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Abstract. Fossils of the chiton, Leptochiton (Leptochiton) alveolus (Loven, 1846), are present in three 
localized cold-seep limestones on the Olympic Peninsula , Washington . One limestone is in the upper 
middle to uppe r Eocene H u m p t u l i p s Format ion near Humptu l i p s ; the second is in the lower Oligocene 
par t of the M a k a h Format ion at Shipwreck Point; and the third is in the lower upper Oligocene part 
of the Lincoln Creek Format ion at Canyon River. T h e deep-sea limestones at the three localities contain 
dense concentrations of megabenthos that lived in association with subduction-related cold-methane 
seeps. Mos t of the chiton remains are disarticulated intermediate plates, but a well-preserved, fully 
art iculated specimen that shows the dorsal surface was found at the Canyon River locality. 

Leptochiton (L.) alveolus was previously known only as a living species with cosmopolitan distribution 
in deep waters. T h e presence of this species in the Eocene and Oligocene of Washington represents the 
earliest unquest ionable record of this genus and the first report of an identified species of chiton f rom 
ancient cold-seeps. 

I N T R O D U C T I O N 

Chitons requi re hard substrate and commonly find it on 
wave-swept rocky coasts, a habi ta t poorly represented in 
the pre-Pleistocene rock record. Moreover , chitons f rom 
this high-energy environment seldom survive taphonomic 
processes intact. Chitons can live in deep water , and some 
20 modern species are known to be endemic in depths 
between 200 and 6000 m (Fer re i ra , 1980). T h e r e is little 

information available on the types of substrate that deep-
water chitons prefer , but most probably live on rocks. W u 
& Okutan i (1984) reported deep-sea chitons living on frag-
ments of pumice probably exposed on a muddy floor. Wolff 
(1979) and Sirenko (1988) reported that a few species of 
modern deep-water chitons live on sunken fragments of 
wood. Saito & Okutan i (1990) reported two species of 
chitons living attached to rocks at a deep-sea hydrothermal 
vent site in the Ok inawa T r o u g h and Ku lm & Suess (1990) 
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found chitons living on ca rbona te edifices, less t han 1 m 
high, that formed a r o u n d mode rn cold-seeps on upl i f ted 
submar ine banks along the outer cont inenta l she l f -uppe r 
slope of Oregon. 

Al though the preservat ion potent ia l for deep -wa te r chi-
tons seems to be good, repor ts of these chi tons in the rock 
record are very rare . On ly recently, Goede r t & C a m p b e l l 
(1995) repor ted the first fossil chiton found associated wi th 
a deep-water , cold-seep l imestone. T h i s localized l imestone 
is in the lower Oligocene par t of the M a k a h F o r m a t i o n 
at Sh ipwreck Point , no r the rn O l y m p i c Pen insu la , W a s h -
ington. Recent collecting in o ther deep -wa te r , Eocene and 
Oligocene rocks in W a s h i n g t o n has yielded two addi t ional 
localized, cold-seep l imestone localities for this same chiton 
species. At all three localities, specimens of the chiton are 
associated wi th dense accumula t ions of w o r m tubes and 
bivalves that lived a r o u n d subduc t ion-zone re la ted cold-
methane seeps on the ocean floor. Evident ly , the w o r m 
tubes a n d / o r bivalves provided the necessary h a r d sub-
strate for the chitons. At two of the localities, only d isar -
ticulated valves of the chiton were found , bu t at one locality, 
ar t iculated specimens we re found . O n e of these ar t icula ted 
specimens is r emarkab l e because it shows the dorsal sur face 
of all eight valves. Bur ia l had to have been very rap id . It 
is the purpose of this p a p e r to repor t that this chiton is 
the extant Leptochiton (Leptochiton) alveolus (Loven, 1846). 
Goeder t & Campbe l l (1995) identif ied this chiton as Lep-
tochiton (?) sp. 

T h e long geologic r ange of L. (L.) alveolus f r o m Eocene 
to Recent should not be considered u n u s u a l . F o r example , 
the eastern Pacific, ex tan t naticid gas t ropods Neverita 
(Glossaulax) reclusiana (Deshayes , 1839) and Sinum sco-
pulosum (Conrad , 1849) have geologic records tha t extend 
back to the middle Eocene and ear ly Oligocene, respec-
tively (Mar incov ich , 1977). In addi t ion , the eas tern Pacific, 
extant thraciid bivalve Thracia (Cetothrax) condoni Da l l , 
1909, and the ex tan t thyas i r id bivalve Conchocele disjuncta 
G a b b , 1866, have geologic records tha t ex tend back to the 
Oligocene (Coan , 1990; B e r n a r d , 1983). 

Abbreviat ions used for catalog a n d / o r locality n u m b e r s 
are: L A C M I P , N a t u r a l H i s to ry M u s e u m of Los Angeles 
County , Inver tebra te Paleontology Section; L A C M , N a t -
ural His to ry M u s e u m of Los Angeles C o u n t y , Malaco logy 
Section. 

S T R A T I G R A P H I C D I S T R I B U T I O N 
AND 

G E O L O G I C A G E S 

F r a g m e n t s of two valves of Leptochiton (L.) alveolus we re 
found at L A C M I P loc. 12385 in a localized l imestone in 
the H u m p t u l i p s F o r m a t i o n on the Eas t F o r k of the H u m p -
tul ips River , sou thern O l y m p i c Pen insu la , W a s h i n g t o n 
(F igure 1). T h e l imestone was deposited in a subduct ion 
zone whe re subsur face me thane - r i ch wa te r s d ischarged 
onto the ocean floor (Goeder t & Squi res , 1990). T h e l ime-
stone is 15 m thick, 30 m long, and 15 m wide. It is highly 

Index map to localities of fossil Leptochiton {L.) alveolus. 

fossi l iferous wi th dense concent ra t ions of ves t imen t i f e r an 0 

and serpul id w o r m tubes and n u m e r o u s ar t icula ted spec-
imens of the bivalves Thyasira (Conchocele) jolgeri W a g n e r 
& Schil l ing, 1923, a n d Modiolus (Modiolus) willapaensis 
Squi res & Goeder t , 1991. Addi t iona l fossils a re fissurel-
lid?, pa te l l i form, t u rb in id? , a n d nat icid gastropods; o ther 
bivalves; a scaphopod; a n d decapod par ts . T h e thyasir ids 
and tu rb in ids show g rowth series, a n d some of the vesti-
m e n t i f e r a n ? w o r m tubes a re vertically or iented (Goeder t 
& Squi res , 1990). R a u (1986) repor ted the age of the 
H u m p t u l i p s F o r m a t i o n to r ange t h r o u g h m u c h of the mid-
dle Eocene and into the late Eocene age. T h e exact age of 
the rocks at L A C M I P loc. 12385 is not k n o w n , and unti l 
ca lcareous nannofoss i l s tudies a re m a d e on the s u r r o u n d i n g 
siltstone, only a broad age r ange of late middle Eocene to 
late Eocene can be assigned (Goeder t & Squi res , 1990; 
Squ i res & Goeder t , 1991) ( F i g u r e 2). 

T w o ar t icula ted specimens, as well as seven separa te 
valves and two clusters of several valves, of Leptochiton 
(L.) alveolus we re found at L A C M I P loc. 16504 in a small 
l imestone block in the u p p e r p a r t of the Lincoln Creek 
F o r m a t i o n at C a n y o n River , in the Satsop River a rea , 
sou the rn O l y m p i c Pen insu la , W a s h i n g t o n ( F i g u r e 1). 
P r o t h e r o & A r m e n t r o u t (1985) repor ted that the Lincoln 
Creek F o r m a t i o n in the C a n y o n River a rea is late Eocene 
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F i g u r e 2 

Chronostratigraphic chart showing position of localities for fossil 
Leptochiton (L.) alveolus. 

to late Ol igocene in age. T h e l imestone at L A C M I P loc. 
16504 is a co ld -methane-seep deposit conta in ing a diverse 
chemosynthet ic c o m m u n i t y wi th n u m e r o u s specimens of 
the gas t ropod Prouanna antiqua Squ i res , 1995. T h e rocks 
at the locality a re earl iest late Ol igocene in age (Squires , 
1995) (F igu re 2). T h e detai ls of the petrology and taxo-
nomic composi t ion of the l imestone a r e u n d e r s tudy by the 
j un io r a u t h o r and K. L . Ka le r . 

T w e n t y separa te valves of Leptochiton (L.) alveolus have 
been found at L A C M I P loc. 15911 in a one-mete r - th ick 
l imestone block in the M a k a h F o r m a t i o n at Sh ipwreck 
Point , n o r t h e r n O l y m p i c Pen in su l a , W a s h i n g t o n ( F i g u r e 
1). Snavely et al. (1980) repor ted tha t the M a k a h F o r -
mat ion is late Eocene to late Ol igocene in age. M o s t of the 
Leptochiton spec imens w e r e f o u n d d u r i n g the s tudy by 
Goeder t & C a m p b e l l (1995) of the pa leoenv i ronment of 
the l imestone. T h e l imestone is a co ld -methane-seep de-
posit conta in ing a b u n d a n t spec imens of the bivalves Mo-
diolus (M. ) willapaensis a n d Calyptogena chinookensis 
Squi res & Goeder t , 1991, in associat ion wi th vest iment i -
f e ran? w o r m tubes , scaphopods , m a n y a rchaeogas t ropods 

and o ther gas t ropods ( including Provanna antiqua), other 
bivalves, c rus tacean f r agmen t s , and wood f r agmen t s (Goe-
dert & C a m p b e l l , 1995). Goeder t & C a m p b e l l (1995) and 
Squ i r e s (1995) repor ted that the rocks at L A C M I P loc. 
15911 a re ear ly Ol igocene in age. 

S Y S T E M A T I C P A L E O N T O L O G Y 

C l a s s P o l y p l a c h o p h o r a G r a y , 1821 

O r d e r N e o l o r i c a t a B e r g e n h a y n , 1955 

S u b o r d e r L e p i d o p l e u r i n a T h i e l e , 1910 

F a m i l y LEPTOCHITONIDAE D a l l , 1889 

G e n u s Leptochiton G r a y , 1847 

T y p e species: Chiton cinereus M o n t a g u , 1803 [= Lepto-
chiton asellus ( G m e l i n , 1791)], by subsequen t designat ion 
( G r a y , 1847). 

Discuss ion: T h e r e has been considerable confusion re-
ga rd ing w h e t h e r or not Leptochiton should s tand as a genus, 
be pu t in synonymy wi th Lepidopleurus Risso, 1826, or be 
m a d e a subgenus of Lepidopleurus. Fe r r e i r a (1979) re-
viewed the nomenc l a tu r a l his tory of Leptochiton and con-
cluded tha t it should have ful l gener ic r ank . Kaas & Van 
Belle (1985) also recognized Leptochiton as a distinct genus. 

S u b g e n u s Leptochiton sensu stricto 

Leptochiton {Leptochiton) alveolus ( L o v e n , 1846) 

( F i g u r e s 3 - 6 ) 

Chiton alveolus M. Sars MS, Loven, 1846:159. [For syn-
onymies of this species, see Ferreira (1979) and Kaas 
& Van Belle (1985).] 

Discuss ion: T h r e e a r t icu la ted specimens and 37 separa te 
valves we re found . T h e best preserved specimen (F igu re 
3) is ex t remely u n u s u a l for a fossil chiton because it is 
ful ly ar t icula ted . It shows the dorsal surface, but the ven-
tral sur face is encased in h a r d l imestone. Chi tons com-
monly curl u p a f t e r dea th , but this specimen is flat and , 
most likely, was bur ied whi le alive. T h e specimen has 
suf fe red some f r a c t u r i n g a n d mild c rush ing , and its length 
seems to have been shor tened slightly due to the valves 
having been pushed together . A second fully ar t iculated 
specimen is very c rushed . 

T h e fossils f r o m W a s h i n g t o n were compared to every 
k n o w n fossil and Recen t species of Leptochiton. T h e fossil-
species of Leptochiton a re listed by V a n Belle (1981) and 
the Recent species a re discussed in Kass & V a n Belle 
(1985) . T h e fossil specimens f rom W a s h i n g t o n are mor-
phological ly ind is t inguishable f r o m Leptochiton (L.) alve-
olus, he re tofore k n o w n only as an ex tan t species. T h e 
W a s h i n g t o n fossil specimens a re like L. (L.) alveolus in 
the fo l lowing features : a rched , th in valves wi th convex 
slopes; the head valve is semic i rcu lar ; the in te rmedia te 
valves seem to be weak ly keeled a l though crush ing has 
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E x p l a n a t i o n of F i g u r e s 3 to 6 

Figures 3-6. Leptochiton (Leptochiton) alveolus (Loven, 1846). Figures 3, 4. Fossil specimens. Figure 3. L A C M I P 
12334, L A C M I P loc. 16504, upper part of the Lincoln Creek Formation at Canyon River, dorsal view, x6.1. 
Figure 4. L A C M I P 12322, L A C M I P loc. 15911, lower Oligocene Makah Formation at Shipwreck Point, dorsal 
view of an intermediate plate, x7.4. Figures 5, 6. Recent specimens. Figure 5. L A C M 49-309.9, Bering Sea, 
Alaska, dorsal view showing a partially enrolled specimen, x7.1. Figure 6. LACM 66-85.1, Peru, dorsal view 
showing a slightly enrolled specimen, x4.5. 

made this feature difficult to distinguish; and the tegmen-
tum is covered with evenly disposed, minute granules whose 
size can vary slightly from place to place. T h e articulated 
fossil ( L A C M I P 12334) in Figure 3 is 16.1 mm long and 
6.9 mm wide, whereas modern specimens of L. (L.) alveolus 
have been reported by Kaas & Van Belle (1985) up to 30 
mm, and rarely, 40 mm long. An examination of the L A C M 
collection of Recent specimens of L. (L.) alveolus from 
Alaska to Peru revealed the following variations in mor-
phology: degree of elongation of the shell ( length/width 
ratios vary from approximately 1.7 to 2.5), strength of the 
granules (from weak to moderately coarse), spacing of the 
granules (usually evenly disposed, but on some valves, the 
granules are coarser on the central area), strength of the 
lateral area (weakly defined to distinct), strength of the 
mucro (from low to prominent), and location of the mucro 
(from medially to anterior). T w o Recent specimens, one 
from L A C M lot 4 9 - 3 0 9 (Bering Sea, Alaska) and the 
other from L A C M lot 6 6 - 8 5 (Peru), are shown in Figures 

5 & 6, respectively. T h e specimen in Figure 5 is less 
elongate than the one in Figure 6 and has a more anteriorly 
located mucro. T h e articulated fossil of L. (L.) alveolus 
( L A C M I P 12334) is moderately elongate ( length/width 
ratio of 2.3), weakly granulate with slight variations in 
granule size, and has a prominent mucro very anteriorly 
located. It may be that the anterior position of the mucro 
in the fossil is due to post-burial compression although the 
mucro's location is within the observed range in Recent 
specimens. 

Leptochiton (L.) alveolus was not known from the eastern 
Pacific until Ferreira (1979) expanded the definition of L. 
(L.) alveolus and put the eastern Pacific L. (L.) belknapi 
Dall , 1878, into synonymy with L. (L.) alveolus. According 
to W u & Okutani (1984) , and as accepted by Kaas & Van 
Belle (1987) , there is slight but significant morphological 
distinction between L. alveolus, which they claim is re-
stricted to the Atlantic Ocean, and L. belknapi, which they 
claim is confined to the Pacific and Indian Oceans. W e 
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examined five lots of eastern Pacific Leptochiton in the 
L A C M collection and found specimens that have features 
of both species. For example, we observed specimens f rom 
lot 49 -309 (Bering Sea) whose anter ior margin of the tail 
valve is almost straight (a fea ture of alveolus) and whose 
intermediate valves are keeled (a fea ture of belknapi). In 
addition, a specimen f rom this lot has one pair of sulci 
radiat ing f rom the apex (a fea ture of alveolus) on inter-
mediate valves 4 and 7 and two pairs of these sulci (a 
feature of belknapi) on the others intermediate valves. O u r 
observations indicate that these two species intergrade and 
that Fer re i ra (1979) was justified in regarding them as 
the same species. 

M o d e r n L. (L.) alveolus is one of the two known cos-
mopolitan species of chiton. C la rk (1994) reported the 
other species to be the mopali id Placiphorella atlantica (Ver-
rill & Smith, 1882). Leptochiton (L.) alveolus is present in 
the Pacific, Atlantic, and Indian Oceans, and in the M e d -
i terranean Sea, and the lat i tudinal range of this species is 
approximately 72°N (Point Bar row, Alaska) to 50°S (Ker-
guelen Islands, southern Indian Ocean) (Van Belle, 1975; 
Ferre i ra , 1979; Kaas, 1981). It is rarely found in depths 
of less than 100 m, and its favored habi ta t is in bathyal to 
abyssal depths (as deep as 4825 m) (Ferre i ra , 1979; Kaas 
& Van Belle, 1985). T h e r e is scant information about the 
types of substrate that this species lives on in modern 
oceans. Specimens of Leptochiton (L.) alveolus? have been 
found living on manganese nodules and crusts dredged 
from 4500 m in the equator ia l nor th Pacific Ocean (D. J . 
Eernisse, personal communicat ion) . So far L. (L.) alveolus 
has not been reported as a member of a modern chemo-
synthetic community , but there is a good likelihood that 
this species will be found based on its habi ta t in the past 
and on its modern cosmopolitan distribution in deep wa-
ters. In addition, chemosynthetic habitats commonly con-
tain benthic invertebrates whose ancestries are long ranged 
( N e w m a n , 1985). 

T h e only living species of Leptochiton that has been 
reported f rom a chemosynthetic community is L. tenui-
dontus Saito & Oku tan i (1990), which has been found at 
a hydrothermal vent site at 1395 m depth in the O k i n a w a 
Trough , east Ch ina Sea. Leptochiton tenuidontus, which is 
known f rom only a single eroded specimen, differs f rom 
the L. (L.) alveolus by having the following features: wider 
shell, coarser granules , and more rows of transverse rad-
ular teeth. 

Previously, the earliest geologic record of Leptochiton 
sensu stricto was questionable. V a n Belle (1981), in his 
very useful catalog of fossil species of chitons, listed Lep-
tochiton ? deshayesi ( T e r q u e m , 1852) f rom Lower rocks of 
Early Jurass ic age in F rance and Leptochiton ? fischeri 
(Rochebrune, 1883) f rom rocks of late middle Eocene age 
(Bartonian Stage) in France . H i s only other Eocene record 
of this genus is L. magnogranifer (Ashby, 1925) f rom M u d -
dy Creek, Victoria, southeastern Austral ia; however, an 
Eocene age for Ashby's species cannot be corroborated. 
Ashby (1925) reported that the horizon for L. magnograni-

fer is unknown. T h e r e are no Eocene rocks in the M u d d y 
Creek area, but there are Miocene through Pleistocene 
rocks (Spencer-Jones, 1971). T h e fossil specimens of L. 
(L.) alveolus f rom the late middle Eocene to late Eocene 
H u m p t u l i p s Format ion in Washington , therefore, repre-
sent the earliest known record of Leptochiton sensu stricto. 

T h e only other reports of Eocene chitons f rom the Pacific 
coast of Nor th America are f rom the middle Eocene (mol-
luscan "Trans i t ion Stage") basal par t of the Tejon For-
m a t i o n , T e h a c h a p i M o u n t a i n s , s o u t h e r n C a l i f o r n i a . 
Squires (1989) and Lindberg & Squires (1990) reported 
unidentified chiton f ragments associated with abundant 
rocky intertidal mollusks in these rocks. T h e chiton frag-
ments, which are poorly preserved, are probably referable 
to genus Stenoplax (R. N . Clark, personal communication). 

All Oligocene records Leptochiton sensu stricto, other 
than those in the M a k a h and Lincoln Creek Formations 
of Washington , are in Europe (Van Belle, 1981), but none 
is L. (L.) alveolus. Leptochiton sensu stricto was also present 
in Europe dur ing the Miocene and was present in Aus-
tral ia dur ing the Miocene and Pliocene (Van Belle, 1981), 
but none of these species is conspecific to L. (L.) alveolus. 

T h e only other fossil species of Leptochiton reported from 
the Pacific coast of Nor th America is L. clarki Berry (1922: 
427-430 , pi. 1, fig. 10, text figs. 1 - 4 ) f rom the Pleistocene 
at Santa Monica , Cal i fornia . Leptochiton clarki differs from 
L. (L.) alveolus by having distinct rows of small granules, 
weak longitudinal riblets on the central area, and radial 
riblets laterally. Today , numerous species of Leptochiton 
live off the Pacific coast of Nor th America (Ferreira , 1979; 
Kaas & Van Belle, 1985). 

Lepidochitona (Spongioradsia) lioplax (Berry, 1922:431 -
433, pi. 1, figs. 1 - 6 ) f rom the Sooke Format ion on southern 
Vancouver Island, British Columbia , Canada , is the only 
other Paleogene chiton f rom the Pacific coast of Nor th 
America that has been named and described. Moore & 
Addicott (1987) reported the age of the Sooke Formation 
to be late Oligocene to earliest Miocene. 

Distribution: Late middle Eocene to late Eocene to early 
late Oligocene (Washington) to Recent (cosmopolitan). 
L A T E M I D D L E E O C E N E to L A T E E O C E N E : 
H u m p t u l i p s F o r m a t i o n , H u m p t u l i p s a r e a , s o u t h e r n 
O l y m p i c P e n i n s u l a , W a s h i n g t o n . E A R L Y O L I G O -
C E N E : M a k a h Format ion , nor thern Olympic Peninsula, 
Washington . E A R L I E S T L A T E O L I G O C E N E : Uppe r 
par t of Lincoln Creek Format ion , Canyon River, southern 
Olympic Peninsula , Washington . R E C E N T : Cosmopol-
itan, in the Pacific, Atlantic, and Indian Oceans, and the 
Med i t e r r anean Sea. 

A C K N O W L E D G M E N T S 

T h e considerable help of Keith L. Kaler (Olympia, Wash-
ington) and Gail H . Goedert in collecting the specimens 
made this study possible. Roger N. Clark (Klamath Falls, 
Oregon) helped greatly in the identification, and shared 
his knowledge of chitons. Wi l l iam A. N e w m a n (Scripps 
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Inst i tut ion of Oceanog raphy , L a J o l l a , Ca l i fo rn i a ) pro-
vided identif ication he lp in the early phase of this s tudy. 
J a m e s H . M c L e a n ( N a t u r a l H i s t o r y M u s e u m of Los A n -
geles Coun ty , Malaco logy Section) a l lowed access to mod-
ern specimens of Leptochiton and to the Malaco logy Section 
l ibrary. T h e m a n u s c r i p t benefi ted f r o m critical r ead ing 
and ins ightful comments by D o u g l a s J . Eern isse ( L a b o -
ratory of M o l e c u l a r Systematics, Smi thson ian Ins t i tu t ion) 
and an a n o n y m o u s reviewer . 

Some specimens used for this repor t were collected d u r -
ing fieldwork suppor ted by a g ran t ( 4 4 3 9 - 9 0 ) f rom the 
Na t iona l Geograph ic Society to the N a t u r a l H i s to ry M u -
seum of Los Angeles C o u n t y F o u n d a t i o n for fossil cetacean 
research on the O l y m p i c Pen insu la . 

L O C A L I T I E S C I T E D 

L A C M lot 4 9 - 3 0 9 . At 311 m dep th , sand and gravel , S W 
of St. M a t t h e w Is land, N W of Pribi lof Is lands , Ber ing 
Sea, Alaska (58°23 'N, 174°56 'W). Leg. N a v y R / V Epce 
(R) 857. Augus t , 1949. 

L A C M lot 6 6 - 8 5 . At 3070 m dep th , m u d d y bot tom, abys-
sal Pacific, south of Cal lgo, P e r u (15°34'S, 77°36 'W) . 
Anton B r u n n , C ru i s e 17, by Agassiz T r a w l . J u l y , 1966. 

L A C M I P 12385. L imes tone deposit cut by an abandoned 
m e a n d e r on the Eas t F o r k of H u m p t u l i p s River , la t i tude 
47°15 '17"N, longi tude 123°49 '00"W, in the N W par t 
of sec. 4, T 20 N , R . 9 W , Q u i n a u l t L a k e U.S . Geo-
logical Survey q u a d r a n g l e , 15-minu te , 1955, G r a y s 
H a r b o r Coun ty , sou the rn O l y m p i c Pen insu la , W a s h -
ington. H u m p t u l i p s F o r m a t i o n . Age: late middle Eocene 
to late Eocene. Collector: J . L. & G . H . Goeder t , 1990. 

L A C M I P 15911. L imes tone block wi th in th in -bedded 
sandstone and siltstone deposits , accessible only at low 
tide, at Sh ipwreck Point , la t i tude 48°19 'N , longi tude 
124°26 '45"W, SEW of N E W of sec. 36, T 33 N , R . 14 
W , Sekiu River U .S . Geological Survey q u a d r a n g l e , 7.5-
minu te , provisional edition 1984, C la l l am C o u n t y , 
no r the rn O lympic Pen insu la , W a s h i n g t o n . About 30 m 
s t ra t igraphical ly above top of J a n s e n Creek M e m b e r of 
the M a k a h Fo rma t ion . Age: early Oligocene. Collectors: 
J . L. & G . H . Goeder t , 1 9 9 1 - 1 9 9 3 . 

L A C M I P 16504. At elevation of 390 ft., l imestone block 
wi th in siltstone on the nor th side of a s h a r p bend in 
C a n y o n R i v e r , l a t i t u d e 4 7 ° 1 6 ' 4 2 " N , l o n g i t u d e 
123°31 '19"W, 600 m N and 290 m E of S W corner of 
sec. 25, T . 21 N , R . 7 W , Gr i sda l e U .S . Geological 
Survey quad rang l e , 7 .5 -minu te , 1990 provisional edi-
tion, G r a y s H a r b o r Coun ty , sou the rn O l y m p i c Pen in -
sula, Wash ing ton . U p p e r par t of the Lincoln Creek 
Format ion . Age: earliest late Oligocene. Collectors: J . 
L. & G. H . Goeder t , & K. L. Kaler , 1993. 
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