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Abstract.—The fossil record of octocorals from Cenozoic marine strata of western North America is quite limited, and
they have not been reported previously from rocks in Washington State, USA. Two late Oligocene specimens from the
upper part of the Lincoln Creek Formation in western Washington, referred to Radicipes? sp., are the first fossil record of
the family Chrysogorgiidae. The family Isididae is represented by an internode and two holdfasts identified as Isidella sp.
collected from the Oligocene Pysht Formation, along with specimens questionably identified as Lepidisis sp., possibly
the first fossil record for this genus. Together, these are the first confirmed fossils of the Alcyonacea from north of
California in western North America. The axes of sea pens from several late Eocene or early Oligocene localities in
the Lincoln Creek Formation in the central part of western Washington, and the Pysht and Makah formations on the
north side of the Olympic Peninsula, are the first fossil record for the Pennatulacea from western North America; all
are tentatively referred to the genus ‘Graphularia’. Large axes from the Lincoln Creek Formation and Makah Formation
are referred to ‘Graphularia’ (?) aff. sasai, because they are similar to the species known only from late Eocene and early

Oligocene rocks in Japan.

Introduction

Cenozoic fossils of octocorals, primarily bamboo corals but also
sea pens, have long been recognized from many parts of the
world (e.g., Europe: Nielsen, 1917; Baluk and Pisera, 1984;
Langer, 1989; Lauridsen and Bjerager, 2014; Australia and
New Zealand: McCoy, 1877; Tate, 1877; Squires, 1958;
Eagle, 2007; and eastern North America: Hickson, 1938; Sha-
piro and Ramsdell, 1965; Kocurko, 1993, and references
therein). Overall, however, the fossil record of octocorals is rela-
tively poor.

The oldest unequivocal Cenozoic octocoral fossils from
western North America and the North Pacific Basin are from
rocks of latest Paleocene or earliest Eocene age in the upper
part of the Santa Susana Formation in the Simi Valley, southern
California, that were identified by Squires (1999) as ?Mopsea
sp., aff. M. costata Milne-Edwards and Haime, 1850. This is
the only previous fossil record of the family Isididae Lamour-
oux, 1812, from western North America. Squires and Demetrion
(1992) reported two octocorals from shallow-marine Eocene
(51-52 Ma) strata of the Bateque Formation in Baja California
Sur, Mexico. These fossils were identified as Heliopora? sp.
(Family Helioporidae Moseley, 1876) and Parisis batequensis
Squires and Demetrion, 1992 (Family Parisididae Aurivillius,
1931). A small fossil questionably identified (Armentrout,
1974) as ?Callogoria [sic] sp. (=Callogorgia Gray, 1870;

*Corresponding author.

Family Primnoidae Milne-Edwards, 1857) from the late Oligo-
cene uppermost part of the Lincoln Creek Formation, Canyon
River, Washington, has not been formally published, and we
have been unable to further evaluate the record.

Nomland (1916) reported a ‘gorgonian’ fragment from pos-
sibly earliest Eocene rocks at Marysville Buttes, California;
however, no specimen number was given, although Nomland
stated that the specimen, from “locality 1853,” is in the collec-
tions at the University of California (Berkeley); nobody has
mentioned the specimen since. Nomland (1916) also reported
a ‘gorgonian’ octocoral fragment from Miocene rocks of the
Astoria Formation at Astoria, Oregon, although it is difficult
to tell from the illustrations whether this identification is correct.
Nomland (1916) did not note a specimen number or repository
for the specimen, although he did state that it was from Califor-
nia Academy of Sciences loc. 172. In a detailed monograph of
the paleontology of the Astoria Formation, Moore (1963)
noted other corals from the Astoria Formation, but she made
no mention of the possible octocoral fossil discussed by Nom-
land (1916).

Fossils of sea pens, pennatulaceans, are represented most
often by the central or axial rod, which calcifies in some taxa
and have been found in many parts of Europe and elsewhere
(e.g., McCoy, 1877; Squires, 1958; Reich and Kutscher, 2011,
and references therein), but have not been reported previously
from western North America. From the North Pacific Basin,
there are Cretaceous sea pen fossils from the Magellan Sea-
mounts (Mel’nikov et al., 2006; Zakharov et al., 2007) and
only two Cenozoic records of pennatulacean fossils, both from
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Japan. Fossils of large pennatulacean axial rods from late
Eocene or early Oligocene strata in Hokkaido were described
by Yabe (1955), and an axial rod was described from Pleistocene
rocks in Tokyo (Yabe and Sugiyama, 1937).

The purpose of this paper is to record fossils of octocorals
from Paleogene rocks in Washington State (Fig. 1), including
the first fossil record for the family Chrysogorgiidae Verrill,
1883, and first reported pennatulacean (sea pen) fossils from
western North America.

Geological setting and paleoecology

Lincoln Creek Formation.—Large sea pen axes, usually in
concretions, were found in rocks mapped (Pease and Hoover,
1957) as the Lincoln Creek Formation at University of
Washington Burke Museum Invertebrate Paleontology
(UWBM 1IP) loc. B9493, which is the eastern end of a
roadcut, at about the level of the surface of the road, in almost
structureless bioturbated tuffaceous siltstone. Bedding is
indicated by lens-shaped, discontinuous accumulations of
small shells, foraminifers, fish scales, and terrestrial plant
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Figure 1. Localities for the studied octocorals in Washington State, USA: 1,

UWBM IP B9497, near Sekiu River, Makah Formation, early Oligocene; 2,
UWBM IP B9494, Pysht Formation, late Oligocene; 3-5, UWBM IP locs.
B9490-92, between Murdock Creek and East Twin River, Pysht Formation,
late? Oligocene; 6, Canyon River, Lincoln Creek Formation, Oligocene; 7,
UWBM IP B9495, near Malone, Lincoln Creek Formation, late Eocene—early
Oligocene; 8, UWBM IP B9496, east bank of Porter Creek, Lincoln Creek Forma-
tion, late Eocene—early Oligocene; 9, UWBM IP B9493, along Brooklyn-Oakville
road, Lincoln Creek Formation, late Eocene—early Oligocene.
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detritus. A single piece of pumice ~10 mm in diameter was
found. Tubes that are lined with white quartz grains are up to
3 mm in diameter and more than 100 mm long, in some cases
branching, and cut through the siltstone in no apparent
preferred orientation. Mollusks in the siltstone include
moderately large (up to 70 mm long) scaphopods and turrid,
turritellid, naticid, and scaphandrid gastropods. Several fossil
crabs were found, Pulalius vulgaris (Rathbun, 1926) being the
most abundant; some were preserved in concretions, others
were not. Bivalves are rare. One teleost otolith was found. The
larger sea pen axis was in a concretion oriented nearly vertical
with respect to bedding; smaller sea pen fragments were found
in the organic accumulations in the siltstone and did not
appear to have any preferred orientation. Large sea pen axes at
this locality are nearly always vertically oriented and in
concretions (LSG, personal observations).

A locality on Porter Creek (UWBM IP B9496) is in bio-
turbated tuffaceous siltstone that is exposed in the stream bed
and bank. This locality has abundant, mostly vertically oriented
carbonate ‘pipes’ similar to those described from some hydro-
carbon seep deposits (e.g., Aiello, 2005), and the faunule
includes gastropods, fragments of a limid bivalve and some thin-
shelled pectinids, scaphopods, and a few ‘root tufts’ of hexacti-
nellid sponges. The crab Pulalius vulgaris is also present.

Near Malone, locality UWBM IP B9495, is a roadcut (ori-
ginally along a logging railway) exposing tuffaceous siltstone.
Mollusks found here include scaphopods, fasciolariid and pty-
chatractid gastropods, and the crab P. vulgaris.

The faunules at the Lincoln Creek Formation localities all
correlate with the “Turritella-Priscofusus Zonule” of the Porter
Bluffs section described by Armentrout et al. (1980), which is
characterized by structureless, bioturbated fine-grained sedi-
ments with abundant gastropods and crabs, with few bivalves.
The molluscan species from localities B9493, B9495, and
B9496 are the same as those listed by Armentrout et al. (1980,
figs. 20, 21), which are most common in their Porter Bluff sec-
tion, along the highway between Porter and Malone, between
their localities PB6 to PB23. Armentrout et al. (1980) inter-
preted this zonule to represent bathyal to upper bathyal depths,
with temperate to warm-temperate water temperatures. The Por-
ter Bluff localities PB6 to PB23 are within the ‘Echinophoria’
fax Zone (Prothero et al., 2001a, fig. 6), late Eocene to earliest
Oligocene in age (Global chrons C13r to C12n, 30.5 to 34.5
Ma; Prothero et al., 2001a).

Two fossils preserved in nodules were found as float on
gravel bars of the Canyon River, on the south side of the Olym-
pic Peninsula where a thick section of the Lincoln Creek Forma-
tion is exposed. Both nodules have the same siltstone lithology
as others found in the uppermost part of the formation locally,
deposited at depths of ~200-600 m, and possibly as deep as
760 m, based on foraminiferans (Rau, 1966). Rau (1966) also
concluded that water temperature was 2—10°C. According to
Prothero and Armentrout (1985), the age of the upper part of
the Lincoln Creek Formation on Canyon River is late Oligocene.
We cannot exclude the possibility that these fossil-bearing
nodules may have come from farther upstream where older strata
of the Lincoln Creek Formation are exposed, so late Oligocene is
a minimum age for these fossils.
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Makah Formation.—A single loose, float concretion, on the
beach terrace west of the mouth of the Sekiu River (UWBM
IP B9497) contained the basal portion of two sea pen axes.
The strata exposed are siltstone, mudstone, and turbidite layers
deposited in a marine, deep-water paleoenvironment (Snavely
et al., 1980). Fossils of all kinds are rare within the almost
structureless mudstone and siltstone parts of the formation.
Bedding is indicated by calcareous concretions, commonly
containing glendonites, and in some cases mollusks (Squires
and Goedert, 1994; Goedert, 1995), whale, fish, and wood
falls (e.g., Goedert et al., 1995; Kiel and Goedert, 2006; Kiel
et al., 2012), and cold-seep carbonate (Goedert and Campbell,
1995). Some glendonites in this part of the Makah Formation
are in the same size range as the larger sea pen axes described
herein, and sometimes mistaken for ‘square bones’ by fossil
collectors. Some actual sea pen fossils have been referred to as
square bones (e.g., some specimens from Australia: McCoy,
1877; Tate, 1877), however, glendonites are inorganic
structures, and with close observation are easily differentiated
from actual sea pen axes.

Pysht Formation.—Part of the Pysht Formation exposed along
the coastline between the mouths of Murdock Creek westward
to the mouth of East Twin River yielded ‘gorgonian’ holdfasts
and an internode, as well as some minute sea pen axis
fragments. The stratigraphically lowest strata studied herein
(UWBM IP B9491) appear to be penecontemporaneously
disturbed strata affected by undersea slumping or gravity
flows. A large holdfast was found in these disturbed strata.
Another holdfast and small internode section was found in a
prominent, poorly sorted conglomerate composed of reworked
concretions, molluscan shells and fragments, bone fragments
(both cetacean and teleost), small shark teeth, some wood
fragments (mostly bored by mollusks), and some igneous or
metamorphic clasts (UWBM IP B9490). Stratigraphically
above (and westward) is a sequence of mostly thin-bedded
turbidite deposits with few molluscan fossils, but near the top
of this section are some deposits (UWBM IP B9492) with
more abundant molluscan shells, small brachiopods, wood
fragments, terrestrial plant debris, a few shark teeth and fish
otoliths, and small sea pen axis fragments. Stratigraphically
higher are mudstones that at locality B9494 contain some
concretions that apparently were exposed on the seafloor
during Oligocene time, because one was found with a small
‘gorgonian’ holdfast and others have serpulid tubes attached to
the concretion surface (JLG, personal observation).

The only extensive studies of mollusk fossils from this part
of the Pysht Formation are by Durham (1944); Rau (1964) stud-
ied the foraminiferans. Magnetostratigraphic work by Prothero
et al. (2001b) correlated the Pysht Formation to ca. 23.7-30.5
Ma, late early Oligocene to latest Oligocene, whereas a detailed
assessment by Nesbitt et al. (2010) concluded that most of the
Pysht Formation is Oligocene, but it is not possible at this
time to assign a more precise age.

Materials and methods

All illustrated specimens are deposited in the NRM PAL (Swed-
ish Museum of Natural History, Stockholm, Department of
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Palaeobiology); additional specimens and/or associated fossils
are deposited in the UWBM (University of Washington,
Burke Museum of Natural History and Culture). Bulk mud-
and siltstone samples (~3 kg) from one locality in the lower
part of the Pysht Formation (B9492) were dried and wetted sev-
eral times to cause the rock to disaggregate for screening. Local-
ities are described in the Appendix using section, township, and
range, according to the USA Public Land Survey System; GPS
coordinates are given using datum WGS84 (World Geodetic
System). All macro-specimens were coated with ammonium
chloride before photography, unless otherwise indicated.
Small pennatulacean axes were mounted on aluminum stubs,
coated with gold, and photographed with a Hitachi-4300 Scan-
ning Electron Microscope (SEM).

Repositories and institutional abbreviations.—IGPS, Institute
of Geology and Paleontology, Tohoku University, Sendai,
Japan; NRM PAL, Swedish Museum of Natural History,
Stockholm, Department of Palacobiology; UWBM IP,
University of Washington, Burke Museum of Natural History
and Culture, Invertebrate Paleontology, Seattle, Washington,
USA.

Systematic paleontology

Class Anthozoa Ehrenberg, 1834
Subclass Octocorallia Haeckel, 1866
Order Alcyonacea Lamouroux, 1816
Suborder Calcaxonia Grasshoff, 1999
Family Chrysogorgiidae Verrill, 1883

Genus Radicipes Stearns, 1883

Type species.—Radicipes pleurocristatus Stearns, 1883, by
monotypy.

Radicipes? sp.
Figures 2, 3.1, 3.2

Occurrence.—Found as float derived from the Lincoln Creek
Formation (probably the upper part), Canyon River, Grays
Harbor County, Washington (precise locality details on file at
NRM).

Description.—Straight axis fragments, slightly more than 1 mm
diameter, and up to at least 160 mm long, circular in cross
section, composed of thin, papery concentric layers,
iridescent, with translucent rhizoidal base, ‘roots’ that appear
to become spatulate distally.

Materials.—Axis with rhizoidal base, NRM PAL Cn 75267,
axis without base, NRM PAL Cn 75266; both preserved in
nodules.

Remarks.—Species of Chyrsogorgiidae are widespread in the
world’s oceans and live at depths of 314492 m (Pante and
Watling, 2011; Pante et al., 2012). Being straight fragments
without indication of spiraling or branching and possessing a
rootlike base, the fossils from the Lincoln Creek Formation
closely resemble unbranched, whip-like chrysogorgiid taxa.
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Figure2. The Oligocene chrysogorgiid Radicipes? sp. from the Lincoln Creek
Formation, Canyon River, Grays Harbor County, Washington; specimens not
whitened. (1-4) Longitudinal and cross sections of the longer axis without hold-
fast (NRM PAL Cn 75266), (5) close-up detail of axis with holdfast showing iri-
descence and laminar structure (NRM PAL Cn 75267).

One genus, Radicipes, has species that live on continental slopes
and seamounts in all the world’s oceans, including the North
Pacific, at depths of 241-3500 m, on soft sediments, and
individual colonies have rootlike bases and are up to 1 m long
(Stearns, 1883; Cordeiro et al., 2017, and references therein).
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For example, Radicipes sakhalinensis Dautova, 2018, found
living at depths exceeding 3000 m in the Sea of Okhotsk, has
a very similar rootlike base (Dautova, 2018, figs. 1G-I), as
does R. pleurocristatus (Stearns, 1883, fig. 1); species of other
unbranched genera have disk-like calcified bases, or have an
axis that is not circular in cross section (e.g., Cairns and
Cordeiro, 2017). Some species of Chrysogorgia Duchassaing
and Michelotti, 1864, also have rhizoidal bases (e.g., Cairns,
2001), but colonies branch and are generally of a much
smaller size overall, in many cases smaller in length than the
largest fossil axis fragment described herein. Unfortunately,
we were unable to find any sclerites preserved, nor is there any
indication of polyp arrangement.

The largest fossil axis, NRM PAL Cn 75266, is in a nodule
that broke into several pieces and exposed a longitudinal section
of the axis for ~70 mm. The axis has a slightly oblique trans-
verse fracture that occurred before lithification of the nodule,
demonstrating that the axis was originally brittle, as has been
noted by Cordeiro et al. (2017) for species of Radicipes. The
paleoenvironmental setting represented by the upper Lincoln
Creek Formation in the Canyon River section would have
been cold, deep water (up to 600 m), with a soft, muddy bottom,
typical of that inhabited by Recent species of Radicipes
(Cordeiro et al., 2017). We cannot exclude the possibility that
the Lincoln Creek Formation specimens represent an early
stage, before branching, of some extremely large species of
Chrysogorgia. Also, because of the fragmentary nature of the
fossils, we have questioned the generic identity and it should
be regarded as provisional, however, regardless of genus,
these fossils are the first known for the family Chrysogorgiidae.

Family Isididae Lamouroux, 1812
Subfamily Keratoisidinae Gray, 1870
Genus Isidella Gray, 1858

Type species.—lIsis elongata Esper, 1788, by monotypy.

Remarks.—See Ott (1989, 1995), Grasshoff and Scheer (1991),
and Yang et al. (2014) for discussion and clarification of
publication dates of some taxa described by Esper (1788-
1830), including how and why his plates were not necessarily
published at the same time as the corresponding descriptions.
Bayer (1990) provided a detailed discussion as to the validity
of genus Isidella.

Isidella sp.
Figure 3.3-3.7

Occurrence—Lower part of the Pysht Formation, Clallam
County, Washington (UWBM IP locs. B9490 and B9491).
Late Oligocene.

Description.—The largest holdfast, NRM PAL Cn 75257
(Fig. 3.7), is 56.3 mm long, 35 mm wide, and up to 2mm
thick, with broadly scalloped edges, and a surface with
numerous radiating grooves. The underside is not visible.
Another holdfast, NRM PAL Cn 75259 (Fig. 3.3-3.5), is 38
mm high, ovoid to round in cross-section at the end of the
basal stalk, 11 mm in diameter; the wider end is 42.8 x 29.5
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Figure 3. Octocorals (Calcaxonia) from Eocene—Oligocene deposits in western Washington, USA. (1, 2) The chrysogorgiid Radicipes? sp., axis with holdfast
(NRM PAL Cn 75267), Lincoln Creek Formation, Canyon River, Grays Harbor County, Washington. (3-7) The isidid Isidella sp. from the lower part of the
Pysht Formation, west of Murdock Creek, Clallam County, Washington; (3-5) holdfast showing fine radial striations and stalk with condyle with central point
(NRM PAL Cn 75259); (6) small, solid internode with faint, widely spaced longitudinal striations (NRM PAL Cn 75277); (7) large holdfast with scalloped margin
and numerous radiating grooves on surface (NRM PAL Cn 75257). (8) Holdfast of an unidentified octocoral (NRM PAL Cn 75258).

https://doi.org/10.1017/jpa.2022.5 Published online by Cambridge University Press
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Figure 4. The isidid Lepidisis? sp., Oligocene, lower part of the Pysht Forma-
tion, west of Murdock Creek, Clallam County, Washington, USA. (1-6) Frag-
mented internodes with narrow canal (NRM PAL Cn 75269); (7) specimen
with oblique end, showing concentric growth rings and a sediment-filled central
canal (NRM PAL Cn 75270); (8-10) two fragments of a small, hollow internode
(NRM PAL Cn 75271); apical view (9) showing hollow interior (specimen not
whitened).

mm. The central shaft is smooth externally, with striations
faintly visible, with numerous concentric layers and condyle
with a central point. The base has an uneven edge, and a
dorsal surface with numerous radiating shallow grooves. The
underside is not visible. A small internode (NRM PAL Cn
75277; Fig. 3.6) appears to have been a lateral branch, smooth
externally with faint striations and is 11 mm long, solid,
slightly flattened so that it is ovoid in cross-section with
concentric rings, 3.4 x 5.2 mm diameter at its larger end, with
a distinct condyle with a broad point located off center, 2.8
mm diameter at its smaller end.

Materials.—Large holdfast, NRM PAL Cn 75257 from UWBM
IP loc. B9491; smaller holdfast with stalk, NRM PAL Cn 75259,
and small internode, NRM PAL Cn 75277, both from UWBM
IP loc. B9490.
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Remarks.—Because Gray (1858) did not properly define his
new genus Isidella, Verrill (1883) expressed doubt about its
validity. Etnoyer (2008) provided a discussion of the problems
with the taxonomy of Isidella, and followed Bayer (1990)
who accepted the genus as valid. The fossils from the Pysht
Formation offer little in the way of diagnostic characters other
than the nature of the calcareous holdfasts, the calcareous
internode demonstrating that branching was from a horny
node, as well as the slightly flattened cross-section of the
small internode that may indicate that the colony branched in
one plane instead of a bush-like growth pattern. This best fits
the genus Isidella. With few fossils to examine, unequivocal
assignment to genus is impossible at this time because other
genera of Keratoisidinae also branch from the nodes or
internodes, or have internodes that are in some cases hollow
and/or fluted (e.g., Bayer, 1981; Bayer and Stefani, 1987;
Alderslade and McFadden, 2012; Duenas et al.,, 2014).
Another genus within the Keratoisidinae, Acanella Gray,
1870, also branches from the nodes, and is similar to Isidella,
but differs in branching pattern; whether pattern of branching
is a stable character that can be used to differentiate genera
within the Keratoisidinae is doubtful (e.g., Verrill, 1883;
France, 2007; Duenas et al., 2014). Assignment of the fossils
from the Pysht Formation to Isidella is somewhat provisional,
but Isidella lives and is common in deep parts of the North
Pacific Ocean, forms large individual colonies, and can form
dense thickets (Etnoyer, 2008; Andrews et al., 2009; Serrato
Marks et al., 2017).

Genus Lepidisis Verrill, 1883

Type species.—Lepidisis caryophyllia Verrill,
subsequent designation (Kiikenthal, 1915, p. 119).

1883, by

Lepidisis? sp.
Figure 4

Occurrence.—Lower part of the Pysht Formation, Clallam
County, Washington (UWBM IP loc. B9492). Late Oligocene.

Materials.—Internode fragments, NRM PAL Cn 75269-75271.

Remarks.—All available specimens are only sections of
relatively long and delicate internodes. The largest, ~32 mm
long and 4 mm in diameter, was originally longer, but is
eroded at both ends. It has a small central canal throughout
that is ~0.5 mm across. The other two specimens are hollow;
the larger specimen is 8.4 mm long and ~2 mm in diameter,
with a central canal ~1 mm across; the smaller is ~7 mm long
and 1 mm diameter. Other than conspicuous fluting that
appears to slightly twist along its length, the surface is
smooth. Fossils such as these could be overlooked because of
their superficial similarity to parts of some scaphopod shells,
particularly those with longitudinal sculpture and a
large-diameter central canal. A few scaphopod fragments were
found at the same locality, however, because their sculpture
does not twist along their length, and being aragonitic with a
three-layer structure (Bgggild, 1930; Smith and Spencer, 2016),
they are easy to differentiate from Lepidisis? sp. internodes.
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Figure 5.
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0.2 mm

Pennatulacean octocorals from late Eocene—Oligocene strata in western Washington State. (1-3) ‘Graphularia’ (?) aff. sasai Yabe, 1955: (1) axis with

pitted surface (NRM PAL Cn 75260), early Oligocene, Makah Formation, Sekiu River, Clallam County; (2) nearly smooth axis, crushed on lower end (NRM PAL Cn
75264), late Eocene or early Oligocene, Lincoln Creek Formation, Brooklyn-Oakville road, Grays Harbor County; (3) same specimen as in (1), showing nearly
circular cross section with shallow longitudinal groove in lower right (polished surface, not whitened). (4-8) ‘Graphularia’ sp. represented by small, axial fragments,
Oligocene, lower part of the Pysht Formation, west of Murdock Creek, Clallam County: (4—6) specimen with quadrate or rounded-rectangular cross section (NRM
PAL Cn 75276); (6) close-up on finely striated surface structure; (7, 8) specimen with nearly circular cross section and a radial internal arrangement of crystals (NRM

PAL Cn 75280).

These internodes with a smooth surface, fluted longitudin-
ally, being hollow and showing no indication of any branching,
best fit the diagnostic characters for species of Lepidisis. Only 11
or 12 species of Lepidisis are known, none as fossils, so the spe-
cimens from the Pysht Formation, if correctly identified, are the
first fossil record for the genus. Species of Keratoisis Wright,
1869, also have hollow internodes, but colonies tend to be
more robust and with branches. However, as already noted,
whether colonies branch or not is no longer regarded as a reliable
character for differentiating genera within the Keratoisidinae.

Octocorallia indet.
Figure 3.8

Occurrence.—Pysht Formation, Clallam County, Washington;
UWBM IP loc. B9494. Late Oligocene.

Materials.—One holdfast attached to a small concretion, NRM
PAL Cn 75258, collected by Terry Iversen.

Remarks.—This small holdfast is ~10 mm across, the ‘stem’
was central, with the surface displaying faint radiating
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grooves. It is attached to the outer surface of a small nodule
that is ~70mm long x50 mm wide, containing a small
glendonite. Light-colored, roughly circular places on the
nodule may indicate other areas where holdfasts were once
located. Similar small fossil holdfasts have been described
from Eocene and Oligocene strata in the southeastern United
States (e.g., Giammona and Stanton, 1980; Kocurko, 1988,
1993; Kocurko and Kocurko, 1992, and references therein),
some even attached to mudstone nodules, but most of these
appear smooth and do not seem to have the faint grooves
possessed by the Pysht Formation specimen. Similar small
fossil holdfasts were reported from Paleocene deposits in
Denmark (Nielsen, 1917) and Eocene rocks on Seymour
Island, Antarctica (Stolarski, 1996).

Order Pennatulacea Verrill, 1866

Remarks.—Pennatulacea, originally as a suborder, is most often
attributed to Verrill in 1865, but the publication date of Volume
4 of the Proceedings, and the associated Communications of the
Essex Institute (for 1864—1865) is clearly given on the cover as
1866. The title page of Verrill’s (1866) article states
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“communicated February 29, 1865,” but apparently the actual
year of publication should be cited as 1866 (see Williams,
1999, for additional comments and references).

Suborder and Family uncertain
Genus Graphularia Milne-Edwards and Haime, 1850

Type species.—Graphularia wetherelli Milne-Edwards and
Haime, 1850, by monotypy; Eocene, London Clay, United
Kingdom.

Remarks.—See Batluk and Pisera (1984) and Reich and
Kutscher (2011) for discussion of the genus Graphularia and
reasons why it is considered tentative.

‘Graphularia’ (7) aff. sasai Yabe, 1955
Figure 5.1-5.3

Diagnosis.—Yabe’s (1955, p. 288) diagnosis of ‘G.” (?) sasai
states “...long, straight, and cylindrical, very slightly taper
from one end to the other, and are circular in cross-section.”

Occurrence.—Holotype of ‘G.” (?) sasai, IGPS No. 66353,
from Hokkaido, Japan; Charo Formation (=Tyaro Formation
of Yabe, 1955), possibly also Poronai Formation (Sato [1972],
citing Shimokawara [1963], but this is not in Sato’s list of
references). ‘Graphularia’ (?) aff. sasai, Washington State,
USA; Lincoln Creek Formation (UWBM IP loc. B9493) and
Makah Formation (UWBM IP loc. B9497). Early Oligocene
in Hokkaido, late Eocene to early Oligocene in Washington
State.

Description.—The large specimens from the Lincoln Creek
Formation are, in most cases, preserved in life position,
vertical with respect to bedding, are brown to black in color,
incomplete, but as preserved they can exceed 300 mm in length
and are up to 8 mm in diameter. They are generally circular in
cross-section, with very slight depressions visible on two sides
toward the upper ends. The lower, basal parts appear to end in
a blunt point, as shown in the Makah Formation specimens
(Fig. 5.1). The lower ends display a roughened surface due to
imprints of chimney cells. The surface of the upper parts of the
rods are smoother, but still have a distinct grain almost
resembling a smooth piece of wood. In cross-section, annular
rings are distinctly visible along with radial fibrous structure.
Smaller fragments were found in the sediments surrounding the
larger rods at locality B9493; these are described under
‘Graphularia’ spp. because we are uncertain as to whether
these represent the same species as the larger specimens.

Materials.—NRM PAL Cn 75260, two axial rods in one
concretion from UWBM IP loc. B9497; NRM PAL Cn
7526275264 (all parts of one individual), and 75265, large
axial rods in nodules and siltstone from UWBM IP loc. B9493.

Remarks.—‘Graphularia’ (?) sasai was described based on
fragments of large pennatulacean axes collected from the late
Eocene to early Oligocene Tyaro Formation (Onbetu=
Ombetsu Group) in Japan. These strata are today called the

https://doi.org/10.1017/jpa.2022.5 Published online by Cambridge University Press

Journal of Paleontology 96(3):539-551

Charo Formation and are of early Oligocene age (e.g., Kurita,
2004). According to Yabe (1955, p. 291), the ‘G.” (?) sasai
specimens were preserved in sections of somewhat cylindrical
concretions and apparently in life position, vertical with
respect to bedding. Their large size (sections broken at each
end, but up to 250mm long and 11 mm diameter),
geochronological age, and preservation mode closely match
those of the largest specimens from the Lincoln Creek
Formation. The cross-sections and surface texture of the
specimens from Japan described by Yabe (1955) are similar to
those of the Lincoln Creek Formation specimens, at least in
part. The specimens from Japan (Yabe, 1955, fig. 1) and
Washington (Fig. 5.2, 5.3) are circular in cross-section and
appear relatively smooth. Yabe (1955, p. 288-289) described
the surface of the specimens from Japan as having “very fine
longitudinal corrugations,” but his illustration (Yabe, 1955,
fig. 2) does not have a scale, and the caption only indicated
“greatly enlarged.” The fossil from the Makah Formation
(Fig. 5.1) shows a roughened surface similar in appearance to
the enlarged illustration of ‘G.” (?) sasai, but we are unable to
make direct comparisons at this time. Because the fossils from
Japan and Washington are incomplete, we cannot exclude the
possibility that they all represent different parts of the axis
from the same or a closely related species. Living
pennatulacean species are known to be widely distributed even
across oceanic basins (e.g., Williams, 2011) so it would not
be surprising to find the same species inhabiting both sides of
the North Pacific Ocean during Paleogene time. ‘Graphularia’
(7 sasai was also listed by Sato (1972, table 1), citing
Shimokawara (1963) as the source of the record, from the late
Eocene Poronai Formation on Hokkaido, but these specimens
were not described, and it is not clear whether these were the
same specimens described by Yabe (J. Nemoto, IGPS,
personal communication, 2021).

Large pennatulacean axes have been described from
Cenozoic strata of Australia and New Zealand. One species,
‘Graphularia’ senescens Tate, 1877, originally considered to
be a belemnite, is synonymous with ‘Graphularia’ robinae
McCoy, 1877, from southern Australia, and apparently abun-
dant, according to McCoy (1877), in some sections of the late
Oligocene Jan Juc Marl near Waurn Ponds near Geelong, and
a place called ‘Bird Rock Bluff.” Both species were from the
same Waurn Ponds locality, with ‘G.” senescens being pub-
lished in February 1877, and ‘G.” robinae in September 1877;
we consider them to be the same species. Although ‘G.” senes-
cens is similar in size (length more than 300 mm, diameter up to
12 mm; McCoy, 1877) to ‘G.’ (?) sasai from Japan and ‘G.” (?)
aff. sasai from Washington State, ‘G.” senescens becomes dis-
tinctly quadrangular in the assumed upper portions, described
as “square bones” by quarrymen (McCoy, 1877; Tate, 1877).
No mention was made as to whether the Australian specimens
were preserved in life position. From several different localities
in late Eocene to early Miocene strata in New Zealand, large
pennatulacean axes named ‘Graphularia’ longissima Squires,
1958, were described as circular in cross-section in the lower
(= basal) portion, being subquadrangular in the upper part,
and up to at least 300 mm long and 13 mm in diameter. The pat-
tern of pits on the more basal part of ‘G.” longissima (Squires,
1958, pl. 2, fig. 15) is similar to ‘G.” (?) aff. sasai from the
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Makah Formation (Fig. 5.1, 5.3); no mention was made as to
whether ‘G.” longissima was preserved in life position.

Larger sea pen axes, such as ‘G.” (?) sasai from Japan and
‘G. (7) aff. sasai from Washington, have good potential for
preservation in life position, at least for the basal part of the
axis. Some sea pens have axial rods up to 2 m long, with up to
one-fourth of that length embedded in the sediment already
(e.g., Greathead et al., 2007). In some species, the basal portion
of the axis is also more heavily calcified as well (de Moura
Neves et al., 2018), which would presumably also enhance
their preservation potential. We suspect that these fossil axes
may be relatively common in Cenozoic strata in western Wash-
ington, but have been overlooked and assumed to be burrows,
plant stems, or inorganic structures (i.e., glendonites). Over a
period of 30 years, ~30 specimens of ‘G.” (?) aff. sasai have
been collected from locality B9493; most were discarded
because they were assumed to be burrows and others lost to per-
sonal collections, with all but one oriented vertically with
respect to bedding (LSG, personal observation).

‘Graphularia’ spp.
Figure 5.4-5.8

Occurrence.—Western Washington State, USA; lower part of
the Lincoln Creek Formation in Grays Harbor County
(UWBM IP locs. B9493-B9496); Pysht Formation, Clallam
County (UWBM IP locs. B9490 and B9492). Late Eocene to
Oligocene.

Materials.—Lincoln Creek Formation: NRM PAL Cn 75273,
fragments with circular cross-section, UWBM IP loc. B9496;
NRM PAL Cn 75274, three fragments from UWBM IP loc.
B9495; NRM PAL Cn 75275, several fragments from UWBM
IP loc. B9493. Pysht Formation: NRM PAL Cn 75272 (lot of
6 fragments), NRM PAL Cn 75276 (quadrate fragment,
Fig. 5.4-5.6), NRM PAL Cn 75280 (fragment with circular
cross-section, Fig. 5.7, 5.8), UWBM 115703 (one rod
fragment, quadrate in cross-section), UWBM 115704—-115708
(five rod fragments, circular in cross-section), all from
UWBM loc. B9492; NRM PAL Cn 75281, rod fragment in
coarse matrix, UWBM IP loc. B9490.

Remarks.—Associated with large specimens identified as ‘G.’
(?) aff. sasai at locality B9493 were fragments of small sea
pen axes up to 2.5 mm in diameter, and >5 mm long, chalky
and white in color. These have no distinguishing characters,
other than being circular in cross-section and composed of
layers of radial calcite. Small fragments were also found in the
lower part of the Lincoln Creek Formation on Porter Creek
(loc. B9496), and near Malone, Washington (loc. B9495).
Because these are all from the same part of the Lincoln Creek
Formation and all are circular in cross-section, it is possible
that they are fragments of juvenile ‘G.” (?) aff. sasai, but we
cannot be certain at this time.

On the north side of the Olympic Peninsula, locality
B9492, in the Pysht Formation in Clallam County west of
Murdock Creek, produced 24 specimens, all small fragments
<10 mm long and <2 mm in diameter. These differ from the Lin-
coln Creek Formation specimens in that while some are circular
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in cross-section, others are slightly flattened or distinctly quad-
rate. A few of the smaller quadrate fragments have a central
groove on each flat side. Even though fossils of sea urchin spines
of similar size to the sea pen axis fragments are found together at
this locality, it is easy to differentiate them; urchin spines are
composed of minutely porous stereom, whereas the sea pen
axes are solid, composed of annular layers of calcite, which in
cross section appears similar to rings of a tree along with radial
calcite. One specimen (NRM PAL Cn 75281, from locality
B9490) is a rod, circular in cross-section, 17.5 mm long (missing
~2mm near one end) and 1.8 mm in diameter, preserved in
coarse matrix with a small shark tooth and bivalve fragments.
Fossils of small sea pen axes such as these from elsewhere in
the world are placed in various species within the genus ‘Gra-
phularia’ (e.g., Branco, 1885; Nielsen, 1917; Yabe and
Sugiyama, 1937; Shapiro and Ramsdell, 1965; Baluk and
Pisera, 1984; Mel’nikov et al., 2006; Reich and Kutscher,
2011). The Pysht Formation specimens are not complete enough
to assign to species, but they do indicate that there is some pre-
viously unrecognized pennatulacean diversity preserved within
these strata.

Discussion

Alcyonacea.—The specimens of Isidella sp. and Lepidisis? sp.
of the Isididae, and Radicipes? sp. of the Chrysogorgiidae
reported here are the first confirmed fossils of the Alcyonacea
from north of California in western North America. Estimated
divergence times among Cnidaria using a time-calibrated
molecular phylogeny (Park et al., 2012) indicate that the
Isididae diverged from other Alcyonacea at the base of the
Jurassic, with error margins ranging from the Carboniferous to
the early Cretaceous. Fossil calibration points for the Park
et al. (2012) time tree were the splits between three pairs of
genera of scleractinian corals, based on data from Veron et al.
(1996), and did not include any fossil Octocorallia. In the
time-calibrated molecular tree of the Anthozoa, Quattrini et al.
(2020) and McFadden et al. (2021) pushed the split of the
calcaxonian families Isididae and Chrysogorgiidae even
further back in time, to the early Triassic. The fossil
calibration points for these trees included an early Miocene
record of Keratoisis internodes from New Zealand (Hayward,
1977). These estimated early origins of Isididae and
Chrysogorgiidae are at odds with the fossil record, with the
first holdfasts and corallia assignable to the Isididae appearing
in the Late Cretaceous (Voigt, 1958; Matecki, 1982; Zitt and
Nekvasilovd, 1993; Schlagintweit and Gawlick, 2009; Borszcz
et al.,, 2013; Loser, 2015), and the Oligocene record of
Chrysogorgiidae reported here.

Pennatulacea.—Frond-like fossils as old as the Ediacaran had
been attributed to the Pennatulacea (Glaessner and Wade,
1966; Jenkins, 1985; Waggoner and Collins, 2004), although
more recent re-analyses of their morphologies questioned
these interpretations (Antcliffe and Brasier, 2007, 2008).
Quattrini et al. (2020) used a time-calibrated molecular
phylogeny to date the split of Pennatulacea from the
remaining Calcaxonia-Pennatulacea clade to the Late
Devonian, and suggested an origin of their high-Mg calcite
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axes in the early Paleozoic calcite seas. The fossil record of
high-Mg calcite axes of the crown Pennatulacea, however,
only reaches back to the Late Cretaceous (Voigt, 1958;
Antcliffe and Brasier, 2008; Reich and Kutscher, 2011). This
is notably younger than the molecular age estimates. The
fossils to calibrate the dates in the phylogeny of Quattrini
et al. (2020) did not include any Pennatulacea; the only
calibration point among the entire Octocorallia was an early
Miocene record (Hayward, 1977) of the isidid Keratoisis from
New Zealand.

Another time-calibrated molecular phylogeny, with focus
on Pennatulacea and using the early to middle Eocene record
of Virgularia presbytes Bayer, 1955, from the Pointe-a-Pierre
Formation in Trinidad as a calibration point, indicates an Early
Cretaceous origin of the Pennatulacea (Garcia-Cardenas et al.,
2020). However, the Eocene record of V. presbytes has been
shown to be a trace fossil instead of an octocoral (Héntzschel,
1958). Despite this invalid calibration point, the suggested
Early Cretaceous origin of the Pennatulacea is in much better
agreement with the fossil record than the early Paleozoic origin
indicated by Quattrini et al. (2020) and McFadden et al. (2021)
and is consistent with an origin of pennatulacean high-Mg calcite
axes within a time of calcite seas (Balthasar and Cusack, 2015).

Although fossil pennatulacean axes are relatively common
in Europe, the only Cenozoic fossils previously reported from
the North Pacific basin are from Japan (Yabe and Sugiyama,
1937; Yabe, 1955). The late Eocene to Oligocene specimens
of ‘Graphularia’ (?) aff. sasai and ‘Graphularia’ spp. from
Washington State are the first fossil records from the eastern
North Pacific and extend the geographic range of ‘Graphularia’
considerably.
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Appendix: Localities cited

UWBM IP B9490.—Lower part of the Pysht Formation, late?
Oligocene. Thin conglomerate layer made up of broken,
crushed, and abraded invertebrates, reworked concretions,
rip-up clasts, and cetacean bones exposed on point on south
shore of the Strait of Juan de Fuca, ~675 m west of the eastern
edge of Sec. 19, T.31N., R.9W., Clallam County, Washington.
GPS coordinates: 48.16126°N, 123.88029°W. Collectors: J.L.
and G.H. Goedert, 30 July 1983.

UWBM IP B9491.—Lower part of the Pysht Formation, late?
Oligocene. Float from strata with some contorted bedding, just
below a sequence of thin-bedded turbidites(?), from beach
~565 m west of the eastern edge of Sec. 19, T.31N., R.9W.,
Clallam County, Washington. GPS coordinates: 48.15971°N,
123.87912°W. Collector: J.L.. Goedert, 17 April 2006.

UWBM IP B9492.—Lower part of the Pysht Formation, late?
Oligocene. Cliff along beach, just northwest of old WWII
observation post, Sec. 19, T.3IN., RI9W., Clallam County,
Washington. GPS coordinates: 48.15969°N, 123.89223°W.
Collector: J.L.. Goedert, 26 May 2020.

UWBM IP B9493.—Lincoln Creek Formation, late Eocene—
early Oligocene. Roadcut on north side of the Brooklyn-
Oakville road, SW% SWY% Sec. 12, T.15N., R.6W., Grays
Harbor County, Washington. GPS coordinates: 46.79288°N,
123.38820°W. Collectors: L.S. Guthrie and J.L. Goedert, 1
July 2020.

UWBM IP B9494.—Pysht Formation, late Oligocene. Float,
nodule from slumped mudstone in toe of landslide, extreme
southwestern corner of Sec. 19, T.31N., R.9W., Clallam
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https://doi.org/10.1371/journal.pone.0022747
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Goedert et al.—Paleogene octocorals from Washington State

County, Washington. GPS coordinates: 48.160316°N,

123.921031°W. Collector: T. Iversen, 2018.

UWBM I[P B9495.—Lincoln Creek Formation, late Eocene—
early Oligocene. Roadcut in SE% Sec. 10, T.17N., R.5W., near
Malone, Grays Harbor County, Washington. GPS coordinates:
46.970256°N, 123.289007°W. Collector: J.L.. Goedert, 2012.

UWBM I[P B9496.—Lincoln Creek Formation, late Eocene—
early Oligocene. East bank of Porter Creek, SW'% of Sec. 11,
T.17N., R.5W., Grays Harbor County, Washington. GPS
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coordinates: 46.9694°N, 123.2775°W. Collectors: J.L. and
G.H. Goedert, 16 September 1995.

UWBM [P B9497.—Makah Formation, early Oligocene.
Concretion found as float on beach terrace ~350 meters
northwest of the mouth of the Sekiu River, NEV Sec. 8, T.32N.,
R.13W., Clallam County, Washington. GPS coordinates:
48.2914°N, 124.3991°W. Collector: J. L. Goedert, 29 April 2009.
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