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MIOCENE MOLLUSKS OF THE TOPSY FORMATION, LITUYA DISTRICT,
GULF OF ALASKA TERTIARY PROVINCE, ALASKA

By LoulE MARINCOVICH, JR.

ABSTRACT

The Topsy Formation in the Lituya district of the Gulf
of Alaska Tertiary Province contains a molluscan fauna of
Newportian age (late early Miocene to early middle Mio-
cene) that correlates with similar faunas in the Pacific
Northwest and in the lower part of the Yakataga Formation
at Cape Yakataga, in the nearby Yakataga district. Topsy
mollusks with living representatives or homologues suggest
deposition in cool-temperature water at inner sublittoral
depths of about 20 to 50 m.

INTRODUCTION

Sedimentary rocks of the Topsy Formation occur
in the southeastern part of the Gulf of Alaska
Tertiary Province (fig. 1), an area which extends
about 600 km along the arcuate coast of the eastern
Gulf of Alagka from the Katalla district in the west
to the Lituya district in the east {(Plafker, 1967). In
this province, the Poul Creek and Yakataga Forma-
tions are the principal marine sedimentary units and
together consist of upper Eocene to Holocene de-
posits with an aggregate thickness of about 6,100
to 7,600 m (Plafker, 1971). The Yakataga Forma-
tion alone consists of about 5,000 m of lower Mio-
cene to Holocene marine deposits that preserve a
continuous record of localized glacial conditions in
this area of the North Pacific (Plafker and Addi-
cott, 1976). The Lituya district (fig. 1), centered
on Lituya Bay, contains the southeasternmost out-
crops of Tertiary marine sedimentary rocks in the
Gulf of Alaska region and is the only area in which
the Topsy Formation occurs.

The Topsy Formation consists of marine siltstone
and sandstone that crop out between Lituya Bay
and Icy Point (fig. 1) and that extensively underlie
foothills of the Fairweather Range for about 40 km
adjacent to the Gulf of Alaska shoreline. Outcrops
are generally small and isolated owing to cover by

dense vegetation and glaciers. Persistent rain and
fog in summer also limit access to Topsy exposures.
Because discontinuous outcrops and structurally
complex geology in this area preclude reliable litho-
logic correlations with other formations in this
region and because no well-preserved, age-diagnostic
fossils have been reported before from these strata,
the age and depositional environment of the Topsy
have been subjects for speculation. Molluscan fossils
collected in 1975 now shed light on the age and dep-
ositional environment of the Topsy and suggest
correlations with sedimentary rocks elsewhere in
the Gulf of Alaska Tertiary Province and in the
Pacific Northwest (Oregon and Washington). Ben-
thic foraminifers (Rau and others, 1977) or other
microfossils have not been found in Topsy strata.

The outcrop extent of the Topsy Formation shown
in figure 1 is modified from that previously pub-
lished (Plafker, 1967). Strata adjacent to the coast-
line immediately north of Icy Point, which were
formerly assigned to the Yakataga Formation, are
now included in the Topsy Formation, on the basis of
1975 fieldwork done by George Plafker and Travis
Hudson. The Topsy does not occur on Cenotaph
Island in Lituya Bay (fig. 1), so sand dollar echi-
noids reported from the Topsy by Wagner (1974)
should be attributed to the Yakataga Formation.

Sedimentary rocks now included in the Topsy For-
mation were first discriminated from those of the
Yakataga Formation by Miller (1953, 1961), who
considered them to be, in part, stratigraphically
equivalent to volcanic rocks on Cenotaph Island and
on the southern margin of Lituya Bay (fig. 1).
Sparse and poorly preserved invertebrates in these
rocks indicated a Tertiary age, and Miller (1961)
thought that they were likely of Miocene age be-
cause of their conformable relation with overlying
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FIGURE 1.—Distribution of the Topsy Formation and other Cenozoic marine sedimentary and volcanic rocks in the Lituya
district, Gulf of Alaska Tertiary Province (inset). Geology modified from Miller (1961) and Plafker (1967).

beds thought to contain late Miocene fossils. A ten-
tative Miocene age was also assigned to these rocks
by MacNeil and others (1961). Plafker (1967)
named the Topsy Formation and Cenotaph Vol-
canics, noting that the Topsy consists of about 365
m of hard ecalcareous siltstone and sandstone that
intertongue with and, in part, conformably overlie
the Cenotaph Volcanics. Plafker (1967) did not
specify an age for the Topsy strata but assigned the
Cenotaph Volcanics an age of ‘“post-early Oligo-
cene(?) to pre-middle Miocene,” thereby implying

an age of about late Oligocene to early Miocene or

younger for the Topsy. Later, Plafker (1971) con-
sidered most of the Topsy Formation to be Miocene,
possibly containing beds as old as middle Oligocene
and as young as middle Miocene. Notes on the mol-
luscan fauna by Marincovich (1976a, b), from which’
the present report is expanded, suggested an early
or middle Miocene age for the Topsy Formation.’
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FAUNAL COMPOSITION

No well-preserved molluscan taxa have been re-
ported previously from the Topsy Formation. The
present collections, made in 1975, consist of 20 taxa,
consisting of 8 gastropods and 12 bivalves. Four
additional bivalves tentatively assigned generic or
specific names are too poorly preserved for confident
identification. The preponderance of bivalve taxa
and individuals over gastropods (table 1) is usual
for Gulf of Alaska Cenozoic faunas, including
modern ones. The Topsy genera are each repre-
sented by a single species except for Macoma, Nep-
tunea, and Natica.

Seven of the bivalve taxa are represented by artic-
ulated and closed specimens, suggesting little or no
post mortem transport of these faunal elements.
However, the known Topsy molluscan taxa probably
represent a small fraction of the original fauna. The
absence of fossils from most outerops of the Topsy

TABLE 1.—Fossils of the Topsy Formation

[Number of specimens given for each entry; A, articulated bivalve; F, fragment]

Species Localities
M6528 M6527 M6526 M6525
Gastropods
Calliostoma sp. 1 - - _—
Turbinidage =-==-==ce-cmmcmcme el 1F R _— .
Natieca (Cryptonatica) clausa Broderip and Sowerby --- 1 --- -— -

Natica (Cryptonatica) oregonensie (Conrad) ---
Fusitriton oregonensis (Redfield) ----- --- --- ---
?Neptunea {Neptunea) plafkeri Kanno
Neptunea (Sulcosipho) cf. N. (S.) tabulata (Baird) -- --- --- - 1F
?Colus sp. 1F -—- - 1F

Bivalves

Actila (Truncacila) taliaferroi Clark --—----s-ree-ooae 1 - ---  1,4A
Acila {Truncacila) sp. - - 2,JA 7,3A
Nuculana (?Saccella) sp. - 1 .- _—- -—
?Chlamys Sp. --— IF _— —— _—
Lucinoma acutilineata {CONrad) -----mecoeoccmmmemcaooc
Thyasira cf. T. disjuncta (Gabb) =-meecommmmcenacaas o - - 1F
Macoma albaria {Conrad) ---------u- ——- —— - 1A
Macoma aff. M. albaria (Conrad) --- 1 —-- o —
Macoma incongrua (von Martens}
Macoma cf. M. incongrua (von Martens)
Macoma aff. M. twinensis Clark
Spisula addicotti Kanno 1 ——- -— ——-
?Spisula sp. - 1F ——— - J—
Periploma (Aelga) besshoense (Yokoyama) -~w-----n---v 1 - - -
?Periploma $P. JA,2F --- —— -
Mya sp. - — eee 1F -

=
>
w
-

'

i

'

Sand dd11ar echinoid -- 1F - - —

Fish vertebra -- - 1F - - -

C3

contrasts sharply with the known abundance of
faunas from coeval strata of the Yakataga Forma-
tion. This absence suggests either an original low-
diversity fauna or post mortem destruction of fos-
sils by wave and current action. The paucity of ob-
served fossils also could be an artifact of collecting,
considering the difficulties imposed by topography,
and weather in the Lituya district.

AGE AND CORRELATION

Some of the Topsy mollusks are known in Tertiary
strata of the Pacific Northwest. The overlapping
stratigraphic ranges of these species (fig. 2), as they
are known in the Pacific Northwest, place the Topsy
fauna within the Newportian Stage of Addicott
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F1GURE 2.—Known stratigraphic ranges in Pacific Northwest
and Gulf of Alaska Tertiary Provinces of selected Topsy
Formation mollusks. Occurrences in Alaskan formations
(Pouls Creek, Yakataga, and so-called Narrow Cape For-
mation) are based on literature reports and unpublished
studies of C. A. Ariey and R. C. Allison. Formations of
first and last occurrences as well as other relevant strati-
graphic occurrences are shown. Pacific Northwest mol-
luscan stages from Addicott (1976b), as modified by Allison
(1976). The Topsy Formation is inferred to be of New-
portian age.
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(1976b). When first proposed, the Newportian Stage
was assigned exclusively to the middle Miocene, en-
compassing the whole of that subseries (Addicott,
1976b). Subsequently, Allison (1976) reinterpreted
the stage boundaries by relying more heavily on
Berggren and Van Couvering’s (1974) planktonic
microfossil correlations with European Cenozoic
strata. He concluded that the Newportian Stage is
of late early Miocene and early middle Miocene age
(fig. 2). In terms of California benthic foraminiferal
stages, this interval includes the upper half of the
Saucesian Stage and the overlying Relizian and
Luisian Stages (Allison, 1976). Allison’s interpreta-
tion of the Newportian Stage is used here in assess-
ing the age of the Topsy molluscan fauna. However,
the work of relating Alaskan Cenozoic faunas to
biostratigraphic schemes proposed for other regions
is still in its early stages, and major changes in the
inferred age relations of Alaskan faunas may yet
oceur.

Ironically, because Cenozoic molluscan faunal
composition and biostratigraphy in the Gulf of
Alaska region are not yet well known, correlations
from the Topsy fauna to other Gulf of Alaska
faunas are more speculative than are those to Ter-
tiary faunas in the Pacific Northwest. However, the
basal part the Yakataga Formation at Cape Yaka-
taga (fig. 1) bears a molluscan fauna of Newportian
age (Kanno, 1971 ; Plafker and Addicott, 1976 ; Alli-
son, 1976; and Ariey 1978a, b) and thus is approxi-
mately coeval with the Topsy Formation. Both
Neptunea species in the Topsy, N. plafkeri (ques-
tionably identified) and N. ef. N. tabulata of Kanno
(1971), have previously been reported only in the
Yakataga Formation, at several localities (Nelson,
1974). Their earliest reported occurrences are in
the lower part of the Yakataga Formation at Cape
Yakataga (Clark, 1932; Kanno, 1971; Nelson, 1974),
although they evidently occur in the underlying Poul
Creek Formation at that location (Ariey, 1978a).
The earliest occurrence of Fusitriton oregonensis in
the northeast Pacific, or what may be a closely
allied or new species (Smith, 1970), is also at Cape
Yakataga. Smith (1970, p. 492) reported specimens
of “Fusitriton sp. ? aff. F. oregonensis” from either
the Poul Creek or Yakataga Formations. More re-
cent collecting of the Cape Yakataga section (Ariey,
1978a) showed F'. oregonensis missing in the upper
. part of the Poul Creek Formation but present in the
stratigraphically highest Newportian fauna (early
middle Miocene) and in the immediately overlying
Wishkahan fauna (late middle Miocene to late Mio-
cene) of the basal Yakataga Formation (fig. 2).

Lucinoma acutilineate and Macomae albaria have
their highest stratigraphic occurrences in the As-
toria Formation of southwestern Washington and of
the Newport embayment of coastal Oregon, in
faunas of Newportian age (Addicott, 1976b). Ma-
coma albaria is reported in faunas no older than Pil-
larian in the Clallam Formation in northwestern
Washington and the Nye Mudstone of the Newport
area in Oregon (Moore, 1963; Addicott, 1976a). In
the Pacific Northwest, Natica clausa first occurs in
Newportian faunas of the Astoria Formation. Its
reported first occurrence in Alaska is in lower Mio-
cene strata in the upper Poul Creek Formation
(Marineovich, 1977), and it has since been recog-
nized in the Juanian fauna of the so-called Narrow
Cape Formation on Sitkinak Island in the western
Gulf of Alaska (R. C. Allison, oral commun., 1977).
Natica oregonensis was formerly known only in the
Pacific Northwest, where it ranges from the Pil-
larian (Nye Mudstone) to Wishkahan (Empire
Formation) ; it has been questionably identified in
the Newportian fauna of the Narrow Cape Forma-
tion on Kodiak Island in the western Gulf of Alaska
(R. C. Allison, oral commun., 1977).

The single Topsy species with Asian affinities is
Periploma besshoense, which is known in Eocene or
Oligocene to upper Miocene strata in Japan (Kanno,
1971; Hatai and Nisiyama, 1952). This species has
a variable shell outline in Japanese faunas, and
Kanno (1971) noted the presence of two distinct
morphologic forms of P. besshoense in strata at
Cape Yakataga. Kanno (1971) collected the typical
Japanese form, nearly circular in outline, in the
upper part of the Poul Creek Formation and a more
elongate and somewhat rostate form in the overlying
Yakataga Formation. The elongate form in the
lower part of the Yakataga Formation is also pres-
ent in the Topsy (fig. 8), so if Kanno’s (1971) ten-
tative conclusions are correct, this form of P. bess-
hoense would strengthen correlation of the Topsy
Formation with the lower Yakataga Formation at
Cape Yakataga.

In summary, the Topsy molluscan fauna corre-
lates with Newportian faunas at Cape Yakataga and
in Washington and Oregon. Further, the occurrence
together of Fusitriton oregonensis, Macoma albaria,
and Lucinoma acutilineata suggests probable assign-
ment of the Topsy to the upper Newportian Stage
of latest early Miocene and early middle Miocene
age. This interval is approximately equivalent to the
Relizian and Saucesian Stages of California benthic
foraminiferal terminology, based on interpretations
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of Pacific Northwest molluscan stages by Allison
(1976).

PALEOECOLOGY

WATER DEPTH

The Topsy molluscan fauna represents a shallow,
cool-temperature marine environment. The deep-
burrowing bivalve Mya lives between the intertidal
zone and 50 m depth in the northeastern Pacific
(Keen and Coan, 1974), and large individuals such
as the Topsy specimen (52 mm in height, incom-
plete) dwell under optimal growth conditions in the
shallower portion of this range. The bivalve genera
Spisule and Periploma also have narrow bathymet-
ric ranges in the modern northeastern Pacific;
Spisula is known from the intertidal zone to 100 m
on sand, and Periplomae is known between 20 and
90 m (Burch, 1945; Keen and Coan, 1974). The
modern homologue of Lucinoma acutilineata, L. an-
nulata (Reeve, 1850), lives in depths of 20 to 800
m and occurs abundantly, as in the Topsy, in the
shallowest part of its range. Thyasira disjuncta,
tentatively identified in the Topsy, is reported in
water as shallow as 10 m or less in the Gulf of
Alaska (Kanno, 1971) but only between 150 and
750 m off of western Canada (Bernard, 1972). Not-
ing the occurrence of T'. disjuncta at 10 m or less in
the Gulf of Alaska but no shallower than 60 m off
of Japan, Kanno (1971) speculated that depth dis-
tribution is a function of water temperature for this
species, which is further suggested by Bernard’s
relatively deep-water records for western Canada.

All of the Topsy gastropod taxa are known in
shallow marine habitats. Fustriton oregonensis lives
between the southern Bering Sea and San Diego,
Calif.,, from the intertidal zone to 2,370 m. It
oceurs in increasingly deep water southward, reflect-
ing its preference for cool water. From Washington
northward, it is found intertidally except where
winter sea ice occurs and to depths of 430 m; it has
been observed spawning in the intertidal zone
(Smith, 1970). Natica clausa has its depth distribu-
tion strongly controlled by water temperature, so it
may occur as shallowly as 9 m in Arctic seas but
only below 150 m off southern California (Marinco-
vich, 1977). The closely related species Natica ore-
gonensis is extinct and known from Oregon and
Washington in Neogene faunas of shallow to mod-

erate depth (Moore, 1963 ; Marincovich, 1977) . Cal-

liostoma ranges from the intertidal zone to 915 m in
the modern northeastern Pacific (Keen and Coan,
1974) and is most common in depths of about 70 m

or less, commonly associated with kelp beds (Burch,
1946 ; McLean, 1969).

In summary, mollusks of the Topsy Formation col-
lectively suggest water depths of about 20 to 50 m.
Even though some taxa are known to range into
shallower or greater depths, a range of 20 to 50 m
is the broadest interval necessary to account for the
presence of all of the Topsy mollusks. None of the
Topsy taxa or their modern counterparts are known
to live exclusively in greater or lesser depths. The
fact that most of the bivalves are articulated indi-
cates that post mortem transport had little or no
effect on species composition of the Topsy fauna.

WATER TEMPERATURE

Cool-temperate water temperatures similar to
those of the modern open coastline of the Lituya
district are indicated by the Topsy mollusks, al-
though few reliable data are known on natural tem-
perature tolerances for their living representatives.
Some of the species, such as Fusitriton oregonensis,
Natica clausa, and Thyasira disjuncta, have geo-
graphic ranges extending as far south as California
or Baja California. However, such species inhabit
low latitudes by living in cold bottom-water below
the influence of warmer surface-water masses. They
inhabit inner sublittoral areas only when surface
waters are of cool-temperate to arctic temperatures.
All of the Topsy species still living or with modern
homologues include the Lituya district within their
geographic ranges.

The bivalve genus Acila, represented in the Topsy
fauna by Acila (Truncacila) taliaferroi, can survive
in temperate water ranging from about 4.4°C to
21.1°C and Truncacile favors cool-temperate habi-
tats (Schenck, 1936), presumably ranging from
about 4.4°C to 12.7°C. The lowest temperature in
which living Truncactle have been recorded is 3.6°C
(Schenck, 1936). Living Acila are not known below
a depth of 1,465 m, nor are they known in the inter-
tidal zone (Schenck, 1936).

Fusitriton oregonensis lives in temperate to cold
water along the North Pacific rim from Japan to
southern California in depths to 2,370 m. It has
been observed in the intertidal zone from Puget
Sound, Wash., to southeastern Alaska and has been
collected from depths as shallow as 18 m in the
southern Bering Sea and 9 m in the Gulf of Alaska

" (Smiith, 1970). Soiithwestward from the Bering Sea

and south of Puget Sound, it lives in progressively
greater depths. This species has also been reported
in temperatures of 7°C to 11°C in Puget Sound and
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FIGURES 3.
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17.

18-19.

20-21.

22-23.

24,

25.

26.
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28-30.

Periploma (Aelga) besshoense (Yokoyama).
USNM 250860. Height 33.4 mm, length 54.2
mm.

Macoma albaria (Conrad). USNM 250862.
Height 16.5 mm, length 22.1 mm.

4. Right valve,
5. Dorsal aspect.
6. Left valve.

Macoma aff. M. twinensis Clark.

7. USNM 250866, right valve, height 12.7
mm, length 20.0 mm.

8. USNM 250865, left valve, height 17.5 mm,
length 23.4 mm.

9. USNM 250865, dorsal aspect.

Macoma incongrua (von Martens). USNM
250864. Right valve, height 14.7 mm, length
19.1 mm,

Spisule addicotti Kanno. USNM 250871, right
valve, height 14.6 mm, length 22.7 mm,

Nuculana (Saccella) sp. USNM 250867, right
valve, height 11.3 mm, length 17.0 mm.

Macoma aff. M. albaria (Conrad). USNM
250863.

13. Left valve, height 15.3 mm, length 24.8
mm.

14. Dorsal aspect.

Lucinoma acutilineata (Conrad). USNM 250861.
Specimen distorted.

15. Left valve, height 40.0 mm, length 44.4
mm,
16. Right valve.

Thyasira cf. T. disjuncta (Gabb). USNM
250870, left valve, height 36.5 mm, length 36.2
mm.

Acila (Truncacila) taliaferroi Clark, USNM
250868, height 15.8 mm, length 17.3 mm.

18. Dorsal aspect.
19. Right valve.

Fusitriton oregonensis ( Redfield). USNM
250874, height 39.7 mm, diameter 22.5 mm.
Specimen distorted.

20. Apertural view.
21. Backside view, showing spiral sculpture.

Calliostoma sp. USNM 250872, height 22.8 mm,
diameter 26.2 mm. Specimen distorted.

22. Apertural view.
23. Backside view, showing fine spiral sculp-
ture.

?Colus sp. USNM 250876, height 27.6 mm, diam-
eter 16.2 mm. Specimen distorted and worn.
Natica (Cryptonatica) clausa Broderip and
Sowerby. USNM 250869, height 10.4 mm, di-

ameter 10.0 mm,

Natica (Cryptonatica) oregonensis (Conrad).
USNM 250873, height 11.1 mm, diameter 8.0
mm,

?Neptunea (Neptunea) plafkeri Kanno, USNM
250875, height 54.0 mm. diameter 36.3 mm.
Apertural view, specimen distorted.

Neptunea (Sulcosipho) cf. N. (S.) tabulata
(Baird). USNM 250877, height 42.3 mm,
greatest diameter 39.0 mm, least diameter
22.9 mm. Specimen distorted.
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28. Oblique apertural view, showing spiral
sculpture.

29. Apertural view, showing shoulder tab-
ulation.

30. Backside view, showing spiral sculpture.

in waters less than 8°C off of southern California
(Valentine and Emerson, 1961).

Modern surface-water temperatures in the eastern
Gulf of Alaska range from monthly averages of 6.7°C
in February to 14.4°C in August (LaViolette and
Seim, 1969). Nearshore marine temperatures signifi-
cantly different from those of the modern Lituya
district are not required to account for the Topsy
fauna.

SYSTEMATIC PALEONTOLOGY

Acila (Truncacila) taliaferroi Clark, 1932
Figures 18-19

This species is characterized by its moderate size
and relatively high shell, somewhat inflated valves,
nearly vertical axis of bifurcation of its fine, sub-
dued radial sculpture and by the shape of its escut-
cheon. Interior features of the valves are unknown.

Acila (Truncacila) taliaferroi is most similar to
A. (T.) conradi (Meek, 1864), which occurs in the
lowermost Pillarian and Newportian Stages of the
Pacific and in coeval beds in California, and to A.
(T.) empirensis Howe, 1922, known from the Wish-
kahan and Graysian (?) Stages of the Pacific North-
west. Acila taliaferroi and A. conradi are identical
in shell outline and inflation of their valves. How-
ever, A. taliaferroi may be distinguished by its
smaller size (A. conradi attains a height of 21.7
mm; Schenck, 1936), relatively greater height, less
elongate escutcheonal area, and distinctly more ver-
tical axis of bifurcation of the radial ribs. The last
two features are most useful for quickly separating
specimens of the two species. Both species show a
band of obsolete radial ribbing along the adult ven-
tral shell margin, but the occurrence of secondary
bifurcation of the radial ribs is more pronounced on
A. conradi than on A. taliaferroi.

Compared to A. empirensis, A. taliaferrot is
smaller (the former species is as much as 19.83 mm
high and 25.9 mm long; Schenck, 1936), has a more
acutely rounded anterior extremity and finer radial
sculpture standing in much lower relief. In addition,
the angle of bifurcation of the radial sculpture is
more vertical in A. taliaferroi and the secondary
bifurcation is less pronounced than in A. empirensis.
Undistorted individuals of A. taliaferroi usually have
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more inflated valves than specimens of A. conredi
or A. empirensis.

The largest individual of A. taliaferroi from the
Topsy Formation is 15.8 mm high and 17.3 mm long,
and the smallest is 12.0 mm high and 12.1 mm long.
Specimens from the lower part of the Yakataga For-
mation throughout the Gulf of Alaska region are of
similar size. Wherever they occur, however, most
individuals are somewhat distorted from burial com-
paction and tectonic forces.

The precise stratigraphic range of A. taliaferrot
has not been established. It has been reported pre-
viously only from about the upper 213 m of the Poul
Creek Formation (Clark, 1982; Addicott and others,
1971) and from the lower part of the Yakataga
Formation (Kanno, 1971) in the Yakataga district.
These occurrences span a stratigraphic interval ap-
proximately equal to the Pillarian and Newportian
Stages (early Miocene through early middle Mio-
cene) of the Pacific Northwest.

Lucinoma acutilineata (Conrad, 1849)
Figures 15-16

The combination of nearly circular outline, regu-
larly spaced and sharply raised concentric lamellae,
and concentric interspaces with numerous fine
threads distinguishes this species. As noted by Ad-
dicott (1976a), L. acutilineata is usually preserved
with articulated valves, as it is in the Topsy Forma-
tion. All Topsy specimens are distorted.

The specimens at hand are the first ones reported
from Alaska, although this species is found com-
monly in middle Tertiary strata in Washington,
Oregon, and California. The earliest occurrence of
L. acutilineata is in the Eugene Formation of west-
central Oregon (Hickman, 1969), strata which have
been assigned to the late Eocene to early Oligocene
part of the Galvinian Stage by Armentrout (1975).
Its highest startigraphic appearance is in the Astoria
Formation in northwestern Oregon (Moore, 1963),
which is included in the Newportian Stage (Addicott,
1976b). The presence of L. acutilineata in the Topsy
fauna provides a significant tie with the better
known Tertiary faunas of Washington and Oregon
and 1is evidence that the Topsy is no younger than
early middle Miocene.

The modern homologue of this species is Lucinoma
annulatae (Reeve, 1850), which lives in depths of 20
to 800 m between Alaska and Baja California, Mexi-
co, but is found most abundantly in the inner sub-
littoral zone (0-100 m) (Burch, 1944). Compared to
L. acutilineata, L. annulate has a shorter posterior
dorsal margin (Stewart i Tegland, 1933) and a
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heavier hinge (Moore, 1963). As also pointed out by
Moore (1963), the anterior tooth on the right valve
of L. acutilineata is short and blunt, rather than
thin and bladelike on L. annulata, and the cardinal
tooth seems to be shorter on L. annulata. In addition,
the left anterior tooth of L. acutilineata is heavier
and not so deeply incised as on L. annulata (Moore,
1963).

Macoma albaria (Conrad, 1849)
Figures 4-6

This species is characterized by its relatively
small size, by the proximity of its beaks to the pos-
terior end, and by its posteriorly flexed valves.

Macoma albaria has not been recognized previ-
ously from Alaska. Its presence in the Topsy pro-
vides a new tie between Tertiary strata of the Gulf
of Alaska and the Pacific Northwest. This bivalve
is well known in Miocene deposits in Oregon and
Washington, where it has been reported in the Pil-
larian Nye Mudstone and Newportion Astoria For-
mation in western Oregon (Moore, 1963) and in the
Pillarian Clallam Formation in northwestern Wash-
ington (Addicott, 1976a). As noted by Addicott
(1976a), M. albaria is similar to M. twinensis
Clark, 1925, The latter species is known from upper
Oligocene rocks in northwestern Washington and is
doubtfully reported from the lower Miocene Clallam
Formation (Addicott, 1976a) in the same area. The
importance of M. albaria in the Topsy rests on its
last known occurrence in middle Miocene strata of
Oregon. Even if its stratigraphic range were ex-
tended to encompass the upper Oligocene records
now assigned to M. twinensis, its value in dating the
Topsy Formation would not be diminished.

Macoma aff. M. albaria (Conrad, 1849)
Figures 13-14

This species is represented by a single left valve
that is well preserved and nearly complete but shows
only exterior features. Its shape is most similar to
that of M. albaria (Conrad, 1849), which occurs in

1'lower and middle Miocene strata of Oregon and

Washington (Moore, 1963; Addicott, 1976a). How-
ever, the Topsy specimen is distinctly more inflated
than M. albaria, has a straighter ventral margin, a
more prominent umbo, and blunter posterior termi-
nation. This valve is also similar to M. twinensis
Clark, 1925, which is found in faunas of late Oligo-
cene and possibly early Miocene age in Oregon and
Washington (Addicott, 1976a), but differs from the
latter species by its more prominent umbo, smaller
relative height, and more inflated left valve. An-
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other similar species is M. brota Dall, 1916, which
lives from Arctic Canada to Puget Sound, Wash,,
and is reported in Pleistocene faunas in Arctic
Canada and British Columbia (Coan, 1971). The
Topsy Macoma, however, is distinguished from M.
brota by having a less elevated anterior dorsal mar-
gin, a more narrowly rounded anterior end and
straighter ventral margin, and a distinctly more in-
flated left valve. Future studies may reveal an an-
cestral relation between M. brota and the Miocene
Macomas mentioned here.

Macoma incongrua (von Martens, 1865)

Figure 10

This relatively small Macoma is characterized by
its inflated valves, broadly and evenly rounded an-
terior end, and acutely angled posterior end. The
posterior dorsal and ventral margins are straight
and steeply sloping, and there is a distinct flexure
to the right and a slight gape at the posterior end.

This species is the most frequently encountered
Macoma in Gulf of Alaska Tertiary strata. It is well
represented in beds of the lower part of the Yaka-
taga Formation in the Yakataga and Lituya dis-
tricts (of presumed early to late Miocene age) and
has been reported in the upper part of the Poul
Creek Formation at Cape Yakataga (Xanno, 1971)
in beds of presumed early Miocene age. Its occur-
rence in the Pliocene and Pleistocene portions of
the Yakataga Formation has been reported but not
well documented, and it has been questionably re-
ported in strata as old as late Oligocene (Kanno,
1971).

As noted by Coan (1971) and Kanno (1971),
Holocene specimens from the northeastern Pacific
referred to M. incongrua differ in interior shell fea-
tures from Holocene specimens of Japan (from
which the holotype comes). Northeastern Pacific
Pleistocene and Holocene specimens referred to M.
incongrua by earlier workers have been placed in
Macoma (Macoma) obliqgua (Sowerby, 1917) by
Coan (1971), a species also recognized in the Red
Crag (lower Pleistocene) of England. Because interi-
or shell features are not observable in most Alaskan
Tertiary specimens referred to M. incongrua, and
differences between M. incongrua and M. obligue
are not always expressed in exterior morphology, the
identity of specimens from the upper part of the
Poul Creek and lower part of the Yakataga Forma-
tions is uncertain. It is most probable that these
Miocene specimens belong to M. incongrua rather
than M. obliqua, but proof of this will depend on col-

lecting more Alaskan specimens in which interior
features can be observed.

Individuals from the Topsy Formation figured
here are of average size for Gulf of Alaska Tertiary
specimens.

Macoma aff. M. twinensis Clark, 1925
Figures 7-9

Specimens from the Topsy Formation are juve-
niles and young adults, resembling the holotype of
M. twinensis Clark, 1925, which is also a juvenile
specimen. Juveniles of M. twinensis differ from
adults by having a more acutely rounded posterior
end and less distinct umbones.

Macoma twinensis is reported in faunas of late
Eocene through early Miocene age in the Pacific
Northwest, its highest stratigraphic occurrence be-
ing doubtfully identified specimens from the lower
Miocene Clallam Formation (Addicott, 1976a). The
largest Topsy specimens are much more inflated
than young adults of M. twinensis from the Pacific
Northwest, so their species assignment will be un-
certain until adult Topsy specimens are collected.

Mya sp.

This genus is represented in the Topsy Forma-
tion by a single right valve with its posterior end
missing. The specimen is 52 mm high, with its umbo
and ventral margin nearly intact.

The Topsy specimen most probably is Mya (Mya)
cuneiformis (Boehm, 1915), which commonly occurs
in Yakataga Formation faunas of presumed middle
Miocene age in the Lituya distriet and is especially
abundant in the Cenotaph Island section. MacNeil
(1965) cited records of M. cuneiformis from pre-
sumed middle Miocene strata in the Cape Yakataga
area and on Kodiak Island, Alaska, and from pre-
sumed middle Miocene to lower Pliocene beds in
Japan and Sakhalin. Mya (Mya) truncata Linnaeus,
1758, is also common in middle Miocene to Holocene
faunas of southern Alaska (MacNeil, 1965), though
it is not so common as M. cuneiformis in the Yaka-
taga Formation of the Lituya district.

In the modern northeastern Pacific, Mya species
occupy a bathymetric range from the intertidal zone
to 50 m (Keen and Coan, 1974), burrowing into
sandy mud.

Nuculana (Saccella) sp.
Figure 12
Saccella is characterized by having a pointed pos-

terior rostrum, sculpture of strong concentric rugae,
posterior and anterior series of teeth equal, and a
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U-shaped pallial sinus. The Topsy specimens are
molds and casts that preserve only small portions of
exterior sculpture and hinge lines and that lack im-
pressions of pallial lines. The visible features of
these specimens, however, suggest placement in
Saccella. This subgenus is represented by many
North Pacific Tertiary species, although it has not
vet been recognized in the Yakataga Formation.

Periploma (Aelga) besshoense (Yokoyama, 1924)
Figure 3

When typically developed, the shell of this species
is nearly equidimensional, with its posterior ex-
tremity distinctly compressed and slightly produced;
the anterior margin is broadly rounded. The most
common variation is for the posterior end to be
greatly produced and broadly rounded, whereas the
anterior end is reduced and often slightly truncated
(Kanno, 1971).

This species was described from Japan, where it
occurs in Oligocene and Miocene strata. Kanno
(1971) recognized it in the upper part of the Poul
Creek Formation and the lower part of the Yakataga
Formation of the Yakataga district. He further
noted that the posteriorly elongate variety seemed
to occur only in the lower part of the Yakataga For-
mation, whereas the typical variety was found only
in the upper part of the Poul Creek Formation. The
Topsy Formation specimen is of the elongate variety
known in the lower part of the Yakataga Formation,
which provides a possible link between these two
stratigraphic intervals. As emphasized by Kanno
(1971), the seeming division of shell forms between
the Yakataga and Poul Creek Formations requires
confirmation.

Periploma lives in the modern northeastern Pacific
in depths of 20 to 90 m (Burch, 1944; Keen and
Coan 1974) ranging from Alaska to Peru.

Spisula addicotti Kanno, 1971
Figure 11

The shell of this species is elongate anteriorly,
with prominent umbones situated posteriorly, and
broadly rounded anterior and posterior extremities
(especially in younger individuals).

This species has been reported only from the Poul
Creek Formation (upper Eocene to lower Miocene;
Allison, 1976) in the Yakataga district (Clark, 1932;
Kanno, 1971; Addicott and others, 1971). Thus, its
presence in the Topsy Formation is its highest
known stratigraphic occurrence. The Topsy speci-
men is a juvenile showing the broadly rounded ex-
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tremities that seem to characterize this species,
especially in younger individuals.

Spisula addicotti may be a junior synonym of S.
trapezoides (Clark, 1932), which is known from the
upper part of the Poul Creek Formation (lower
Miocene; Allison, 1976) in the Yakataga district
(Clark, 1932; Addicott and others, 1971) and from
Wishkahan faunas of the upper part of the Bear
Lake Formation (upper middle Miocene to upper
Miocene) on the Alaska Peninsula (R. C. Allison,
oral commun., 1977). Compared to illustrations of
the holotype of S. trapezoides, (Clark 1932; Addi-
cott and others, 1971), S. addicotti appears to have
a distinctly more elongate posterior end and a more
evenly rounded posterior termination. However, the
Topsy specimen of S. addicotti and the holotype of
S. trapezoides are juveniles, making comparisons
difficult.

Modern northeastern Pacific Spisula species in-
habit depths from the intertidal zone to 100 m in
sand substrates of exposed beaches and bays (Keen
and Coan, 1974).

Thyasira cf. T. disjuncta (Gabb, 1866)
Figure 17

This lucinacean bivalve is characterized by its
trigonal shape, broadly arched posterior dorsal mar-
gin, nearly straight anterior dorsal margin, strong
sulcus that extends along the posterior dorsal slope
from the umbo to the anterior ventral margin, and
edentulous hinge.

Although some molluscan specialists have con-
sidered 7. disjuncta to be synonymous with 7.
bisecta (Conrad, 1849), Bernard (1972) has ex-
haustively documented the anatomical differences
and pointed out the distinctive shell morphology of
each. I follow Bernard (1972) in considering Con-
chocele Gabb, 1866, into which T'. disjuncta has often
been placed, a junior synonym of Thyasira. The
straight rather than concave anterior dorsal margin
and less prominent umbo of 7. disjuncta that dis-
tinguish it from T. bisecta are missing from the
Topsy specimen. T. bisecta has never been reliably
reported in Alaska Tertiary faunas, and illustrated
Thyasira specimens from the Poul Creek Formation
(Clark, 1932; Kanno, 1971; Addicott and others,
1971) are undoubtely T. disjuncta. It is highly prob-
able that the Topsy specimen is also T. disjuncta,
although confirmation of this will depend on finding
additional specimens.

Thyasira disjuncta is known in the North Pacific
from late Eocene or early Oligocene to Holocene and
in the modern Caribbean fauna (Boss, 1967). Be-
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cause of confusion by past workers between T. dis-
juncta and T. bisecta, it is difficult to determine from
literature records the exact geographic range of the
former species in the North Pacific. In Gulf of
Alagka Tertiary strata, T. disjuncta is recorded from
the lower part of the Poul Creek Formation (Kanno,
1971) as well as from the upper part (Clark, 1932;
Addicott and others, 1971) in the Yakataga district.
Specimens from a large erratic boulder at Cape
Yakataga were judged by Kanno (1971, p. 62) to
have come from the Poul Creek Formation, though
he considered it possible they could have come from
the overlying Yakataga Formation. The only known
record of this species from the Yakataga Formation
in the Yakataga district is that of Kanno (1971, p.
22) from the Chaix Hills in strata of probable late
Miocene or Pliocene age. Because its stratigraphic
occurrence represents such an extensive time inter-
val, even though the species occurs widely, it is not
useful for correlation or age determination.

Besides T. disjuncta, the only other Tertiary
Thyasira known in Alagka is T. alaskana Kauffman,
1969. This species occurs on the Arctic coastal plain
of northeastern Alaska, in the upper Miocene(?)
and Pliocene Nuwok Member of the Sagavanirktok
Formation, and is of Atlantic affinities.

Calliostoma sp.

Figure 22-23

This genus has not been reported previously as a
fossil in Alaska, although species of Calliostoma do
live today as far north as southeastern Alaska. The
species from the Topsy Formation is most similar
to Calliostoma cammani Dall, 1909, from the middle
to lower Pliocene Empire Formation in Oregon.
However, sculptural features of the Topsy specimen
exclude it from C. cammani. It might belong to one
of the Tertiary species described from Japan, the
oldest of which is said to be Oligocene in age (Hatai
and Nisiyama, 1952), or from the eastern Soviet
Union. At present, no comparative specimens of
Japanese or Soviet Calliostoma species are available,
and literature citations are not sufficient to evaluate
them, so comparisons with the Topsy specimen must
be deferred.

?Colus sp.
Figure 24

The elongate fusiform shell and relatively small
aperture of the Topsy specimen suggest placement
in Colus or an allied genus. This specimen is too
worn and incomplete for certain generic placement,
but parts of the exterior surface appear to be in-
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tact and smooth, further suggesting Colus as the
most likely genus. Colus specimens are in the Poul
Creek and Yakataga Formations, but are often too
worn for specific identification, considering that dif-
ferences among many Colus species are subtle.

Natica (Cryptonatica) clausa
Broderip and Sowerby, 1829

Figure 25

A smooth, nearly globular shell with a semicir-
cular callus concealing the umbilicus characterizes
this species. It is distinguished from N. (C) ore-
gonensis (Conrad, 1865) by its less elongate body
whorl and lower spire. In general, fossil specimens
of N. clausa also have distinetly thicker shells than
N. oregonensis; modern individuals of N. clausa
tend to have somewhat thinner shells than fossil
specimens.

Natica clausa occurs commonly in cool- and cold-
water Miocene to Holocene faunas of the North Pacif-
ic and is the only naticid found routinely in Alaskan
Neogene and Pleistocene strata. Its reported first
occurrence in the Gulf of Alaska Tertiary Province
is in the upper part of the Poul Creek Formation
(lower Miocene) of the Yakataga district (Marin-
covich, 1977), from strata of presumed late Juanian
or Pillarian age. A coeval or possibly older occur-
rence is now known in the Juanian fauna of the so-
called Narrow Cape Formation on Sitkinak Island
in the western Gulf of Alaska (R. C. Allison, oral
commun., 1977).

The single specimen of N. clausa from the Topsy
Formation is 10.4 mm in height and 10.0 mm in
diameter, which is average for Miocene specimens
and much smaller than Pliocene to Holocene indi-
viduals. All fossil and modern occurrences of N.
clausa are in faunas of decidedly cool- or cold-water
aspect or in faunas with a well-developed cold-water
element (Marincovich, 1977), so the presence of this
species in the Topsy is strong evidence for a cool-
temperate or slightly colder marine hydroclimate.

Natica (Cryptonatica) oregonensis (Conrad, 1865)
Figure 26

This species is characterized by its smooth whorls
and its semicircular callus concealing the umbilicus
and by its elevated spire and elongate body whorl.
These last two characters distinguish N. oregonensis
from the related N. clause Broderip and Sowerby,
which also occurs in the Topsy Formation.

This is the first certain report of N. oregonensis
north of Washington and Oregon, although it has
been questionably identified in the Newportian fauna
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of the Narrow Cape Formation on Kodiak Island in
the western Gulf of Alaska (R. C. Allison, oral
commun., 1977). It was previously known from the
Astoria Formation of western Washington and west-
ern Oregon (Newportian Stage) and from the Em-
pire Formation at Coos Bay, Oregon (Wishkahan
and Graysian(?) Stages as used by Allison, 1976)
(Marincovich, 1977). It is now also known in the
Nye Mudstone (Pillarian Stage) of northwestern
Oregon, on the basis of reassignment to the Nye
Mudstone of localities formerly attributed to the
Astoria Formation in northwestern Oregon (W. O.
Addicott, oral commun., 1977). These verified oc-
currences range in age from early Miocene to early
late Miocene.

?Neptunea (Neptunea) plafkeri Kanno, 1971
Figure 27

This species is discriminated from other Tertiary
Neptuneas and similar large gastropods in the Gulf
of Alaska region by its high spire, acute apical
angle, long anterior canal, and nearly smooth shell
sculptured only with fine incremental growth lines
and a few radial varices of low relief near the aper-
ture (Kanno, 1971; Nelson, 1974).

The poor condition of the Topsy specimen, missing
all but an incomplete and worn body whorl, makes
identity uncertain. This specimen is not deeply sculp-
tured as are many Neptuneas, and the best preserved
parts of the exterior surface show only fine incre-
mental growth lines.

Neptunea plafleri was described from specimens
collected in the lower part of the Yakataga Forma-
tion at Cape Yakataga (Kanno, 1971), and it has
also been collected in the upper part of the Poul
Creek Formation there (C. A. Ariey, 1978a). This
species is also reported from several Miocene locali-
ties of the Yakataga Formation in the Yakataga
district and in beds now assigned to the Topsy For-
mation at Icy Point in the Lituya distriet (Nelson,
1974). The sum of its known stratigraphic occur-
rences suggests a range of about early Miocene to
middle or possibly late Miocene for N. plafieri.

Neptunea (Sulcosipho) cf. N. (S.) tabulata (W. Baird, 1863)
Figures 28-30

When seen as well-preserved fossil or modern
specimens, N. tabulate is easily recognized by its
elongate shape, strongly tabulate shoulder bounded
by a thickened and minutely scaly spiral cord, and
by its fine spiral ribs covering the whole outer sur-
face. The Topsy specimen is a distorted and incom-
plete body whorl lacking earlier whorls or an an-
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terior canal. The tabulate shoulder and fine spiral
sculpture show up well and suggest placement of the
specimen in N. tabulata. Even though there appear
to be three sizes of spiral ribs on both N. tabulata
and the Topsy specimen, however, the ribs of true N.
tabulata are more boldly sculptured, seem to occur
in a more regular sequence, and appear to be sepa-
rated by wider interspaces than the ribs of the
Topsy individual.

The specimens figured by Kanno (1971) as Nep-
tunea (Sulcosipho) cf. N. (S.) tabulata appear to be
the same as the Topsy shell. A specimen cited by
Clark (1932) and refigured by Addicott and others
(1971) as Neptunea aff. N. tabulata also probably is
the same species. Kanno’s (1971) specimens were
collected from the lower part of the Yakataga For-
mation at Cape Yakataga, and Clark’s (1932) speci-
mens from the same area also probably came from
the lower part of the Yakataga Formation (Addi-
cott and others, 1971). Nelson (1974) reported this
species in middle Miocene to lower Pliocene beds of
the Yakataga Formation throughout the Gulf of
Alaska Tertiary Province. Recent collecting at Cape
Yakataga has produced this species from the upper
part of the Poul Creek Formation (C. A. Ariey,
1978a). Thus, the known occurrences of this species
indicate an approximate age range of early Miocene
to early Pliocene.

Fusitriton oregonensis (Redfield, 1846)
Figures 20-21

The characteristic features of this high-spired
snail are its coarse axial ribs and fine, flattened
spiral costae that are usually bifurcated. Most spiral
interspaces on the Topsy specimen contain one
slender thread, although such threads may be absent
or as numerous as three per interspace (Smith,
1970).

This species is well known in North Pacific Mio-
cene and younger faunas, being most abundant in
Pliocene and younger strata from Japan and Alaska
south to California (Smith, 1970). Until recently,
no precise data were known on the earliest occur-
rence of F. oregonensis. Smith (1970) reported
specimens of “Fusitriton sp. ? aff. F. oregonensis”
from Cape Yakataga Miocene strata of either the
Poul Creek or Yakataga Formations. Recent col-
lecting by C. A. Ariey (oral commun., 1977), how-
ever, showed F. oregonensis missing from the upper
part of the Poul Creek Formation at Cape Yakataga
but present in the stratigraphically highest New-
portian fauna and in the Wishkahan fauna of the
lower part of the Yakataga Formation there. Thus,
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the oldest verified occurrence of this species is in the
early middle Miocene portion of the Newportian
Stage, thereby making F. oregonensis the species
most important for inferring a maximum age for
the Topsy fauna.

Modern occurrences are in temperate to cold
waters of the North Pacific rim from Japan to
southern California. Although F. oregonensis is
known from depths as great as 2,370 m, it has been
observed in the intertidal zone from Puget Sound,
Washington, to southeastern Alaska, and in depths
as shallow as 18 m in the southern Bering Sea and 9
m in the Gulf of Alaska (Smith, 1970). Southwest
from the Bering Sea and south of Puget Sound, it
lives in progressively greater depths. It has been
collected in temperatures of 7-11°C in Puget Sound
and in waters less than 8°C off of southern Cali-
fornia (Valentine and Emerson, 1961).

FOSSIL LOCALITY DESCRIPTIONS

The following locality numbers for the Topsy
Formation are assigned by the Menlo Park, Calif.,
center of the U.S. Geological Survey. Fossil collec-
tions are housed in the Branch of Paleontology and
Stratigraphy, Menlo Park, Calif., except for illus-
trated specimens, which are kept in the National
Museum of Natural History, Washington, D.C.:

M6525 (Plafker field locality 75APr45A).—Isolated
outcrop in intertidal zone of rock and sand
beach about 3.3 km northeast of Icy Point; 669
m south and 274 m west of NW. cor. sec. 15, T.
40 8., R. 50 E., Mt. Fairweather (B-4) quad-
rangle, Lituya district, southeastern Alaska.
Collected by George Plafker and Travis Hudson,
June 1975.

M6526 (Plafker field locality 75APr40A).—Isolated
outcrop along southern margin of Finger Gla-
cier, 182 m south and 486 m west of NE. cor.
sec. 33, T. 39 S., R. 50 E., Mt. Fairweather
(B-4) quadrangle, Lituya district, southeastern
Alaska. Collected by George Plafker and Travis
Hudson, June 1975.

M6527 (Plafker field locality 75APr43D) .—Isolated
outerop in intertidal zone of rock and sand
beach, about 5.8 km north of Icy Point; 730 m
south and 30 m east of NW., cor. sec. 10, T. 40
S., R. 40 E.,, Mt. Fairweather (B—4) quad-
rangle, Lituya district, southeastern Alaska.
Collected by George Plafker and Travis Hudson,
June 1975.

M6528 (Marincovich field locality 75AM65).—Iso-
lated outcrop near head of Fall Creek, along
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strike from lower part of type-section of Topsy
Formation, 289 m south and 274 m west of NE.
cor. sec. 33, T. 37 S., R. 48 E., Mt. Fairweather
(C-5) quadrangle, Lituya district, southeastern
Alaska. Collected by Louie Marincovich, George
Plafker, and Travis Hudson, June 1975.
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