
3. Rubber imprint of external mold, USNM 168535a from USGS Mesozoic 

loc. 29812. 
4. Rubber imprint of external mold, USNM 168.'i35b from USGS Mesozoic 

loc. 29812. 
5. E xternal mold, CAS 13430 from Lupher's loc . 7.~. Outer whorl is 

nonscptatc. 
6. Internal mold bearing some shell material, USNM 168535c from USGS 

Mesozoic loc. 29812. 
7. Crushed internal mold bear ing some shell material, CAS 13431 from 

Lupher's loc. 75 . 
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PLATE 29 
[All figures are natural size. Specimens shown in figs. 1- 4 and 8-14 arc from the lower exposed part of the Snowshoe Forma

tion near Seneca. Those shown in flgs. 5-7 are from the Warm Springs Member of the Snowshoe Formation] 

FIGURES 1-4. Dorsetensia oregonensis Imlay, n. sp . (p. 72). 
All specimens arc from Lupher's loc. 272. 

1. Paratypc, CAS 13435. 
2. Rubber imprint of external mold of paratype, CAS 13434. 
3. Rubber imprint of external mold of paratype, CAS 13433 . 
4. Rubber imprint of external mold of holotype, CAS 13432. 

5, 6. Dorsetensia cf. D. complanata Buckman (p. 72). 
External molds, USNM 168537 a, b from USGS Mesozoic Joe. 29396. 

7. Dorsetensia cf. D. subtexta Buckman (p. 71). 
Specimen, USNM 168536 from USGS Mesozoic Joe. 29239. See other 

views on pl. 28, figs. 1, 2. 
8-14. Dorsetensia diversistriata Imlay, n. sp. (p. 73). 

All specimens are from Lupher's Joe. 57. 
8. Rubber imprint of external mold of paratype, CAS 13440. 
9, 11. Rubber imprint of external mold of paratype, CAS 13438. 
10. Paratype, CAS 13441. 
12. Rubber imprint of external mold of paratype, CAS 13437. 
13. Paratype, CAS 13439. 
14. Rubber imprint of external mold of holotype, CAS 13436. 
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PLATE 30 

[All figures are natural size. Specimens shown in figs. 1- 4, 7-9, and 11 arc from ncar the top of the Warm Springs Member 
of the Snowshoe Formation in the Suplee area; in figs. 5 and 6 from 60 feet below the top of the middle member of the 
Snowshoe Formation in the Izee area; in figs. 10 and 12 from the lower 300 feet of the Basey Member of the Snowshoe 
Formation in the Suplee area. Specimen shown in fig. 13 Is described below] 

FIGum"s 1- 4, 7, 8. Dorsetensia cf. D. pulchra Buckman (p. 71). 
1-3, 7, 8. Laterally crushed specimens, USNM 168534a-c from 

USGS Mesozoic Joe. 29241. Figures 1 and 3 arc rubber imprints 
of external molds. 

4. Rubber imprint of external mold, CAS 13429 from Lupher's 
Joe. 109. 

5, 6. Dorsetensia sp. undet. (p. 72). 
Undeformed internal mold with some shell adhering. Specimen, 

CAS 13442 from Lupher's Joe. 128. 
9-12. Dorsetensia a ff. D. edouardiana (d'Orbigny) (p. 72). 

!l. Internal mold, Stanford Univ. Mus. Paleontology 10025 from 
Dickinson's Joe. 97. 

10, 12. Small internal whorls, USNM 168538a,b from USGS 
Mesozoic Joe. 29812. 

11. Internal mold, Stanford Univ. Mus. Paleontology 10037 from 
Dickinson's Joe. 97. 

13. Stephanoceras (Skirroceras) kirschneri Imlay (p. 87). 
Rubber imprint of hypotype, 168603 from USGS Mesozoic Joe. 

20017 in the Fitz Creek Siltstone, 1.08 miles N . 84.4° W. from 
mouth of Fitz Creek, Iniskin Peninsula, Alaska. Included fo1· 
comparative purposes. 
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PLATE 31 

[All ftgures natural size unless otherwise indicated. All specimens shown are from the Weberg Member of the Snowshoe 
Formation and represent a coarsely ribbed, tnbercnlatc variant of the species] 

FwunEs 1-12. Witchellia (Latiwitchellia) evoluta Imlay, n. sp. (p. 70). 
1- 3. Ventral and lateral views and suture line of internal mold. Paratype, 

CAS 13419 from Lupher's Joe. 228N. Suture line (X 2) drawn at whorl 
height of 21 mm near adapical end of specimen and of body chamber. 
Note ventral swellings on some ribs. 

4, 5. Internal mold of paratypc, CAS 13425 from Lupher's Joe . 355. One 
~pirally elongate tubercle present at adapical end. 

6, 10, 11. Suture lines (X 2) and lateral and ventral views of septate 
whorls. Paratype, CAS 13426 from Lupher's Joe. 361. Some ribs 
terminate in ventral swellings. 

7, 8. Internal mold of paratype, CAS 13424 from Lupher's Joe. 307. 
N otc spirally elongate swelling ncar ventral ends of backwardly 
inclined ribs. 

9, 12. Internal mold of adult. Paratypc, CAS 13420 from Lupher's Joe. 
228N. Note that aperture is constricted on flanks and prolonged on the 
venter. 
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PLATE 32 

[All figmes natural size unless otherwise indicated. All specimens shown are from the. Weberg Member of the Snowshoe 
Formation, b~ar ribbing of intermediate strength for the species, and do not bear tubercles] 

FIGUHES 1- 11 . Witchellia (Latiwitchellia) evoluta Imlay, n. sp. (p . 70). 
1, 2, 5, 6. Ventral, lateral, and apertu ral views and suture line (X 2) of 

adult . Holotype, USNM 168530 from USGS Mesozoic loc. 29828. 
Holotype is mostly an internal mold but includes some shelly material. 
Suture line drawn from adapical end of body chamber which occupies 
a bout three-fifths of a whorl. 

3. Small septate paratype, USNM 168531 from USGS Mesozoic loc. 
29828. 

4. Slightly larger septate paratype, CAS 13421 from Lupher's loc. 228N. 
7, ll . Laterally compressed internal mold shows apertural constriction. 

Paratype, CAS 13427 from Lupher's loc. 563. 
8. Internal mold of small septate specimen retaining some shell material. 

Paratype, CAS 13416 from Lupher's loc. 228. 
9. 10. I nternal mold of adult. retaining some shell material. Note apertural 

prolongation on venter. Paratype, CAS 13423 from Lupher's loc. 
228W. 
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PLATE 33 

[All ligures are natural size. All specimens are from the Weberg Member of tho Snowshoe Formation and represent a 
finely ribbed variant of the species. The specimens shown in figs. 1, 5, 7, and 8 become coarser ribbed rather abruptly, 
whereas the oth~r specimens become coarser ribbed more gradually] 

FIGURES 1-12. Witchellia (Latiwitchellia) evoluta Imlay, n. sp. (p. 70). 
1, 2. Immature internal mold re taining considerable shell material. Para

type, USNM 168533 from USGS Mesozoic loc. 26766. 
3. Internal mold retaining considerable shell material. Paratype, CAS 

13417 from Lupher'~ loc. 228. 
4, 5. Internal mold of para type, CAS 13422 from Lupher's loc. 228N. 
G, 10. Internal mold retaining considerable shell material. Paratype, 

CAS 13428 from Lupher's loc. 584. Note apertural constriction. 
7, 8. Internal mold of paratype, CAS 13418 from Lupher's loc. 228. 
9, 11, 12. Apertural and lateral views of adult internal mold retaining 

much shell material. Paratype, USNM 168532 from USGS Mesozoic 
loc. 29828. 
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PLATE 34 

[All fig ures 1mtural size unless otherwise indicated. Sperilnens shown in iigs . 1- 4, 10, 11, and 15- 17 are fro1n the Basey .Men1bcr of the Snowshoe Formation; in figs. 5-9 , 12, 14, 
and 18 from the lower exposed part of the Snowshoe Formation south of Seneca; in fig. 13 from the lower member of t he Snowshoe Formation near Izee; and in figs. 19-34 
fmm the Weberg MernlJer of the Snowshoe Formation in the Suplee area) 

FIGUR I·:s 1-4. Pele/codites dobsonensis Imlay, n. ~p. (p. 74). 
From USGS Mesozoic lo cali t~· 29816. 

1. l{ubber imprin t of compressed external mold of paratypc, USNM 168552. 
2. Rubber im print of compres~cd external mold of para type, USN _\1 168.'iii0. 
:3. Paratype, USNM 168.'),)1. 
4. Rubber imprint of compre~scd external mold of hnlutype, UNSM 168.'i4H . 

. i- 18. Pele/codites silviesensis Imlay, n. ~p . (p. 74). 
Specimens in figures :i-8 arc from Lupher's Joe . 272. 

·>. Holotype, CAS 13446. Note lateral lappet. 
6. Rubber imprint of external mold of paratype, CAS 13450. 
7. Rubber imprint of external mold of paratypc, CAS 13448. 
8. Para type, CAS 1344 7. N otc keel. 
9. Paratype, CAS 134ii3 from Lu pher's Joe. 57 . 

10. Paratype, USNM 168547 from USGS Mesozoic Joe. 29812. 
11. Paratype, USN_\1 168548 from USGS -"1esozoic Joe. 29812. 
12. Paraty pc, CAS 13452 from Lupher's Jo e. 57. 
1::1. Parat~·pc, USN_\11 168ii44 from USGS _\1esozoic Joe. 29230. Note lateral lappet. 
14. P a ratypc, CAS 10401 from Lupher's Joe. •>7 . Note lateral lappet. 
J.), 16. Rubber imprint of external mold showing lateral lappet a nd internal mold (fig. 16) of paratype, USNM 

168.')4;) from USGS :\1e~ozoic Joe. 29818. 
17. Rubber imprin t of external mold ~howin g latera l lappet. Paratype, USNM 168546 from USGS Mesozoic 

Joe . 298 12. 
18. Rubber imprint of external mold showin g part of lateral lappet . Paratype, CAS 13449 from Lupher's loc. 272. 

19-34. Pelekod£te8 webergi Imlay, n. sp. (p. 73). 
19. Paratype, Stanford Univ. :\'Ius. Paleontology 10026 from Vigrass' Joe. 20.'i. 
20. Paratype, USNM 168543 from USGS Mesozoic Jo e. 26766 . 
21, 30. Fragment of body chamber showing high, narrow keel. Paratype, USNM 168.')42 from USGS Meso;~oic 

Jo e. 26766. 
22, 23. Compressed internal mold bearing much shell material. Paratype, CAS 10444 from Lupher's Joe. 370. 
24. Internal mold (X 2) bearing so me s hell material. Parat~rpe, USNM 168.')40 from USGS Mesozo ic Joe . 26766. 
20-27. Suture line ( X 2) from a doral end of internal mold s hown on figures 26 and 27 (abo X 2). Paratype, 

CAS 1344.') from Lupher's Joe. 474. 
28, 29, 31. Ventral and lateral views (X 2 and X 1) of holotype, CAS I :l44:l from Lupher's Joe. 070. Figure 29 

shows distinct lateral lappet. Specimen re Lains much s hell material. 
:l 2, :l0. Internal mold IX 2) retaining much shell material except for bod.'· chamber. Parat.vpe, USNM 168:)09 

from USGS Mesozo ic Joe. 21612. N ote lateral lappet. 
04. Intern al mold retaining some shell material and bear:; lateral lappcl. Paratypc, USN M 168;'i41 from USGS 

.iVIesozoic Joe. 26766 . 
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PLATE 35 

[All figures natural size unless otherwise indicated. All specimens shown are from the Weberg Member of the Snowshoe 
Formation] 

FIGURES 1- !l , 11-14. Praestrigites cf. P. de/lotus (Buckman) (p. 75). 
1, 2. Immature specimen (X 2) retaining much ~hell material, 

USNM 168555a from USGS Mc~ozoic loc. 21610. 
3, 5-7. Suture line (X 2), ventral, lateral, and apertural views of 

septate internal mold, CAS 13469 from Lupher's loc. 228N. 
Suture line drawn from near adoral end at whorl height of 47 mm. 

4, 8, 9 . Fairly small specimen reLaining much shell material , USNM 
16R555b from USGS Mesozoic loc. 21610. Shows characteristic 
ribbing where shell is present. 

11, 12, 14. Apertural, lateral, and ventral views of mostly septate 
internal mold , CAS 13470 from Lupher 's Inc. 22RN. Note broad, 
faint rib~ that fade ou t a dorally. Incomplete body chamber 
probably reprcsenLed ncar erushed a doral end. 

13. Small weathered internal mold, CAS 13468 from Lupher'H Joe. 
207. 

10. Asthenoceras? sp. (p. 56). 
Specimen, USNM 168505 from USGS Mesozoic loc. 21611. Note 

lateral lappet and change from fine to coarse ribbing near 
beginning of body chamber. 
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PLATE 36 

[All figure" 11atural size unless otherwise indicated . All specimens "how11 are from the Weberg Member of the Snowshoe 
Formation] 

FrGUHES 1-4, R-10. Hebetoxyites c:. H. hebes Buckman (p. 76). 
1- 4. Septate internal mold retaining ~orne shell material, CAS 

13474 from Lupher'~ Joe. 47ii. 
8- 10. Suture line (X 2) and ventral and lateral views of internal 

mold, CAS 13473 from Lupher's loc. 22.5. In figure 9 the adoral 
end is pointed downward. 

;i- 7, 11 , 12. Ussoccras? sp. (p. 77). 
Lateral, a]:;ertural, and ventral views and suture line (all views 

X 2) of specimen, USNM 168558 from USGS Mesozoic loc . 
21()10. About one-eighth of whorl is nonseptate. Suture line 
drawn at whorl height of 8.5 mm ncar adapical end of outer 
whorl. 

10, 17-21. Strigoceras cf. S. languidum (Buckman) (p. 76). 
13, 21. Apcrtural and lateral views of internal mold, Stanford 

Univ. Mus. Paleontology 10027 from Vigrass' Joe. 205. 
17. Lateral view of fragment of internal mold, CAS 13471 from 

Lupher' ::; loc. 371. 
18-20. Lateral and apcrtural view::; of weathered internal mold, 

CAS 13472 from Lupher's Joe. 460. 
14- 16. Strigoceras sp. undct. (p. 7()). 

Lateral and ventral views of internal mold, USNM 168556 from 
USGS Mesozoic loc. 26766. In figure 15 the a doral end is 
pointed downward. 
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PLATE 37 

[A ll figures natural size unless otherwise indicated . All specimens shown are from the Weberg Member of the Snowshoe 
Formation] 

Fiuun~-:s 1-3, 5-12, 15, 16. Docidoceras sparsicostaturn Imlay , n. ~lJ. (p. 79). 
1-3. Septate internal mold. Paratype, CAS 13491 from 

Lupher's loc. 368. 
:i-7. Holotype, Stanford univ. Mus. Paleontology 10028 

from Yigrass' loc. 87 . Body chamber represents only one
fourth of outer whorl shown in figure 6, but most of that 
chamber is fragmentary and is not illustrated. 

8, !J, 11, 12. Paraty pe, USNM 168560 from USGS Mesozoic 
loc. 26760. Nearly half of the outer whorl sh own in figure 
8 is nonseptate. 

10, 15, 16. Suture line (X 2) and lateral and vent ral views 
of paratype, CAS 13490 from Lupher':; loc. 212 . Suture 
line drawn at whorl height of 16 rnm about three-fourths 
whorl from adoral end of specimen. 

4, 13, 14. Docidocera~ cf. D. liebi Maubeuge (p. 79). 
4. Specimen, CAS 13493 from Lupher 's loc. 575. Shows fine 

ribbing on small septate whorl. 
13, 14. Specimen, CAS 13492 frcmt Lupher ':; loc. 575. Shows 

fairly fine ribbing and stou t ness of outer septate whorl. 
The specimen also includes a fragment of the body whorl 
which is not illustrated . 
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PLATE 38 

I All figures natural size unless otherwise indicated. All specimens shown except figs . 10 and 11 nre from the Weberg Member 
of the Snowshoe Formation] 

FIGUH J·:s 1-7, 13. Docidoceras warmspringsensis Imlay, n. ~p. (p. 78). 
1-3, 13. Crushed adult internal mold. Paratype, CAS 13488 from 

Lupher's loc. 228N. Suture line (X 2) drawn near adapical end of 
ou ter whorl. Note apertural constriction . 

4, ,), Partly crushed adult internal mold. Holotype, CAS 13487 from 
Lupher's loc. 228N. Note apertural constriction followed by swelling. 

6, 7. Paratype, CAS 13489 from Lupher's Joe. 352. 
8, 9, 12, 14-17. Docidoceras lupheri Imlay, n. sp. (p. 78). 

8, 12. Sm all septate paratype, CAS 13486 from Lupher's loc. 228. 
9. Paratype, USNM 168559 from USGS Mesozoic Joe. 29828. 

Internal mold retains much shell material t hat shows details of 
ornamentation on inner whorl. About half of outer whorl is non
septate. 

14, 15, 17. Holotype, CAS 13484 from Lupher's Joe. 228N. Complete 
body chamber occupies almost an entire whorl. 

16. Deformed paratype, CAS 13485 from Lupher's loc . 103. 
10, 11. Docidoceras? cf. D. paucinodosum Westermann (p. 32). 

Rubber imprint of external mold of specimen, USNM 168561 from 
USGS Mesozoic Joe. 21293, 1200 feet below top of Red Glacier 
Formation and 1.35 miles N. 52° W. of mouth of Fitz Creek, 
Iniskin Peninsula, Alaska. Discussed under Comparisons With 
Other Faunas . 
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PLATE 39 

[All figures are natural size. All specimens shown ure from the Warm Spring Member of the Snowshoe Formation] 

FIGURES 1-4, 6, 7. Otoites contractus (J. de C. Sowerby) (p. 81). 
Specimens except those in figures 3 and 4 are from USGS Meso

zoic Joe. 29241. 
1. Rubber imprint of external mold of hypotypc, USNM 168570. 

Represents a finely ribbed variant. 
2. Rubber imprint of external mold of h ypotypc, USNM 168569. 
3. Rubber imprint of external mold of hypotypc, USNM 168572 

from USGS Mesozoic Joe. 29395. 
4. Hypotype, USNM 168571 from USGS Mesozoic Joe. 29395. 
6. Rubber imprint of external mold of hypotypc, USNM 168568. 
7. Hypotype, USNM 168567. Represents a finely ribbed variant. 

5, 12, 14. Emileia sp. undet . (p. 80) . 
. 5. Rubber imprint of external mold of adult, USNM 168566a from 

USGS Mesozoic Joe. 29241. Note apertural constriction. 
12. Immature specimen, Stanford Univ. Mus. Paleontology 10029 

from Dickinson's Joe. 94. 
14. Rubber imprint of external mold, USGS 168566b from USGS 

Mesozoic Joe. 29241. 
8-11, 13, 1.5. Emileia buddenhageni Imlay, n . sp . (p . 80). 

Specimens shown are from USGS Mesozoic Joe. 29241. 
8- 9. Internal mold and rubber imprint of external mold. I-Iolotype, 

USNM 168562. 
10, 11. Rubber imprint of internal mold and external mold (fig. 11) 

USNM 168563. 
13. Paratype, USNM 168565 
15. Rubber imprint of external mold of paratype, USNM 168564. 
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PLATE 40 
[All figures natural size unless otherwise indicated. Specimens shown in fi gs . 1 and 2 are from t he Warm Springs Member of Snowshoe Formation ; in figs. 3, 24-33 from the lower 

part of the Snowshoe Fonnation sou th of Scnaca; in figs. 4-10 from t he top of t he llliddle part of the Snowshoe Formation south of Senaea; in figs. 11 , 14-16 from the Basey 
Mcm l>cr of the Snowshoe Formation; in fig. 12 from Snowshoe Formation near Emigrant Creek in beds eq ui valent t o middle part of Snowshoe Formation of Senaca area; 
and in fi gs . 13 , 17- 23 from highest part of Snowshoe Formation near Senaca] 

FIGURES 1, :2 . N onnannites (Masckeites?) cf. N . (M.?) densus (Buckman) (p. 85). 
From USGS Mesozoic Joe. 29241. 

1. Rubber imprint of externa l mold, USN!\ [ 168.'i93a . Outer whorl is nonseptate. 
:2. Rubber imprint of externa l mold of adoral part of bod~· chamber. Specimen, US NM 168593b. 

:) . .Vonnannites? k?:alagvikensis Imlay (p. 85). 
Rubber imprint of external mold of hy p< >ty pe, CAS 1 3.~07 from Lupher's Joe. ;)7. Note lateral lappet. 

4-7. M egasphaeroceras rotundwn Imlay (p. 82) . 
From Lupher';; Joe . 28. 

4. Lateral view of septate whorl, CAS 13501. 
;). Lateral view of septate whorl , CAS 13499. 
u. Rubber imprin t of external mold , CAS 13.500. 
7. Vent ral view of crushed internal mold, CAS 13498. 

8-10. Chondroceras n. sp. undet. (p. 82). 
From Lupher 's Joe. 28 . 

il. Adult specimen, CAS 13496. 
9. Adult specimen, CAS 13494. 
10. Crushed body chamber, CAS 1349.5. 

11 , 12. Chondroceras allani (McLcarn) (p . 81) . 
11. Adult hypotypc, USN M 168574 from USGS M eso zoic loc . 28384. 
12. Adu!L hypo ty pe, USNM 168573 from USGS M esozoic loc. 26770. 

13. Oppe/ia cf. 0. subradiata (J. de C. Sowerby) (p. 78) . 
H.ubbcr imprint of external mold, CAS 13483 from Lupher 's lac. 8. 

14- lfi. Sphaeroceras ' il· (p. 82). 
14 . Intcmal mold ' howiug most of bod~- chamber. Specimen, USNM 168579a from USGS Mesozoic loc. 29816 . 
Li. In te rnal mold of adult, USN i\I l 68.'i79b from USGS Mesozoic loc. 298lG. Note flared collar. 
16. In te rnal mold of adult, USN:Vf 168;)78 from USGS Mesozoic Inc. 29813. Note flared collar. 

17- 23. Sphaerocem s cf. S. brongniarti (J. de C. Sowerby) (p. 81). 
17. l{,ubbcr im prin t of < ~xternal mold showing most of body chamber. Specimen, US NM 168.577 from US GS 

:\fe,owic Joe. 28017. 
18. Ventral v iew of a dora l part of body cha mber. Specimen, US NM 1u8ii76 from USGS Mesozoic loc. 29236. 
19- 22. Latera l, vent ra l, and apertural view~ of undcformed internal mo ld of adu lt specimen, CAS 13497 from 

Lupher 's Inc. 8. F igures 20-22 (X 2). Figure 22 shows same view as figure 19. 
2:l. Lateral view of adult body chamb er. Specimen, USNM 168;')7;) from USGS Mesozoic Joe. 28018 . 

24-:l3. Lissoceras hydei Imlay, n. sp. (p. 77) . 
Specimen' shown, except in figure 29, arc from Lupher 's loc. ;)7. 

24. Lateral view of small septate pa raty pc, CAS 13478. 
2ii. Lateral vi ew uf small fragment of internal mold showing smooth area a long venter. Parat~rp e , CAS 1348 1. 
26. Ventral view of fragment showing smoo t h a rea along venter. Paratype, CAS 13482. 
27. Latera l view showing ~mooth midvcntral a rea. P aratypc, CAS 13480. 
28. Late ra l view of part of bod~· whorl. Paratype, CAS 13479. 
29 . In te rnal mold retaining mu ch ~hell material and representing most of adult bod~· whorl. Paraty pe, US NM 

Hi8.i .i7 from uSGS Mesozoic Joe. 21U17. 
30, :l l. Internal mold (fig . 30) and rubber imprint of external mold of a dul t bod? whorl. Holotype, CAS 134 75 . 
3'} Crushed internal and external molds of pa ratype, CAS 13476. 
33. Rubber imprin t of external mold uf paratype, CAS 13477. 
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PLATE 41 
[All figures are natural size. Snecimens shown in fiJ!s. 1 and 18 are from the middle part of the Snowshoe Formation south of Seneca: in figs. 2-5, 9, 20, and 21 from equivalent 

beds near Emhrrant Creek: in figs. 6-8. 17, and 19 from the lower part of the Snowshoe Formation south of Seneca; in fig. 10 from the Basey Member of the Snowshoe 
Formation; and in figs . 11- 16 from the highest part of the Snowshoe Formation near Seneca] 

FIGURJ·; 1. Normanniles (Epalxites) cf. N. (E.) anceps (Quenstcdt) (p. 84). 
Rubber imprint of external mold of specimen, USNM 168592 from USGS Mesozoic Joe. 29413. 

2-5. Normannites (Ilinsailes) crickmayi (McLearn) (p. 83). 
From USGS Mesozoic Joe. 29410. 

2. Rubber imprint of external mold of hypotypc, USNM Hi8587. 
3. Hypotype, USNM 168589. Note lateral lappet. 
4. Hypotype, USNM 168588. 
5. Hypotypc, USNM 168586. Note lateral lappet. 

6-8. Normanniles (Ilinsaites) aff. N. (I.) itinsae (McLearn) (p. 84). 
From Lupher's Joe. 272. 

6. Specimen, CAS 13504. Note lateral lappet. 
7. Specimen, CAS 13505. Outer half whorl is nonseptate. 
8. Specimen, CAS 13506. 

9, 10, 18, 20. Normannites (Normannites) orbignyi Buckman (p. 82). 
9. Rubber imprint of external mold. Hypotype, USNM 168581 from USGS Mesozoic Joe. 27579. 
10. IIypotype, USNM 168583 from USGS Mesozoic Joe. 29815. 
18. I-Iypotype, USNM 168582 from USGS Mesozoic lo c. 29415. 
20. Hypotype, USNM 168580 from USGS Mesozoic Joe. 26772. 

11-13. Normannites (Normannites) cf. N. (N.) quenstedi'i Roche (p. 83). 
11. Rubber imprint of external mold. Specimen, CAS 13503 from Lupher's Joe. 8. 
12, 13. Lateral and ventral views of adoral end of specimen, CAS 13549 from Lupher's loc. 8. 

14-Hi. No1·mannites (Normanniles) n. sp. aff. N. (N.) orbignyi Buckman (p. 83). 
14, 16. Lateral and ventral views of body whorl of specimen, USNM 168584 from USGS Mesozoic Joe. 29232. 

Note lateral lappet. 
15. Lateral view of specimen, USN:iVI 168585 from USGS Mesozoic Joe. 29231. 

17. Normannites (Normannites) cf. N. (N.) braikenridgii (J. de C. Sowerby) (p. 83). 
Rubber imprint of adult specimen, CAS 13502 from Lupher's loc. 57. Note lateral lappet. 

19. Normanniles (ltinsailes) formosus (Buckman) (p. 84). 
Rubber imprint of external mold of adult. Hypotype, USNM 168590 from USGS Mesozoic Joe. 21617. 

21. Normanniles (ltinsaites) cf. N. (I.) gracil·is (Westermann) (p. 84). 
Rubber imprint of external mold of adult specimen, USNM 168591 from USGS Mesozoic loc. 28029. 
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NORMANNITES (EPALXITES), N. (ITINSAITES), AND N. (NORMANNITES) 



PLATE 42 
[All figures are natural size. Specimens shown are all from Snow"hoe F ormation: in fig. 1 from middle part south of Seneca ; 

in figs. 2 nnd 8 from the Basey Member; in figs . 3, 4, and 6 from equivalen t bed" in the Emigrant Creek area; and in 
figs. 5, i, 9, and 10 from the lower part of the formation south of R~ncca] 

FIGURES 1-10. Stephanoceras (Skirroceras) kirschneri Imlay (p. 87). 
1. Rubber imprint of small external mold. Hypotype, CAS 13510 from 

Lupher's Joe. 55. 
2. Small inner whorls. Hypotype, USNM 168604 from USGS Mesozoic 

Jo e. 29813. 
3, 4. Parts of a single specimen. Hypotype, USNM 168605 from USGS 

Mesozoic Joe. 26770. 
5. Rubber imprint of external mold. Hypotype, CAS 13514 from Lupher's 

Joe . 272. 
6. Hypotype, USNM 168606 from USGS Mesozoic Joe. 26772. 
7. Rubber imprint of external mold. Hypotype, CAS 13513 from Lupher's 

Joe. 272. 
8. Rubber imprint of external mold. Hypotype. USNM 168607 from 

USGS Mesozoic Joe. 29816. Compare with Alaskan specimen shown on 
pl. 30, fig. 13. 

9. Rubber imprint of external mold of adult whorl. H ypotype, CAS 13512 
from Lupher's Joe. 272. 

10. R ubber imprint of external mold of adult whurl. Hypotype, CAS 
13511 from Lupher's Joe. 272. 
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STEPHANOCERAS (SKIRROCERAS) 



PLATE 43 

[All figures are natural size . Specimens shown in fig s. 1, 2, 4, 6, and 7 are from the lower part. of the Snowshoe Formation 
south of Seneca; in fi g. 3 from the top of the Weberg Member ; ill fi~. 5 from the Warm Springs Member ; in figs. 8 and 
\1 fron1 tllJ middle part of the form::a.tion south of Seneca; in .fig. 14: fron1 the upper part of the formation near Seneca; 
i11 figs. 10-13 from unnamed Jurassic beds on Juniper Mount3in, Malhetll" County; in Jig. 15 from lower member of 
Snowshoe Formation in Izcc area] 

FIGuJu;s 1-7, 15. Stephanoceras (Skirroceras) juhlei Imlay (p.88). 
1. Rubber imprint of external mold. Ilypotype, CAS 13519 from 

Lupher's loc. 272. 
2. Ilypotype, CAS 13517 from Lupher's loc. 272. 
3. Ilypotype, Stanford Univ. Mus . Paleontology 10031 from Vigrass' 

loc. 130. 
4. Rubber imprint of external mold. Hypotype, CAS 13516 from 

Lupher's loc. 272. 
;i. Hypotype, CAS 13520 from Lupher's loc. 311. 
6. Rubber imprint of external mold. Hypotype, CAS 13518 from 

Lupher'::; loc. 272. 
7. Rubber imprint of external mold. I-lypotype, CAS 13515 from 

Lupher's loc. 272. 
15. Compressed hypotype, USNM 168608 from USGS Mesozoic 

loc. 28028. 
8, 9. Stephanoceras (Skirroceras) aff. S. (S.) juhlei Imlay (p.88). 

Rubber imprint of external mold and internal whorls of same speci
men. USNM 168609 from USGS Mesozoic loc. 29413. 

10- 14. Stephanoceras sp. D (p. 86). 
10. Rubber imprint of external mold, US NM 168599a from USGS 

Meso zoic loc. 28649. 
11. Rubber imprint of external mold, USNM 168599b from USGS 

Mesozoic loc. 28649. 
12. Specimen, USNlVI 168599c from USGS Mesozoic Joe. 28649. 
13. Rubber imprint of external mold , USNM 168599d from USGS 

Mesozoic Joe. 28649. 
14. Rubber imprint of exlernal mold, USNM 168600 from USGS 

Mesozoic Joe. 28020. 
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STEPHANOCERAS (SKIRROCERAS) AND STEPHANOCERAS 



PLATE 44 

[All figures natural size unless otherwise indicated. Specimens shown in figs. 1-6 aro from the highest part of th~ Snowshoe 
Formati0n near Seneca; in fig. a from the Snowshoe Formation undifferentiated in the Seneca area; in ftg. 7 from upper 
part of nasey Member of Snowshoe Formation; in figs. 8 and 10 from basal part of middle rncml>cr of the Snowshoe 
Formation in the Izce area; on fig. 11 from n<ar top of midd le part cf Snowshoo Formation south of Seneca; and in figs. 
12 and 13 from upper part ofWcberg Member of Snowshoe Formation] 

FIGURES 1- 6. Stephanoceras sp . C (p. 86). 
From USGS Mesozoic loc. 29231. 

1,2,5,6. Ventral and lateral views (X 1) and suture line (X 2) of speci
men, USNM 168598a. Figure 5 is from a rubber imprint of an external 
mold. 

3. Specimen, USNM 168598b. 
4. Specimen, USNM 168598c. 

7-11. Stephanoceras cf. S. nodosum (Quenstdct) (p. 87). 
7. Rubber imprint of external mold of fairly large septate specimen, 

USNM 168602 from USGS Mesozoic loc. 28384. 
8,10. Small whorls of specimen, USNM 168601 from USGS Mesozoic 

Joe. 27363. Figure 10 is a rubber imprint of an external mold. 
9. Rubber imprint of an external mold showing small whorls of speci

men, CAS 13508 from Lupher 's loc. 57. 
11. Specimen, CAS 13509 from Lupher's loc. 28 

12, 13. Stephanoceras aff. S. nodosum (Quenstedt) (p. 87). 
Lateral and ventral views of specimen, Stanford Univ. Mus. Pale

ontology 10030 from Vigrass' loc. 162. 
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STEPHANOCERAS (SKIRROCERAS) AND STEPHANOCERAS 



PLATE 45 
[All figures are natural size. Specimens shown in flgs. 1-7 arc from the Warm Springs Member of the Snowshoe Formation; 

in figs. 8 and Jllrom the Weberg Member; and in Ogs. g and 10 from the lower part of the Snowshoe Formation south of 
Seneca] 

FIGURes 1-4. Stephanoceras (Phaulostephanus?) oregonense Imlay, n. sp . (p. 89). 
1,2. Crushed internal mold and rubber imprint of external mold. Halo

type, USNM 168611 from USGS .Ylesozoic Joe. 29241. Figure 1 shows 
complete body chamber that occupies slightly more than one whorl. 
Figure 2 is oriented in same position as figure 1 and lacks about two
fifths of body chamber. 

3. Rubber imprint of external mold of septate whorls. Paratype, USNM 
168612 from USGS Mesozoic Joe. 29395. 

4. Rubber imprint of external mold. Paratype, USNM 168613 from 
USGS Mesozoic Joe. 29395. 

5- 7. Stephanoceras mowichcnse Imlay, n. sp. (p. 85). 
From USGS Mesozoic Joe. 29395. 

!i. Rubber imprint of external mold. Paratype, USNM 1685!)6. 
6. Rubber imprint of external mold. Paratype, USNM 168595. 
7. Rubber imprint of external mold. Holotype, USNM 168594. 

8, 11. Stephanoceras (Slcirroceras) cf. S. (S.) clolichoecus (Buckman) (p. 88). 
8. Internal mold retaining some shell and showing inner whorls. Speci

men, Stanford Univ. Mus . Paleontology 10033 from Vigrass' Joe. 162. 
11. Internal mold showing adoral part of body chamber. Specimen, 

Stanford Univ. Mus. Paleontology 10032 from Vigrass' Joe. 16. 
9. Stephanoceras sp. B (p. 86). 

Rubber imprint of external mold. Specimen, CAS 13548 from Lupher's 
Joe . 57. 

10. Stephanoceras sp . A (p. 86). 
Rubber imprint of external mold . Specimen, USNM 1685!)7 from USGS 

Mesozoic Joe. 25818. 
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STEPHANOCERAS (PHA ULOSTEPHANUS?), S. (SKIRROCERAS), AND STEPHANOCERAS 



PLATE 46 
[All figures natural size unless otherwise indicated. Specimens shown in figs. 1-9 and 12 are from the upper part of the 

Snowshoe Formation near Seneca; in figs. 10, 11, 13, and 14 from the Snowshoe Formation ncar Emigrant Creek; and 
in fig. 15 from the Warm Springs Memher cf the Snowshoe Formation in the Suplee area] 

FIGURES I-9. Stemmatoceras aff. S. albertense McLearn (p . 89) . 
From Lupher's loc. 8 

I, 2. Specimen, CAS I3522. 
3- 5. Lateral and ventral views (X I) and suture line (X2) of largest 

available specimen. CAS I3521. 
6, 7. Specimen, CAS I3524. 
8, 9. Specimen, CAS I3523. 

IO, 11, I3 . Teloceras itinsae McLearn (p .90). 
IO. Rubber imprint of external mold . Specimen, USNM I686I4 from 

USGS Mesozoic loc. 294IO. 
II. Specimen, USNM 2686I6 from USGS Mesozoic loc. 26770. 
I3. Rubber imprint of external mold . Specimen, USNM I686I5 from 

USGS Mesozoic loc. 26770. 
I2, I4. Zemistephanu.s? cf. Z. richardsoni (Whiteaves) (p. 90). 

I2. Rubber imprint of small whorL Specimen, CAS I3255 from Lupher's 
loc. 30. 

14. Rubber imprint of medium-sized whorL Specimen, USNM I68617 
from USGS Mesozoic loc. 29410. Note position of tuberles near 
umbilicus. 

15. Stephanoceras (Skirroceras) cf. S. (S.) leptogyrale (Buckman) (p. 88) . 
Fairly complete internal mold, USNM I686IO from USGS Mesozoic 

loc. 29241. 
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STEMMATOCERAS, TELOCERAS, ZEMISTEPHANUS?, AND STEPHANOCERAS (SKIRROCERAS) 



PLATE 47 
[All figmes natural size unless otherwise indicated. Specimens shown in figs. 1- 9, 12-23, and 2&-29 are from the highest part of the Snowshoe Formation near Seneca; in ftgs. 

10 and 11 from near top of unnamed Jurassic sequence in the Huntington area; in fig. 24 from the base of the upper member in the Jzee area; in fig. 25 from near the top 
of the middle part of the Snowshoe Formation near Seneca; in fig . 30 from unnamed Jurassic heels on Juniper Mountain, Malhcur County; and in figs . 31- 33, 35, and 36 
from the Warm Springs Member of the Snowshoe Formation in the Suplee area. Specimens shown in figs. 1, 2, 6, 7, 9-1 1, 19, 25, 28-30, and 35 are rubber imprints of ex
ternal molds] 

Fraurms 1- 20. Lupherites senecaensis Imlay, n. sp. (p. 90). 
Specimens shown, except in figures 10 and 11, are from Lupher's loc. 30. 

1. Paratype, CAS 13532. 
2. Paratype, CAS 13531. 
3. Paratype, CAS 13536. 
4, 5. Lateral and ventral views of paratype, CAS 13535. 
6. Paratype, CAS 13529. 
7. Paratype, CAS 13540. 
8. Paratype, CAS 13537. Note presence of weak swellings on ventral ends of primary ribs on nonseptate part of 

outer whorl. 
9. Paratype, CAS 13527. 
10. Paratype, USNM 168619 from USGS Mesozoic loc. 29111. 
11. Paratype, USNM 168618 from USGS Mesozoic loc. 29111. 
12, 13. Paratype, CAS 1350. Note change in ribbing from septate inner whorl to nonseptate outer whorl. 
14. IIolotype, CAS 13526. Note change in rib density from septate inner whorl to nonseptate outer whorl. 
1G. Suture line (X 2) drawn at whorl height of about 19 mm. Paratype, CAS 13528. 
16, 20. Lateral and ventral views of nonseptate fragment. Paratype, CAS 13538. 
17. Paratype, CAS 13533. Only right hand margin is septate . 
18. Paratype, CAS 13539. Note lateral lappet. 
19. Paratype, CAS 13534. Note lateral lappet. 

21-23, 26, 27. Leplosphinctes cf. L. evolulus Imlay (p.91) 
From Lupher's loc. 30. 

21. Specimen, CAS 13543. 
22, 23. Ventral and lateral views of specimen, CAS 13545. 
26 . Specimen, CAS 13542. 
27. Specimen, CAS 13544. 

24. L eptosphinctes sp. (p. 91). 
Specimen, USNM 168620 from USGS Mesozoic loc. 26775. 

25. L eplosphinctes cf. L. leptus Buckman (p. 91). 
Specimen, CAS 13541 from Lupher's loc. 28. ~~ 

28-30. L eplosphinctes (Prorsisphinctes?) spp. juv. (p. 92). 
28. Specimen, USNM 168622 from USGS Mesozoic loc. 28649. 
29. Specimen, CAS 13546 from Lupher's Joe. 30. 
30. Specimen, USNM 168621 from USGS Mesozoic loc. 28650. 

31 - 36. Parabigoliles crassicostatus Imlay (p. 92). 
31, 32. Lateral views (X 2 and X 1). Hypotype, CAS 13547 from Lupher's loc. 211. 
33. Hypotype, Stanford Univ. Mus. Paleontology 10036 from Dickinson's loc 98. 
34. Hypotype, USNM 168623 from USGS Mesozoic loc . 19773 from Kialagvik Formation on Alaska Peninsula. 
3.'i. Hypotype, Stanford Univ. Mus. Paleontology 10035 from Dickinson's loc. 96. 
36. Hypotype, Stanford Univ. Mus. Paleontology 10034 from Dickinson's loc. 94. 
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