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A PRELIMINARY REPOR'r ON 1.'HE 'l'ERTIARY 
PALEONTOLOGY OF WESTERN WASHII\GTON. 

INTRODUCTION. 

The purpose of this paper is to record as briefly as possible 
the purely scientific facts concerning the T ertiary Palaeon­
tology of ,ivestern Washington. A short account is given of 
the character and distribution of the several divisions of the 
Tertiary and their faw1tis. A northwestern Tertiary province 
is recognized and an attempt is made to interpret its history 
from the cJose of the Cretaceous to the present time. A total 
T ertiary invertebrate marine fauna of two hundred and forty­
six species bas been discovered. Eighty-four of these Me new 
and are described and figured for the first time. This report 
is preliminary to a more detailed one, which will appear later 
accompanied by maps and a discussion of the economic geology 
in relation to the occurrence of oil. 

The field work upon which this report is based has been 
canied on by the writer at intervals during the past five years. 
During the summer of 1911 four months were spent in the field 
studying and mapping the !l.l'eal geology of southwestern V\' ash­
ingtou and a strip along the coast from Gray's Hnrbor north­
ward to Cape Flattery and thence along the north c;i<le of the 
Olympic P eninsula to Port Angeles. Previous to that year a 
study had been made of all the bed rock outcl'Ops occuning in 
the Puget Sound Basin anrl the Qnimper Peninsula. During 
the summer of 1911 the writer was assisted in this work by 
Messrs. Charles R. F ettkc, Donald Ross, T. A. Bonser and 
Olaf Stromme. The specific determination of the fossils were 
made by the writer in the Palaeontology laboratory of the 
Univenity of California. The types of the new species desc1·ibed 
in this report arc in the Pah\eontological collections of the Uni-
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versity of Washington. The writer wishes to express his ac­
knowledgements to all who have aided in this work and espe­
cially to rrofessor John C. l\lerrinm and l\Ir. Bruce Clark of 
the Palaeontology D epartment of the University of California, 
who kindly placed at his disposal their collections and library 
facilities. 

STRATIGRAPHY. 

GENERAL STATEMENT. 

The Tertiary fornHttioni-l of western Washington are com­
po ed of non-metarnorphosecl sedimentary and igneous rock. 
which rest unconformab]y upon an older complex series of ig­
neous and metamorphic rocks. The T ertiary sedimentary for­
mations comprise materials deposited in lake basins, brackish 
water estuaries and 1111trine basins. Those of lacustrine origin 
arc confined almost entirely to eastern Washington and the 
eastern portion of the Cascade Moun to.ins. The deposits in the 
"·estern foothills of the Cascades are for the larger part of 
estuarine origin, while those in southwestern Washington and 
the Puget Sound Basin ine mostly marine. The total maximum 
thickness of the Tertiary formations in western Washington is 
over thirty-four thousand feet. This thickness, however, is 
not represented in any one continuous section. The strata are 
for the most part involved in a complex series of fo]dc;. In 
southwestern W a hington the entire structure can be referred 
to two exceedingly complex westerly pitching geosynclines. 

PRE-TERTIARY BED ROCK COMPLEX. 

ln every locality where the contact between the Tertiary 
and older formations may be observed there is a marked uncon­
forn1ity. These older rocks compose the entire central core of 
the Olympic Peninsula, the San Juan Islands and the bulk of the 
northern portion of the Cascade Mountains. In the southern 
portion of the Cascades the older rocks pass beneath a thick 
covering of Tertiary lavas. They do uot occur in southwestern 
VVashington, but seem to pass down below sea level from the 
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southern foothills of the Olympic Mountains m1 til they again 
reappear in the northern foothills of the IGamath :Mountains 
of southern Oregon. Isolated occurrences, however, may occur 
in the no1-thern coast ranges of Oregon. The older rocks rep­
resent a series of sandstones, shales, limestones, conglomerates, 
interbe<lded volcanic tuffs and lavas "·hich have heen extensively 
metamorphosed, largely as tl1e result of numerous intrusions 
of acidic and basic magmas. The intrusions of igneous magmas 
seem to have occurred at or near the close of the Jurassic. 

The metamorphic rocks belong largel_v to the Carboniferous, 
Triassic and Jurassic, and bear a very striking resC'mbhrnce 
to tl1e Franciscan formation of California and sou them Oregon. 

On tl1e northern sho1·e of Vancouver Ii-h\lld and on the north­
ern fringe of the San Juan Islands the Upper Cretaceous occurs 
resting unconformably upon the older metamorpl1ic complex. 
These rocks are not metamorphosed. The Lower Cretaceous 
is absent. No deposits of Cretaceous age are definitely known 
to exist in any other part of westem Washington, although they 
may lie deeply buried beneath the later Tertiary formations. 

TERTIARY FORMATI ONS. 

The following subdivisions have bee.n made of the Tertiary 
formations in western Washing ton : 

Pleistocene­

Pliocene-wan ting. 

{ 

Upper .... . . { Montesano formation. 

Miocene.......... 

1 
Chehalis formation. 

Lower. . . . . Wahkiakum formation. 
Blakeley formation. 

Oligocene ........ { Lincoln formation. 

{ 1 Tejon formation .... { Puget. 
Upper ...... C rtz f at·o Brackish ow I orm l n. . water group 

Lowe1~wan Ung. 

Eocene ......... . 
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EOCENE. 

GENERAL S'.l'A'l'EllE:-IT. 

The Eocene of western Washington consists of two divisions, 
an older which is provisionally termed the Cowlitz formation, 
and a later one whic11 is distinctly T ejon. Both belong to the 
t Tpper Eocene. The rocks composing these formations are 
sandstones, shales, conglomerates and subordinate amount of 
shaly limestone, together with numerous intercalated layers of 
tu-ff and basaltic lava. The sediments are partly of marine 
and partly of brackish water origin. The former premil in 
the western part of the area examined and the latter to the 
ea.st, on the western slopes of the Cascades. Eocene strata 
form the surface outcrops over an area of about 4,000 square 
miles. This area would be much larger if the thick veneer of 
glacial drift in the Puget Sound Basin were to be stripped off. 

The form11.tions outcropping in the Cowlitz Valley from the 
Columbia River northward into Thurston County are Eocene. 
They arc partly marine and partly brackish water deposits. 
In western Lewis, Cowlitz, ,v ahkiakum, eastern Pacific, Che­
halis and western Thurston counties, the marine sediments pre­
vail. To the east they thin out and are replaced by brackish 
water and occasionally fresh water materials. West of the 
Cowlitz River marine sediments prevail. In Pierce nncl King 
counties they attain a thickness of over eight thousand feet. 
They have been described ns the Puget Group• which is the coal 
bearing horizon of western W ashington. The Puget formation 
is composed exclusively of brackish water sediments together 
with interbcdded lava flows. It extends eastward into the Cas­
cade )fountains and passes unconformably beneath later :i.\l io­
cene and Pliocene lava flows. The first Eocene deposits to re­
appear on the eastern margin of these later T ertiary lavas are 
a part of the Roslyn formation which is coal bcari1ig and be­
longs to the upper portion of the Eocene. These deposits are 
regarded as lncustrinc in ong111. The maximum thickness of 
the Eocene is at least ten thousand feet. In the type i;ections 

•Tacoma Folio No. 54, U. S. Geological Survey. 
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where detailed stratigraphic sections have been made, the base 
of the series has not been reached. In Pierce County the Puget 
group has been dh,ided into a thrce-f old division on the basis 
of its Iithologic character. There it has a thickness of at least 
nine thousand feet. In King County stratigraphic meaimre­
ments give a thickness of nearly eight thousand feet of sedi­
ments which may also be divided into three divisions. In the 
western part of King County, south of Seattle, these brackish 
water sediments become partially ma.Tine and yield a distinctly 
Tejon fauna. South, in Lewis County, distinctly Tejon marine 
faunas occur interbcdrlcd witl1 the brackish water beds. 

In southern Lewis County, cast of Little Falls, there e:-.._'ist 
shales and sl1aly limestones containing a fauna seemingly older 
than the typicnl Tejon, but more closely related to it than to 
the Martinez or Lower Eocene of California. A very large num­
ber of the species tne new and the fauna may 1·epresent a transi­
tion from the }lartinez to the rl'ejon-a fauna which as yet is 
unknown in California. In order to distinguish this from the 
typical T ejon, the tern1 Cowlitz formation is suggested. 

The basaltic lavas and tuffs occurring withi11 the Eocene 
of western Washington have a thickness ranging from fifteen 
hundred to bvo thousand feet. They do not constitute a single 
flow but rather a series of flows poured out on the sea floor at 
intervals during the deposition of the sediments. They vary in 
thickness from point to point. l\Iuch of this material is tuf­
faceous and agglomeratic and for the most part ha,, been forced 
up from below through numerous fissures and small vents 
rather than through large central volcanic cO'l1es. 

During the T ejon, volcanic activity prevailed over all of 
western Washington with the exception of the central and north­
western portion of the Olympic Peninsula. The same may be 
said concerning the Coast Ranges of northwestern Oregon. 
With one or two local exceptions, no volcanic materials are 
found associated with any of the Oligocene or Miocene strata in 
western Washington. In the Cascades and eastern Washing­
ton the.v constitute the larger part of the later Tertiary. 
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COWLITZ FORMATION. 

The Cowlitz formation contains the following fauna: 

PELECYPODA. 

Barbatia morsel Gabb 
Cardium brewer! Gabb 
Card!um cooperi Gabb 
Corbula sp. 
Crassatella wasbingtoniana n. sp. 
Crassatella cowlitzensis n. sp. 

Meretrlx olequahensls n. sp. 
Ostrea fettkei n. sp. 
Pecten cowlltzensls n. sp. 
Plauconomla inornata Gabb 
Venericardta alticosta Gabb 
Venericardia planicosta Lamarck 

GASTER.OPODA. 

Anclllaria bretzii n. sp. 
Cassidaria washlngtoniana n. sp. 
Conus cowlitzensis n. sp. 
Cyllchna costata Gabb 
Fusus lewtsens!s n. sp. 
Fusus d!ckersonl n. sp. 
Fusus wash!ngtonlana n. sp. 
Galerus exceutricus Gabb 
Heml[usus sopenahensls n. sp. 
Hemtfusus cowlitzensls n. sp. 
Hemifusus lewisensis n. sp. 
Hemlfusus tejonensis n. sp. 
Hemlfusus washingtoniana n. sp. 
Fasciolarta washingtoniana n. sp. 
Lunatla leWisii Gould 

Murex sopenahensis n. sp. 
Murex cowlltzensls n. sp. 
Mitra washingtoniana n. sp. 
Morio tuberculatus Gabb. var. 

tr!tuberculatus n. var. 
Nassa eocenlca n. sp. 
Nassa packardi n. sp. 
Naticinia obllqua Gabb. 
RaneUa wash!ngtoniana n. sp. 
Ranella cowlitzensis n. sp. 
Ramllla canalifera Gabb var. 

elongata n. var. 
S!rcula cowlitzensis n. sp. 
Triton!um sopenahensis n. sp. 
Turr!tella uvasana Conrad. 

l3RACHYOPODA. 

Rhynconella washingtoniana n. sp. 

SHARK'S TEETH. 

There is a total of forty-five species occurring in this f orma­
tion. Out of the total fauna thirty are new species. The base 
of this formation is unln1own. Its known thickness is at least 
five hundred feet. Future studies may show this to be really 
a part of the Tejon formation. 

TlllJON FORMATION. 

The T ejon formation contains the following fauna: 

Barbatia morsel Gabb. 
Cardium brewer! Gabb. 
Cardium olequahensis n. sp. 

PELECYPODA. 

Ostrea ldriaensis Gabb. 
Ostrea olequahensis n. sp. 
Pecten peckhaml Gabb. 
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Crassatellites grandis Gabb. 
Corblcula cowlitzensis n. sp. 
Corbicula euraulaensis n. sp. 
Leda gabbi Conrad. 
l\leretrix landesl n. sp. 
1\Jeretrlx horn! Gabl>. 
Meretrlx ovalls Gabb. 
Meretrlx uvasana Conrad. 
Modlola omata Gabb. 
Nerverita subglobosa Gabb. 

Planconomia lnornata Gabb. 
Pectunculus eocenlca n. sp. 
Pectunculus eocenica n. sp. var. 

landesl n. var. 
Pectunculus Lejonensls n. sp. 
Pectunculus saglttata Gabb. 
Solen parallelus Gabb. 
Tapes washingtonlana n. sp. 
Tellina horni Gabb. 
Venerlcardia planlcosta Lamarck. 

GAS'l'EROPODA. 

Aroauropsis alveata Conrad. Fusus sp. 
Brachysphingus clarkil n. sp. Potamldes lewlsensls n. sp. 
Cyllcbna costata Gabb. Potamides rettke! n. sp. 
Ficus mammllatus Gabb. Potamides carbonlcola Cooper. 
Fnsus remondi Gabb. Turritella uvasana Comad. 

SC,\PHA POD • .\ . 
Dentalium cooper! Gabb. 

This fauna is characteristic wherever the marine Upper 
Eocene is found. It is typically Tejon and it seems best to 
retain that formational name within this state. The stntta 
involved in the P uget formation are the brackish water equiva­
lents of the marine T ejon. The Tejon is widely distributed 
and composes practically all of the Eocene outcrops in western 
Washington. Indirect evidence suggests its correlation with 
the Roslyn formation of eastern Washington. The data bea1·­
ing upon this subject will be presented in a future p aper. 

OLIGOCENE. 
GIDNERAL STATEl'.\IENT. 

In southern Thurston County strnta occur containing a 
fauna having a very c1ose relationship to the Tejon below. 
No distinct unconformity can be recognized. So far as ob­
served the strata arc entirely of marine origin. T he known area 
is so small that it has not been represented upon the accompany­
ing map. The best exposures outcrop on Lincoln Creek near 
the boundary line bet\\Teen Lewis and Thurston counties. T he 
total thickness is less than one thousand feet. Upwards it 
grades into the Porter shales which a.re correlated "'ith the 
lower portion of the Blakeley formation in the type section in 
Kitsap County. Many of the species occurring at Lincoln 



16 Bulletin No. 15, Washington Geological Survey 

Creek arc identical "~th those at Porter, but the fauna as a 
whole contains a larger percentage of distinctly T ejon species. 
These strata may be designated as the Lincoln formation. So 
far as the writer has been able to ascertiiin they are marine 
deposits which as yet have not been definitely recognized at any 
other locality on the coast. 'l"'hey seem to correspond to the 
time inten·al repre. ented by unconfonnities elsewhere. Litho­
logically they are largely composed of shales or sandy shales 
with a very little sandstone and no volcA.nic material. Volcanic 
actiYity in western W a hington cerns to ha vc entirely ceased at 
the close of the Eocene. 

In the type section of the Blakeley formation at Restoration 
Point, there is a series of shales and s~tndy shales which ai·e non­
fossiliferous and lie bclow the fossiliferous beds at Port Blake­
ley and which seem to rest upon an old basaltic mass of probable 
Eocene age which may possibly correspond to the fossiliferous 
beds in the Lincoln formation. These outcrop on the south side 
of Sinclair Inlet opposite Seattle. In the thick series of sedi­
ments exposed in the Cape FJattery section there are about 
5,000 feet of non-fossiliferous shales and sandy shales. These 
underlie the thick massive conglomerates forming the backbone 
of the Cape and arc above the old :\lcsozoic metamorphic mass 
which c~>nstitutes Portage H ead. The e beds also may repre­
sent those nt Lincoln Creek but at present there is no definite 
evidence to make such a correlation. 

The following list of species con titutes the fauna character­
i:;tic of the Lincoln formation : 

PELECYPODA. 

Anomla cf subcostata Conrad. Pecten porterensis n. sp. 
Leda gabbi Conrad. Solen conradl Dall. 
Marcia oregonens!s Conrad. 
Meretrix uvasana Conrad. 

Solen parallelus Gabb. 

GASTEROPOUA. 

Pleurotoma fresnoensis Arnold. Pleurotoma l!ncolnensis n. sp. 

CEPIJ.ALOPOUA. 
Aturia angustata Conrad. 

BRACHIOPODA. 
Terebratula oakvillensis n. sp. 
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POST EOCENE. 
GENERAL STATEMENT. 

The i\Iiocene is distinctly separated into an upper and lower 
division by a well marked unconformit.r. The lo,~·er division is 
widely distributed. is mtirine, and can be subdivided into three 
formittions on a stratigraphic, lithologic, and fauna basis. I t 
has a maximum thickness of twenty thousand feet. The Upper 
1\Iiocene is restricted to two smal1 1irens, has a thickness of 
five thousand feet and a large and distinctive fauna somewhat 
similar to tJ1c San Pablo of California. 

The Lower :Miocene deposits are by far the best developed and 
constitute a large part of the nreal geology from the Columbitt 
River northward to the southern foothills of the Olympic l\Ioun­
tains and extend also as a narrow belt around the central core 
of those mountains. Where not <·overed over with glacial 
drift they outcrop in the Puget Sound Basin and in the lower 
foothills of the Cai-cades. The Lower 1\Iiocene may be divided 
into three divisions which 1m1y he termed the Blakeley, Wahkia­
kum and C'hehalis formations. Those deposits in the Upper 
Miocene may be designated as the ::\Iontesano formatio11. 

No Pliocene deposits nrc known. 

LOWER MIOCENE. 

BLAKELEY FORll!ATTON. 

The type section of this formation occurs at R estoration 
Point, Kitsap County, opposite Seattle, and consists of about 
eight thousand feet of shales and alternating beds of shales and 
sandstones overlaid with nearly one thousand feet of conglom­
erates which are non-fossiliferous. The Blakeley beds are ex­
posed in part at Alki Point, Georgetown, the Newcastle Hills, 
Cathcart, t11e Quimper Peninsula, in Chehalis County, and at 
various points along the Strait of Juan de Fuca. At all of 
these localities the rocks contain a similar fauna. In tl1is re­
port the Cape Flattery section is regarded as Lower J\fiocene 
but has not been differentiated into t11rcc divisions; nevertheless 
a large part of it corresponds to the Blakeley bed-; at Restorn-

-2 
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tiou Point. These strata have been considered Oligocene, or 
at least -in part Oligocene, but with the dtita now at hand the 
writc1· feels wanantcd in placing them in the Lower ~Iioccne. 
vVhen a definite understanding has been anivcd tit as to what i 
to corn,titute the Oligocene it may be possible to assign them 
permancntl.Y to that period. rrhc following ftiuna is char­
acteristic of the Blakeley formation : 

P.ELECYPO DA. 

Carrllum cooper! Gabb var. 
Jorenzianuru Arnold. 

Cardlum vaqueroensis Arnold. 
Chione cathcartensls n. sp. 
Crenella porterenEls n. sp. 
Macoma calcarea Gmelin. 
J\'facoma moliana Dall. 
Marcia oregonensis Conrad. 
Mod!olus inllatus Dall. 
Modiolus dil'ectus Dall. 
MyUllus sUJJaguamishensls n. sp. 
. Mytillus sammamishensls n. sp. 
Mytillus snohomlshensis n. sp. 
l\lacoma snohomishensis n. sp. 
Malitla chehalisensis Arnold. 
Nucula dalli. 

Nuc11la gettysburgensis Reagan. 
Ostrea veatchli Gabb. 
Pecten pecltbami Gal>\,. 
Pecten fucanus Dall. 
Pecten propatulus Conrad. 
Pecten coosensia Shumard. 
Phacoldes acuUllneatus Conrad. 
Solemya ventricosta Conrad. 
Tellina oregonensis Conrad. 
Telllna coojesta Conrad. 
Tereclo sp. 
Thracia trapezoidea Conrad . 
Thyasira bisecta Conrad. 
Yoldia submontereyensis Arnold. 
Yoldia sammamishensis n. sp. 

SCAPHAPODA, 
Dentalium Conradi Dall. 

GAST.EllOPOD,\, 

Ampulina oregonensis Dall. 
Astraea sp. 
Chlorostoma arnoldi n. sp. 
Caliostoma delazinensis n. s1,. 
Chrysodomus rect1·orostris Car· 

penter. 
Chrysodomus clallamensis n. sp. 
Drillia chebalisensis n. sp. 
Epitonium condoni Dall. 
Epitonium oregonensis Dall. 
Epitonium rngiferum Dall. 

Epitonium petrosum. 
Eudolium petrosum Conrad. 
Fusinus coosensis Dall. 
Fnsus stanfo1·densis. 
Miople1ona indurata Conrnd. 
Pleurotoma fresnoensis Arnold. 
Pleuroton1a wasbingtoniana n. sp. 
Scaphander oregooensls Dall. 
Turritena blakeleyensis n. sp. 
Turritella porterensis n. sp. 
Turcicula washingtoniana Dall. 

CEP .lIALOPODA. 
Aturia angustata Conrad. 

'ECR1N0DERMATA. 
Cidaroid spines. 
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CR CST ACEA. 
Crabs (very abundant). 

WORM l30RINGS. 

PLAN'£ R.£1\LUNS. 

WABKWCC~[ FO!UUTIO:X. 

Certain strata occu1Ting on the north side of the Columbia 
RiYer in Wahkiakum County near the head of the Alockaman 
RiYer have a founll quite different from that characteristic of 
the Blakeley fo1·mation. These strata consist of approximately 
four thousand feet of sandstones, shales and grits, with sand­
stones predominating. They rest unconf ormably upon a series 
of shale:, whose fauoal position cannot be definitely ascertained, 
although it seems to correspond to the Blakeley and the Astoria 
in Oregon. It is largely covered with Pfoistocene sands and 
gravels. These beds seem to be most closely related to the lower 
Monterey of California. The following species have been found 
in this formation. · 

PELECYPODA. 

Arca montereyana. 
Cbione securls Shumard. 
Diplodonta paraJls Conrad. 
Leda acuta Conrad. 
Mactra coallngensis Arnold. 
Marcia oregonensis Conrad. 
Macrocalllsta vespertlna Conrad. 
Nucula gettysburgensls Reagan. 
Nucula conradi Meek. 

Nucula dal11. 
Pecten propatulus Conrad. 
Pecten alockamanensis n. sp. 
Phacoldes acutlllueatus Conrad. 
Soleu conradl Dall. 
Splsula albarla Conrad. 
Tellina albarla Conrad. 
Tbracia trapezoidea Conrad 
Yoldla strlgata Dall. 

SCAPHAPODA. 
Dentallum Conradi Dall. 

Calyptraea fllosa Gabb. 
Fusus stanfordensls. 
Fusinus coosensis Dall. 

Aluria augustata Conrad. 

GASTEROPODA. 

Cuma blpllcata Gabb var. quad· 
ranodosum n. var. 

Crepidula princeps Conrad. 
Strepsldura oregonensis Dall. 

CE PII,\ LOl'ODA. 

CirnHAUS I•' OR:\lATIOX. 

Certain strati\ possessing a fairlJ constant }jthologic char­
acter and a fairly distinct fauna occur in the hills south of the 
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Chehalis River in Chehalis County. These are designated as 
the Chehalis formation. They aTe prevailingly sandy shales and 
shaley sandstones, the former predominating. They have a 
characteJ:istic gray to brO\vinsh gray color and a maximum 
thickness of about seven thousand feet. They rest unconform­
ab]y upon the Blakeley formation as well as beneath the Upper 
l\liocene sandstones although in one locality the upper portion 
of the formation may be transitional into the Upper Miocene. If 
so this portion represents sediments deposited during the time 
interval between the Lower and Upper Miocene. A part of the 
fauna ranges down into the Blakeley and a part up into the 
Upper Miocene, yet there nrc many species which are distinctive 
of these strata only. It is quite possible that these beds may be 
the equivalent of the upper 1\Ionterey of California. The follow~ 
ing fauna occurs in this formation: 

PELECYPOO.\. 

Leda chehalisensis n. sp. 
Macoma wynootcheensis n. sp. 
Macoma calcarea Gmelin. 
Mytilus inflatus. 
Nucula dalli Arnold. 
Nassa andersonl n. sp. 
Pecten coosensls Shumard. 

Phacoldes acutillneatus Conrad. 
Phacoldes annulatus. 
Solemya ventricosta Coorad. 
Spisula albaria Conrad. 
Thracla trapezoidea Conrad. 
Tbyasira blsecta Conrad. 
Venerlcardla chehallsensis n. sp. 

GASTEROPODA. 

Argobuccinium cammanl Dall. 
Argobucclnlum coosensis Dall. 
Chrysodomus cla11amensis n. sp. 
Cryptomya oregonensis Dall. 
Ficus claUamensls n. sp. 
Ficus n. sp. 

Liomesus sulcatus Dall. 
Natica oregonensls Conrad. 
Polynlces lewisl Gould. 
Tunis wynootchensls n. sp. 
Turrls cammani Dall. 
Turris coosensls Dall. 

CEPHALOPODA. 
Aturla angustata Conrad. 

Dentallum conradl Dall. 
SC A PlIAPODA. 

PLANT RE11CAINS. 

UPPER MIOCENE. 

MONTESANO FORMATlON. 

Strata of Upper l\liocene age outcrop in Chehalis County, 
north of the Chehalis River, in the vicinity of Montesano. They 
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consist ]argcly of massive coarse-grained sandstones of a light 
brown color containing many intercalated lenses of conglom­
erate and grit. Shales, while subordinate in the lower portion of 
the formation, are common in the upper. Thesc beds may be 
designated as the Montesano formation. T lley possess a. maxi­
mum thickness of approximately five thousand feet and contain 
a fairly large fauna whicl1 is quite distinct from that in the 
Lower Miocene. T his fauna appears in abundance in the basal 
conglomerates and is quite persistent throughout the sand­
stone phase. A very rich fossil locality occu1·s on Sylvia Creek 
in conglomerate about six mi les north of the town of Montesano 
in Chehalis County. 

T he outcrops of this foxmation occupy an area of about 1,000 
square miles in Chehalis County. Farther north on the western 
side of the Olympic Mountains, in the basin of the Soleduck 
and Bogachiel rivers, fossiliferous sandstones and shales occur 
whose fauna is closely related to that of the sandstone portion 
of the l\lontesano formation in Chehalis County. It has an 
estimated thickness of about 500 feet and has been referred to 
by Reagan• in his report. No deposits of Montesano age 
are known from th·e vicinity of the Strait of Juan de Fuca, the 
P uget Sound Basin, or the eastern and southern portions of 
southwestern , ivashington. Apparently tl1ese portions of the 
state were laud areas during all of the Upper l\liocene as well 
as Pliocene. 

This formation is closely related to the Empire of Coos Bay, 
Oregon, and to the San Pablo of California. It possesses a. 
characteristic fauna of 61 specimens which are listed below: 

PELECYPODA. 

Arca trilineata Conrad. 
Arca sp. 
Cardium corbis Martyn. 
CardJum coosens!s Dall. 
Cardlum meekianum Gabb. 
Chione securis Shumard. 
Chlone bisculpta Dall. 
Chlone temblorensls Anderson. 

•Kansas Academy of Science. 

Nucula conradi !\'leek. 
Panopaea generosa Gould. 
Pseudocardlum gabbi Remond 

var. robustum n. var. 
Pseudocardlum gabbi Remond 

var. undiliferum n. var. 
Pseudocardiuru gabbJ Remond 

var. elongatus n. var. 
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Cbione chehallsensis n. sp. 
Chlone mootesanoensls o. sp. 
Dlplodonta paralis Conrad. 
Glycimerls gabbi Dall. 
Macoma secta Conrad. 
Macoma nasuta Conrad. 
Macoma montesanoensis n. sp. 
Mactra coallngensls Arnold. 
M:odiolus pierce!. 
l\1ytllus condoni Dall. 

Pseudocardfum landesi n. sp. 
Solen conradi Dall. 
Splsula albaria Connd. 
Splsula catlliformis. 
Semele montesanoeosls o. sp. 
Semele sylvlaensls n. sp. 
Te11ina klncaidi n. sp. 
Tellina merriami n. sp. 
Tell Ina albaria Conrad. 
Tapes staleyi Gabb. 

GASTEllOPOD.\. 

Bathytoma gabblana Dall. 
Buccinium bogach!eli Reagan. 
Calyptraea filosa Gabb. 
Chrysodomus imperallis Dall. 
Chrysodomus bafrdi Dall. 
Chrysodomus gJgantlcus Reagan. 
Columbella ganspata Gould. 
Crepldula princeps Comad. 
Cryptomya wasbiugtoniana n. sp. 
Eullma smithJ Reagan. 
Eullma wasblngtonlana n. sp. 
Fusinus montesauoensis n. sp. 

Gyrineum sylvlaensis n. sp. 
Gyrineum mediocre var. corbl-

culatum Dall. 
Natlca clausa Broderlp and Sowerby 
Natlca oregooeosis Conrad. 
Neptunea maxfieldi Reagan. 
Olivella pedroana Conrad. 
Phallum aequ1sulcatum Dall. 
Polynlces lewisi Gould. 
Ranella marshalli Reagan. 
Sinum scopulosom Conrad. 
Thais etchegolnensis Arnold 

SCAPHAPODA, 
Deotalium cooradi Dall. 

ECHINODERl\IATA. 
Scutella gabbl Remond. 

SHARK'S TEETH. 

PLANT REMAD:S. 

GEOLOGIC HISTORY. 

Concerning the geological conditions in western W nshington 
during the Palaeozoic, very little data is at hand. Exposures 
in the western Cascades sugge t that the region at least during 
the Carboniferous was an open sea with island or the mainland 
not far away. L avas and tuffs seem to have been poured out 
over the sea :Boor where tl1ey now occur interbedded with sedi­
ments. Similar conditions seem to have prevailed during the­
Triassic and J urassic. Deep sea marine deposits laid down 
during these bvo periods occur in the Olympic l\Iountains, in 
the San Juan I slands, in Vancouver I sland and in the C't1.i;cdde 
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Mountains. There is a strong suggestion that they were a pa.rt 
of the same seas which arc known to have existed in Idnho nnd 
northern Nevada.• 

In Washington at or near the close of the Jurassic there 
was a series of crustal movements accompanied by intrusions of 
basic and acidic plutonic magmas. The large1· part of ·wash­
ington seems to have been uplifted above sea level and the older 
sedimentary formations metamorphosed. Evidence obtained in­
dicates that the upward movement of the earth's crust wn~ dif­
ferential, resulting iu the development of an elenited mountain 
mass trending in fl general northwest direction and occupying 
the present position of the Okanogan Highlands, the northern 
Cascades and Vancouver I sland. The San J uan Islands and the 
Olympic Mountains are included in this. A similar uplift at the 
same time occurred in southern Oregon and northern California. 

The area im·olved between this mountain mass in northern 
Washington and the Klamath Mountains in southern Oregon, 
appears for the most part to have been above sea level during the 
Cretaceous. No Cretaceous deposits of any kind are known to 
occur within this area, although it is possib1e there may have 
been a marine connection with eastern Oregon, somewhere to the 
north or south of the present site of the Columbia River. 

In southern Oregon arms of the sea are known to have ex­
tended southward into the Klamiith Mountains. On the north 
side of Vancouver I sland and the San Juan I slands, non-meta­
morphosed marine Cretaceous deposits do occur. They are 
restricted, however, to the Chico formation or Upper Cretaceous. 
In the Klamath region all thl'ee divisions of the Cretaceous are 
p1·esent. 

Crustal movements initiated at or near the close of the 
Jurassic, and continuing in a milder form during the Cretaceous, 
are assumed to have developed a structurn1 basin which has 
served for tl1e accumulation of marine, brackisl, aud fresh 
water sediments together with lavas and tuffs during the whole 
of the T ertiary era. The Tertiary history of this area is a 

*22nd Ann. Rep't U. S. G. S., pt. 2, p. 680, 1901. 
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distinct unit in itself and may be referred to as the Pacific 
~orthwest Tertiary Province. 

In western Washington the Eocene eems to have been ushered 
in by a gradual and differential submergence of the land area 
allowi11g the marine seas to transgress eastward. Embayments 
developed and extended eastward to the present position of the 
western slope of the Cascades. The southern portion of this 
range of mountains apparently did not exist as such during the 
Eocene and Miocene but seems to have been occupied by a series 
of fresh water lakes which at times may have been connected with 
the brackish water estuaries farther to the west. 

The geographical position of the land aud water areas was 
continually shifting during the Eocene. This was caused partly 
by a continual differential elevation and depression of the entire 
area i,wolved in this province and partly by the silting up of 
the basins of deposition. Evidences from fauna and flora point 
to tropical conditions during the Eocene. At intervals arms of 
the sea nppear to have been cut off and to have become brackish, 
and certain of its marine fauna developed into brackish water 
types. 

The Eocene as a whole may be characterized by a continual 
shifting of shore lines. The present line of the Northern Pacific 
railroad between Seattle and Portland may be taken roughly as 
the eastern limit of the marine shore line although at times 
marine embayments seem to have extended fUTthcr east. At 
times the shore line was farther west. 

The later portion of the Eocene was also characterized by 
the extru ion of basaltic lavas and tuft's which came up through 
numerous fissures. These deposits of igneous material often 
accumulated on the sea floor and were covered by marine sedi­
ments and then again by further outpourings of basaltic ma­
terials. This seems to have been repeated many times until it 
absolutely ceased at the close of the Eocene. Volcanic activity 
did not occur during the l\fiocene or Pliocene west of the present 
foothills of the Cascade mountains. 

In Washington the time interval immediately following Eo-
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c·cnc •tdimcntation an<l vulcanism i charnctcrizcd by c,·olution 
of the marine faunas. This change consi~tecl in the dc,elopment 
of ~pe<'ics adapted to the em·ironment of n colder climate than 
that of the Eocene. This time interval is dcsignttted as the 
Oligocene. 

No sharp break separates the Miocene from Lhe Oligocene. 
The c:onditions existing during the early po1tion of the Uiocene 
were ,-omewhat similar to those of the Eocene. 0:-cillations of 
the sea floor were more or less continuous and the nunine fauna 
has a much closer relationship to that of the pre-,ent day. Xo 
brackish water beds are known to have existed nor have any eYi­
dences of volcanic activity been observed. .About the middle of 
the :\liocene there ttppears to hn.ve been an extensiYe elevation of 
the sea floor so as lo have cleYted above sea level nlmost the 
entire area of this northwestern Tertiary province. D uring the 
upper :\l iocene, local depressions or embayments were developed 
in l\·hich accumulatrd the sandstones and shales of the )I011te­
sano formation. These are typically developed on the north 
i:;iclc of the Chehalis Valley and in the valleys of the oleduck and 
Bogachicl rivers in the Olympic Peninsula. 

Nrnrly all of southwestern Wttshington, the Puget Sound 
Basin, and the Strait of J uan de Fuca seem to have been land 
arci1s during the upper l\Iiocene. 

In western Washington no marine deposits of Pliocene age 
arc known. The region appears to have been undergoing ero­
sion. Xear the close of the Pliocene, or perhap-, during early 
Pleistocene a series of crnstal movements culminated in the up­
lift of the Ca cadc mountains of Oregon and Washington in to 
approximately their present position. Within Washington the 
Cascades are considered to have been a comparatiYely level plain. 
Ample evidence is at hand to suggest that this plane was ele­
vated as a differentially warped dome. Its i::tructure consists 
of a number of folds whose axes have a general northwest to 
southeast direction. Within the Puget Sound Ba;,.in the Ter­
tiary formations seem to have been also involved in a ~erics of 
closely folded anticlines and synclines, much faulting accom-
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panying these movements. In southwestern \Vashington the 
structure resulting from these movements has produced two ex­
tensi,•c pitching geosynclines. All the T ertiary formations 
in southwestern ,v ashington, extending from the Columbia River 
northward to the foothills of the Olympic :\fountains are in­
volved in these two geosynclines. The larger of these occupies 
most of the drainage basin of the Chehalis River and n portion 
of the \Villapu. The other lies largely within the drainage basin 
of Columbia River and v\Tilfo.pa Bay. The southern limb of this 
one diagonally crosses the Columbia from VVahkiakum County 
to Astoria, Oregon. The sandstones and shale ut the town of 
Astoria, including the underlying basalt at Tongue Point, rep­
resent t\ part of the Eocene and Miocene series involved in the 
south limb of this structurnl geosyncline. The elevated anti­
clinal t·idgc which sepanttes the two geosynclines forms the 
drainage divide between the Columbia on the south iLnd the 
Willllpa and Chehalis vidleys on the north. It is composed ul­
most entirely of Eocene basaltic lavas and appears originally 
to have been covered over by :Miocene sediments which arc found 
to the north and south in the synclinal folds. These strnta seem 
to have been stripped off by erosio11 . 

Extending northward along the Pacific coast of the Olympic 
Peninsula there are numerous exposm·cs of :Miocene sediments 
which have al o been involved in a series of northwesterly pitch­
ing synclines. 'I'hese arc separated by broad outcrops of the 
older formations. )!any extensive fauJt have accompanied this 
folding. 

In the Strait of Juan de Fuca the Miocene formations have 
been folded into a series of northwesterly pitching synclines. 
These extend diagonally across the Strait and are represented 
on the south ide of Yancouver I slnnd by a very narrow fringe 
re ting upon the upturned edges of the older metamorphics. 
This fringe is more or Jess continuous from Port San Juan to 
Sooke Bay.* 

A further uplift of the Olympic i\Iounta.ins seems to h1we 

•Unpublished data obtained by writer. 
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occurred at this time and extensive erosion, aided by a struc­
tural depression, partially developed the channels of Puget 
Sound und the Strait of Juan de Fuca. 

The character of the faunas and floras du1·iug the progression 
of the T ertiary period indicate the gradual approach of a colder 
climate. During the Pleistocene, conditions allowed the ac­
cumulation of extensive ice fields in the higher portions of the 
Cascade Mountains. These gradually increa~ed in volume and 
traveled down the various river valleys until they coalesced along 
the eastern margins of the Puget Sound Basin, forming a great 
piedmont glacier. Similar conditions occurred along the Pacific 
coast of Brifo,h Columbiil. These viu,t ice streams traveled 
southward until they joined with those in the Puget Sound Basin 
forming one greal ice field extending from the Cascade,; on the 
east up into the rnllcys of the Olympic 1'lountains on the west. 
One arm of this ice field seems to luwe turned we»tward, passed 
around the noxthern. ide of the Olympic ftlountnins and e:xtended 
out to sea through the Stmit of Juan de Fuca. The southern 
margin of this arm may be found on the westem side of the 
Olympics n shorl distance below Ozette Lake. The southern 
limits of the Puget Sound ice field seem to huw• extended below 
Olympia. 

Two advance1, of the ice have been recorded with one inter­
glacial p eriod. Since the final refreat of the glaciers an uplift, 
ranging from ten to forty feet has occurred. E,·idence of this 
may be seen in raised beaches. 
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DESCRIPr.rION OF SPECIES. 

UPPER EOCENE SPECIES. 

PELECYPODA. 

OENUS PECTUNCULUS LAMABCK. 

PECTUNCULUS EOCENICA n. sp. 
Plate V, Figures 52, 53. 

Description.-Shell sub-circular, thin, equivalve, and nearly 
equilateral; base regularly convex; sides sloping down directly 
from the beak, the anterior side much more steeply rounded than 
the posterior, the latter being regularly convex; junction of 
posterior end and base very slightly truncated. Surface marked 
by forty broad nearly flat-topped radiating ribs with very nar­
row interspaces, between which are raised threads; four or five 
very prominent lines of interrupted growth are present with 
fainter intervening concentric lines. Hinge robust with radiat­
ing teeth; palial line very distinct, inner margin coa1·sely crenu­
latcd. 

Dimensions.-Altitude 23 mm.; longitude 25 mm.; thickness 
'7mm. 

Occurrence.-Very common at Loe. No. 227. (University of 
Washington Palaeontological ColJection) . 

Horizon.-Tejon formation, Upper Eocene. 

P EC'l'UNCtrLUS EOCENICA n. sp. V Alt. LANDES! 11. var. 
Plate V, Figure 54. 

Description.-Shell sub-oval, thin, equivalve, inequilateral; 
base regularly rounded; posterior margin sloping down sharply 
to the postcrio1· end: anterior ma1·gin sloping at an angle of 25 
degrees for a short distance, tl1en broadly rounded toward the 
anterior end ; beaks small a:md moderately incurved. Surface 
marked by thirty radiating ribs, broad and flat-topped with 
narrow intcrspaces. Interior margin coarsely crenulated ; 
hinge robust with radial teeth. ...\ large number of specimens of 
this variety have been collected and each is characterized by the 
steeply sloping truncated posterior margin. 
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Dimensio11.~.-Altitude !29 nun. ; longitude 27 mm.; thickness 
7.5 nm1. 

Occun·ence.-Common at Loe. Xo. 2~7 (University of Wash­
ington Palaeontological Collection). 

Horizon.- Tejon formation, Upper Eocene. 

P.ECTIJNCULUS TE.TON.ENSJS n. sp. 
Plate XV, Figure 134. 

Description.-Shell moderately large, thick, elongated, equi­
valve and nearly equilateral; posterior and anterior margins 
vei·y s]igbtl:y convex, sloping steeply and nearly equally from 
the beak where they meet at a sharp angle; below they grad­
ua.Jly grade into the base which is broadly and regulluly rollnded 
(posterior margin slightly more convex than anterior); beaks 
fa.u:ly prominent and in curved; a very slight depression on the 
posterior side of the umbones. Surface sculptured by numerous 
well-developed lines of growth and about thirty fairly distinct 
radiating ribs which are broad and flat with very narrow inter­
mediate grooves. 

Dirnensions.-Altitude SS mm.; longitude ~9 mm.; thickness 
11 mm. 

Occurrence.-Abundant at Loe. No. 227. (University of 
Washington Palaeontological Collection). 

Horizon.- Tejon formation, Upper Ectcene. 

GENUS OSTREA LINNAEUS. 

OsTREA OLEQUARENSIS n. sp. 

Description.-Sbell medium sized, slightly inequi]ateral, wide, 
thick, slightly curved; lower valve very convex and nearly 
smooth except for irregular wavy lines of growth; a faint radial 
sculpture is present in some specimens. Central portion of 
valve most convex with marked slope; posterior margin sloping 
at a steep angle and broadly rounded ; anterior margin grad­
ually and nearly straight to the anterior end which is acutely 
rounded; base broadly rounded; upper valve about one-half as 
convex as lower. 
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Dimensions-Altitude 55 mm.: longitude -i,8 mm.; thickness 
of lower Yalve fl-! mm. 

Occurrencc.-C'ommon nt Loe. No. 2 (Uni,·ersity of W ash­
ington P alaeontological C'ollection). On Olequah Creek, one 
mile above junction of Olequal1 and Stillwater creeks, back of 
the Cantwell place in Sec. ~9, T. 11 N., R. fl"'· 

Florizon.- T ejon formation, Upper Eocene. 

0STREA FETTKEI n. sp. 
Plate IV, Figures 37, 39. 

D('scription.-Shell small, thin, somewhat <·un ·ed, right valve 
nearly flat, left valve convex; hinge deflected to the left and 
median groove very we11 marked; internal margins in both old 
nnd young forms arc pitted: shell inequivalve and slightly iu­
equiln.teral ; left valve ornamented by a marked median ridge 
extending from beak to basal margin: anterior to this ridge are 
two radiating ribs becoming obsolete toward the beaks; pos­
terior surface with six radiating ribs extending to the beak : 
these are crossed by a large number of concentric 1·ibs and lines 
of growth. 

Dinumsions.- L eft valve, altitude fi.7 mm.; longitude 17 mm.; 

thickness 7 mm. 

Occ1irrence.-Common at Loe. No. 1 (University of Wash­
ington Palaeontological Collection). One-half mile east of 
Sopcnah (Little Falls) in the bank of the Cowlitz River, Lewis 
County, Sec. fi.7, T. 11 N., R. ~ W. 

Horizo-n.- Cowlitz formation, Upper Eocene. 

GENUS PECTEN MULLER. 

P :ECT:EN COWLITZ:ENSIS n. sp. 
Plate V, Figure 46. 

Description.-Shell small, somew]1at hjgher than long, thin, 
nearly cquiva!Ye, equilateral, and with very slightly ser rate mar­
gins; anterior and po terior margins slightly concave, sloping 
eq ually and steeply from the beak and merging into the regu­
larly rounded base; angle at which mu gins intersect at beak is 
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80°; smfaC'e ornamented by forty-four equally spaced broadly 
rounded radiating ribs, separated from each other by narrower 
flat-bottomed to slightly concave interspaces; hinge line nearly 
two-thirds the length of the shell; cars unequal; surface sculp­
tured by numerous fine concentric lines of growth. 

Dimensions.-Altitude 17 mm.; longitude H.5 mm.; thick­
ness 2.5 mm. 

Occurrence.- At Loe. No. 1 (University of VVashington Pa­
lneontologieal Collection). One and one-half miles east of Sope­
nah (Little Falls) in the bluffs of lhe Co,1'litz River, Lewis 
County, Sec. 27, T. l 1 N., R. ~ vV. 

Horfoon.-Cowlitz formation, Upper Eocene. 

o•:.xvs CRASSATELLITES KRUGER. 

CRA5SA'l'ELL11':ES COWLJTZENSIS n. sp. 
Plate IV, Figure 40. 

De.,cription.-Shell small, comparatively thin, sub-triangular 
to sub-quadrate ; beak situated about one-third the length of the 
shell from the anterior end; anterior margin slopes down steeply 
at first and then at an angle of 30° to the anterior end, 
which is sharply arcuate; base broadly rounded, with pro­
nounced upward slope at the anterior end; posterior margin 
nearly straight and sloping down to the posterior end where it 
is abruptly truncated; an angular ridge extends from beak to 
posterior end and is situated a little in front of the posterior 
margin. Surface sculptured by numerous well developed con­
centric lines of growth. Lunu1e long, nanow, and not very 
deeply impressed: escutcheon absent : hinge plate not very 
heavy; muscular scars ,vell developed as "·ell as palial line. 

Dimensicnu.-Altitude 20 mm.; longitude 26 mm.; thickness 
5mm. 

Occurrence.-At L oe. No. 1 (University of Washington P al­
aeontological Collection). One and one-half miles east of Sope­
mih (Little Falls) in bank of Cowlitz River, L ewis County, Sec. 
27, T. 11 N., R. 2 W. 

Horizon.-Cowlitz formation, Upper Eocene. 
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CnASSATELLITES WASlIINGTONlANA n. sp. 
Plale IV, Figure 42, and Plate V, Figure 51. 

Descripfio11.-She1l of moderate size, elongate, sub-trigonal, 
thick, equivalve, and vel'y inequilateral; beaks about one-fourth 
of the length of the shell from the anterior end; incurved and 
pointing slightly forwards; anterior margin straight and slop­
ing downwards steeply at an angle of 60° . It is then broadly 
rounded and merges into the base; posterior margin very 
slightly convex and sloping downward at an angle of 9l5°; 
posterior end broadly truncated ; base broadly rounded; a fairly 
distinct 1·idge pa ses downwards on the surface from beak to 
posterior end and is situated a little in front of the posterior 
mA.rgin ; lunule cordate, fairly large, distinct and deeply im­
pressed. Surface sculptured by a well defined series of con­
centric ribs and lines of grnwth. P alia.l line distinct and some 
distance from margin of shell; muscle scars strong and nearly 
equally developed; hinge plate heavy and teeth typically de­
veloped. 

Dimensions.- Altitude 9l6 mm.; longitude 34 mm.; thickness 
10 mm. 

Occurrencc.-At Loe. No. 1 (University of Washington Pa­
laeontological Collection). One and one-half miles east of Sope­
nnh (Little Falls) in banks of Cowlitz R iYer, Lewis County, Sec. 
~7, T. 11 N., R. 9l W. 

Horizon.- Cowlitz formation, Upper Eocene. 

GE!SUS CORBICULA M.EGERLE. 

Coll.BlCULA EUFAULAENSIS n. sp. 

Plate XIV, Figure 119, and Plate XV, Figure 131. 

Dcscription.-Shell sub-circular, about one-fifth longer than 
high and very thick; beaks very prominent and situated nearl5r 
central, sometimes anterior to the center; valves very convex; 
anterior and posterior margins sloping at neal'ly the srune angle. 
the former very slightly concave and the latter very slightly 
convex; both ends acutely but evenly rounded. Surface sculp-
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tured bJ prominent concentric lines of growth. Hinge plute 

and teeth well developed. 

Dimensions.-.\ltitudc 8~ mm.; longitude 88 mm.; thickness 

HL5 mm. 

Sotc.~.-Beds onir five fcc:t in thickness, composed exclusivd,v 
of the remnin ... of thi,, genus. These beds represent a bra<·kish 

water phase of the T cjon formation nnd arc overlaid and under­

laid h~· marine bed.... This intcrcaltttion of marine and bra<"kish 
water strnta is repeated seveml times in Cowlitz and Le,, is 

counties. 

Occurreuce.-\'ery common at Loe. ~o. 8 (University of 

'\Y nshinglon Palaeontological Co11ection) on Coal Creek. one 

mile north of Inniann-Polson store, Cowlitz County, Sec. 85, T. 
9 N., R. SW. 

Hori;;on.-Bracki'ih water 'l'ejon, Upper Eocene. 

ConlHCULA COWLITZENSlS 11, »p. 
Plate XIV, Flgm·e 117. nnd Plate XV, Figures 132, 135. 

De.~criptio11.-Shdl »ub-tri£Lngular in outline, nearly one­

fourth longer tlrnn high, thick; beaks prominent, elevated and 
situated nLout two-fifths the length of shell from the anterior 

end: valve.:; con"ex; anterior margin :slightly roncnve, short 
and :.loping dowm1 !lrds at 1111 angle of 50° : anterior end broadly 

rounded; bmml margin evenly but very slightly rounded; pos­
terior miwgin nearly straight, long and sloping downwards at 

an angle of 30° ; poster io1· end obliquely truncated and narrow. 
Surf!lcc marked hy well developed concentric lines of growth. 

Hinge plate thick, cardinal teeth very large, lateral teeth 
promimmt. 

Dime11sions.-.Altitucle ~8 mm.; longitude 36 mm.; thickness 
10mm. 

Occurrencc.-Common at Loe. No. 8 (University of "\Vash­
ington Pnlaeontological Collection) on Coal Creek one mile 

north from Innrnnn-P olson store, Cowlitz County, Sec. 85, T. 

9 ~-. R. 8 w. 
Hori::011.-Bracki»h water Tejon, Upper Eocene. 

-3 
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OEXUS CARDIUM Ll:-1.XAEUS. 

C.\RDIU.i\! OL.EQUAJTENSJS n. sp. 

Plate V, Figure 55. 

Dcscription.- Shcll moderate in size, i11equilateral, and about 
as long as wide; beak rentrnl, incw·ved and inclined considerably 
forwards; anterior mai-gin :,lightly concttve sloping downwards 
l'athel' steeply and mel'ging into the base which is regularly 
rounded; posterior margin co,wex sloping clO\vnward steeply 
and finally becoming ,·erticid; posterior encl slightly tmncated. 
A prominent ridge extends from the beak to the base on the 
surface of the shell a little in front of the posterior margin. 
Surface ornamented by forty very slightly rounded radiating 
ribs which are very prominent on the central portion of the 
surface but less distinct near the anterior margin; interspaces 
are flat and about three-fourths the width of the ribs. These are 
crossed by concentric lines of growth. 

Dimwnsions.-Altitude 20 mm.; longitude 20 mm.; thickness 
6.5 mm. 

Occurrences.-At Loe. No. 6 (University of Washington 
Palaeontological Collection). About one mile west of the j unc­
tion of the Stillwater and Olequah creeks, on the former stream. 

Horizon.-Tejon formation, Upper Eocene. 

GENUS MERETRIX LAMARCK. 

MEitETllLX LAND:ESI n. sp. 

Plate IV, Figures 41, 43. 

Description.-Shell large, sub-triangulal' and thick; beak 
situated slightly anterior to the center, prominent and directed 
forwards; anterior margin slightly concave and sloping down­
ward tlt an angle of 45°; anterior end i1cutely rounded; pos­
terior margin slightly concave and sloping Jess steeply to the 
posterior end; base broadly and e\'enly rounded; surface or­
namented by well developed nearly equally spaced concentric 
lines of growth; no radiating ribs present. Lnnule large, cor­
clate, and deeply impressed; escutcheon much larger and al o 
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impressed; hinge plate heavy; lateral teeth well developed ; 
muscular scars large. 

Dimensions.-Altitude 53 mm.; longitude 68 mm.; thickness 
l'lO mm. 

Occurrence.- At Loe. No. l'l (TJni,·ersity of Washington Pa­
lneontological Collection). On_ Olequah Creek one mile above 
junction with Stillwater Crecl., back of Ute old Cantwell place. 

Horiz011.- Tejon formation, Upper Eocene. 

i\I ElCETRL~ OLEQUAHENSIS n. sp. 
Plate V, Figures 47, 48, 49, 50. 

Descriptiou.- ShelJ tl1ick, robust, somewhat inflated, sub-tt·i­
angular; beaks nearly central, prominent and strongly incurved; 
anterior margin sloping downward steeply and nearly straight, 
then extending outward with a decreasing slope until broadly 
truncated at the anterior end; base evenly rounded; posteriol' 
margin sloping steeply at first then decreasing and merging 
into the broadly rounded posterior end. Surface sculptured 
with somewhat prominent concentric ribs. No radiating ribs 
.arc present. Surface deeply excavated under the beaks. Inner 
surface smooth with strong pits and moderately deep palial 
sinus; lateral teeth well developed. 

Dimensions.-Altitude 35 mm.; longitude S8 mm.; thickness 
15 mm. 

Occzirrence.-At Loe. No. 2 (University of Washington Pa­
laeontological Collection). On Olequah Creek, one mile above 
junction of Olequah and StiUwilter creeks, west of the Cantwell 
place. 

Hori::011.-Tejon fo1·mation, Upper Eocene. 

GENUS TAPES MEGERLE. 

TAPES WASHINGTO'.NlANA n. sp. 

Description.-Shell of moderate size, lhin and inequilateral; 
beaks about one-third the lengt]1 of shell from anterior end and 
directed forwards; anterior margin concave nnd sloping at an 
angle of 45° to the anterior end which is very acutely rounded; 
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base broadly rounded; posterior margin slightly convex and 
sloping at a ve1·y low angle to the posterior end where it is 
broadly truncated. Surface ornamented by numerous well de­
Yeloped concentric ribs and lines of growth; no radiating ribs 
present. Lwrnle large, distinct and somewhat narrow, escutch­
eon absent. 

Di111e11sions.-Altitudc ~5 111111. : longitude 32 mm. ; thickness 
'7 mm. 

Occitrrencc.-At Loe. ~o. 6 ("l'niversity of Washington Pa­
laeontological Collection). About one mile west of the junction 
of Stillwater and Olequah creeks, on the former. 

Hori::on.- T ejon formation. l:pper Eocene. 

GASTEROPODA. 

GE:'>1.:S POTAMTDES BRONGT. 

PoT,\llUDES }'E'l'TKEI n. sp. 

Plate II, Figures 23, 24. 

Desc:ription.-Shell small, elongated, and turreted: whorls 
nine, ,·cry s)jghtly coll\·ex and somewhat angulatcd; suture 
fairly distinct and linear. Surface ornamented with thirteen 
reYo!ving ribs, three above irncl ten below the revolving angle; 
each rib is set with numerous small beacllike nodes. Between 
each set of nodose 1·ibs there is a smaU 1·evolving thread which is 
smooth. The revolving angle is set with ten large flattened 
nodes; whorls of spire similarly sculptured. Aperture mod­
erately broad, ovate; inner lip Yery slightly thickened; outer 
lip smooth. 

Dimensions.-Altitude 19 mm. ; diameter 5 mm.; angle of 
spire 23° . 

Occurrence.-Coromon a.t Loe. Xo. ~ (UniYersity of ·wash­
ington Palaeontological Collection). On Olequah Creek one 
mile above junction with Stillwater Creek, back of Cantwell 
place. Sec. ~9, T. 11 N., R. ~ W. 

Horizon.-Tejon formation. rpper Eocene. 



Tertiary Paleontology of Western Washi11gto11 S7 

PoTAMIDES LE'VISIANA n. sp. 
Plate II, Figures 22, 25. 

Description.-Shell small, elongate, turreted: whorls nine to 
ten, slightly conve.."\: and in some specimens faintly angulated. 
S~ture distinct and impressed. Surface sculptu1·ed by fourteen 
distinct re,•olving ribs each of which is set with small beadlike 
nodes; no intervening revo!Ying threads present. Longitudinal 
ribs are sometimes present, sometimes confined to the whorls 
of the spire only and sometimes confined to the body whorl. 
The faint angulation which is often present is confined to the 
surface just below the suture. Apertul'e narrow and elliptical; 
inner lip incrusted; outer lip thin. 

Dimensions.-Aititude 2-!; 111111.; diameter '7 mm.; angle of 
spire 20° . 

OccU,rrence.- Common at Loe. No. 2 (Uni\'ersity of Wash­
ington Palaeontological Collection.) On Olcquah Creek one 
mile above junction "' ith Stillwater Creek, back of Cantwell 
place, Sec. 29, 'l'. 11 N., R. 2 1V. 

Horizon.- Tejon formation, Upper Eocene. 

GENUS RIMELLA AGASSIZ. 

RnrELLA CAXALil'ERA GAUB, var. ELONGATA 11 , var. 
Plate £1, Figures 18, 19. 

Description.- Shcll small, fusiform, elongate; spire very 
much elevated; whorls ten ( a constant character), slightly con­
vex; suture moderately deep. Surface marked by bventy-three 
narrow knife-like longitudinal ribs. These extend over all the 
whorls except the last two which form the apex; interspaces 
twice as broad as tl1e ribs and broadly concave. These ribs 
extend over the upper two-thirds of the body whorl and over 
nll the whorls of the spire. They arc crossed by thirty-three 
distinct revolYing ribs which are Yery closel,v spaced on that 
part of the surface where the longitudinal ribs are present; 
below that the revolving ribs 1u·c twice as far apart. Aperture 
long and narrow; posterior angle of the mouth is continued in 
a deep canal ( in some pccimcns fairly broad), slightly curved 
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along the spire to the apex; anterior canal short; outer lip 
somewhat thickened; inner lip heavily incrusted by a callous. 

Dimensions.-Altitude 19 mm.; diameter 7 mm.; altitude of 

spire 11 mm.; angle of spire 32° . 

Xotes.-This variety is characterized by ten instead of six 
or seven whorls, by its more slender form, and differences in ex­
temal ornamentation. Specimens are numerous and excellently 
pre erved. 

Occu.rrence.-Common at Loe. No. 1 (Univer ity of Wash­
ington Pala.eon tological Collection), one and one-l1alf miles 
ea t of Sopenah ( Little Falls) fo bank of Cowlitz R iver, Lewis 
County, Sec. 27, T . 11 N., R. 2 W. 

Horizon.-Cowlitz formation, Upper Eocene. 

GENUS CASSIDARIA LAM,\RCK. 

CASSIDAll.IA WASRL.'-GTONIANA n. sp. 
Plate III, Figure 28. 

Description.- Shell large, thick, angulated, globularly ovate 
and profusely ornamented; whorls eight, upper three smooth 
and rounded ; body whorl large; spire relatively short. On the 
spire are two very large revolving ribs or carinae which are set 
with tubercles or spines. T he caxinae form an upper and lower 
angle to the whorl; between these the surface is concave; above 
the upper angle the surface is flat and forms nearly a xight 
angle with the surface of the central part of the whorl. Surface 
below the lower angle slightly cones.Ye and sloping downwards 
to the canal; on it arc two Jes prominent revolving ribs carry­
ing spines. Whorls of spire are similarly developed. Surface 
ornamented by eleven longitudinal ribs beginning at the suture 
and covering the whorl but less conspicuous on the lower por­
tion of whorl. Surface cro sed by nine p1·ominent re,·oh•ing 
ribs; the upper two situated on the angle of the whorl form­
ing the carinae. Where these intersect the longitudinal ribs, 
nodes or spines a1·c developed. Sometimes a third carina.c is 
developed. Between each set of the hu·gc revolving ribs is 
one less prominent 1·ih nnd on either »idc of that, two snuill re-
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voh-ing threads. Spire similarly ornamented. Suture distinct 
and slightly undulating. Inner lip expanded and with heavy 
callous covering the surface up to the upper angle of the body 
whorl; outer lip thick and crenulated; posterior sinus distinct 
but small; aperture b1·oud and oval; canal broken. 

Dime1'lsions.-A1titude from broken encl of spire 44 mm.; 
diameter S~ mm.; altitude of spire 13 mm.; angle of spire 98°. 

Note.i.-'l'hese specimens are beautifully preserved and in 
some cases show the original coloring. 

Occurrencc.- At Loe. No. 1 (University of Washington Pa­
laeontological Co1lectiou) one and one-half miles east of Sopenah 
(Little Falls) in bank of Cowlitz River, Lewis County, Sec. ~7, 
rr. 11 N., R. ~ W. 

Horizon.-Cowlitz formation, Upper Eocene. 

O&NUS MORIO )(O~TI•'. 

l\Jomo Tl:ll.ERCULATUS, GADD, var. TRI-TUDERCULATUS n. var. 
Plate III, Figure 35. 

Description.-This form is undobutedly M. tuberculatus 
Gabb, as described in Vol. 1, Palaeontology of California, but 
there are certain variations from his original description which 
are constant on every specimen collected in Washington. Since 
the California and Washington localities are so widely separated 
and the material here so perfectly preserved it seems best to 
place this form on record as a variety. Gabb states that his 
figure is partially a restoration based on several fragments 
especia]]y the apertme. Gabb's description is here quoted: 

"Shell short, robust, th.in; whorls seven, spire low. Sm·face 
marked by two, rarely tluee, rows of small tubercles: two 
bounding the widest portion of the volution, with a plane or 
slightly concave surface between them; the third, which occurs 
1·arely, is placed below the others; besides these, the whole sur­
face is ornamented by fine revolving striae. Aperture brM<l; 
outer lip thick, longitudinally striate externally, inner surface 
crenulate; columellar lip covered by a broad plate, plicatc or 
crenulate anteriorly. Canal strongly rccurYcd. A distinct 
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varix, nearly as large ns the outer lip, occun; on the body whorl, 
and sometimes there is a smaller one on the penultimate volution. 
1 have not always been able to detect the latter." 

In the variety of tri-tuberculatus the whorb always carry 
three rows of tubercles ( neYer only two). The varix on the 
body whorl is much smaller; canal much more strongly recurved 
than shown in Gabb's figure: columeJlur lip less extensively de­
,•eloped; aperture narrower. These variation~ arc characteris­
tic of all specimens collected. 

nimensions.-.Altitude l'l4 mm.; diameter 11 mm. : altitude 
of spire 4 mm.; angle of spire 85°. 

Occurrem:e.- At Loe. No. I (University of '\Vashington Pa­
ln.eontological Collection) one and one-half miles east of Sope­
nnh (Little Falls) in bank of Cowlitz River, Lewis County, Sec. 
l'l'1, T. ll N., R. ~ W. 

Horizon.-Cow]itz formation, Upper Eocene. 

Gr:NUS TRITONIU1\f LTXK. 

TRITONJUM SOPENAHE"NSJS n. sp. 
Plate I, Figure 6. 

Dcscription.- Shell fusiform, small and robust; whorls seven 
and convex; spire moderately elevated. Surface ornamented 
b_y ten very prominent, narrow, rounded longitudinal ribs which 
extend o,•er the whole sUl·face of the shell except the very lower­
most part of the body whorl. r.rhese ribs arc crossed by twenty­
oni:? well defined, sinuous, equally spaced and developed revolving 
ribs W"ith broad conca.Ye interspaces. Suture distinct, impressed 
and sinuous. Aperture subclliptical, narrow nnd prolonged as 
ncnrly closed canal anterio1·ly. Canul short and slightly bent 
bn.ckwards: inner lip smooth; ouler lip crcnulated within; 
varices few and small. 

Dimension,r.-Altitude 18 mm.; diameter 8 mm.; altitude of 
spire 7 mm.; angle of spire 58° . 

Occurrence.-At Loe. No. 1 (University of Washington Pa­
laeontological Collection) in banks of Cowlitz River, L e,vis 
County, Sec. 27, T. 11 N., R. 2 W. 

Horizon.- Cowlitz formation, Upper Eocene. 
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G:t:NOS RANELLA LAMARCK. 

RaNELLA wasHINCTONia..'l'A n. sp. 
Plate II, Figure 14. 

Descriptfon.- Shell merlium size and robu"t; spire moderately 

high; whorls seven to eight, angulated and convex, last two of 
apex being smooth and noi sculptured; body whcn·l ,vith pro­

nounced revolving angle about one-fourth the length of the 
whorl down from the suture; surface between angle and suture 

nearly straight ( occasionally slightly concave); surface below 

the angle broadly convex. Suture compressed, distinct but 
somewl,at undulating; Ya rices prominent, bladelikc and continu­

ous. In addition to the varice!l the surface is ornamented by 
nine distinct longitudinal ribs. These are crossed by seventeen 

prominent revolving lines. The one on the angle and the four 
immediately below it nre set with sharp spine like nodes at the 
intersection with the longitudinal ribs. Surface a.hove the angle 
sculptured by a very large number of fine revoh~ing threads 

but no prominent revolving ribs. Between the more prominent 

revolving ribs below the angle lhere are numerous fine revoh-ing 
threads. Aperture broad, sub-ovnl, narrowing at the posterior 
end; inner lip not hca,·ily incrnsted; canal short and not 

strongly recurved; outer lip thickened hy the varix. 

Dimensions.- .Altitude 35 mm.: diameter ~S mm.: altitude 

of spire 17 mm. ; angle of spire 60° . 

Occurrence.-Very common at Loe. No. 1 (University of 

Washington P a laeontological Collection) one and one-half miles 
east of Sopcnah (Little Falls) in bank of Cowlitz River, L ewis 

County, Sec. 27, T. 11 N., R. ~ ,Y. 

Horizon.- Cowlitz for111ation. Upper Eoc<.'ne. 

RANELLA CO\\'L1T7.ENSrs n. sp. 

Plate II, Figure 15, and Plate Ill. Figures 26, 27. 

Dc.scription.-Shell small and robust: spire high; whorh. six, 
convex and without any angle. Suture distinct and impres:-ed. 
Yarices very large and extending over all of th <.' whorl:::. Sur­

face sculptured by eight unequally developed longitndinal ribs 
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extending over the entire surface of the whorls. These are 
crossed on the body whorl by nine equally de,•elopcd and equally 
paced revolving ribs. Where these intersect the longitudinal 

ribs, low rounded nodes are tlevcloped, which are most con­
spicuous 011 the central part of the whorl. Between each of 
the revolving ribs there are four or five fine revolving threads. 
Aperture small, e!Jjptical, equtllly acuminatc above and below, 
anterior end forming a nearly closed canal which is short and 
strongly curved backwards. Inner lip very heavily incrusted; 
outer lip thick and crcnulated. 

Description.-Shcll smaJI, fusiform; spire moderately high; 
spire 12 mm.; angle of spire 40°. 

Notes.-Specimens of this pecies arc exceedingly well pre­
served. 

Occurrence.- Yery common at Loe. No. 1 (University of 
Washington Falacon tological Collection) one and one-half miles 
cast of Sopenah (Little Falls) in bank of Cowlitz Ri,1er, Lewis 
County, Sec. 27, T. 11 N., R. 2 W. 

Horizon.- Cowlitz formation, Upper Eocene. 

GENUS NASSA MARTINI. 

NASSA EOCENICA n. sp. 
Plate III, Figure 32. 

Description.-Shcll small fusiform; spire moderately high; 
whorls eight and convex, last two on apex, smooth, rounded and 
without ornamenb.tion; upper portion of each whorl surrounded 
by a deep depression, above which a low collar ex tend. upward 
to the suture; suture distinct. Surface of shell ornamented by 
eighteen longitudinal ribs which arc very clistinct on the spire 
but faint in the body whorls; they begin at the suture and extend 
the length of the whorls with the exception of the body whorl 
where they disappear a short dfatance below the convex portion; 
body whorl sculptured by eleven ,-ery prominent revolving ribs; 
alternating with tbese are cleYen less prominent revohing lines 
on eit11er side of which is a fine but distinct revolving thread. 
Sculpture similar on the spire. Cunal short and fairly strongly 
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recurved; aperture moderately narrow and tapering towards 
the end of the canal; inner lip slightly incrusted; outer lip crenu­
lated. 

Dimensions.-.A]titude 18 mm.; diameter 10 mm.; altitude of 
spire 6 mm.; angle of spire 57°. 

Occurrence.-Very common at Loe. No. 1 (University of 
Washington Palaeontological Collection) one and one-half miles 
east of Sopenah (Little Fa.Us) in bank of Cowlitz River, Lewis 
County, Sec. ~7, T. 11 N., R. fl W. 

Horizon.-Cowlitz formation, Upper Eocene. 

NAssA. PACKARDI n. sp. 
Plate nr, Figure 34. 

Dcscription.-Sbell small, short, fusiform; whorls five: suture 
distinct; body whorl very convex; upper surface below suture 
broadly grooved. Surface ornamented by twenty-five longitud­
inal ribs which extend from upper groove to base of whorl; 
these are crossed by sixteen equally spaced reYolving ribs. 
Aperture broad, elliptical and evenly rounded. Canal short and 
not strongly recun•ed. Columella strongly incrusted. 

Dimensiom.- Altitude 15 mm.; diameter 9 mm.; altitude of 
spii-e 5 mm. ; angle of spire 65 °. 

Occurrence.-At Loe. No. 1 (University of Washington Pa­
laeontological Collection) one and one-half miles east of So­
penah (Little Falls) in bank of Cowlitz River, Lewis County, 
Sec. fl7, T. 11 N., R. i W. 

Horizon.-Cowlitz formation, Upper Eocene. 

oEJ\'lJs CHRYsonm .. ms swA1Ns. 

CnRYSODOl\fUS CLALLA1\1ENS1S n. sp. 

Plate XV, Figure 136. 

Dcscription.- Shell of moderate size, sub-fusiform; spire 
moderately high; wl1orls seven, convex; body whorl r egularly 
convex with Yery faint angulation a short distance below the 
suture; suture distinct and impressed. Surface ornamented 
with thirty rnry low revolving ribs between each pair of which 
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there is a very fine revolving thread; about twenty-five faint 
longitudinal ribs are present. 1,his sculpture is present on all 
the whorls. Canal of medium length and somewhat bent back­
wards; inner lip incrusted; outer lip somewhat thickened; aper­
tu t·e broad. 

Dimensfon.,.- Altitude S7 mm . ; diameter 18 mm. ; altitude of 
spire 16 mm. ; angle of spire 45°. 

Occurrence.-At Loe. No. 105 (UniYersity of Washington 
Palaeontological Collection) at Slip Point just east of Clallam 
Bay, Clallam County. 

Horizon.-Upper part of L O\ver :Miocene. 

GENUS HEMIFUSUS S\Y,\JNSON. 

H E}.UFUSUS SOPENARENSIS n. sp. 

P late I, Figures 2, 3. 

Descriptio11.-Shell large, robust, moderately elongate and 
convex; whorls seven to eight and very convex; suture undu­
lating and fairly distinct; middle th1·ee-fifths of each whorl con­
vex ; upper part concave, then vertical to the suture : lower part 
slightly concave; upper or seventh whorl of shell smooth and 
rounded; other whorls highly omaruented. Surface ornamented 
by ten very p1·ominent longitudinal ribs which extend OYer almost 
the whole shell, except a small area just below the suture; at 
the extreme lower portion of the body whorl they become some­
what obscure. Surface of body whorl up as far as the upper 
portion of the convex part sculptured by fifteen very prominent 
revolving ribs. .AJternating with th'.?se is ll less prominent rib, 
on either side of which is a fine raised thread. T his sculpture 
extends to the end of the canal. Surface of the ,,·horl above 
upper end of com·ex portion is sculptw·ed by seven revolving 
ribs alternating with fine threads. At the intersection of the 
revolving lines and longitudinal ribs on the convex part of the 
shell, distinct, short spines are developed ; sculpture of whorls on 
spire similar. Canal short and bent to the left. Anterior sinus 
fairly deep; inner lip smooth and calloused: outer lip smooth; 
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aperture forge, semi-elliptical and extending to the end of the 
canal. 

Dimensions.-Altitude ":t5 mm.; diameter £~ mm.; altitude of 
spire 15 mm.; angle of spire 4-5 ° . 

Xotes.-Exceedingly well preserved. 

Occurrencc.-Very conimon at Loe. No. 1 (University of 
'\Vashington PalRcontological Collection) one and one-half miles 
east of Sopenah (LitUe Falls) in bank of Cowlitz River, Lewis 
County, Sec. ~7, T. 11 N., R. ~ W. 

Horizon.-Cowlitz formation, Upper Eocene. 

li.EMIFUSUS COWLITZENSIS n. sp. 

Plate I , Figures 1, 4. 

Description.-Shell unequally fusiform, spire low, whorls 
five, the last always tri-caruate, the others with rounded carinac. 
Last two whorls forming the apex smooth and rounded. Whorls 
convex; portions between the carinae concave; that above the 
upper carina nearly straight and sloping up at a low angle to 
the suture; that below the lower carina very slightly concave. 
Surface of body whorl sculptul'ed by three carinae which are 
crossed by twenty-six longitudinal ribs extending from the 
suture to the e..xtreme lower end of the shell. Their intersections 
are marked by nodes or tubercles. Between the longitudinal 
ribs are lines of gl'Owth. Between the carinae aboYe and below 
them are numerous distinct revolving tln-eads; eight abo,·e the 
upper carina, eight between upper and middle carinae, seven be­
tween the middle and lower, and twenty-three on the sudace 
below the lowest carina. On the lower surface every alternating 
thread is a little more distinct. Aperture generally broad and 
extending to the end of the canal; canal much longer than spire 
and slightl.v curved outwards; inner lip smooth and somewhat 
calloused; outer lip thin. 

Dimensions.-Altitude 40 mm. and 3~ mm.; diameter ~~ mm. 

and 18 mm.: altitude of spire 5 mm and 3 mm.: angle of spire 
6,5° and 61 °. 
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. ..Yote.s.- This species resembles somewhat Fwn1, horni Gabb 
but has a greater number of longitudinal ribs. Specimens il.re 

abundant and as well preserved as though living. 

Occurrence.- Y ery common at Loe. No. 1 (University of 
1ilV ru,hington P alaeontological Collection) one and one-half miles 
east of Sopcnah (Little Fnlls) in bank of Cowlitz River, Lewis 
County. Sec. Q7, T. 11 N., R. Q W. 

Horizon.- Cowlitz formation, Upper Eocene. 

HEMIFUSUS LEWISJANA n. sp. 
Plate I, Figure 9. 

Description.-Shell of moderate size, elongate and fusiform; 
spire high and acute; whorls seven and rounded; upper two 
smooth with no ornamentation; body whorl convex; whorls of 
spire slightly convex and 1·elatively long; suture distinct. Sur­
face ornamented by eighteen fairly distinct longitudinal ribs 
which are more prominent 011 the spire than on body whorl; they 
become indistinct on lower surface of body whorl; these are 
crossed by nineteen distinct Bat topped revolving ribs alter­
nating with nineteen fine revolving threads. Aperture mod­
erately large, relatively narrow; canal short and slightly de­
flected outwards; two indistinct plications are generally pres­
ent; inner lip moderately calloused; outer lip thick and crenu­
lated withfo. 

Dimcnsions.- Altitude ~5 mm.; diameter 10 mm.; altitude of 
spire 10 mm.; angle of spire S7°. 

Occurrence.- At Loe. No. 1 (University of Washington Pa­
laeontological Collection) one and one-half miles east of Sope­
nah (Little Falls) in bank of Cowlitz River, Lewis County, Sec. 
9l-7, T. 11 N., R. ~ W. 

Horizon.-Cowlitz formation, Upper Eocene. 

H:EllITFUSU S WASJ:UNGTONIANA n. sp. 
Plate 11, Figures 11, 12. 

Description.- She11 of moderate i; izc and fusifo1·m: whorls 
eight, convex, nnd slightly angulated; bod.v whorl concave abo,•e 
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angle; suture distinct and sinuom,. Surface ornamented with 
thirteen longitudinnl ribs which arc most prominent on the mid­
cUe portion of whorl. These are crossed by twenty distinct re­
volving ribs which arc set with spiny nodes at the intersections 
n'ith the longitudinal ribs. Altern11.ting with each revolving rib 
is a reYolving thread. Aperture moderately broad, somewhat 
elongated and continuing to end of canal. Canal straigbt and 
moderately long: inner lip smooth and caliouscd; outer lip thin. 

Dimensions.- Altitude ~9 mm.; diameter 15 mm.: altitude of 
spire 10 mm.: angle of spire 57°. 

Occurrence.- At Loe. No. I (University of Washington Pa­
laeontological Collection) one and one-half miles east of Sope­
nah (Little Fal1s) in bank of Cowlitz R iver, Lewis County, Sec. 
~7, T. 11 N., R. Q W. 

Horizon.-Cowlitz formation, Upper Eocene. 

HEMIFUSUS 1'E,TONENSJS n. sp. 

Description.-Shell of moderate size, robust; spire moderately 
low; whods seven and very slightly convex; upper portion of 
body whorl very slightly concave; suture not very distinct and 
slightly sinuous. Surface ornamented by fifteen fairly well 
developed longitudinal ribs which are most prominent on middle 
portion of whorl. They are not present on the extreme upper 
and lower portions. These ribs arc crossed by eighteen prom­
inent re,;ro]ving ribs, alternating with as many minor revolving 
threads. Low nodes are present on middle six or seven revolving 
ribs at the intersections with the longitudinal ribs. Aperture 
moderately broad, acute at posterior and anterior ends; canal 
straight; inner lip smootl1 and much calloused; outer lip thin. 

Dimensions.-Aititude 28 mm. ; diameter 16 mm.; allitude of 
spire '1 mm.; angle of spire 68°. 

()ccurrencc.-At Loe. No. 1 (UniYcrsit_v of vVRShington Pa­
laeontological Colle<·rion) one and one-half miles east of Sope­
nah (Little Falls) in hank of Co,"litz R iver, L ewis County, Sec. 
27, T. 11 N., R. 2 W. 

Ilorizon.- C'owlitz formation, Ppper Eoeenc. 



48 Bulletin No.15, Washington Geological Survey 

GESOS BRACHYSPHINGUS GABB. 

B 1tACRYSPFTU-C1!S CLARK! n. sp. 
Plate IV, Figure 38, and Plate VJ, Figure 57. 

Description.-Shell of moderate length, heavy and thick; 
spire moderately high (never as low as in B. sinzwtus Gabb); 
body -whorl very lru:ge; whorls of spire five and distinct (never 
hidden); suture linear and distinct; body whorl moderately con­
vex with often a fa.int depres,,ion on the upper portion just be­
Jo,r the suture. Surface smooth c.xccpt for weU developed sinu­
ous lines of growth: no revoking ribs arc present ou any speci­
mens examined. Aperture broad and long, and very deeply 
notched at the anterior e11d; n prominent fold extends from the 
upper part of this notch around lower part of whorl; inner lip 
thickly incrusted: outer lip thin. 

Dimension.s.-Altitude 34' mm.; diameter 18 mm.; altitude of 
spire 8 mm.; angle of spire 65°. 

Locality.-At Loe. No. 5 (-University of Washington Pa­
laeo11 tological Collection). 

Horizon.- Tejon formation, Uppe1· Eocene. 

G£:-;us MUREX t.JXSAEUS. 

Mun.Ex SO.PE.XARENSIS n. sp. 
Plate I, Figure 8. 

Dcscription.-S]1e1I moderntcJy large, heavy and somewhat 
spinose; spire moderately high; whorls nine and angular; body 
whorl with xevolving angle at base of upper third of whorl; 
surface above this a11gle straight to slightly com ex; sul'f ace 
below angle slightly convex. Sm·face sculptured by eight prom­
inent revolving ribs below the angle and between each two there 
are th1·ee minor revolving threads; above the angle thel'e are ten 
small, but well developed revolving threads. Varices are present 
but weakly developed. On the angle at the intersections with 
the varices are flattened or spinose nodes; sometimes these a~·e 
present on the varices a short distance below the angle. Allgle­
formed by upper and lower surfoces of the body whorl is 88°. 
Aperture broad and oval and narrowing a short distance from 
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anterior end of canal. Canal long nnd bent; inner lip smooth 
and calloused; outer lip moderately thin. 

Dim.ensions.-Altitude to broken end 28 mm.; diameter 19 
mm.: altitude of spire 11 mm.: angle of spire 63° . 

Occurrence.- Common at L oe. No. 1 (University of Wash­
ington Palaeontologicnl Collection) one and one-half miles east 
of Sopenah (Little Falls) in banl< of Cowlitz River, Lewis 
County, Sec. 27, T. 11 N., R. 2 W . 

Horizon.-Cowlitz formation, Upper Eocene. 

i\l UREX COWLITZ.ENSIS n. sp. 

Plate I, Figure 7. 

Description.- Shell of moderate size, ]1eavy and spinous: 
spi re short: whorls six, angulated and with six varices continu­
om, on all whorls: angle situated on upper third of body whorl: 
surface below angle very slightly concave; surface above 
straight and sloping upward at a low angle; angle between 
upper and lower surfaces of whorl 78° : suture impressed and 
distinct. Whorls of spire flattened. Surface ornamented with 
fifteen revolving ribs each of which is separated from the adjoin­
ing one by two very sma11 closely set revolving striae. At the 
intersection of angle and varices large rough spines are de­
veloped. Aperture broad, oval, ncnrl_y closed at anterior end 
and extending nearly to the end of canal. Canal long, heavy 
and bent; inner lip heavily calloused; outer lip moderately thick. 

Dimensions.-Altitude 40 mm.; diameter 28 mm.; altitude of 
spire 11 mm. : tmgle of spire 80°. 

Occurrertce.-At Loe. No. 1 (University of Washington Pa­
laeontological Collection) one and one-half miles east of Sope­
nah (Little Falls) in bank of Cowlit?. R iver, Lewis C'ounty, Sec. 
~7, T . l l N., R. ~ W. 

lI orizo1i.-Cowlitz formation, Upper Eocene. 
-4 
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ci:::-.us; FUSUS LA.\fARC1'. 

Fusi;s WASHIXG'l'Ol>.'TA..'-A n. sp. 

Plate II, Figure 10. 

De.9cription.- Shell moderately small: spire pagoclaform ancl 
elongate: whorls eleYcn and Yery sharply angufoted; body whorl 
with angle at lower half of middle third of surfoce. SUTface 
abo,·e angle straight and sloping upwnrds at an angle of 45 : 
lower surface straight >Uld sloping dowmrnrds making an angle 
\\' ith the uppe1· surface of 100° : lower ::,urface of whorls of spire 
strnight nnd nearly hori:.i:011tal. Surface ornamented with thir­
leen longitudinal ribs which arc limited to flattrned nodes on 
the angle and gradually disappear toward the suture: twenty­
eight equally spn.ced revolving ribs MC present. Suture distinct 
and undulating. Longitudinal lines of growth wel l developed. 
Canlll long and ~traight: inner lip incrustcd: outer lip thin. 

Di11lensi01u.-Altitudc, apex to broken end of spire Q5 mm.; 
diameter 13 mm. : altitude of spire 15 mm. ; angle of spire 50°. 

l\"'otes.- This species is very well preserved and resembles very 
doscly F . pagodaf onnis of the Clayborne of Alabama. 

Occiirrence.-At Loe. Xo. l (Uni\'ersity of W ashington l.,a­
laeontoJogical Collection) one and one-half miles east of Sope­
nah (Little Fnlls) in ba11k of Cowlitz R iver, Lew:is County, Sec. 
~7, T. 11 N., R. ~ W. 

Horizon.-Cowlitz formation, Upper Eocene. 

Fusus DICKERSON! n. sp. 
Plate III, Figure 29, and Plate XIV, Figure 124. 

Destriptio-11.-Sbell elongated, slender and f:usiform; spire 
longer tl1nn aperture; whorls eleven, very slightly convex; suture 
very distinct, impressed and linear. Surface ornamented with 
fifteen pl'Ominent lougitudinal ribs which extend over aJJ the 
whorls; these arc crossed by twenty-two revolving ribs on the 
body whorl: between tl1ese ribs are broad, deep, flat-bottomed 
inters paces. ~\perturc 111uTow; inner lip highly inc rusted: outer 
lip thin. Canal 111oderatcly long. 
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Dimensio11.~.-Altitude 4-5 mm.; diameter 9 mm.; altitude of 
spil'e fl8 mm. ; angle of spire flS 0

• 

Occurrcncc.- At Loe. Ko. 1 (University of Washington Pa­
laeontological Collection) one and one-half miles cast of Sope­
nah (Little Falls) in bank of Cowlitz River, Lewis County, Sec. 
27, T. 11 N., R. ~ W. 

Hori.::011.-CowJitz formation, Uppc1· Eocene. 

Fusus LEw1s1rns1s n. sp. 
Plate III, Figure 33. 

Dcscriptio11.-Shell moderate in size, fusiform: whorls eighl 
to nine And somewhat angulated: body whorl convex in middle 
portion; nenrly straight above Md sloping up steeply to the 
suture. Suture distinct and slightly sinuous. Surface oma­
mentecl by cleveu not very distinct longitudinal ribs; these are 
most prominent on the convex portion of the surface; above the 
angle they ilre faint and disappear before reaching the suture; 
they are entirely absent from lo,ver portion of body whorl; they 
are present on all who1·ls of spire. The longitudinal ribs ai·e 
crossed by fifteen distinct revolving ribs, four of which on the 
con vex· pa rt of whorl carry sharp spinosc nodes ; between each 
of the promincn t ribs there are four or five less distinct revolving 
threads with broad deep intcrspaces. Aperture moderately 
brot\d; inner lip smooth and slightly calloused; outer lip 
smooth; canal moderately long and bent outwards. 

Dimcnsions.-Altitude fl8 mm.; diameter 13 mm.; altitude of 
spire 8 mm.; angle of spire 49° . 

Occurrencc.-At Loe. No. 1 (University of Washington Pa­
laeontological Collection) one and one-half miles east of Sope­
nah (Little Falls) in bank of Cowlitz fli,·er, Lewis County, Sec. 
~7, T. 11 N., R. 2 W. 

Horizon.- Cowlitz formation, Upper Eocene. 
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GENUS FASCIOLARIA LAMABOK, 

FASCIOLAltIA WASHINGTONIANA n. sp. 
Plate I, Figure 5. 

Description.-Shcll moderately large, robust and turreted; 
spire high; whol"ls eight, angulated; angle situated at lower 
part of upper third of body whorl, concave above and concave to 
flat below. Surface ornamented by thirteen very distinct revolv­
ing ribs confined almost entirely to the angolated area where 
they exist as short spine-like nodes: twenty-five revolving ribs 
are present ea.ch of which is separated from the one next to it 
by a very small revolving thread ; they all appea1· beaded, due to 
the intersections with the prominent lines of growth. Lines of 
growth are sinuous and above the angle cu rved to the right in 
accordance with the posterior sinus. Suture distinct and sinu­
ous. Canal very nanow, angle in outer lip; columella slightly 
bent in advance with two very faint pEcations; inner lip cal­
loused; outer lip thin. 

Dinnensions.-Altitude 44 mm. ; diameter flfl mm.; altitude of 
spire 8 mm.; angle of spire 49° . 

Occurrence.-At Loe. No. 1 (University of Washington Pa­
laeontologica] Collection) one and one-half miles east of Sope­
nah (Little Falls) in bank of Cowlitz River, Lewis County, Sec. 
~7, T. 11 N., R. fl W. 

Horizon.-Cow]itz formation, Upper Eocene. 

GElNUS MITRA LAMARCK. 

MITRA WASHINGTONlANA n. sp. 
Plate II, Figure 16. 

Descri,ption.-Shell very small, sub-fusiform and smooth; 
spire moderately long; whorls seven And , ,ery convex; body 
whorl regularly convex; suture distinct and moderately deep: 
surface sculptured by fine microscopic revolving threads and 
very fine closely set Enes of growth. This sculpture is very 
indistinct ";th the unaided eye but can clearly be made out \\Tith 
a hand lens; the upper sw·facc of each whorl immediately be­
low the suture is set with ruinute, closely-spaced longitudinal 
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ribs which disappear a shod distance below on the "'l10rl. Aper­
ture narrow, elongate, continuing but becoming very narrow at 
end of canal; canal short; inner lip somewhat incrusted and set 
with four oblique folds, the posterior of which nrc the larger. 

Dimensions.-Altitude Hl mm.; diameter 5.5 mm.; altitude of 
spire 4.5 mm.; angle of spire 58° . 

Occurrence.-Common at Loe. No. 1 (University of Wash­
ington Palaeontological Collection) one and one-half miles east 
of Sopenah (Little Falls) in bank of Cowlitz River, Lewis 
County. 

Horizon.-Cowlitz formation, Upper Eocene. 

GENUS ANCILLARIA LA.l1ARCK. 

ANCILLAlUA BRETZI n. sp. 
Plate TI, Figure 21. 

Description.-Shell small, l'Obust; spire high; whorls seven, 
convex; suture distinct; just below the suture there is a small 
band formed by a grooving of the upper margin of whorl. Sur­
face of shell sculptmed with twenty-five longitudinal trans·verse 
ribs extending over the entire whorl from suture to plications; 
bet,,·cen each rib are five fine longitudinal threads; no revolving 
lines are present. Aperture broad; po terior end narrowing; 
anterior very wide : inner lip somewhat incrustcd; col11mella with 
four plications; outer lip thin: anterior sinus deep. 

Dimensions.-Altitude 15 mm.; diameter 8 mm.: altitude of 
spire 4 mm.; angl~ of spire 5~0

• 

Occurrence.'-At Loe. No. l (University of Washington Pa­
laeontological Collection) one and one-half miles east of Sope­
nah (Ljttle Falls) in bank of Cowlitz River, L ewis County. 

Horizon.-Cowlitz formation, Upper Eocene. 

m::xus SURCULA 11. ASD "· ADA)ts. 

ScRCULA COll'LJTZEXSTS n. sp. 

Plate III, Figures 30, 36, and Plate IX, Figure 86. 

Dcscription.-Shcll slender, elongate, biconical and fusiform; 
length of spire equal to that of canal: whorls eleven and sharply 
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angulated; suture distinct, impl'essed and linear; surface below 
angle slightly convex, that above distinctly concave; surface 
of body whorl ornamented with fifteen longitudinal 1·ibs which 
extend over \,·hods of spire; these entirely disappear ju. t above 
the angle and a short distance below and form conspicuous nodes 
on the angle : there are sixteen equally spaced revolving ribs 
from base to angle and between each is a broad flat-bottomed 
interspace containing a fine reYolving thread; in ilddition there 
are fine lines of growth which aI'e sinuous and conform to the 
posterior sinus. Aperture nanow and elongate terminating in 
a long nanow canal; po terior end with deep sinus ; inner lip 
smooth and incrusted; outer lip thin : canal long and straight. 

Dimen-sio-ns.-Altitude 45 mm.; diameter 7 nun.: altitude of 
spire 2-2- mm.; angle of spire 30°. 

Occurrence.-At Loe. No. 1 (University of ·washington Pa­
laeontological Collection) one and one-half miles east of Sope­
nah (Little Falls) in bank of Cowlitz R iver, Le"·is C'ollnty, 

H orizon.-Cowlitz formation, Upper Eocene. 

GENUS CON US J,IXNA •:us. 

Coxus cowuTz·eNs1s n. sp. 
Plate II, Figure 20. 

Description.-Shell biconical; spire a little over one-fourth of 
total length; whorls seven and a half to eight, and ,,ery sharply 
angulated; upper two forming the apex arc smooth and 

rounded; angle set with nodes. Body whorl conical below the 
angle; nearly flat above but sloping close to the suture maki11g 
the upper surface of each whorl decidedly convex; eighteen very 
distinct nodes on the angle; these do not continue above or below 
as ribs; although blunt and rounded they are pointed slightly 
to the left. Smface marked by forty re,.,o]ving lines below the 
angle which are more distinct towal'd base of whorl; portion of 
whorl above angle obscuxely sculpttued by revolving Jines. Nu­
merous faint lines of growth are present. Aperture linear and 
narrow, and extending to end of spire. The spire varies ~omc-
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what in length, but the upper surfoC"e of whorls are extremely 

convex. 

Dimensions.-Altitude 38 mm.; dii1meter 15 mm.; altitude of 
spire 13 mm.; angle of spire ,50° ; angle of lower part of body 
whorl 88°. 

Occurrcnce.-Common at Loe. ~o. 1 (Fnivcrsity of ,,\ish­
ington Palaeontological Collection) one and one-half miles ea:,,t 
of Sopennh (Little Falls) in bank of Cowlitz R i\'el', Lewis 
County. 

H orizon.-Cowlitz formation, Upper Eocene. 

BRACHIOPODA. 

GENUS RHYNCONELLA rrsc11ER. 

RHYNCONELLA WASHINGTONIANA n. sp. 

Plate V, Figures 44, 45. 

Descripfion.-S}iell sub-circular medium size, thin and very 
slightly longer than wide; hinge line nanow and situated at 
middle of shell; dorsal valve evenly convex, sub-circular with 
no trace of medial fold; ventral val"e with same convexity as 
dorsal; sinus distinct; margin sloping <lown at an angle of 40° 
from beak; base arcuatc; beak prnminent, incurved. Sculptured 
wilh about thirty radiating ribs, many of which are dichoto­
mous ; these are crossed by numerous concentric Jines of growth ; 
medial groove fairly distinct, but not clccp; more pronounced 
towards basal margin. 

Dimensions.-\Tentral vah-e, a1titude !W mm.; longitude 1", 
mm.: thickness fl.5 mm. Dorsal valve, altitude 18 mm.; longi­
tude 18 mm. ; thickness 2.5 mm. 

Occurrence.-At Loe. No. 1 (University of W a hington Pa-
1aeontological Collection) one and one-half niiles east of Sope­
nah (Little Falls) in bank of Cowlitz River, Lewis County. 

lforizon.-Cowlitz formution, Upper Eocene. 
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MIOCENE SPECIES. 

PELECYPOOA. 

Ot:.'ffS LEDA SOIIUMAOllt:R. 

LEDA CHRHA LlSENSIS n. sp. 
Plate XII, Figures 104, 105. 

Description.-Shcl l small, moderately convex, equivalve and 
nearly equilateral; beaks sl ightly elevated and curved forwuds; 
lunulc very large; cordate elongate and fairly d~eply impressed; 
escutcheon long and narrow; anterior margin of !>hell concave, 
at fil'st sloping steeply for a short distance from the beaks, and 
then straight to the anterior end; anterior end bluntly truncated 
upward: base broadly rounded: posterior margin very slightly 
convex and sloping downwards at a low angle; posterior end 
acutely rounded. Sculptured by equally spaced closely set con­
centric ribs with deeply grooved inte1·spaces equal in width to the 
ribs. 

Dimensions.- Altitude 10 mm.: longitude 15 mm.; thickness 
3.5 mm. 

Occu1·re11ce.-At Loe. No. 68, in northwest quarter of Sec­
tion 28, T. 17 N., R. 17 W. 

Horizon.-Chehalis fot·mation, upper part of Lower i\liocene. 

GENUS YOLDIA ?.{OLLER. 

YoLDIA SAMMAi\USH.ENSJS n. sp. 
Plate XIII, Figure 106. 

Description.-Shell thin, moderately compressed, equivalve, 
slightly inequilateral. Anterior end slightly longer than pos­
terior; anterior margin slopes slightly upwards from the beak, 
then bends rather sharply, passes broadly around the anterior 
end and slopes at 45° to the b~tse. Dasal margin straight for 
some distance and then slopes upward at ~0° and finally is 
obliquely trnncated upwards at the posterior end; posterior 
margin slopes down 45° from beak and then extends at an angle 
of 15° to the posterio1· end; posterior end slightly bent. Beaks 
lo"' and directed po teriorly. Surface ornamented by mod­
erately coarse to fine evcnl)' spaced concentric ridges. There 
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are nineteen posterior hinge te<>th, anterior number undeter­
minable. 

Dimen.sions.-Longitude 60 mm.: altitmlc S~ mm.: diameter 
9mm. 

Occurrence.-Occurs in the basal Miocene overlying the Puget 
[Eocene] sandstones, two miles northeast of I ssaquah, King 
County. 

Horizon.-Blakeley formation, Lower Miocene. 

01'..'NUS PECTEN :MULLER. 

PECTEN POltTE1lENS1S n. sp. 

Plate VIII, Figures 70, 72. 

Description.-Shell slightly higher than long, inequiYalvc, 
equilateral. Margins somewhat -serrate, base rounded: sides 
sloping above; sides considerably concave above, the posterior 
being more so than the anterior: right valve with twenty nearly 
equal slightly rounded radiating ribs, which arc always dichoto­
mous ancl often trichotomous, n.nd begin so about .J,O mm. from 
the beak: interspaces unequal, nearly twice as broad as the ribs 
and always ornamented by at least one auxiliary rib which begins 
near the beak and often attains at least one-half the size of the 
regular ribs. The four anterior intenadials Rre strongly im­
bricatcd or crenulated. Whole surface ornamented by very fine 
concentric striations; cars subcqual: anterior ear with six 
radials and moderately fine concentric lines; by,;sal notch ver.v 
pronounced; posterior car with eight radials, strongly crenu­
lated and truncated by a convex cune. 

Dimensions.-Longitudc 86 mm.: altitude 100 mm.: diameter 
~3mm. 

Occurrence.- In the sandstone. oYer!y-ing tl1e bnsnlt, one mile 
west of Oakville, Chehalis County, in Xorthern P11cific railroad 
cut. 

Ilorizon.-Blakeley formation, Lower :;\Jioccnt·. 
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P ECTEN AL0CKA1\fANENS1S n. sp. 
Plate XIII, Figure 115. 

Dcscription.-ShelJ small, much higher than long, equivalve, 
equilatcra.1; sides st might and sloping regularly at an angle 
of 50° from the beak; base regularly rounded: left valve has 
1$ or 14 equally rounded ribs which are not sulcated; inter­
spuces are flat-botton1ed nnd slightly wider than the radiating 
ribs. Surface ornamented with £ne incremental lines; anterior 
ear about one-third longer than posterior; byssal area moder­
ately deep: posterior ear truncated n.n<l both ornamented by 
fir1e concentric lines. 

Dimensions.-Lougitude 18 mm.; altitude ~4 mm.; diameter 
Smm. 

Occurrence.-Conunon at Loe. No. 54 (University of Wash­
ington P alaeontological Collection) near tl1e head of Alock­
aman River, Cowlitz County, in Sec. ~. T. 9 N., R. 5 ,v. 

Hori::on.-Near base of Wahkiakum formation, Lower }lio­
cene. 

OESUS MYTILUS LINNAEUS. 

~IYTJLUS SAMMAMISHENSIS n. sp. 
Plate XIII, Figure 111. 

Descriptio11.-Shell small, moderately thick, elongate; left 
valve larger than right; beaks small, terminal; anterior margin 
nearly straight with an upward slope for some distance from 
the beaks and then broadly rounded to the posterior end; basal 
margin nearly strnight but cuning slightly toward the beak. 
Shell thickest about one-third distance up from the base, sloping 
sharply to the base and gradually to the anterior margin. Sur­
face ornamented b:y numerous faint concentric striations and a 
few in-cgular lines of growth. Still possesses dark coloration. 

Dimcnsion.,.-Longitude SO mm. ; altitude 17 111m.; diameter 
8 nun. 

Occurre11ce.-Occurs abundantly two miles northeast of I ssa­
quah, King County, in the lower part of t]1e Blakeley formation. 
Loe. No. -- (UniYersity of ·washington Palaeontological 
Collection). 

H ori::on.-Lowcr Bln.kclcy formation, Lower ::\Iiocene. 
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iIY'l'ILUS S'l'ILLAGUAlllISRENSJS n. sp. 

Description.-Shell large, thick, elongated ; beaks terminal 
and not prominent; anterior margin broadly arcuate, basal 
margin nearly straight but in some specimens slightly concave; 
posterior end sharply rounded; greatest thickness of the shell 
about one-fourth the distance up from the ba e. S111·faC'e slop­
ing steeply to the base and gradually to the anterior margin; 
urfnce ornamented uy faint concentric lines of growth. 

Dimensfo-ns.-Longitude 90 mm.; altitude S7 mm.; diameter 
i8 mm. 

Occurrence.- Occurs abundantly in tbe sandstones in the 
banks of the Stillaguamish RiYer about four miles northwest of 
the town of Granite Falls, Snohomish County. 

Horizon.-Blakeley formation, Lower Miocene. 

l\1YTJT,US SNOHO'.MISHENSJS n. sp. 
Plate XIII, Figure 110. 

Description.-Shell small, moderately thick, elongate, nar­
row; beaks terminal and small; dorsal slope arcuate with a pro­
nounced angle about one-third distance from the beak; base 
straight or very slightly concave; posterior end sharply 
rounded. Surface convex, sloping at a lower angle to the dorsal 
area and steeply to the base; omamented by fine concentric 
striae a11d irregular lines of growth. 

Dimensions.- Longitude 33 mm.; altitude 1.5 mm.; diameter 
7 mm. 

Occu1Tence.-Common at Fiddler's Bluff, three miles south 
of Snohomish City, S11ohomish County. Loe. No. ~28 (Univer­
sity of Washington Palaeontological Collection). 

Horizon.- Blakeley formation, Lower 1\Iiocene. 

GEl>llS VEI\"ERICARDIA LAMARCK. 

YENEBICAllDIA CfCEHALfSEN"SIS n. sp. 
Plate XII, Figures 101, 102, and Plate XV, Figures 133, 137. 

Descriptio-n.-Shell robust, thick, sub-triangular, equivalve 
and inequilateral; beah not especially prominent for the genus 
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with anteriorl_y recurved umbones; lunule very small, cordate; 
ei.cutchcon absent: anterior margin Yery slightly conca\·e and 
slopes at about 45° to anterior end where it rounds and merges 
into the base, which slopes at an angle of 40° to the posterior 
end, when it curves sharply upwards; posterior margin slopes 
gently at first from the beak for a short distance and then drops 
decidedly to the posterior end. Surface ornamented by twenty 
equally spaced radiating rounded, fairly well marked ribs; the 
interspaces are not deep and nre nearly as wide as the ribs. 
These arc crossed by numerous well developed concentric lines 
of growth. Hinge plate large; muscular scars very pronounced; 
palia1 line distinct and about one-sixth the distance of shell 
from margin. 

Dimcnsions.-Longitude flS uun.; altitude ~8 mm.; diameter 
10 mm. 

Occurrence.-One of the most common pecies in the Chehalis 
formation. Two miles southwest of :\Iontesano. 

Horizon.-Chehalis formation, upper part of Lower l\liocene. 

GENUS CHIONE MEGERLE. 

CHIONE CH.EHAL1SENSIS 11, sp. 
Plate VIII, Figure 71. 

Description.-Shell large, sub-trigonal, very incquilateral, 
very thick, equivalve; beaks ele\•ated, situated at the anterior 
fourth of the shell, medium sized and pointing anteriorly; lunule 
short, cordate and strongly impressed; escutcheon large and 
elongate but not very well defined: posterior margin rounded and 
gradually sloping from the beaks anti) it becomes vertical; it is 
sharply flexed where it joins the ba al margin. Basal margin 
evenly arcua.te and sharply inclined upward to the ante1·ior end. 
Anterior end slopes do\l'n abruptly from the beaks and tl1en 
slopes about 40 to the anterior end; posterior portion of shell 
curved around brnadly so as to form an angle of 110° bringing 
the real posterior margin 10 mm. anterior to the axis of the 
fold. Surface sculptured with about eighty rounded radial 
ribs which sho"' up prominently as the outer surface of the shell 
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becomes worn. The anterior twenty and the posterior twelve 
ribs are very fiue and closely set, the medi11l forty-eight are 
about I mm. broad and I mm. npart, and more pronounced to­
ward the base than towards the beak. These arc crossed by 
numerous irregularly spaced crenate concentric 1amcllne. 

Dimcn.sio11s.-Longitude 65 mm.; altitude 65 mm.; diameter 
33mm. 

Nofes.- This species occurs with Chionc securis, but differs 
from it in its sub-trigonal form, pronounced in-bending of pos­
terior end, thickness and escutcheon. 

Occurrencc.-Common at Loe. No. 46 (University of Wllsh­
ington Palaeontological Collection) about one-half way between 
1\1011 tesano Ami Aberdeen on the south side of the Chehalis 
River, in Chcl111.lis County. 

Horizon.-~Iontes1rno formation, lower part of Upper 
Miocene. 

C'liIONE :i\lON'l'ESANO.ENSIS n. sp. 

Plate XII, Figures 96, 97, 103. 

Descriptio11.- Shel1 small, sub-anguhu· to rounded, moder­
ately thick, inequiltiteral, equivalve; lunule cordate, concen­
trically striated, projecting along the medial line and surrounded 
b_y a moderately deep groove. ~o escutcheon observed; beaks 
moderately high. Posterior dorsal margin nearly strnight ex­
cepting just behind the beak where it is slightly concaxe. It 
slopes downwards at an angle of 45° and then drops nearly 
vertical and merges into the evenly rounded bnse; anterior 
margin slopes steeply from the beak and then flares out nnd is 
slightly truncated ,it the anterior end, where it gently curves 
and merges into the basal margin. Surface sculptured by nu­
merous C'oncentric ridges evenly spaced and nearly equally de­
veloped from the beak to the base; these ridges are cro:.,-ed by 
twenty-eight prominent radiating ribs which are equally de­
veloped from the beak to the base; at the posterior end of the 
shell these ribs arc narrow: in the center 1tnd on the posterior 
portion of the shell they are broad with deep nftrrow grooves 
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between them. The beak is sculptured as well as the surface of 
the shell. H inge with three cardinal teeth 1tnd one obscure pos­
terior lateral: muscular scars prominent; palial line distinct 
with n smaJl triangular sinus only extending into the shell about 
4mm. 

J)imcnsions.-Longitude ~5 mm.: altitude 18 mm. ; diameter 
8 mm. 

Sotcs.-C. Montesanoensi., is most closely related to C. bis­
culpta Dall, but lllay be distinguished from it by the difference 
in the sculpture which docs not ,,ary in a large number of un­
worn specimens, in the smaller size of the palial sinus and in 
the greater altitude compared with length. It is common in the 
conglomerate of the i\Iontesano formation. 

Occurrenct'.- Occu rs abundantly at Loe. No. 68 (Univel'sity 
of ·w ashington P alaeontological Collection) in the i\lontesano 
conglomerate on Sylviit Creek about six miles north of l\Ionte­
snno, Chehalis County. 

Hori:ron.- ;.\Iontesano formation, lower part of Upper 
Miocene. 

CHIO}o.'E CA'rHCARTENSIS n . sp. 

Plate X, Figure 79. 

Description.-Shcll of moderate size, subtrinngular, thick and 
Ycry inequilateral; beaks situated n distance of one-six.th of the 
length of the shell from the anterior end, and strongly inclined 
forwards; anter ior margin slightly concave and sloping do,,·n­
wards at an angle of 65° ; anterior end very acutely rounded; 
po tcrior margin arcuate from beak to posterior end, where it 
forms a sharp angle with the base which slopes up decidedly to 
the anterior end and gradually to the posterior; sharp angular 
ridge extendi11g from beak to posterior end and situated jn»t 
in front of posterior 0111.rgin: surface sculptured by numerous 
,vell ,leveloped roughened concentric lines of growth; lunule 
moderately large but not much impressed. 

Dimcnsions.-Altitude 33 mm.; longitude 44 mm. : thickness 
l O mm . 
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Occun-ence.-,\t Loe. N. 2!l8 (l"nivcrsity of ·washington P a­
laeontological Collection) 1\t :Fiddler Bluff, Cathcart, in North­
ern Pacific Railway cut. 

Horizon.- Illakclcy formation, Lower 'Miocene. 

GENUS MARCIA ADAMS. 

)!ARCIA OREGOXENS[S CONRAD. 

Plate XII, Figure 96. 

This :;pecics 1:- , cry <'Ommon in the Lincolu and Blakeley 
formations. 1t varie» somewhat in shape but the specimen 
figured in this report is most characteristic and was collected 
from the Lincoln shales in souU1ern Thurston Com1ty. It 
ranges up into the Wahkiakum and Chehalis formations but is 
not especially common. · 

OE1-l'f> TELLINA I.INNAE"US. 

TELLINA :.rnRRL\l\IT n. sp. 

Plates IX, X, XIII. Figures 74., 81. 

Description.-Shell elongate, aUcnuiitcd posteriorly, com­
pressed slightly, inequiva]ve and nearly equilateral; surface 
smooth; beaks low, curved slightly forward; anterior margin 
very slightly convex and sloping at an angle of 15° which in­
creases to 30° near the anterior end , which terminates in a 
sharp angle and is evenly rounded; posterior margin slopes 
from beak at an angle of about 40° with a very slight conve.xity 
midway between beak and posterior end; posterior end abruptly 
tnmcated; basal margin a broad regularly cul'Ved line except­
ing just anterior to the posterior end, when it is very slightly 
concave; posterior sW"face of right valve fl exed, making an 
m1gle of about 125° and forming a ridge from the beak to 
posterior extremity; an obscure groove extends from benk to 
posterior encl of basal mnrgin. Surface sculptured by fine con­
centric incremental lines and near the margin a fow prominent 
lines of interrupted growth. · 

Dime11sions.- Longitude 48 mm.; altitude ~8 mm.: diameter 
7 mm. 
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Notes.-T. rrwrrimni is ,·ery close to '1'. kincaidi but may be 
distinguished by the more centrnl position of the beaks, the 
more attenuated posterior end and the more pronounced fold­
ing of the posterior margin. It occurs with T'. ki,ncaidi in 
the conglomerate of the )lontesano formation. 

Occurrcncc.-Occurs at Loe. No. 68 (Uni\'ersity of ,vash­
ington Pulaeontological Collection) in the basal conglomerate 
of the l\Ionte ano formation on Sylvia Creek, six miles north of 
the town of }lontesano, in Chehalis County. 

Horizo11.- Monte,mno formation, lower part of Upper 
Miocene. 

T£LLIXA Kl~CAIDI n. sp. 
Plate X, Figure 82. 

Description.-She11 elongate, sub-oval, moderately narrow~ 
compre sed, incquilaternl, slightly incquivalvc, attenuated an­
teriorly; beaks low und situated about one-third the distance 
from the posterior encl of shell. Anterior dorsal ma1·gjn of 
shell nearly straight and sloping downward to anterior end of 
shell at an angle of about 15°. At the anterior end it is 
sharply angula ted and r;,harply curved to the hasal margin 
which is nearl_y straight except near posterior end, where it 
is slightly incurved. due to the 111inor flexing of the valve. 
PosteYior margin is slightly convex and slopes at an angle of 
65° from beak to po~terior end of shell where it forms a harp 
angle of 60° with the base. Posteriot· margin sharply bent 
inwards forming a prominent ridge from beak to base; just 
1mterjor to this ridge i an obscure groove more prominent near 
base. Surface sc1tlptured by nllll1erous fine concentric incre­
mental lines iITegula1·ly spaced and occasional lines of growth. 

Dimensions.- Longitude 5~ mm. ; latitude 30 mm. ; diameter 
'1 mm. 

Notes.- This form is common in the conglomerate at the 
base of the Montesano formation and is genemlly fairly well 
preserved. It is named in honor of Prof. Trevor Kincaid of the 
Department of Zoology nt the Cniversity of " 7ashington. 
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Occurrence.- Occurs at Loe. Xo. 68 (University of VVash­
ington Palaeontological Collection) in the basal conglomerate 

of the l\Iontesano formation on Syl\litt Creek, six miles north of 

the town of l\Iontesano, in Chehalis Count.v. 
Hori::on.- Montesano formation, lower part of Upper 

'l\Iiocenc. 
11Fl'-VS MACOJ\IA l.EACIL 

1\IACO;\JA ll!ONTESAXOENSIS n. sp. 
Plate X. Figure 80. 

Description.-Shcll large, sub-oval to rounded triangular, in­
equilltternl, slightly inequivalve: ,,iLJvcs moderately convex, con­

centrically sculptured: bcllks low, small, situated nearly me­
dial, but in some specimens slightly posterior to middle. The 

anterior dorS1ll 1mu·gin slopes gently at an angle of about 15° 
for a short clii,tance, then cun·es more steeply; anterior enc-l 

evenly rounded: posterior dorsal margin ,·ery slightly con­
cnve, sloping 1d an angle of 45° to the posterior cod where it 
is sharply trnnca tcd: vent ml nu1.rgin regularl.v curved. On the 
right ,·alve 11 sharp ridge, forming an angle of 75° to 80 
extends from the beak to the posterior extremity: immediately 

in front of this there is a very slight obscure fold more notice­

nble near the margin. A \Tery faint ridge j;, noticeable along 
the anterior margin. Surface sculptured by numerous im­

pressed incremental lines somewhat irregularly distributed. In­
terior inaccessible. 

Dime-nsi<>ns.- Longitudc 68 mm.; altitude 50 mm.; diameter 
of right valve 10 mm. 

Notes.-M. 11wntcsa11oensi.~ resembles .lf. piercei Arnold, 

but can be distinguished from it by its more trigonal shape, 

the greater slope of the posterior margin, the eonvcxity of the 
posterior margin, the more posterior position of the beak und 

the sculpture. It is fuirl_y abundant in u fine conglomerate f1.t 
the base of the l\fontesnno formation on Slyvia Creek, six miles 
north of the town of Montesano in Chehalis County. It lu1.s 
bec11 found only at Locnlity No. 68 (Uni\'ersity of Washington 
Pal neon tological Collection). 

Horizon.- 1\Iontcsnno formation, Upper Miocene. 
-5 



66 B ulletbn No. 16, WashingtQ11, Geological Survey 

1\facOMA SNOHOMISRENSJS n. sp. 

Plate XIII, Figure 109. 

Dcscription.-Shell small, thin, de<"icledJy inequilateral, 
slig11tly inequivalYe, attenuated posteriorly. Surface smooth 
and sculptured with fine concentric Jines; beaks small, low and 
situated near tl1c anterior end; posterior margin straight and 
slopes at an angle of 15° : posterior end cYcnly rounded; basal 
margin nearly straight. Ant12rior margin short and slopes 
rlown 45° from the beak and then slopes gradually around the 
anterior end and merges ,vitl1 the base. 

Diuumsions.-Longituclc ~S mm.; altitude 12 mm.; diameter 

of entire shcll 8 mm. (4 mm. for each valve) . 

Occitrrence.- Common at Fiddler's Bluff, S miles south of 
Snohomish, Snohomish County. Locality No. Q28 (University 
of Washington Palaeontological Collection). 

Horizon.- Blakeley formution, Lower .Miocene. 

1\f ACOl\!A WYNOO'l'CRE£NSIS 11, sp. 

Plate XV, Figures 128, 129, 130. 

Description.- Shell of morlerate size, thin, equivalve, inequi­
lateral; beaks small and situated about two-fifths the length of 
shell from anterior end. Anterior margin slightly concave and 
sloping downward at an angle of 37°, obliquely tnmcated at 
,interior end; base broadly rounded; posterior margin straight 
and sloping at an angle of 18° to anterior end, which is acutely 
rounded. Surface sculptured by close set fine concentric lines 
of growth. 

Di1nensio11s.- A1tit.ude ~'1 mm.; longitude 50 mm.; thick­

ness of both valves 14 mm. 

Occurrence.- At Loe. No. 131 (U11iversity of W ashington 
Palaeontological Collection) at a point one mile west of tJ1e 
tow11 of 1\Iontesano on logging road cut. 

Horizon.- Chehalis formation, upper pal't of L ower ) I iocene. 
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GENUS SEM.ELE SCIIUMARCK. 

SEMELE l\:[ONTESANOENSJS n. sp. 

Plate XII, Flgw·es 98, 99. 

Description.-Shell medium sized, sub-quadrate, inequila.teral, 
cquivalve, and moderately inflated; beaks somewhat prominent, 
pointing forwards and situated about two-thirds distance from 
the anterior end. Posterior margin slopes nearly straight at 
an angle of a.bout 50° from beak to a point about two-thirds 
the distance up from the base, where it is truncated at tbe pos­
terior end; base broadl.v rnunded; llnlerior margin slopes down 
sl1arply from the beak for a YCI')' short distance and slopes off 
at a. Jower angle for about 6 mm. and then passes as a broad 
curve around the anterior end where it merges with the base. 
Surface ornamented with well defined concentric lines of growth. 
Shell material moderately thin and interior of right valve show­
ing cardinal and lateral teeth fairly well developed; palial une 
distinct. 

Dimensions.- Longitude ~9 mm.; altitude ~.Ji mm.; diameter 
8mm. 

Occurrence.-This species is very common at Loe. No. 68 
(University of Washington Palaeontological Collection) on 
Sylvia Creek, six miles above town of Montesano, Chehalis 
County. 

Jlori.tton.-1\fontesano formation, Upper l\liocene. 

SE11rELE SYLYlAENSIS n. sp. 

Plate XII, Figure 100. 

Description.-Shell moderately large, nearly as high as long, 
sub-equivalve, nearly equilateral, sub-oval and moderately thick; 
beaks not very prominent and pointing slightly forwards, and 
situated nearly central. Anterior margin sloping downwards 
about 45° just in front of beaks and then sloping gradually 
downwards at 30° to the anterior end, which is truncated and 
then rounds off into the base. Base regularly rounded; posterior 
margin slightly convex and ~loping nbout 45° to posterior end, 
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which is sharply rounded. SuL"fu.ce orname11ted by faidy well 
developed concentric lines of growth. 

Dime·nsions.-Longitucle SS mm.; altitude 29 mm. ; diameter 

9 mm. 
Occurrence.-Common at L oe. No. 68 (University of Wash­

ington Palaeontological Collection) in conglomerate on Sylvia 
Creek, six miles north Qf ·Montesano, Chehalis County. 

Horizon.- uiontcsano formation, Upper :;\J iocene. 

OEl'IUS PSEUDOCARD1Uu-1 GABB. 

PSElJDOCAJtDll'l\f GABBI R EllCOXD var. ALTUS n . var. 

Plate VII, Figure 69. 

Dcscription.- This variety is hirgc, somewhat compressed; 
beaks moderately high but not especially prominent for the 
genus. Anterio1· and posterior margins have teep ·lopes, the 
latter being more pronouncerl. The altitude is much greater in 
p1·oportion to the longitude than in the cnse of the other varities. 

Di-mensions.- L ongitude 75 mm.; altitude 78 mm.; diameter 

SO mm. 
Occurrence.- Common in the uppermost 1\fontesano massive 

sandstone about two miles northwest of Elma, Chehalis County, 
L oe. No. 61 (Uni-versity of Washington P alaeontological Col­

lection). 
Horizo11.- l\ilontesano formation, Upper Miocene. 

PsEunoCAJtDIUM G,\Jrnc R EMOND var. ELONGATUS n. var. 
Plate X, Figure 78. 

Description.- Thi s variety differs from variety altus in its 
relatively greater length and tl1icln1ess. It might seem best to 
regard them as the same, but out of a large number of specimens 
they can be distinctly separated and do not show gradations 
from one to the other. They occur at a definite horizon in the 
same formation and can be used for stratigraphic purposes. 

Dimensions.- Longitude 7S nun.; altitude 55 nun.; diameter 

34 mm. 
Occurrence.- Six miles northeast of Satsop, Chehalis County. 

H orizo11 .- U pper Mon terc_r formation, Upper :\I iocene. 
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rsErDOCARDll'l\( GABDt REMONI) \ '/l.r. ROBlJSTt·:.'lr n. var. 

Plate VII, Figure 68. 

Dcscription.- A line passed from the bcttk along the outer 
surface of the shell to the base forms a nearly perfect semi­
circle; just back of the i1nterio1· margin of the shell a prominent 
ridge occurs on this point; about two thirds distance from the 
beak is a hlunt protuberance or shoulder; a less marked one 
occurs on the posterior margin. 

Dimcnsions.- Longitude 80 mm.; altitude 70 mm.: diameter 
35mm. 

Occurrcnce.-Two miles northeast of Satsop, Chehalis 
County. 

Horizon.- )Iontesano formation, Upper :Miocene. 

Ps.1,a!DOCAirnnr111 GABBI REMOND var. t'NDILil-'ERUJ\f n. ,·ar. 
Plate IX, Figure 76. 

De.scription.-Shell typically small, anterior margin slightly 
convex with a slope of 60° ; posterior margin nearly straight 
with slope of 45° ; posterior surfncc of shell undulatory because 
of broad groove extending from beak to margin. These char­
acters are constant und do not seem to grade into the other 
vti.rieties. Severn.] hundred :-pecinicns from the same locality 
shO\\' these characteristics. 

Dimensions.-Longitude 50 mm.: altitude 40 mm.: diameter 
~o mm. 

Occurrence.-Common in the basal :Montesnno conglomerate 
on Sylvia Creek, six miles north of 1Iontesano, Chehalis County, 
Loe. No. 68 (University of Washington Palaeontological Col­
lection). 

Horizon.-1\lontesano formation, lower part of Upper 
'i\Iiocene. 

Ps£UD0CA1tDH':'lf LANDES! n. sp. 
Plate IX, Figure 75. 

Description.- Shell thick, equiYuh·e, nearly equilateral; an­
terior and posterior margins sloping steeply and at iibout snme 
angle; base evenly rounded: beaks prominent and po·inting 
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slightly forw'ards; escutcheon narrow but fairly well defineq. 
Surface ornamented with heavy concentric lines of growth; 
hinge moderately heavy. 

Dimensions.-Longitude 45 mm.; altitude 53 mm.; diameter 
~5 mm. 

Occurrence.-Occurs fairly abundant in the conglomerate at 
the base of the Montesano formation, six miles north of Monte­
sano, Chehalis County, Loe. No. 68 (University of Washington 
Palaeontological Collection). 

Horizon.-Montesano formation, lower part of Upper 
}Iiocene. 

GEXUS CRYPTOMYA CO~":RAD. 

CRYPTOl\fYA 'il' ASHlNGTONIANA n. sp. 
Plate XIII, Figure 114. 

Description.- Shell small, slightly inequilateral, incquivalve, 
beaks small; posterior margin sloping abruptly for a very 
short distance and then nearly straight at an angle of 45° until 
it drops off nearly vertical to the posterior end ; base evenly 
a1·cuate. Anterior margin straight and slopes at about fl0° 
to the anterior end which is regularly rounded and merges into 
the base. Surface ornamented by fairly well developed con­
centric lines of growth. 

Dimensions.-Longitude 31 mm.; altitude ~4 mm.; diameter 
5 mm. 

Occurrence.-Common at Loe. No. 68 (University of Wash­
ington P alaeontological Collection) on Sylvia Creek, six miles 
north of Montesano, Chehalis County. 

Horizon.- Montcsano fo1mation, Upper Miocene. 

GAST EROPODA. 

GENUS TURRJS BOLTEN. 

Tunms wYNOOTCl!EENs1s n. sp. 
Plate XI, Figures 87, 88, 89, 94. 

Description.- Shell lnrge with eight whorls; each whol'l 
sharply angulated by a carina near the upper portion; surface 
of body .whorl below angle co,wex, abo\'e very concave; it slopes. 
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at a sharp angle from the carina and then just below the suture 
abruptly bends and extends outward to the suture where it 
terminates in a very narrow band or cord; the surf ace of ea.ch 
whorl of the spire below the carina is nearly flat and nearly yer­
tica.l; the surface above the carina is similar to the body whorl; 
the carina is crossed with ribs, producing fourteen sharp nodes 
,vhlch entirely disappear on the surf ace immediately above the 
carina as well as withln ~ mm. belo~· it, except on the whorls of 
the spire where they extend down to the sutru·e; transverse sculp­
ture consists of numerous spiral threads which are much more 
pronounced on the surface of the whorl below the carina than 
above; on body whorl, below carina, there are fourteen evenly 
spaced major threads; midway between each of these is a less 
prominent thread and on each side of this a minor tluead; above 
the carina up to the sutw·e the same sculpture prevails, only 
less prominent; axial sculpture consists of numerous lines of 
growth confom:iing to the posterior sinus whose angle is above 
the carina. Inner lip smooth and calloused; outer lip smooth; 
aperture moderately broad. Extreme end of canal broken in 
every specimen but tending to bend slightly outwards. Older 
specimens relatively more elongate. 

Dimensions.- Altitude 35 mm. and 60 mm.; diameter 17 mm. 
and 25 mm. ; elevation of spire 14 mm. and 22 mm. Ang]e of 
spire 52 ° and SS O • 

Occurrence.-Common at Loe. No. 31 (University of ·wash­
ington Pa]acon tologica] Collection) in the shales about one mile 
west of town of :\:Iontesano, Chehalis County. 

Horizon.-Cheha]is formation, upper part of Lower Miocene. 

0£":\,:J'S CHLOROSTOMA SWAJXS. 

CnLOROSTOMA ARNOLDI n. sp. 
Plate VI, Figure 62. 

Description.- Shell very small; spire low, whorls five; suture 
clistinct and imp1·essed; body whorl flattened; convex abo"e; 
sharply angulated and fiat below; sculptmed by five clii,tinct rc­
volYing ribs on upper surface and set with nodes : between thei;e 
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ribs the inters pace urc broad 1tnd concave; undcl' su rface sim­

ilarly sculptured. 

Dimensio-11.~.-Altitndc 9 mm.: diumctcr 13 mm.: altitude of 
spire 4! mm.: angle of spire 110°. 

Locality.-No. 160 (University of Washington Palaeonto­
logical Collection) at Porter Bluff, Chehalis County. 

Horizo-n.-Blake1ey formation, Lower Miocene. 

GENUS CALIOSTOMA $WAINS. 

CALTOSTO>MA DELAZJNENSIS n. sp. 
Plate VI, Figures 69, 60, 61, 63. 

Description.- hell mall, largest specimens not over 12 mm. 
in altitude, conical; whorls six, con,·ex; body whorl with upper 
surface very slightly convex and sloping up to suture at an 
angle of '1!5° : lower surface broadly con,·ex nnd nearly horizon­
tal; sculpture on bocly whorl with eight prominent revolving 
ribs above the angle and ten below, all equally spll.ced: lines of 
growth fairly well nmrkccl; on some i,peeimcns these ribs arc 
very slightly nodosc, but it is not characteristic. Interspaccs 
conciLve, smooth and contain no revoh·ing thread. Sculpture of 
spire similar to body whorl. Suture disti11ct und impressed; 
aperture sub-oval; inner lip smooth; outer lip thin. 

Dimensions.- Altitude 13 mm.: diameter !tO mm.; altitude of 
spire 8 mm.: angle of spire 80° . 

Locality.-Six miles up Dclazinc Creek, Chehalis County, in 
T. l'i N., R. 6 ~ r., Sec. flO. Loe. No. '1!4 (University of Wash­
ington P 1.daeontological Collection). 

Horizon.- Blukcley formation, Lower :\Iiocene. 

<,E:1/n,; TURR[TELLA LA)[Alt(lK. 

TrRRlTEL1,A DLAKf!L.BYE:XSIS n. s p. 

Plate XI, Figure 85, and Plate VI, Figures 64, 67. 

Dcscription.-Shell elongated: whorl,, twelve and flattened 
to slightly concave: suture impressed; just abo"e the suture is 
one sm,dl revolving rib: abo,·e tJ1at u deep groo,·c: then the sur­
face slopes outwards and upward,; forming an angle: on this 
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angle urc one or two large rcvofring rib~: the remainder of the 
surface up to the suture is flat to conca,·c and sculptured with 

. five not very distinct revolving ribs; aperture sub-o,·al. 

Dimensions.-Altitudc 65 nun.: width of base 16 mm.: angle 
of spire 14°. 

Occurrence.-At Loe. No. lS (University of V\Tashington Pa­
laeontological Collection) at Restoration Point, Kitsap County, 
on north side of Point. 

Horizon.-Near top of Blakeley formation, Lower "Miocene. 

TURRTT.ELLA PORTERENSIS 11. sp. 
Plate XI, Figures 83, 84. 

Dcscription.-Shell of moderate size, elongated, sub-conical; 
whorls ten to twelve, convex; suture imprcs ed; the lower third 
of each whorl is broadly angulated; there are three revolving 
ribs on the l'l.ngulatecl area; above this convex nngulatcd por­
tion of the whorl the surface slopes decidedly upwards; it is 
flat to slightly concave; near the suture the upper portion of 
whorls become decidedly impl'(issed; nt the base of each ,l'horl 
is a deep \Yide unsculptured groove; aperture ovoid, broadly 
1·otinded below; inner lip incrusted; outer lip simple. 

Dimensions.- Altitucle S+ mm.: width of body whorl 10.,5 
111111. ; angle of spire 19°. 

Occurrencc.-,rery comn1on at Loe. No. 160 (University of 
Washington Palaeontological ('ollcction) in the bluff along 
Northern Pacific Railroad track at Porter, Chehalis County. 

Horizon.-Blakeley formation, Lower :i\Iiocene. 

Ot;.Nl!$ GYRlNEUM Ll~K. 

GYurn EUM SYL\'1,u:Ksrs n. sp. 
Plate XIV, Figure 126. 

Description.-Shell large, moderately elongated, with si:~ 
rounded whorls; suture distinct; fou,· continuou:; rounded lateral 
var.ices, which are very distinct, on the body whorl and the first 
whorl of the spire; on the remaining ,vhorls they arc obscure: 
between each of the varices there are four distinct broad roundt•<l 
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ribs extending from suture to suture over the body whorl and 
all of the whorls of the spire: interspaces equally develop~ci 
( about two-thirds the width of the 1·ibs and concave) ; canal. 
moderately short and curved. On the specimen figured it is 
broken ; aperture obscured. Surface of body whorl sculptured 
by QS broad nearl_y flat topped re,·olving ribs separated by mod­
erately deep grooves each of which contains a sma11er inter­
ruediate 1·iblet; the same sculpture occurs on each whorl of the 
spire. 

Dimcnsions.-Altitude of figured specimen from base of 
broken canal 56 mm.: maximum diameter 30 mm.: elevation of 
spire ~O mm.; angle of spi1·e SO mm. 

Occurrence.-Occurs at Loe. No. 68 (University of Washing­
ton P alaeontological Collection) in basal conglomerate of 1\Ion­
tcsano fom1ation on Sylvia Creek, six miles north of Montesano, 
Chehalis County. 

Horizon.-Blakeley formation, Upper :Miocene. 

GE1''US FICUS CONRAD. 

Ficus CLALLAMENSIS n. sp. 
Plate IX, Figure 73. 

Description.-ShcH large, subpy1·oform, robust, sub-angu­
latcd; top of body whorl flattened, and very slightly convex ; 
upper part of whorl sha1·ply angulated, angle about 1~5°, and 
carries a series of thirteen unequally spaced nodes which are 
more or less flattened towards tl1e outer lip; interspaces between 
the nodes equal in width to the nodes; these nodes die out a short 
distance above the angle as well as below ; an obscure lower angle 
occurs but carries no nodes; spire very low but rises as a dis­
tinct cone above the nearly level upper surface of the body 
whorl; whorls four; surface of body whorl ornamented with 
fourteen widely spaced Lut not very prominent revolving ribs, 
four of which a1·e above the row of nodes and ten below; inter­
spaces broad and flat with no additional ribs. Surfo.cc of shell 
crossed by numerou-; ,•ery fine lines of growth. Aperture broad 
nnd canal short. 
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Dimensions.-Altitude of shell 90 mrn. from broken portion 
of canal; latitude 75 mm.; altitude of body whorl from broken 
portion of canal 8S mm.; altitude of spire above body whorl 
6 mm. 

Occurrence.-At Loe. No. 107 (University of Washington 
Palaeontological Collection). Slip Point, just east of Clallam 
on the Strait of Juan de Fuca. 

H orizon.-Upper part of Lower l\liocene. 

GENUS NASSA :IU.RTL~I. 

N ASSA ANDE1lSONI n. sp. 
Plate VI, Figure 56. 

Description.-Shell snrnll and symmetrical; spire moderately 
high; body whorl somewhat inflated; surface of body whorl 
evenly convex; suture distinct; linear and sl ightly impressed; 
apertm·e elliptical to oval: columella very short and sharply 
bent backwards with a distinct, though not especially deep, 
sulcus; inner lip incrusted; outer lip with well developed ,•arix. 
Surface sculptured with especially well developed longitudinal 
and revolving ribs; body whorl with twenty-two equally de­
veloped and equally spaced longitudinal ribs, crossed by eight 
equally spaced and equally developed fiat topped revolving 
ribs with flat-bottomed inter~paces of double width; these a1·e 
equally prominent between the longitudinal ribs as well as upon 
them. 

Dimensions.-Altitude 9 mm.; diameter 4.5 mm.; altitude o'f 
spire 4 mm.; angle of spire 50°. 

Occurrence.-At Loe. No. 117 (University of V\Tashington 
Palaeontological Collection) from 1niddle fork of Wishkab 
River, in Sec. 81, R. 8 W., T. ~O N. 

Horizon.-Chehalis formation, upper part of Lower :i\Iiocene. 

GENUS CUMA RUMPH. 

CuMA BIPLICTA var. Q.UADllANODOSU1\1 n. var. 
Plate XI, Figures 91, 92, 93, and Plate XIV, Figure 122. 

DescriptiO'Tl.-Sbell small, thick, with five angulatcd, sculp­
tured whorls; the two "·horls of apex rounded and smooth; each 
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of the remaining whorls has its uppet· po1·tion termirrn.ting in 
a collar set with nodes agreeing in number with those on the 
body of the whorl; body whorl convex in center, strajght or very 
slightly concave above the center and just below the collar. 
Same true on lower two whorls of spire. Spire moderately 
low; on the surface a.re sixteen to eighteen axial ribs which 
extend down to the base of the body whorl although less dis­
tinct than on the center; they do not extend up to the collar 
but reappear as nodes on the rim of the collar. These arc crossed 
by eleven or twelve smaller revolving ribs which are closely set 
on the lower part of whorl, but more widely spaced on convex 
portion where their intersection with axial ribs produces nodes. 
In over 100 specimens examined there are always four nodes to 
each axial rib 011 the convex part of whorl and 16 to 18 rows. 
Spire moderately low; suture distinct: canal short; slightly 
bent with two plications; inner lip he,wily calloused, extending 
up to central part of convex portion of shell; outer lip thin; 
aperture brond. 

Dimen.vion.v.-Altitudc Bfl.5 mm.: diameter ~9l nun.; eleva­
tion of spire 6 mm.: angle of spire 70°. 

Occu,rrcnce.- Loc. No. 57 (Uni,·ersity of ,vashington Pa­
laeontological Collection) up branch of Wilson Creek, Sec. 36, 
T. 10 N., R. 6 W., Wahkiakum County. 

H orizon.- \V ahkiakum formation, Lower i 1ioce11e. 

o•;:n,s FUSUS LAMAIICK. 

F usns M0N'J'ESANOENS1S n. sp. 
Plate VI, Figure 58. 

Description.-Shell large, solid, with six rounded whorls; 
suture distinct and slightl.v appresscd; apex acute; body whod 
plump with four faint but distinct angles, the upper one being 
most pronounced: spirally scuJptured bJ five major revolving 
ribs between each of which are four or five less distinct ribs; 
about 13 or 14 faint varices cross the whorls and appear espe­
cially on the •rngles of the whorls of the spire as node;;. 'rhey 
arc not very prominent on the body whorl. In addition there 
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are numerous barely noticeable fine incremental lines; aperture 
moderately wide; canal long nnd nearly straight. Some of these 
pecimens retain their original coloring. 

Dimensions.-Altitude of specimen 60 mm.; max imum diam­
eter 37 mm.; apical angle 35° . 

Occurrence.-At Station No. 68 (University of '\i'\Tashington 
Palaeontological Collection) in the basal conglomerates of Mon­

tesano fonmttion on Sylvia Creek about six miles north of l\:Ion­
tesnno, Chehalis County. 

H orizon.-1\fontesano formation, Upper :Miocene. 

GENUS PLEUROTOMA LAMARCK. 

P LEIJllOTOMA CliEHALJSENSJS n. sp. 
Plate XI, Figure 90. 

Description.- Shdl moderately litrge, slender, fusiform: apex 
acute, whorls nine, nodose, spirally sculptured and dis­
tinctly tingulated; surface of whorls above nngle flat to concave : 
lower surfaces flat i11 whorls of spire but decidedly concil\'e on 
body whorl; an obscure angle occurs on lower part of body 
whorl; on the angle of the body whorl there are 18 not very 
well developed nodes which disappear immediately above and 
below the angle, with interspaces of about twice their width. 
On the whorls of the spire they keep becoming more pronounced 
and extend as ridges from the angles down to the suture and 
range in number from 10 to 14. These nodes do not, however, 
extend on tl1e surface from the angle up to the ,mture. Surface 
of all the whorls is ornamented by numerous clearly defined regu­
larly alternating major and minor raised revolving lines; pos­
terior sinus well developed; surface of all whorls crossed by 
numerous bowing incremental lines which conform to the pos­
terior sinus; inner lip smooth, extreme end of canal broken, but 
apparently neady straight; apcrtme elliptical; angle of spire 

40°. 

Di11umsio11s.-Altitude from end of spiTe to broken end of 
canal 44 mm.; restored length 5~ mm.; latitude ~O mm.: length 

of spire fl5 mm. 
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Occun·ence.- At Station No. 31 (University of Washington 
Palaeontological Collection) in sandy shale one-half mile west 
of Lincoln Creek Stati011, Thurston County, in railway cut. 

l!orizon.-Lincoln formation, Oligocene. 

PL£UllOTOMA WASIIINGTONIANA n . sp. 
Plate III, Figure 31. 

Description.- Shell small, slender, apex acute; whorls 7 to 8~ 
distinctly angulated and 110dose; lower surface of whorl slightly 
convex; upper surface concave; surface of body whorl sculp­
tured by ten distinct 1·evolving ribs all of which are confined to 
the angulated ridge and the surface below it. Three obscure 
ribs appear above in some specimens; of those occurring below 
three arc stronger than the remainder; angular ridge of body 
whorl set with 16 nodes which also occur on all whorls of spire; 
surface of shell strongly sculptured with incremental lines 
which are undulating and correspond to the sharply incised 
posterior sinus; apex of sinus above angular ridge. Canal mod­
erat ely long and nearly straight with one faint plication: inner 
lip smooth; outer lip thin; aperture narrow, and elongate. 

Di1nensions.-Altitude to broken end of canal flS mm.; diam­
eter 10 mm.; elevation of spire 16 mm.; angle of spire ~0°. 

Occurrence.-At Loe. No. 90 (University of Washington Pa­
laeontological Collection) in bluff one-half mile west of Porter, 
Chehalis County, along railway track. 

Horizon.-Blakeley formation, Lower :Miocene. 

GENUS DRILLIA GRAY. 

DRILLIA CHEHALISENSJS n. sp. 
Plate VI, Figures 65, 66. 

Description.-Shell large, slender, fusiform; apex acute; 

whorls 9 or 10, angulated, very slightly conca\'e above the angle, 
slightly convc~ below the angle on the body whorl, but ap­
proximately straight on the whorls of the spire; suture distinct, 
appressed. Ten well defined wave-like ridges cross each whorl 
at the angle forming nodes ; above the angle these twi t to tbe 
right and dwindle a.way half way to the suture; below the angle 
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they twist downwards to the Jeft for a very short distance and 
disappear. Body whorl sculptured by 30 rounded, well defined, 
equally developed revolving lines; between each of these are one 
and sometimes two minor revohiing lines. This ornamentation 
is also cbaractcristiC' of the spire. Canal long and twisted out­
ward; im1er lip smooth and heavily incrusted with callous. Outer 
lip sharp; posterior sinus fairly well marked; aperture elon­
gate and elliptical ; surface ornamented by numerous lines of 
growth corresponding in curvature to the posterior sinus; angle 
of spire fl5°. 

Dimensions.-.Altitude 80 mm. and 75 mm.; diameter 9l5 mm. 
imd 9l~ mm.; length of spire 39 mm. and 37 mm. 

OccU,rrence.-Vcry common and characteristic at P orter; 
Loe. No. 160 (University of Washington Palaeontological Col­
lection) and Port BlakcleJ L oe. No. 13. 

Horiz011.-Blakclcy formation, Lower :viiocene. 

SCAPHAPODA. 

GENUS DENTALIUM LINXAEUS. 

DENTALIUM PORTERENSJS n. sp. 
Plate XTI1, Figure 113. 

Description.-Shell large, slightly curved; angle of diverg­
ence 9° to 14°; cross section circular; shell substance ver.v thick 
in both young and old specimens; surface nearly smooth but 
showing about 35 very faint longitudinal lines: maximum diam­
eter 9 mm. 

Occurrence.-At Loe. No. 90-about one-half mile west of 
Porter on bluff on nol'th side of Chehalis River, Chehalis County. 

Horizon.-Blakeley formation, Lower i.\Iiocene. 

BRACHIOPODA. 

OEN-US TEREBRA TULA. KLETX. 

TEnEBRATULA O,\K\'ILLEENSIS n. sp. 

Plate XIII. Figure 107. 

Description.-Shell medium sized, elongate; posterior vahre 
thin, beak small and moderately incurvcd; greatest width about 
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two-fifths the length of the shell from posterio1· end : above this 
the margins of shell taper sharply iind evenly to the beak; 
anterior end vcrJ evenly and broadly rounded; dorsal valve 
thin but slightly mol'c convex than the ventral. There is 110 

distinguishable fold on the dorsal, nor sinus on the ventral valve. 
Surface of both valves ornamented by numerous very fine con­
cen t ric striae. There are no radiating rib . 

Occurrence.-From Stntion No. - (University of Washing­
ton Palaeontological Collection) about one mile we t of Oak­
ville on NortheTn P acific track, in sandstone overlyjng ba. alt. 

Horizon.-Blakeley formation, Lower Miocene. 

ARTHROPODA. 

CRUSTA('EA. 

Certain portions of the Blakeley fornrn.tion are characterized 
by hard flinty semi-calcareous concretions which, when cracked 
open nearly always contain the fossil remains of crabs. :i.vfany 
of these are well preserved. They occur most abundantly in 
the shale bluffs at P orter, Chehalis County 1111d in the northern 
part of P acific County, north of the to,vn of Menlo. 
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