The Weberg and Warm Spring members
of the Snowshoe Formation in Suplee area, Oregon:
Lithofacies and Aalenian-early Bajocian ammonoid zonation
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Highlights

e This paper gives detailed stratigraphic documentation for the Aalenian-Bajocian ammonoid zonation
described in TAYLOR (1988).

e The ammonoid zonation provides a standard of reference for late Aalenian and early Bajocian interval
in the North American Western Cordillera.

e The zonation is constructed as a discrete biochronologic scale.

o Tuff and other marker beds in the closely spaced stratigraphic sections are important as they offer
refinement of the local ammonoid succession.

e The eight lithofacies described in this report document the transgression of the Snowshoe Formation
over an irregular topography and to progressively higher terrain toward the west.

e This paper maintains a shallower water depositional setting for at least the lower Warm Springs Mem-
ber than BLOME & NESTELL (1991) suggested for the member.

Abstract: This paper documents the stratigraphic information upon which an ammonoid zonation from
the lower part of the Snowshoe Formation in the Suplee area was originally established (TAYLOR, 1988).
Ammonoid ranges from 22 measured stratigraphic sections reveal about 60 ammonoid species
distributed among eight zones encompassing the late Aalenian and part of the early Bajocian stages.
The sediments are dominantly volcaniclastic and, as a result, there are numerous tuff beds in the suc-
cession. As noted in TAYLOR (1982) the principal tuff beds (herein designated as units A through F) can
be used jointly with the ammonite sequence to give precise correlations from section to section. Utili-
zing the ammonoids, tuff beds, and facies in combination gives a graphic representation of the west-
ward transgression of the Snowshoe Formation as it enveloped an irregular topography, and lapped
onto the topographically high Grindstone High to the west. The ammonoid zonation is significant in that
it gives a standard of reference for the biochronology of the late Aalenian and early Bajocian ammo-
noids in the North American Western Cordillera.

Key-words:

e Jurassic;

e Aalenian;

e Bajocian;

e ammonite;

e biochronology;

e Snowshoe Formation;
e Oregon.

Citation: TAYLOR D.G. (2016).- The Weberg and Warm Spring Members of the Snowshoe Formation in
Suplee area, Oregon: Lithofacies and Aalenian-early Bajocian ammonoid zonation.- Carnets Geol., Ma-
drid, vol. 16, no. 19, p. 449-490.

Résumé : Les membres Weberg et Warm Spring de la Formation de Snowshoe dans la région
de Suplee, Orégon : Lithofaciés et zonation par ammonoidés de l'intervalle Aalénien-Bajocien
inférieur.- Cette publication présente l'ensemble des données stratigraphiques sur lesquelles a été
établie la premiére zonation des ammonoidés pour la partie inférieure de la Formation de Snowshoe
dans la région de Suplee (TAYLOR, 1988). Les distributions des ammonoidés a partir de 22 coupes
stratigraphiques mettent en évidence une soixantaine d'espéces réparties en huit zones couvrant
I'Aalénien supérieur et une partie du Bajocien inférieur. Les sédiments sont essentiellement volcano-
clastiques et, de ce fait, on reconnait de nombreuses couches de tuf dans la succession stratigraphique.
Comme cela a été indiqué dans TAYLOR (1982), les principales couches de tuf (appelées ici unités A a F)
peuvent étre utilisées conjointement avec les ammonitofaunes successives pour établir des corrélations
précises de coupe a coupe. L'utilisation conjointe des ammonoidés, des couches de tuf et des faciés
donne une représentation graphique de la transgression de la Formation de Snowshoe en direction de
I'ouest, drapant une topographie irréguliére et se terminant par un biseau occidental contre le paléo-
relief du Grindstone High. Cette zonation par les ammonoidés est fondamentale car elle fournit une
norme de référence pour la biochronologie des ammonoidés de I'Aalénien supérieur et du Bajocien infé-
rieur de la Cordillére nord-américaine occidentale.
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Introduction

Marine sedimentation in continental margins
can result in formations having quite rapid fa-
cies changes. This is the case for the Snowshoe
Formation in the Suplee area of eastern Oregon
(Fig. 1), where the unit transgressed over an
uneven terrain, and where there were sediment
contributions predominantly from the erosion of
volcanics and basement rocks (DickINSON &
VIGRASS, 1965; DICKINSON & THAYER, 1978). The-
re can be wholesale facies transitions within the
short distance of 10 km. These swift changes
may pose challenges when attempting to esta-
blish a biochronology. Such was the case when
IMLAY (1973) produced a classical and important
study of the ammonoid fauna from the Snow-
shoe Formation. His information came from a
large suite of localities, many of which were
provided by geologists who worked in the area
over the years, but he did not have close strati-
graphic and superpositional control at his dispo-
sal. As a result, the faunal succession he deve-
loped was a preliminary effort.

Follow-up work by TAyLor (1988) then at-
tempted to take IMLAY's (1973) accomplish-
ments to the next step by refining the ammo-
noid succession. To do this several stratigraphic
sections were measured, some of which were
spaced merely hundreds of meters from one
another, to establish superpositional control for
the ammonoids, while at the same time docu-
menting the lithofacies changes. This work tests
a methodology of employing closely spaced
stratigraphic sections and using local tuff beds
to assist correlation in an effort to develop an
ammonoid zonation in a depositionally complex
setting.

Geology

The southwestern part of the Blue Mountains
Province of eastern Oregon preserves a thick
sequence of early Mesozoic rocks in what has
come to be known as the Suplee-Izee area. The
Mesozoic there was first studied by PACKARD
(1928), while LurHER (1941) furnished the first
detailed description of the geology, including
the Snowshoe Formation, upon which this work
is based. This paper focuses on the formation in
the western part of its exposure area, the Su-
plee area. While the Snowshoe was first descri-
bed by LUPHER (1941), refinements by DICKINSON
& VIGRAss (1965) and SwmitH (1980) have
brought us to our present understanding of the

formation and its members in the Suplee-Izee
area. The formation is a predominantly volcani-
clastic sequence about 1,000 m thick and has
been incipiently metamorphosed to the prehni-
te=pumpellyite zone (DICKINSON & THAYER,
1978). It was deposited in a basinal setting in
the Izee area (= Izee Basin of SmiTH, 1980),
while the sediments to the west in the Suplee
Area were deposited on the Suplee Platform
(SmIiTH, 1980).

The formation in the Suplee area consists of
three members, the Weberg, Warm Springs,
and Basey, in ascending stratigraphic order.
The study focuses on the former two members.
The Weberg is a calcareous sandstone and silt-
stone unit ranging up to about 50 m thick while
the superjacent Warm Springs Member is a
laminated mudstone that may be more than
300 m thick. There are olive-gray mudstones
that DickIiNsON and VIGRASS (1965) allocated to
the Basey Member. These occur above the
"typical" Warm Springs brown-gray mudstones
and they (DickiNsON & VIGRASS, op. cit.) noted
that it is often difficult to distinguish the two.
The olive-gray beds commonly are superjacent
to andesitic flows and the green coloration is
reflective of the abundant chlorite, a diagenetic
product of the fresh, or little reworked, volcanic
detritus that had been introduced during depo-
sition. In this report the olive-gray mudstone
lithology is allocated to the Warm Springs Mem-
ber, as it is texturally similar to the brown-gray
beds. The superjacent Basey Member, then, is
restricted to sandstones and interbedded silt-
stones deposited within a volcaniclastic fan
apron.

The Snowshoe Formation within the Suplee
Platform transgressed westward over a base-
ment composed of Early Jurassic, Triassic, and
Paleozoic rocks. The Snowshoe overlapped
generally younger rocks in the east to progres-
sively older rocks to the west. See DICKINSON &
VIGRASS (1965) for a description of these units.
In the eastern part of the Suplee area the
Snowshoe overlaps the Pliensbachian to Toar-
cian Mowich Group, and the two formations en-
countered in the studied stratigraphic sections
are the Robertson (conglomerate) and Hyde
(volcanic sandstone). Farther to the west the
Snowshoe overlaps the two members of the
Carnian Vester Formation; these include mud-
stones of the Brisbois Member and the conglo-
merates of the Begg Member. The Grindstone
mélange (BUDDENHAGEN, 1967; DICKINSON & Vi-
GRASS, 1965; DICKINSON & THAYER, 1978; BLOME
et al., 1986; BLoME & NESTELL, 1991) composed
of varied Devonian to Triassic lithologies occurs
west of the Camp Creek Fault, a thrust fault
that elevated the western part of the Suplee
area prior to deposition of the Snowshoe depo-
sition.
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By the early 1980's (ConEey et al., 1980; Co-
NEY, 1981) it became apparent that the western
margin of North America, including Oregon, is
composed of a collage of more than 50 exotic
terranes, many of which had been displaced
significant distances prior to their accretion to
the continent. The Snowshoe Formation is asso-
ciated with the "Izee Terrane", which occurs in
the southern part of the Blue Mountains Provin-
ce. Tectonic settings for the Snowshoe Forma-
tion have been proposed among others by
DickiNsoN & THAYER (1978) and DICKINSON
(1979). A current proposal is that the formation
is part of a large successor or collisional basin
(Dorsey & LAMASKIN, 2007; LAMASKIN et al.,
2009, 2011), with a suggested accretion to the
North America craton prior to Late Jurassic time
(LamaskiIN et al., 2015).

TAYLOR et al. (1984) discussed Jurassic am-
monoid provincialism, tectonostratigraphic ter-
ranes, and the inferred relative displacement of
terranes with respect to one another and the
craton. The ammonoid record is poor on the
craton for the interval described herein (IMLaAy,
1980; TAYLOR et al., 1984), while the record is
better for certain of the exotic terranes (PouL-
TON et al., 1992). The Snowshoe Formation
yields a mixture of Tethyan, pandemic and
Athabascan genera. The latter indicate a loca-
tion in the northeast Pacific region, which is
consistent with the proposal of LAMASKIN et al.
(2015) of accretion of terranes from the Blue
Mountains region by the end of the Middle
Jurassic.

Lithofacies

Eight lithofacies are described below from
the Weberg and Warm Springs members. Two
transects of stratigraphic sections termed the
southern and northern transects respectively
reflect the distribution of these facies (Figs. 2 -
3; Appendix). The following descriptions are ba-
sed on hand sample and thin-section study, and
several samples from calcite-rich sandy litho-
logies which were digested in acid. Quantitative
measures were derived from sieve analysis of
siliciclastic residue and examining roundness
and sphericity of chert grains.

The first two lithofacies, the chert arenite
and silty chert arenite, comprise the lower divi-
sion of the Weberg sensu DICKINSON & VIGRASS
(1965), while the crinoidal sparite, sandy mud-
stone-arkose, and siltstone-mudstone facies
make of the upper division of the member. The
Warm Springs is composed of the mudstone-
shale and olive-gray mudstone facies, while the
superjacent Basey Member is composed of the
andesitic sandstone facies.

Chert Arenite Facies.- This facies comprises
the lower division of the Weberg Member west
of the Mowich Low and consists of siltstone,
sandstone, less common conglomerate, and
terrigenous-rich limestone. At the Mowich Tran-
sition in the southern transect it is composed of
lithologies that are submature, clay-poor,
calcite-rich, generally poorly to moderately sor-
ted, and which usually have sand size detritus
that is subangular to subrounded (coarse sand
size and larger grains may be subrounded). The
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terrigenous components consist primarily of
quartz grains, chert grains, and felsitic rock
fragments, lesser amounts of albite grains, and
minor amounts of clay. Crinoid ossicles are a
common carbonate constituent. These ossicles
are recrystalized to blocky spar and their boun-
daries commonly are penetrated by terrigenous
grains as a result of pressure solution.

Silty Chert Arenite Facies.- This facies com-
prises the lower part of the Weberg Member in
the southern transect in the Mowich Low (Fig.
2). It consists primarily of resistant beds of
calcareous chert arenite, siltstone, and sandy
mudstone. The sediments are moderately to
mostly well sorted. They are argillaceous coarse
siltstones to very fine sandstones. Clay consti-
tuents are less than 10 - 15 percent and the
carbonate content usually is less than 50
percent of the rock. Many beds in the Mowich
Spring section (Fig. 2) are peppered with bur-
rows 0.25 - 0.5 mm in diameter. Tubular
burrows about 1 cm in diameter are common,
as well. Molluscan shell detritus is both random-
ly oriented and subparallel to bedding. Carbo-
nate allochems include molluscan fragments
and abundant crinoidal ossicles.

This facies is most argillaceous, has the
most siltstone, and has the greatest density of
burrows in the Mowich Spring and Howard
Valley sections (Fig. 2). Toward the west the
facies becomes coarser-grained, more clay-
poor, and richer in calcite. It grades laterally
into the chert arenite facies in the vicinity of
Section 40 (Fig. 2).

Crinoidal Sparite Facies.- This facies
composes the upper division of the Weberg
Member at most locations in the northern
transect (Fig. 3) and those sections west of and
including section 40 in the southern transect
(Fig. 2). The following description emphasizes
the facies in the southern transect at the
Mowich Transition (Fig. 2).

Lithologies are relatively nonresistant coarse
sandy siltstone to very fine sandy sandstone
with numerous thin, resistant, tabular or
concretionary limestone beds 5 - 50 cm thick.
The two principal sediment types are as follows.

The first is nonresistant lithologies of mature
chert arenite, subordinate calcareous mature
plagioclase arkose, and coarse siltstone. These
are borderline between siltstone and sandstone.
Fossils are rare. Terrigenous detritus typically
ranges from medium silt through medium sand
and is well sorted. Grain outlines are angular to
subangular. Phyllosilicates @ comprise 2-4
percent of the rock. Minor amounts of calcite
cement are present.

The second is resistant fossiliferous, coarse
silty to very fine sandy crinoidal sparite. Beds in
places show faint bedding and lamination. Bio-
turbation is pervasive and the burrows have va-
gue boundaries, when individual burrows are

discernable. Shell debris usually is oriented ran-
domly as a result of bioturbation. Small size
shell debris (shells to 1 cm long) commonly is
concentrated in lentils, and around or in large
ammonite shells. The rock is well sorted and
the size range of the terrigenous component is
medium silt to medium sand. Median diameter
is in the very fine sand size class in the lower
part of the facies, and coarse silt in its upper
part. Terrigenous detritus is subangular to pre-
dominantly angular.

The terrigenous component comprises 10-35
percent of the rock. Volcanic and reworked
sedimentary detritus is present in various de-
grees of mixing. Beds with abundant volcanic
debris are most common high in the unit. The-
re, albite may comprise 75 - 80 percent, altered
volcanic fragments up to 20- 25 percent, and
reworked quartz chert grains just a few percent
of the rock. Beds with abundant sedimentary
detritus are most common low in the unit. The-
re, beds may have 40 - 45 percent chert, 40 -
45 percent quartz and little volcanic detritus.
Clay constitutes less that 4 percent of the rock.

Much of the carbonate fraction is recrystal-
lized circular crinoidal ossicles which, along with
the terrigenous component, forms the frame-
work of the rock. The ossicles comprise about
25 - 30 percent of the rock, while molluscan
shell detritus, which is recrystallized to coarse
blocky spar, accounts for 1 - 25 percent. The
ossicles are recrystallized to medium to coar-
sely blocky spar, and while their boundaries are
sharp, commonly they are partly dissolved. This
detritus is somewhat coarser than the terrige-
nous component.

Following are remarks about the facies at
other locations. Arkose beds are conspicuous at
Camp Creek, Packard Draw, Swamp Creek, and
Wade Butte. The top of the facies at the Swamp
Creek Section is marked by a 2.7 m thick poorly
sorted granule-bearing calcareous albite-rich
arkose. At Wade Butte arkose beds are more
common than elsewhere in the lower part of the
facies. There, the arkose has granules compri-
sing the coarsest 1 percent of siliciclastics;
medium diameter is in the fine sand size class,
and phyllosilicates may comprise several per-
cent of the rock. The facies has few limestone
beds at the Grindstone Creek, Weberg Cuesta,
and Bedortha Ranch sections.

Sandy Mudstone-Arkose Facies.- This facies
occurs at Mowich Spring and Howard Valley
(Fig. 2). The lithology is sandy mudstone to silt-
stone with intercalations of silty calcareous
arkose and subordinate silty calcareous arenite.

P Figure 2: Southern Transect, giving the distri-
bution of the lithofacies within the basin.
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This facies consists of about 85 percent
nonresistant, non-laminated, dark gray
mudstone to siltstone. Several beds of silty
calcareous arkose and a few beds of silty
calcareous chert arenite make up about 15
percent of the facies. The chert arenite lithology
is identical to beds that are described under the
silty chert arenite facies. The rocks are mode-
rately to well sorted and muddy to finely sandy.
They usually are calcareous, but the calcite
content does not exceed 50 percent of the rock.
Carbonate allochems include molluscan shell
fragments and crinoid ossicles. The carbonate
fraction composes 30-40 percent of the rock,
and consists primarily of blocky spar with minor
amounts of molluscan shell and crinoidal debris.

Siltstone-Mudstone Facies.- This facies
occurs at Mowich Spring and Howard Valley. It
is dominated by mudstone, many beds of which
are sandy. It also includes muddy-silty plagio-
clase-rich arkose, to muddy-silty calcareous
chert arenite and comparable siltstone. The
coarser-grained beds are very fine sandy
arenites. The siltstone and arenite are

argillaceous and thoroughly bioturbated, like
similar beds described from the silty chert
arenite facies.

Mudstone-Shale Facies.- This facies makes
up most of the Warm Springs Member. The
strata are mostly thinly laminated. Fissile, lami-
nated shale occurs at Wade Butte, notably in
the lower part of the member. An albite-rich
lithic arkose bed about 1 m thick occurs 70 m
above the bases of the Snowshoe Formation
there.

The lower several meters of this facies typi-
cally is transitional with the subjacent facies of
the Weberg Member. These basal beds of the
Warm Springs include very fine sandy mud-
stone and stilstone and are thin to medium-
bedded. Laminations occur in these transitional
beds, but are not so pervasive as in the
overlying strata.

Olive-Gray Mudstone Facies.- This facies
comprises the upper part of the Warm Springs
member at numerous locations, especially
above local submarine andesite flows. Thin
parallel laminations predominate, and strata
commonly are thinly bedded.

Andesitic Sandstone Facies.- This facies is
composed of medium to thick beds of andesitic
sandstone, with minor siltstone and mudstone.
The beds are turbiditic fan deposits.

Tuff beds

Being a volcaniclastic sequence in a marginal
continental setting it is expected that tuff beds
would occur throughout the Snowshoe Forma-
tion. There are fewer of them in the lower We-
berg, which represents a comparatively high-
energy shallow marine setting in which the ash
in most cases would have been destroyed by
persistent wave and current action. As noted
above, there are a few thicker and or laterally
persistent beds that were used for correlation
between stratigraphic sections (Figs. 4 -5 = 6).
This was made possible by calibrating them to
the ammonoid sequence. These beds (or units)
are informally designated "A" through "F" (Fig.
6). Some actually represent more than one
eruptive event. For example unit F is composed
of two quite closely spaced beds. These tuffs
help to permit precise correlation to those
sections where the faunal control may not be as
good as it is in other sections. As expected, tuff
beds are most numerous in the facies of the
"offshore"” Warm Springs Member. At least
some of the thicker ash beds from the lower
part of the section have a proximal source, as
suggested by arkose beds at Swamp Creek and
Packard Draw at about the same level as tuff
unit F at Camp Creek (Appendix).
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At Mowich Spring one of the ash beds (Unit
C) does not appear to project to other sections.
There are a number of minor tuff beds in proxi-
mity with this unit as well as the superjacent
ash bed D. As a result there is some potential
for conflicted correlation using the tuff beds at
this level. Care was taken, however, to rely pri-
marily on the ammonoid correlation.

The tuff beds exhibit an interesting diagene-
tic alteration sequence. Many are composed of
lithified clay (some partly altered to heulan-
dite), heulandite, and laumontite. While most of
the beds are composed of one rock type or ano-
ther, some show two or all three at distinct
levels in the same bed. It appears that clay
represents the least diagenetic alteration, heu-
landite greater alteration and laumontite the
greatest degree of alteration. While the tuffs
are altered in part as a result of deep burial

(Coomss, 1954; Coowmss et al., 1959), the heu-
landite - laumontite association includes diage-
netic factors other than pressure from deep
burial (BoLes, 1974; BoLes & Coomss, 1977), as
laumontite in the Weberg Member occurs in the
Mowich Low but does not occur in the same
beds in the Grindstone High or Mowich Transi-
tion.

Note that the tuff beds do not show up in all
of the stratigraphic sections where they might
be expected. In some cases parts of sections
had to be cleared of loose surficial debris to ex-
pose the beds well. As the clayey tuffs in parti-
cular are recessive, they could have been mis-
sed readily if that part of section in which they
occur was not excavated sufficiently. Therefore,
some tuff beds might simply have been missed
when measuring sections.
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Figure 5: Southern Transect, Mowich Transition.
Biochronology

The ammonoid biochronology for the lower
part of the Snowshoe Formation in the Suplee
area (Fig. 7) was described in TAYLOR (1988),
who also provided correlation with zonations in
Alaska, South America, and Europe (Fig. 8).
Zonal terminology for Alaska was provided in
WESTERMANN (1964, 1969) and HALL & WESTER-
MANN (1980), and for South America in WESTER-
MANN & RICCARDI (1972, 1979), HILLEBRANDT &
WESTERMANN (1985), and Dietz et al. (2010).
HILLEBRANDT et al. (1992) provided a review of
circum=Pacific zones. The ranges of the ammo-
noid species in each of the 22 measured strati-
graphic sections are given in the Appendix.

This zonation is considered to be a discrete
biochronologic scale sensu Guex (1987, 1991) &
Guex et al. (2015). The chronologically dia-
gnostic association for each zone is taken to be
those species which first appear, last ap-pear,
or are restricted to a given zone. The "congre-
gation" or chronologically diagnostic set of spe-
cies can be inferred readily from the composite
range chart (Fig. 7).

Note that Figures 4 =5 -6 and 9 - 10 map
the zones as though they are stacked on one
another, and in that sense are depicted as
being "continuous". This is primarily represen-
tational to show how the approximately time-
equivalent packages of sediments filled the
local basin. This is possible strictly on a local
level in part because lithological correlations
can be made between certain distinctive beds,
including tuffs.

The thicker tuff beds described above, when
considered along with the ammonoid sequence,
do help to refine correlation between sections.
In certain sections the limits of given zones are
adjusted as tuff beds are used as an assessory
means for correlation. For example, the basal-
most beds of the Tuberculatum Zone, which
yield poorly preserved Fontannesia, occur below
a comparatively thick tuff bed. Where the fau-
nal evidence for the basal-most Tuberculatum
zone is lacking west of Robertson Draw Section,
the tuff bed is used as a guide to draw the
lower limit of the zone just below that bed.
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Figure 6: Southern Transect, Mowich Low.

We reemphasize that the actual definition of
each zone is based on its chronologically dia-
gnostic set of species, not on tuff or other beds
that are helpful mainly for mapping purposes on
a local level.

As noted in TAYLOR (1988) the Sparsicostatus
Zone is best developed in the Harris Place
Section (Fig. 1 ; Appendix), where it occurs in
both the lower and upper parts of the Weberg
Member. The typical interval includes levels
0774 through 0667 (Appendix). While there is
no locality that gives a superpositional relation-
ship with any lower fauna, the Mowich Spring
Section does demonstrate that the zone is
subjacent to the Mowichense Zone (Figs. 6 & 9;
Appendix). In fact the type section for the
Mowichense Zone is at Mowich Spring (Figs. 6 &
9), where it is documented over a 4 m interval
beginning 9.5 meters above the base of the
section (levels 0859-0861; Appendix).

KovAcs (2009) allocated Planammatoceras
vigrassi to Accardia, a genus established by
CRESTA (1977). The Oregon species is a close
match to Accardia, although it lacks the oblique
umbilical elements. For the time being the Ore-
gon species is kept in Planammatoceras until it
is more fully described.

The Packardi Zone (TAYLOR, 1988) has its ty-
pe locality in the Washburn Draw Section (Figs.
5 & 9; Appendix), from levels 0635 to 0569.
While species of Fontannesia are taken to help
characterize the zone, poorly preserved
material at Robertson Draw and Mowich Spring
suggest that the genus ranges into the basal
part of the superjacent Tuberculatum Zone.
Note that at Mowich Spring, Planammatoceras
robertsoni and P. vigrassi are allocated to the
Packardi zone. This is tentative in that, while
they are in that part of the sequence where
Packardi Zone faunas is expected, these species
do not co-occur with other species taken to be
diagnostic of the Zone.

The type locality for the Tuberculatum Zone
(TAYLOR, 1988) is also at the Washburn Draw
Section (Figs. 5 & 9; Appendix). There the zone
is well characterized from beds 0574 to 0612,
although the undiagnostic 0576 location is also
included. The Tuberculatum Zone includes a
lower Westi Subzone and an upper Ochocoense
Subzone, both having type localities at the
Washburn Draw Section. The typical fossi-
liferous beds for the former are 0558 through
1139, and the typical beds for the latter are
0565 through 0612. The Tuberculatum Zone is
taken to persist a short stratigraphic distance
below tuff bed D (Fig. 5).
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Figure 7: Range chart of ammonoids from the study area.
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America, and Europe.

Material referable to Asthenoceras is excep-
tionally abundant and first appears in the
Tuberculatum Zone (the genus persists to the
Crassicostatus Zone). Two species described in
IMLAY (1973) as Fontannesia luculenta and F.
intermedia are referable to Asthenoceras and
are conspecific. They were described on the sa-
me page (ImLay, 1973, p. 57), with F. costula
being described first. TAYLOR (1988) recognized
A. costulum since it had line priority. At the sa-
me time LINARES & SANDOVAL (1988) redescribed
the species when working with material from
Spain and made A. costulum a junior synonym
of A. intermedium. They (LINARES & SANDOVAL,
op. cit.) are first revisers. Therefore, the mate-
rial referred to A. costulum in TAYLOR (1988) is
now allocated to A. intermedium.

"Docidoceras" lupheri has been allocated to
the Tuberculatum Zone (TAyLor, 1988). That

species has been attributed to the genus Molli-
stephanus (CHANDLER & DIETZ, 2004) and that
genus, in turn, has been assigned to the new
subfamily of FERNANDEz-LOPEz & Pavia (2015),
the Mollistephaninae.

The type section for the Burkei Zone is at
Wade Butte (TAyLoORr, 1988) where is it well cha-
racterized from beds 0742 through 0767 near
the exposed upper part of the Weberg Member
(Figs. 4 & 9; Appendix). Ammonoids at the
Vigrass Draw Section (Figs. 5 & 9; Appendix)
and Camp Creek Section (Fig. 10; Appendix)
are closely associated with tuff unit F. At those
locations the base of the Burkei Zone appears
to coincide closely with that tuff unit.

P Figure 9: Southern Transect, giving the succession
of the ammonoid zones within the basin.
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Freboldites bifurcatus, which occurs in the
Burkei Zone, has recently been referred to a
new subfamily, Frebolditinae, of FERNANDEZz-LO-
PEZ & PaviA (2015).

The Crassicostatus Zone was originally
defined in HALL & WESTERMANN (1980), with the
type area at Cook Inlet in southern Alaska.
They (HALL & WESTERMANN, op. cit.) recognized
that ammonoids within the "middle part" of the
Warm Springs Member (including Parabigotites
crassicostatus) are referable to their new zone.
The Crassicostatus Zone in Oregon is best re-
presented at Wade Butte (Figs. 4 & 9; Appen-
dix), Grindstone Creek (Figs. 4 & 9; Appendix),
Weberg Cuesta (Figs. 4 & 9; Appendix), and
Mowich Spring (Figs. 6 & 9; Appendix). Stepha-
noceras (Phaulostephanus ?) oregonense IMLAY
(1973), from the Crassicostatus Zone, has
recently been re-allocated to a new genus, Pa-
ramollistephanus (FERNANDEz-LOPEZ & PAvVIA,
2015) which in turn is attributed to their (FERr-
NANDEZz-LOPEZ & PAVIA, op. cit.) new subfamily,
the Mollistephaninae. The genus Parabigotites is
also referred to a new subfamily (FERNANDEz-LO-
PEZ & PAVIA, op. cit.), the Frebolditinae.

The Oregonensis Zone originally was alloca-
ted as a subzone of the Kirschneri Zone

(TavyLoRr, 1988). The Kirschneri Zone is an as-
semblage zone of tremendous scope (HALL &
WESTERMANN, 1980). Only the upper subzone is
reasonably defined. As such, we elevate the
Richardsoni to zonal status, and leave subjacent
horizons for subsequent definition. As a result
the Oregonensis beds are elevated to zonal
status.

The Oregonensis Zone is well documented at
Mowich Spring (Fig. 9; Appendix) where it oc-
curs in the olive-gray laminated mudstones of
the Warm Springs Member, from levels 0534
through 0662. There the highly variable species
Dorsetensia oregonensis is exceptionally com-
mon. Emileia aff. contracta is a reasonably com-
mon associate.

An undetermined superjacent "zone" (= Zo-
ne A) is documented at Mowich Spring from
levels 0504 and 0795/0796 (Fig. 9; Appendix).
In that part of the section Dorsetensia orego-
nensis ranges above Emileia. A diagnostic asso-
ciate includes an involute Dorsetensia n. sp.

Discussion

Figures 2 -3 reveal the spatial-temporal re-
lationships of the facies in the basin. The silty
chert arenite facies was the first to be deposited
and is restricted to the Mowich Low where it
overlies the Mowich Group with little angular
discordance. While the facies does not have
abundant coarse-grained detritus, paucity of ar-
kose and tuff beds along with its position at the
base of the transgressive sequence suggest it
was deposited in a comparatively high-energy
regime or at least one with persistent current
and wave activity. The fine-grained nature of
the facies most likely resulted from lack of local
paleotopographic relief and a source for plenti-
ful coarse-grained detritus. Upsection in the
Mowich Low there occurred a progressive chan-
ge to more argillaceous sediments laid down in
quieter water conditions.

The chert arenite facies makes up the basal
Weberg to the west. The heterogeneous litho-
logy of the facies reflects the varied conditions
under which it was deposited. At the Mowich
Transition (Figs. 5 & 9) subjacent Triassic rocks
include steeply inclined mudstone and conglo-
merate lithologies that had been eroded into an
irregular topography prior to Snowshoe depo-
sition. These Triassic sediments furnished an a-
bundant supply of terrigenous detritus. Conglo-
merates (and sandstones) in sections 16 & 27
(Fig. 5) may have been shed from the Grind-
stone High. The topographic irregularity at
Harris Place (Fig. 3) likely resulted from faulting
just prior to Snowshoe deposition. The an-
gularity of the grains composing the chert are-
nite facies indicates that the sediments were
not subject to prolonged periods of abrasion.
Nevertheless, the paucity of fines and abundan-
ce of coarse detritus is consistent with rewor-
king and high-energy conditions. The proposed
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high-energy regime is support by the lack of
tuff beds and paucity of arkose beds, which are
present laterally in offshore facies.

The crinoidal sparite facies is superjacent to
the chert arenite facies. Paucity of clay and
presence of lenticular beds of small-size shell
debris indicate modest currents and/or wave
agitation. Vague boundaries of the bioturbation
structures reflect soft sediment. Calcite-rich
sediment characteristic of the facies continued
to be deposited in the Mowich Transition so long
as there was any continued expression of local
pre-Snowshoe topographic highs. Terrigenous
muds spread uniformly across the sea floor
above the crinoidal sparite facies only after
topographic relief was eliminated.

The chert arenite and crinoidal sparite facies
transgressed westward onto the Grindstone
High, so that the first sediments of the former
there were deposited during The Tuberculatum
Zone and those of the latter during the latest
Tuberculatum Zone to Burkei Zone.

Uniform sedimentation of the mudstone-sha-
le facies across the Suplee Platform was attai-
ned by Crassicostatus time. The fine-grained
texture of the mudstone facies and occurrence
in it of numerous tuff beds indicate quiet water.
The Olive-gray mudstone facies is closely asso-
ciated with andesitic volcanics in its lower part
and sandy turbidites of the Basey in its upper
part.

In summary, the facies distribution reflects a
westward transgression and filling in of a locally
complex paleotopography. Sediments become
finer-grained upsection at any locality and from
west to east. That is, progression in those
directions reflect changes from higher to lower
energy regimes and a deepening of the ocean
bottom. These relationships are important be-
cause they provide the framework for the near-
shore-offshore trends in faunal distributional
patterns in the basin (TAyLOR, 1982).

Thrusting along the Camp Creek Fault prior
to the Snowshoe Formation raised the Grind-
stone High by 50-70 m or more.

The lower four ammonoid zones are compa-
ratively thin. This might reflect input of predo-
minantly terrigenous detritus reworked notably
from upper Triassic and older basement rocks.
The later Burkei, Crassicostatus, and Oregonen-
sis zones are thicker, possibly as volcaniclastic
sedimentation rates picked up. These rela-
tionships, of course, cannot be verified without
the assistance of radiometric age dating.

The Basey Member at Wade Butte is of inte-
rest because the sandstones there are notably
calcareous. Also, the olive-gray mudstones do
not persist as far west as Wade Butte. These
observations indicate that the upper Warm
Spring and Basey there may have been depo-

sited a slight topographic high compared to the
equivalent beds in the Mowich Low.

Parts of the Warm Springs Member, espe-
cially those beds close to the superjacent Ba-
sey, likely includes distal fan facies, while the
Basey itself is a mid-fan unit (DICKINSON &
VIGRASS, 1965).

The Weberg sediments with their diverse
benthic shelly faunas were deposited in a
shallow marine setting (TAYLOR, 1982). A depth
range to about a 100 m is consistent with that
proposed for similar faunas in Europe (HALLAM,
1975). Weberg sediments of the Burkei Zone on
the Grindstone High clearly are facies equi-
valent to fine-grained mudstone of the Warm
Springs Member at Mowich Spring. The Snow-
shoe Formation is not olistostromal and there is
no indication that palinspastic reconstruction is
needed to materially adjust the relative posi-
tions of the stratigraphic sections measured in
the area. Lacking evidence for a steep gradient
(except perhaps locally at the Camp Creek
Fault) it is, therefore, most likely that the lower
Warm Springs Member was deposited in waters
not markedly more than a couple hundred
meters.

Similarly, the short-term re-establishment of
carbonate-rich sandstone on top of the 20 m
thick andesite flow at Weberg Cuesta (Figs. 2 &
4) suggests a comparatively shallow-water set-
ting rather than an exceptionally deep basin.

BLoME & NESTELL (1991) considered that the
Warm Springs Member was deposited in a
deeper water setting than inferred in TAYLOR
(1982) by arguing that samples with abundant
and diverse radiolarian faunas from that mem-
ber indicate a basin plain to distal fan environ-
ment. This paper maintains a shallow water
setting for the lower Warm Springs, namely
because of basin geometry, and because the
Weberg faunas can be tied to a bathymetric
frame of reference, a former strand line.
Samples with abundant and diverse radiolaria
only ensure an open marine environment, not
necessarily a deep-water one. The lower Warm
Springs may not even be composed of sedi-
ments contributed from fan lobes. Moreover,
while submarine fans predominate in deep wa-
ter (several hundreds of meters or more) great
water depths are not necessarily a requirement
and they may be shallow water as well
(NoRMANDEAU et al., 2013, 2015; WARRICK et al.,
2013; Scasso et al., 1991). While parts of the
Warm Springs, as well as most of the Snowshoe
Formation in the Izee area, certainly represent
environments much deeper than the couple of
hundred meters or so suggested herein for the
basal Snowshoe transgressive sequence in Su-
plee, it is beyond the purpose of this report to
evaluate those deeper settings.
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Conclusions

Developing biochronologies in complex
depositional conditions can lead to uncertainties
of range relationships of fossil species. This
work shows that a multidisciplinary approach
using closely spaced stratigraphic sections,
along with accessory correlation with tuff beds,
can result in a refined representation of range
relationships of species.

Incorporating the biochronology along with
lithofacies relationships renders an under-
standing of basinal infilling difficult to achieve
otherwise.

The ammonoid biochronology in the richly
fossiliferous Snowshoe Formation on the Suplee
Platform offers a standard of reference for the
late Aalenian and part of the early Bajocian in
the North American Western Cordillera. The
succession offers close correlation with equiva-
lent successions in South America and Europe.
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Appendix (Stratigraphic sections with range charts)

Figure 1 gives the location of each of the stratigraphic sections below. Numbers to right of stratigra-

phic columns denote fossiliferous levels/beds.
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Location 1.- Stratigraphic section at Wade Butte. The Weberg Member there unconformably overlies Carnian Vester

Formation.

468



Carnets Geol. 16 (19)

auoz

snjejsodissel)d

g "ds sappoysjed

snpunanfiad “ye snueydsjsojeLuny
sisusuojspuub (sessayjided) eruiuuos
wnsseaudwoo setp00)iAydoyof)4

‘dds sessooueyds)s

(w) "ds sessooueyds)s

8/eal0q Seled0UsYISY

asuasjdns se.a20fAydoajoH

‘dds (sessoyjidey) eiuuuocs

1aung (sessalided) eluiuuos

- 0835

-0759

saloejou)

sleyS - SUOISPNIN

Sjueds [BPIOULD |syuaiy peyp)

Jaquis sbundsg wuaepn

Jaquiapy Biagapn

¢, SOIUED|OA DISSELI|
10 UBIWIDY

Location 2.- Stratigraphic section at Grindstone Creek. The Weberg Member there unconformably overlies mélange
material of Permian or Triassic age. The holotype of Sonninia (Papilliceras) grindstonensis (TAYLOR, 1988) is from

level 0831.
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Location 3.- Stratigraphic section at Weberg Cuesta. The Weberg Member there unconformably overlies the Carnian

Brisbois Member, Vester Formation. "f" in range chart refers to float specimen.
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Location 4.- Section 16. The Weberg Member there is in fault contact with the underlying Carnian Brisbois Member,
Vester Formation. The fault runs along the bedding plane of the basal-most exposed bed of the Weberg. "f" in range

chart refers to float specimens.
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Location 6.- Section 15. The Weberg Member there unconformably overlies the Carnian Brisbois Member, Vester
Formation. "f" in range chart refers to float specimens.
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Location 7.- The Vigrass Draw section, in upper Weberg and lower Warm Springs members. Holotype of Euhoplo-

ceras grantense (TAYLOR, 1988) from bed 0570.
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Location 8.- Lupher Draw Section. The Weberg there unconformably overlies the Carnian Begg Member, Vester For-
mation. Tuff bed D was found at a later date than when the section was measured originally. Holotypes of Euhoplo-

ceras rursicostatum and Docidoceras striatum (TAYLOR, 1988) from levels 0825 and 0571 respectively.
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Location 9.- Washburn Draw Section. The Weberg there unconformably overlies the Carnian Begg Member, Vester
Formation. Holotypes of Ptychophylloceras compressum, Sonninia washburnensis, Euhoploceras ochocoense, Strigo-

ceras lenticulare, and Hebetoxyites snowshoensis (TAYLOR, 1988) from beds 1139, 0565, 0573, 0581 & 0550

respectively.
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Location 10.- Section 18, includes the Weberg and lower Warm Springs members.
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Location 11.- Robertson Draw Section includes the middle part of the Weberg Member. Holotype of Euhoploceras
transiens (TAYLOR, 1988) from the 1114/1131 horizon, holotype of Euhoploceras westi (TAYLOR, 1988) from level

0977, and holotype of Docidoceras amundsoni (TAYLOR, 1988) from the basal Tuberculatum Zone at this location.
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Location 12.- Section 40 includes middle to upper parts of the Weberg Member.
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Location 13.- Section 106 includes parts of the lower and upper divisions of the Weberg Member.
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Location 14.- The Weberg Member at Dobson Creek unconformably overlies the lower Jurassic Hyde Formation.
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Location 15.- The Donnelly Creek section, lower part the Warm Springs Member.
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Location 16a.- Lower part of Mowich Spring section includes much of the Weberg Member and lower part of the
Warm Springs Member. Holotypes of Planammatoceras mowichense, P. vigrassi, and P. robertsoni (TAYLOR, 1988)

from levels 0856, 0895, and "E" respectively.
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Location 16b.- Middle part of Mowich Spring section includes middle parts of the Warm Springs Member. "f" in ran-

ge chart refers to float specimens.
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Location 17.- The Howard Valley section includes the upper Weberg Member and the Warm Springs Member with

the lower beds of the olive-gray mudstone facies.
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Brisbois Member

Location 18.- The Weberg Member at the Bedortha Ranch section unconformably overlies the Carnian Brisbois Mem-
ber, Vester Formation. "f" in range chart refers to float specimens.

486



Carnets Geol. 16 (19)

auoz| iong wnienoieqny | IpJexoed

g 'ds sajpoysfed| —
smeainjiq sajpjoqaid| —
wnsopouioned “je serooopiooq| —
wrusyjueoe sereoodoyny| —
lexinq (sessoljjied) elujuuog| —
uapjemyor|q (sesoaljied) eliuuos| —
‘ds sereoopioo| —o-
8/e8.10( SBI820UsYISY —
‘ds sese00jAydoojoH
‘ds (sesooyded) eluuuos .
8su8000Y20 selaooidoyny -
wnjejsooiuedsald sereoojdoyny —
‘ds eiseuuejuo4 —

Brisbois Member

Sal0ejoy)
£ E
\ £ 3
9leys - suoispniy sjuedg [eploul) ajualy L8y
Jaquis|y sbBuuds wuepp Jaquis|y Biagapn

487

Vester Formation. Holotypes of Holcophylloceras supleense and Sonninia (Papilliceras) burkei TAYLOR (1988) both are

Location 19.- The Weberg Member at the Camp Creek section unconformably overlies the Carnian Brisbois Member,
from level 1156.
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Location 20.- The Weberg Member at Packard Draw unconformably overlies the lower Jurassic Robertson Formation.

"f" in range chart refers to float specimens.
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Location 21.- The Swamp Creek section includes beds at the top of the Weberg Member and base of the Warm

Springs Member.
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Location 22.- The Harris Place section unconformably overlies the lower Jurassic Robertson Formation. Holotype of
Strigoceras harrisense (TAYLOR, 1988) is from this section.
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