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Makah Formation--A Deep-Marginal-Basin Sedimentary Sequence

of Late Eocene and Oligocene Age in the

Northwestern Olympic Peninsula, Washington

By P.D. Snavely, Jr., A.R. Niem, N.S. MacLeod, J.E. Pearl, and W.W. Rau

ABSTRACT

The Makah Formation of the Twin River Group crops
out in a northwest-trending linear belt in the north-
westernmost part of the Olympic Peninsula, Wash. This
marine sequence consists of 2800 meters of predomi-
nantly thin-bedded siltstone and sandstone that en-
closes six distinctive newly named members--four
thick-bedded amalgamated turbidite sandstone members,
an olistostromal shallow-water marine sandstone and
conglomerate member, and a thin-bedded water-laid tuff
member. A local wunconformity of submarine origin
occurs within the lower part of the Makah Formation
except in the central part of the study area, where it
forms the contact between the older Hoko River Forma-
tion and the Makah. Foraminiferal faunas indicate
that the Makah Formation ranges in age from late
Eocene (late Narizian) to late Oligocene (Zemorrian)
and was deposited in a predominantly lower to middle
bathyal environment.

The Makah Formation 1is part of a deep-marginal-
basin facies that crops out in the western part of the
Olympic Peninsula, in southwesternmost Washington and
coastal embayments in northwestern Oregon, and along
the central part of the coast of western Vancouver
Island. On the basis of limited subsurface data from
exploratory wells, correlative deep-marginal-basin
deposits underlie the inner continental shelf of
Oregon and the continental shelf (Tofino basin) along
the southwestern side of Vancouver Island.

Directional structures in the Makah Formation in-
dicate that the predominantly lithic arkosic sandstone
that forms the turbidite packets was derived from the
northwest. A possible source of the clastic material
is the dioritic, granitic, and volcanic terranes in
the vicinity of the Hesguiat Peninsula and Barkley
Sound on the west coast of Vancouver Island. Vertical
and lateral variations of turbhidite facies suggest
that the four packets of sandstone were formed as
depositional 1lobes on an outer submarine fan. The
thin-bedded strata between the turbidite packets have
characteristics of basin-plain and outer-fan fringe
deposits.

INTRODUCTION

The Makah Formation is part of a thick deep-water
marine sequence of upper Eocene to lower Miocene sand-
stone, siltstone, turbidite sandstone, and conglom-
erate that crops out in the northwestern part of the
Olympic Peninsula (fig. 1) in a northwest-trending
linear belt more than 100 km long. The Makah Forma-
tion was named and briefly described by Snavely, Niem,
and Pearl (1978) from detailed geologic mapping in the
western 35 kilometers of this belt, which includes the
Makah Indian Reservation in the northwestern part of
the study area. The Makah consists chiefly of well-
bedded siltstone and thin-bedded turbidite sandstone
and contains six lithologically distinctive and map-
pable members, described and formally named in this
report, and two informal sandstone units. The named
members are four thick-bedded amalgamated turbidite
sandstone members, a thin but distinctive tuff member,
and a penecontemporaneously deformed allochthonous
sandstone and conglomerate member that initially was
deposited in shallow water.

The type locality of the Makah Formation, desig-
nated by Snavely, WNiem, and Pearl (1978) as the shore
cliffs and wave-cut platform exposures along the
Strait of Juan de Fuca from Waadah Island and Baada
Point to Kydaka Point (fig. 2), is herein redesignated
the type section. Rocks exposed in the lower reaches
of the Sekiu and Hoko Rivers were selected as refer-
ence sections (Snavely and others, 1978).

The Makah Formation is equivalent to the middle
member of the Twin River Formation of Brown and Gower
(1958). Snavely, Niem, and Pearl (1978) raised the
Twin River Formation to group rank and divided the
Twin River Group into three new formations, from old-
est to youngest, the Hoko River, the Makah, and the
Pysht Formations.

Excellent exposures in the mapped area make it
possible to collect detailed sedimentological data on
dispersal patterns and lateral and vertical facies
changes in the turbidite sandstone units. These data
are used in this report to interpret the depositional
environment, provenance, and paleogeology of the Makah
Formation during late Eocence and Oligocene time.
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EXPLANATION

Marine sandstone, siltstone, and conglomerate; minor nonmarine beds in upper part (early Miocene)

Thin-bedded marine sandstone, siltstone, turbidite sandstone, and conglomerate (early Miocene to late Eocene)

f % Massive to thin-bedded siltstone, sandstone, and conglomerate; contains lens of mudfiow breccia (late and middle Eocene)

Melange and broken formation consisting of thick-bedded sandstone, conglomerate, and thin-bedded siltstone and sandstone;
contains olistostromal blocks of pre-Tertiary rocks at Point of the Arches and Eocene(?) pillow basalt at Portage Head (late
and middle Eocene)

| Zoctavet Pillow lava and breccia with interbedded basaltic sandstone and siltstone (middle and early Eocene)

Figure 1.--Sketch map of northern Olympic Peninsula showing area of report and distribution of upper Eocene and
Oligocene strata (dot pattern) in relation to other stratigraphic units.

ACKNOWLEDGMENTS by their helpful suggestions. Mobil 0il Canada, Ltd.

generously lent the authors slides of foraminifers and
thin sections of correlative stratigraphic units from
Vancouver Island, Canada. The authors express their
appreciation to Diane Lander and Wendy WNiem, who
assisted in the preparation of illustrations and edit-
ing.

The valuable data on the age and depositional envi-
ronment of mollusks in the Makah Formation was pro-
vided by Warren O. Addicott. His contribution to this
report is gratefully acknowledged. Holly C. Wagner
and Howard D. Gower improved the quality of the report



GEOLOGIC SETTING AND CONTACT RELATIONS 3

GEOLOGIC SETTING AND CONTACT RELATIONS

The Makah Formation occurs in the western part of a
broad belt of uppermost Eocene and Oligocene strata
that crops out along the northern Olympic Peninsula
(fige. 1). The Makah is a steeply northward-dipping
homoclinal sequence of strata in the upper part of a
middle Eocene to lower Miocene marine sedimentary se-
quence that is more than 6000 m thick. This marine
sequence overlies lower and middle Eocene submarine
pillow basalt and breccia of the Crescent Formation
(fig. 2) that are interpreted as oceanic ridge basalts
and associated seamounts by Snavely and his coworkers
(Snavely and others, 1968; MacLeod and Snavely, 1973;
Snavely and MacLeod, 1977) and Glassley (1974).

The Makah Formation overlies the upper Eocene Hoko
River Formation. The contact between the Makah Forma-~-
tion and the Hoko River Formation (Snavely and others,

1978) is mostly covered. This covered interval is
less than 50 m wide along Carpenters Creek, Ozette
Road, and Little Hoko River. The massive, hackly

fractured iron-stained siltstone and very thin bedded
sandstone of the Hoko River (fig. 2) are readily dis-
tinguished from the well-bedded siltstone and turbi-
dite sandstone of the Makah. Subordinate thick lenses
of dark-gray lithic (phyllite~ and basalt-rich) sand-
stone are interstratified with thick-bedded channel-
ized 1lithic conglomerate and minor pebbly mudstone
that occur locally in the Hoko River Formation. These
lithologies are uncommon in the Makah Formation.

East of the mapped area, in Pysht, Lake Crescent,
Joyce, and Port Angeles quadrangles, Brown and Gower
(1958) and Gower (1960) indicate a conformable contact
between the lower and middle members (Hoko River For-
mation and Makah Formation equivalents) of their Twin
River Formation. Similarly, in the Little Hoko River
and in roadcuts along nearby logging roads in the cen-
ter of sec. 34, T. 32 N., R, 13 W. (D on fig. 3), the
exposed lower contact of the Makah Formation appears
to be conformable and gradational over a 50-m inter-
val., At these two localities, two to three units (10
m or thicker) of thin-bedded strata of the Makah con-
taining clastic dikes alternate with beds of massive
siltstone (10 m or thicker) which are more typical of
the underlying Hoko River Formation. Although beds of
massive siltstone like that of the Hoko River Forma-
tion occur higher in the Makah, well-bedded turbidite
strata dominate the Makah.

A local unconformity occurs within the lower part
of the Makah Formation from a point about 2 km west of
Jansen Creek eastward to near Charley Creek (fig.
2). From Jansen Creek to the Hoko River, it forms the
contact between the Hoko River and Makah Formations.
In the area of the Hoko and the Little Hoko Rivers,
the unconformity is intraformational, truncating a
small syncline and faults that involve the strata in
the lower part of the Makah Formation (fig. 3). The
unconformity appears to extend eastward almost as far
as Charley Creek but was not observed along the Clal-
lam River in the easternmost part of the study area.
West of Jansen Creek, the local unconformity probably
does not extend as far west as Rasmussan Creek, for it
was not observed in the almost continuous sequence of

the Makah and Hoko River Formations exposed in the
stream bed.

The local unconformity is readily apparent in the
central part of the mapped area (fig. 2), where it
forms the contact between the Hoko River and Makah
Formations. There the Makah laps onto a broad north-
east-trending anticlinal high in the underlying sedi-
mentary and volcanic rocks. Several members of the
Makah that are exposed elsewhere in the lower part of
the Makah are missing, whereas members above the
unconformity extend uninterrupted across the struc-
ture. The absence of basal conglomerate, the local
nature of the unconformity, and the occurrence of
deep-water upper Eocene strata directly above and
below the unconformity suggest that it is of submarine
origin.

The small northeast-trending faulted syncline that
lies between the Hoko and Little Hoko Rivers (figs. 2
and 3) is interpreted as a small flexure that
developed on the east flank of the broad northeast-
trending anticlinal fold. The structural trends of
strata in both the Hoko River and Makah Formations de-
fine this small asymmetric syncline that formed prior
to the local unconformity. A thrust fault in the up-
per part of the Hoko River Formation along the western
flank of the syncline may account for the asymmetry of
the fold (fig. 3). The axial part of the syncline is
complicated by several small thrust faults. These and
other faults not recognized in the poorly exposed ax-
ial part of the syncline probably account for the
thicker section of strata apparent between the lowest
member of the Makah and the local unconformity (figs.
3 and 5).

The Makah Formation underlies the upper Oligocene
and lower Miocene Pysht Formation--a sequence of
thick-bedded sandstone, boulder-and-pebble conglom-
erate, and massive siltstone and mudstone (figs. 2 and
3). 1In most places in the study area, the contact be-
tween the Makah and Pysht Formations is masked by gla-
cial drift. The contact between them is conformable
in a cut on a side road 0.8 km southwest of Eagle
Point (NW1/4 sec. 14, T. 32 N., R. 13 W.), where very
thick bedded sandstone and channelized boulder-to-
pebble conglomerate of the Pysht Formation are
intercalated with thin-bedded siltstone and sandstone
typical of the Makah. Where exposed in quarry and
roadcuts immediately north of the airport 0.6 km
northwest of Sekiu, a submarine channel conglomerate
and sandstone of the Pysht Formation rests unconform-
ably upon an irregular surface cut into thin-bedded
siltstone and sandstone of the Makah with as much as a
meter of relief; these relations indicate that sub-
marine erosion has taken place locally.

A thickness of more than 2800 m for the Makah For-
mation is estimated at the type section from the base
of the unit near the town of Neah Bay to the upper
contact at Kydaka Point (figs. 2 and 4). The minimum
thickness of the composite section along the Hoko and
Little Hoko Rivers is approximately 2500 m (figs. 3
and 5). The Makah thins over the broad anticlinal
high in the central part of the mapped area, where
about 550 meters of strata in the lower part of the
formation is missing.
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Figure 3.--Generalized geologic map showing the distribution of the Makah Formation at its composite reference section
along the Hoko River from point A (1.6 km east of its mouth) to point B (near the center of section 28) and near the
Little Hoko River (between points C and D).
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PHYSICAL CHARACTERISTICS

The most common litholigic type in the Makah For-
mation is siltstone in beds 1 to 10 cm thick rhythmi-
cally alternating with thin beds of turbidite sand~
stone (figs. 4 and 5). The sandstone is fine to very
fine grained, medium gray, and quartzo-feldspathic.
It is generally parallel laminated to micro-cross lam-
inated, has sharp bottom and top contacts, and forms
resistant ledges or ribs in outcrop. In wave-cut ex-
posures, the thin sandstone beds typically display
Bouma (1962) turbidite sequences that lack the basal
“a® division (Th-e through Tde), although some beds
are entirely ripple micro-trough cross laminated
throughout the bed thickness. The siltstone is medium
light gray and hackly fractured and commonly contains
very fine grained sandstone stringers and carbonaceous
laminae. Siltstone interbeds do not stand out as
boldly as the numerous sandstone beds that form ribs
and ledges. Thin-bedded strata of this typical 1li-
thology occur in the Makah between several thick-
bedded amalgamated sandstone members and are well
exposed in the roadcuts along Ozette Road adjacent to
the Hoko River and on the wave-cut platform along the
Strait of Juan de Fuca (figs. 2 and 3). In the stream
beds of Rasmussan Creek and the Clallam River, thick
units of laminated siltstone occur in the lower part
of the Makah and beds of sandstone are rare.

The thick- to very thick bedded amalgamated sand-
stone units commonly contain Bouma sequences that
start with the basal "a" division. Typically, these
sandstone beds consist of a thick structureless "a"
division overlain by a much thinner carbonaceous par-
allel~laminated "b" division and less commonly an
overlying convolute or rarely micro-cross-laminated
"c" division. Some very thick beds form a series of
amalgamated Bouma "a" divisions.

Calcareous concretions are found throughout the
Makah Formation; they range in size from small sphe-
roids to 60 to 150 mm in diameter in the thin-bedded
units to resistant zones of ellipsoidal to intercon-
nected elongate concretions 0.5 to 4 m in length in
the thick amalgamated sandstone units. Some sphe-
roidal concretions in the siltstone contain concen-
trations of worm burrows; others have formed around
- pseudomorphic crystals of calcite similar to those
described by Boggs (1972). Many small calcareous con-
cretions lack obvious nucleii, but a few contain frag-
ments of crustaceans or carbonized plant debris.
Scattered throughout the thick~bedded amalgamated
sandstone at the type section are tiny spherical py-
rite concretions with oxidized rims.

Clastic dikes occur throughout the Makah Formation
(fig. 6). The sandstone in these dikes is fine to
medium grained, moderately well sorted, and quartzo-
feldspathic in composition. Most dikes are nearly
vertical and pinch and swell along strike. Some have
been injected along small faults or fractures that had
minor displacements, whereas others have been emplaced
in an en enchelon pattern along fractures with no
apparent displacement. The general trend of the
clastic dikes perpendicular to the strike of the Makah
suggests that the dikes were intruded along small tear
faults formed when segments of the upper part of the
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Figure 5.--Composite reference section of the Makah Formation along the Hoko River from point A in section 14 (1.6 km
southeast of its mouth) to point B (near the center of section 28) and between points C and D near the Little Hoko
River. Locations are shown on figure 3. WNumbers in parenthesis are foraminifer sample locality numbers (table 2).
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the pore spaces between framework grains. This make-
up is particularly evident in the two matrix-rich
samples of the Baada Point Member, each with moderate-
ly low porosity (20.4 to 20.7 percent) and low permea-
bility 2.0 to 7.5 millidarcies), and probably in the
calcareous concretionary zones of all the members.

The samples from the Klachopis Point Member has the
highest effective porosity and a moderately high
permeability (24.6 percent and 657 millidarcies) and
also tends to be more friable and cleaner in thin sec-
tion than the sandstone from the Baada Point and
Dtokoah Point Members. It could act as a permeable
reservoir rock in the subsurface. At one locality, a
1-m-thick sandstone bed in the Klachopis Point Member
emitted a petroliferous odor when freshly broken. The
arkosic sandstone of the Third Beach Member, like the
sandstone of the Klachopis Point Member, generally
contains less pore-filling clay matrix than the more
lithic sandstone of the Baada Point, Dtokoah Point,
and Jansen Creek Members and may represent an impor-
tant permeable unit.

All the amalgamated sandstone members are enclosed
by thick (hundreds of meters) sequences of thin- to
very thin-bedded siltstone and turbidite sandstone
that could act as both cap rocks and contiguous source
rocks in the subsurface. Hydrocarbon analyses of
surface samples by George Claypool (reported in
Snavely, Pearl, and Lander, 1977, table 3), however,
indicate that upper Eocene and Oligocene siltstone in
this area is generally geothermally immature,
containing only minor gquantities of 1light hydro~
carbons.

The Klachopis Point Member, being among the thick-
est, most widespread, and highest in permeability and
porosity, and to a much lesser extent the Baada Point
Member, probably have the highest reservoir po-
tential. The Third Beach and Dtokoah Point Members
have much more limited distribution and therefore
lower reservoir capacity (particularly the thinner
bedded sandstone of the Dtokoah Point Member). The
olistostromal shallow-marine sandstone and conglomer-
ate of the Jansen Creek Member are too discontinuous,
chaotically arranged, and tightly cemented by calcite
to represent an important ‘reservoir unit in the sub-
surface.

Onshore, where the homoclinal sequence is breached
by erosion, the petroleum potential of the four north-
ward-dipping turbidite members is limited. Strati-
graphic traps may exist in the lower part of the Makah
Formation, where it laps onto the broad anticlinal
high in the central part of the study area. As these
units dip and strike beneath the Strait of Juan de
Faca, structural and/or stratigraphic traps may exist
in this area.

AGE AND REGIONAL CORRELATIONS

Foraminiferal assemblages, sparse and varied
throughout the Makah Formation, indicate that the se-
quence ranges in age from late Eocene to late Oligo-
cene. Foraminifers from the lower part of the Makah
at Waadah Island (table 1) indicate that the lower 325
meters of section exposed below the Baada Point Member
(fig. 4) ranges from the upper Narizian Stage of
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Mallory (1959) to the Refugian Stage of Schenck and
Kleinpell (1936).

On the basis of the known range of species within
the Tertiary of the Pacific Northwest (Rau, 1958,
1964, 1966; Fulmer, 1975; Armentrout and Berta, 1977),
the 100 meters of the Makah stratigraphically below
the Baada Point Member on Waadah Island is best re-
ferred to the Refugian (fig. 4). This age assignment
is based on the presence of Melonis halkyardi,
Elphidium californicum, Sigmomorphina cf. S. schencki,
and in particular Ceratobulimina washburni (table
1). Foraminifers from the interval 100 to 325 m below
the Baada Point Member on the east side of Waadah
Island have greater affinities for the Narizian Stage
than for the Refugian Stage. The high occurrence of
Vulvulina curta, Anomalina garzaensis, Pleurostomella
nutalli, and Quinqueloculina goodspeedi all signify a
Narizian age.

The upper part of the Makah Formation, strata be-
tween the Third Beach Member and the base of the Pysht
Formation (fig. 4), are Oligocene (Zemorrian) in
age. The checklist of foraminifers {table 2) shows
the occurrence of species in the middle and upper
parts of the Makah in the Hoko River reference section
(A to B on figs. 3 and 5). Dentalina quadrulata,
Uvigerina cf. Y. gesteri, and U. gallowayi are among
diagnostic Zemorrian species occurring in the upper
part of the section at Hoko River between localities
7190 and 7609 (table 2, fig. 5).

The precise boundary between the Zemorrian and
Refugian Stages is difficult to define in the Hoko
River section, as several key species found elsewhere
in the Pacific Northwest (Rau, 1958, 1964, and 1966)
that define the Zemorrian Stage and the Refugian Stage
occur together in a 1200-m-thick stratigraphic inter-
val (table 2, fig. 5, localities 7387 to 7190). 1f
the total assemblage is considered, the Refugian-
Zemorrian boundary is best placed between localities
5789 and 5788 (table 2, fig. 5).

Several siltstone samples collected on Waadah
Island and near the Little Hoko River contain foramin-
ifers indicative of Ulatisian and early Narizian
ages. These anomalous foraminifers are probably re-
worked from older Eocene strata. Submarine erosion
across growing broad anticlinal highs in the pre~Makah
strata, as at Cape Flattery and in the central part of
the study area (fig. 2), undoubtedly contributed re-
worked older sediments and their Ulatisian to early
Narizian microfossils to the younger strata that were
being deposited in synclinal low areas.

Foraminiferal assemblages from the Makah Formation
(see tables 1 and 2) clearly indicate deep-water open-
sea conditions. Almost all of those foraminifers
consistently occurring throughout the formation sug-
gest bathyal conditions. Moreover, most of these taxa
support no less than middle bathyal depths. Many,
such as Gyroidina soldanii, Stilostomella, hispid
avigerinids, Bulimina alsatica, and Pullenia
bulloides, probably thrived at lower bathyal depths.
The minor but consistent occurrence throughout the
formation of planktonic taxa (Globigerina) supports
open-sea conditions.
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Table l.--Checklist of foraminifers from the Waadah Island section
of the Makah Formation

[Symbols of frequency of occurrence:
?, questionable identification]

C, common; F, few; R, rare;

Species

~N
N

Pacific Northwest
Reference Collection No.
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Quinqueloculina SPPe » o ¢« o ¢ s o o o s o
Dentalina cf. D. pauperata (4d'Orbigny) . .
Stilostomella sp. (large final chamber). .
Nodosaria longiscata A'Orbigny « + « « « «
Pseudoglandulina inflata (Bornemann) . . .
Gyroidina soldanii A'Orbigny « « « + + o &
Melonis pompilioides (Fichtel and Moll). .
Fursenkoina (Virgulina) spe « « « ¢ « o &
*Melonis halkyardi (Cushman) + « « « o » &

Cibicides cf. C. lobatulus (Walker and Jacob). . .

*Elphidium californicum Cook MS. « « + + &
Globigerina sSpps + « o o o o s o s o o o o
Guttulina irregularie d'Orbigny. « « . . .
Eggerella bradyi (Cushman) « « « « « o o &
Karreriella chilostoma (Reuss) « « « » o »

*Cagsidulina galvineneis Cushman and Frizzell. . .

Globoeassidulina globosa (Hantken) . . . .
Cibicides cf. C. elmaensie Rau « « « o« o »

*Ceratobul imina washburni Cushman and Schenck. « »

Ctbicides Sppe o+ « o o o o » o o s o o o o

Spiroloculina cf. S. texana Cushman and Ellisor. «

*Sigmomorphina cf. S. schencki Cushman and
Vaginulinopsis saundersi (Hanna and Hanna)

Ozawa .

Bulimina cf. B. instabilis Cushman and Parker. . .

2ALabaming spe o« o o o ¢ 2 s o s s e s e

e o o o

Anomalina cf. A. californiensis Cushman and Hobson

Eponides umbonatus (Reuss) + « « o ¢ o o
Pullenia bulloides A'Orbigny « o« « « o « &
Globobulimina cf. G. pacifica Cushman. . .
Martinottiella cf. M. nodulosa Cushman . .
SLGMOLLING SPe o o o o o o o o o s s o o
COPNUBDTIIA SPs o o o o o o o o o o o o o »

e« o o

Stilostomella cf. S. sanctaecrucis (Kleinpell) . .
Chilostomelloides cf. C. cyclostoma (Rzehak) « . .

Caneris joaquinensis Smith o « o o « o o «
Gyroidina soldanii 4'Orbigny var. (rounded
*Vulvulina curta Cushman and Siegfus . . .
Nodosaria clavaeformis Neugeboren. . « « »
Nodosaria pyrula A'Orbigny « + « o o o «

edges).

e o o

Praeglobobulimina cf. P. pyrula (d'Orbigny). . « «

*Anomalina garzaensig Cushman and Siegfus.

« o o o
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Mollusks are sparse in the deep-water sedimentary
rocks of the Makah Formation and occur chiefly in
olistostromal blocks of shallow-water basaltic sand-
stone and conglomerate in the Jansen Creek Member.
Addicott {written communs., 1973-1977) identified the
following species collected from the Jansen Creek
Member on the coast near the southwest corner of sec.
22, T« 33 N., R. 14 w.:

Gastropods:

Aerilla n. sp.
Durham

Naticid

?Perse sp.

aff. A. olympicensis

Turritella cf. T. porterensis Weaver
Undet. fragments - 3 spp.
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Table l.--Checklist of foraminifers from the Waadah Island section
of the Makah Formation -- Continued

Species

Valvulineria jacksomensis welcomensgis Mallory.

Plectofrondicularid sp. o o « o« o « o

*Pleurostomella nuttalli Cushman and Siegfus .
Gyroidina eondoni (Cushman and Schenck). . ..

.

Lenticulinga Sppe « o o o « o o o s s o o o o o o
Plectofrondicularia cf. P. gracilis H. P. Smith.
Cibicides spiropunctatus Galloway and Morrey . .
Cibicides sp. (large, variable, incised sutures,

coarse perferate)e « ¢ « o ¢« o o o o o
Cassidulina sp. (discoid, rounded perf.)
?Furgenkoina (Virgulina) sp. (narrow). .
PYrgo spe o o o o o .

Quinqueloculina imperialie Hanna and Hanna

.

*Quinqueloculina goodspeedi Hanna and Hanna.
Pullenia salisburyi R. E. and K. C. Stewart.
Praeglobobulimina cf. P. ovata (d'Orbigny) .

*Key species

Pelecypods:

Conchocele cf. C. disjuncta (Gabb)

renella sp.

Cyelocardia hamnibali (Clark)

Lucinoma cf. L. columbiana (Clark
and Arnold)

Nemocardium cf. N. weaveri (Anderson
and Margin)

Ostrea sp.

Scaphopods :
Dentalium porterensis Weaver

addicott assigned a late Eocene age (Lincoln Stage
of Weaver, 1937) to this collection and suggested a
middle or outer sublittoral environment of deposition
for the basaltic sandstone. Foraminiferal assemblages
in the Jansen Creek Member indicate a Refugian (late
Eocene) age, a Lincoln equivalent, and a shallow-water
depositional environment. The penecontemporaneously
deformed member is both underlain and overlain by
younger (Zemorrian) strata of the Makah that were
deposited at lower to middle bathyal depths. This
relation supports the interpretation that the shallow-
marine sandstone and conglomerate of the Jansen Creek
Member are allochthonous deposits derived from

Pacific Northwest
Reference Collection No.
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Late Eocene
uplifted older (Refugian) strata along an ancient

narrow shelf that bordered the deep marginal basin of
the Makah to the north. These shallow-water Refugian
deposits were transported into the deep marginal basin
by a large submarine slide during Zemorrian time.

The Makah Formation represents part of an upper
Eocene to Oligocene deep marginal marine facies that
crops out in the northwestern part of the Olympic Pen-
insula, on western Vancouver Island, in southwestern-
most Washington, and in northwestern Oregon but is
also widespread on the inner continental shelf of
Oregon (Snavely and others, 1977). The Makah Forma-
tion 1is in part correlative with upper Eocene and
Oligocene strata of the Hoh rock assemblage in the
Hoh-Quillayette area of the western coastal area of
the Olympic Peninsula (Rau, 1973, 1975, 1979).

Strata similar to the Makah Formation in lithology,
age, and depositional environment are exposed in the
Hesquiat Peninsula and Nootka Island area along the
central part of the west coast of Vancouver Island,
British Columbia. This sequence, described in detail
by Jeletzky (1954, 1973, 1975) and Cameron (1971,
1972, 1973, 1975, 1979), was named the Hesquiat
Formation by Jeletsky (1975).

Shallow-water sandstone, siltstone, and conglom-
erate that correlate with the Makah Formation fringe
the south side of Vancouver Island from Sombrio Point
westward to near the entrance to Nitinat Lake. These
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Table 2.~--Checklist of foraminifers from the Hoko River

section

of the Makah Formation

[symbols of frequency of occurrence: C,

common; F, few; R, rare;

?, questionable identification.]

Pacific Northwest
Reference Collection No.

Species O\OMMQ‘U’\DNFOal\gmgﬂ)d\om—l\DKDNNh
gagpeepeaanRa el aR ey
[T BT BT BT BT o B o BT o Y o B o Y o B O o T T BT B A BT T I o I O o
Lenticulina cf. L. inornatus (d'Orbigny). . » CR---R--?2-R-=-=RR/|-=-===RR-~--~
Marginulina glabra A'Orbignye « « o« o o o« o ?R=== == === 22 ===alacaaecea--
Stilostomella cf. S. sanctaecrucis (Kleinpell) | R=~=~R? 2 = ==R=~=RRR|[R=2==2 =~ =~
Dentalina pauperata (4'Orbigny) « « « o o« . &« 2 F=-=R===== B I B e
Dentalina econsobrina 4'Orbigny. « « « + « + ?F =2 =—==2==c=c?2cccalec=?2=22=--=
Nodosaria cf. N. soluta (ReUSS) + « « « o o R===cwo=o-- Re == c o oR=0w=--~
*Dentalina quadrulata Cushman and Laiming . . FFP-=R=-===R====«c|lcoceee---
SIgmoiling Sp « o o + o = o o o 2 o o o o . . R---=-RR=-====-R=R|l======-R-=--~
Stilostomella frizzelli (Rau) « + o o s o o » R=== - - -_————-- T R
Stilostomella advena (Cushman and Laiming). . RR=== == =«--= - 22~ === ==-- ?2 - -
Eponides umbonatus (Reuss)es « o o o o o o o ??=-=--R?~=-=-=-R=-=-FR~=~=R==~==F
*Anomalina californiensis Cushman and Laiming FF=-R?2-==CFF=-F?2====-2=2=?2--
Guttulina cf. G. problema d'Orbigny « « « « & i E TN SN R
Gyroidina soldanii d'Orbigny. + « ¢« «+ « s+ o o | RF==F~-22F~-FFRRR~-[RRRRFRR-R
Praeglobobulimina cf. P. ovata (d'Orbigny). « R---R?2~-~-=--2-?2R-?CF=-=FR-=-~-~-
*Jvigerina cf. U. gesteri Barbat and von
EStOXfE « 4 o o o« o o s o o s o o o o o o o R==R======«- I R
Uvigerina garzaensis Cushman and Siegfus. . . CR-=-«F=-=-==R--?2RRRF--R=~-C-~~
*Sphaeroidina variabilis Reuss. « « « o o o o Cm=m==ccec-ece=-«RRe=e==-=--
Globigerind Spe o o o o o o o o o o s o » o o R--RR-R--FRR=-~R=~=/-R=-=-RFRR
Globobulinina cf. G. pacifieca Cushman . . . . RR======"R=======lcac«F==-=-
Nodosaria longiscata d4'Orbignys « « « « « o ~-R-RR-RR=-RR-~-R-FRRRFRRR=R
Pseudoglandulina inflata (Bornemann). . o« « « - FRRRRRR~=-RR-RRF=-=-~-~---~ - -R
Melonis pompilioides (Fichtel and Moll) . . . “R=== == ~==««-= I I R R
PLBEUPINA SPe o o o o o o o o o o o o s o o o -R-R=-=-=-=RR==-=-- Rl~==R«R=~-=~ =
*Bulimina alsatica Cushman and Parker . . « . ~-F-=-=-RR--RRR=-=-RR~-~-R?F-=~-F-~ -~
*Plorulis cf. F. incisum (Cushman). « « « . & -F=-=-22F ===~ -= ?ZR==|===«-= R = =
Quinqueloculina weaveri RAU « « o« o o o « o » R A R ~Fe======R====-~
Cassidulina erassipunctata Cushman and Hobson -C~=F=-2--2C=-F?~=R=-=-=-=-=2-=-+
Furgenkoina (Virgulinga) spe o« o« « o o o o o o B T T R R=======-=
Martinottiella cf. M. nodulosa (Cushman). . . -=-RRR=-=-=-R=-=====Rl~==R===--=
PYrgo Spp o o ¢ o o o o o o o o o o s 2 s o » -=-RR=----- - «==«F<~-RR=-F~-R-=~--~-
Epistomina eocenica (Cushman and Hanna) . . « - =~?22F ===R======o=R======-
Cibicides SPP « o « s o o o o s o o o = o o - - =-R-== === R====cle === ===- R
*uigerina gallowayi Cushmane « « o o « o & » ~-=~-FC==-=----- it Fae el
*Caseidulinoides Sp « « o s+ o o o s o o o o -=-==R=-====-=-=--- - - - R - -
*Buccella mansfieldi oregonensis (Cushman,
R. E. and Stewart, Ke Ce) ¢ ¢ ¢ o ¢ o o o o - === ? == ? = e em e - == ===

strata were referred to the Carmanah Formation by
Clapp (1912) and are mapped and described by Muller
(1971, 1977).

The Makah Formation correlates
Lincoln Creek Formation (Weaver,

in part with the
1937; Beikman and

others, 1967) of southwestern Washington, the deep-
water marine Blakeley Formation of Weaver (1912)
(Fulmer, 1975; McLean, 1977) of the Puget Sound
area. In the southern and central Oregon Coast Range,

the time-stratigraphic equivalents are the shallow-
marine Eugene Formation on the southeastern flank of

the range and the deep-water marine Alsea Formation
along the central Oregon coast (Snavely and others,
1975). In the northern Oregon Coast Range, the Makah
Formation is in part coeval with the shallow-marine
Pittsburg Bluff Formation (Schenck, 1927; Moore,
1976), the upper member of the Keasey Formation
(Schenck, 1927; Moore and Vokes, 1953) in the north-
eastern part of the range, and the lower part of the
deep~-water marine mulstone of Oswald West on the
northwestern flank of the range (Niem and Van Atta,
1973).
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Table 2.--Checklist of foraminifers from the Hoko River section
of the Makah Formation -- Continued

Pacific Northwest
Reference Collection No.

Species NOMMILTUOANOANRNMILONOWN O ONNMN
golESerosafsafissadniansy
[T BT IRV R T N To I Vo BN Vo BN Vo T o o To N o L o T o B Vo B Vo o Vo B Vo T BT Bo s I N
Quinqueloculina cf. Q. imperialis Hanna and
HANNA o s « o o o o o s o o s s s s o o o o | ===== R~===-=2-==R[--22--~--=
Spiroloculina cf. S. texana Cushman
and E11iSOor « o o« o« o o o ¢ ¢ o ¢ 2 o o o o | === = = RR == =« = = =« FR{w = = = = = = = =
Chilostomelloides Spe o o o o o o o « o o o o -~ ==-=-R=~==-=-R===RIF-==--+--
Plectofrondicularia cf. P. gracilis Smith . « | = = = = = FR=-==-==~ RRIRRR=-RRR-=- -
Plectofrondicularia vaughani Cushman. « « o o | = = = - = RR---RRR-R-[RR=?R=-R-~ -
BOLIVINA SP o « o o o o o o o o o s o o« o o === =RR====m==o«olee=eeea--
Nodosaria pyrula A'0Orbigny. « « « o o o o« o o | == = = = = RR=-= ===~ - ~-=---R?=--R
Eggerella bradyi (Cushman)s « « « o « o o o« o | === = = = 2 ==-=~-R==R=[-= ===~
Pullenia bulloides (A'Orbignyde « o o o o o « ~=-=-=-RR-?2---R=?RR-R=-=R=R
Cassidulina cf. C. globosa Hantken. « o« « « o | = = = = = = R==R=== == === ===~ -
Siphonodosaria(?) verneuili (a'Orbigny) « o « | = = = = = = = = FF-====2=F=====--
Cassidulina cf. C. kernensis Smithe « o« « o« o | = = = = = = = = = = RR= == == =====«--
Lenticulina cf. L. texana (Cushman
and Applin) « o« ¢ ¢ o o o o s e o s 8 4 e | =m=memmmmm -~ Re === mmemm e ==
*Lenticulina cf. L. calear (Linne).s « « o o o | === = = = @w = = = R=- == =[=2 = = == o<-
Cibicides cf. C. pseudougerianus evolutus
Cushman and HObSONe « o ¢ o o o o o ¢ o o &« . - .- .- - - ~=RF? =R|F?2222 ===~
Gaudryina alazanensis Cushman « « « o o o o o | = === == = = = =« = o Formomofemmem oo o
Guttulina cf. G. frankei Cushman and Ozawa. . I T - B B
Pseudoglandulina atf. P. inflata (Bornemann). | = = = = = = = = = = = - Few==[-==R==+=- -~
Plectofrondicularia sp. (thick) « « o « o o o | == === === 2=« - Ro= = mle = mm = e
QUINQUELOCULING SPP + s « o « s o o o o o o o | === = = =@ 0 = =~ = =« R--[RRRRRR= =R
Uvigerina sp. (small, fine costae)s « o« s o o | = = = = = = = = = = = = = ) R e
Karreriella washingtonensis Ral « « o« o o o o | = = = = = = = = @« = = = = -~ =R|R=2 = == = = =
Lagena cf. L. becki Sullivan. « « « « o o« o o R R[R= === == ==
Cyclogyra (Cormuspira) cf. C. byramensis
(Cushman) « « o ¢ o o o ¢ o o o o o o o o s | == ===« coececenca--- R=======-
*Karreriella chilostoma (ReUSS) « o o o o o o | = = = = = = = = = = = = ~ = = = R--R=-=-F ~ =
EIDRTAIUM SP o o+ o o o o o o o o o o o o o 0 | mmmm .- e e e e e e a - - R========
Guttulina problema A'Orbigny. « « « o o o« o o | = = = = = = = = = @ = = = = - = “-R=== === =
Eponides? Spe « o« o o o o o s o s s o s s s a | === == =0 ocwoce-a-- -=--R--R- =
*20ibicides hodgei Cushman and Schencks « o« o | = = = = = = = = = = = = = = = = - =-=--=-R- -
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DEPOSITIONAL ENVIRONMENT

The Makah Formation consists

of a

2800-m-thick

sequence of thin-bedded turbidite sandstone and silt~

stone punctuated by four distinct,

areally widespread

packets of thick-bedded amalgamated turbidite sand-

stone, one olistostromal unit of penecontemporaneously
deformed shallow-marine strata, and a thin but dis-
tinctive tuff unit. The microfossil assemblages from
siltstone beds throughout the formation indicate depo-
sition in an open-marine lower to middle bathyal envi-=
ronment. The paleoecology, total thickness, turbidite
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nature, and geometry of this upper Eocene and Oligo-
cene sedimentary sequence indicate rapid deposition in
a submarine-fan setting.

Applying the criteria developed by Mutti and Ricci
Lucchi (1972, 1975) for recognizing turbidite facies
in ancient submarine-fan sequences, the vertical and
lateral turbidite facies variations of the Makah
Formation best fit the depositional lobe setting of an
outer submarine fan. The amalgamated sandstone mem-
bers appear to have been deposited as lobes; the thick
sequences of thin-bedded strata between the sandstone
packets have the sedimentary characteristics of basin-
plain and outer-fan fringe deposits.

In the turbidite facies scheme of Walker and Mutti
(1973), the sandstone strata of the Baada Point,
Klachopis Point, and Third Beach Members appear to be
a sequence of alternating proximal C and B turbidite
facies with minor intervening D facies. The high
sandstone-to-siltstone ratio, several thickening-
upward cycles (as in the Baada Point Member), abundant
Ta, b, and Tabe Bouma sequences, thick even bedding,
coarse tail grading, and overall sheetlike geometry
are characteristic of turbidite sands deposited as a
depositional lobe of an outer submarine fan (Mutti and
others, 1978). The minor sequences of thin-bedded
turbidite within each thick amalgamated sandstone mem~
ber (facies D of Walker and Mutti, 1973) may reflect
deposition between shifting lobes. Variations in in-
dividual sandstone thickness along strike within the
members may reflect the influence of submarine topo-
graphy and other depositional factors (Mutti and
others, 1978).

The Dtokoah Point Member, being thinner bedded and
less amalgamated (fig. 9) and having more Thed
turbidite sequences and a lower sandstone-to~siltstone
ratio than the other turbidite sandstone members, may
tepresent a transition from sedimentation on a deposi-
tional lobe to sedimentation on an outer~fan fringe.
The local thin-bedded channelized strata in this mem-
ber appear to be a channel margin of interchannel
facies of a depositional lobe as described by Mutti
(1977). The very thick bedded amalgamated facies B
turbidite sandstone units of the Klachopis Point and
Third Beach Members at their type sections (fig. 9)
with thick intervals of Bouma "a" divisions and some
dish structures may reflect a transition from deposi-
tional-lobe to a middle-fan channelized facies.

In the thick sequences of thin-bedded sandstone and
siltstone strata between the amalgamated sandstone
members, the sandstone-to-siltstone ratio is low.
Thin to very thin, sharp, even turbidite sandstone
beds alternate with siltstone beds, and internal sedi-
mentary structures occur in Bouma Th-e¢ through Td-e
sequences. No systematic upward thickening or thin-
ning cycles are recognized. These features are char-
acteristic of sediments deposited in the basin-plain
or outer-fan fringe environment (turbidite facies D
and G of Walker and Mutti, 1973; Mutti and Ricci
Lucchi, 1972; Ricci Lucchi, 1975). Deposition on a
slope and subsequent overloading and slumping of the
sedimentary pile are indicated by minor intraforma-
tional unconformities and by clastic dikes and
prolapsed bedding observed throughout the formation.

Higher in the section, conglomerate in the olisto-
stromal blocks of the Jansen Creek Member that con-
tains a displaced Refugian fauna consists of well-
rounded basalt clasts that are well bedded, moderately
sorted, and imbricated and contain scattered broken
molluscan valves. These features suggest that the
conglomerate was originally deposited in a littoral
zone in Refugian time. Massive bioturbated basaltic
sandstone that is interstratified with the conglom—
erate contains cogquina of disarticulated fossil shells
and scattered articulated gastropods, pelecypods, par-
ticularly Ostrea, and stromatolitic algae. These
characteristics and faunas {Addicott, written
communs., 1972-1977) indicate that sand deposition
occurred under fluctuating high-energy conditions at
neritic water depths.

At the present time, no 1lithologically similar
shelf facies of Refugian age is exposed on the south-
western part of Vancouver Island, but the Oligocene
section there is incompletely preserved. The nearest
outcrops of compositionally similar thick-bedded
basaltic sandstone and conglomerate containing mollus-
can coquinas and metabasalt clasts are in the younger
Sooke Formation of southern Vancouver Island (Clapp,
1912, 1913; Clapp and Cooke, 1917), an upper Oligocene
and lower Miocene strandline formation, also derived
from erosion of the underlying Eocene Metchosin
Volcanics (correlative of the <Crescent Formation).
The Sooke Formation depositional setting may therein
be analogous to the environment that produced the com-
positionally and 1lithologically similar, but older,
Refugian Jansen Creek Member that slid into the Makah
marginal basin in Zemorrian time.

The olistostromal blocks and penecontemporaneous
folds of the Jansen Creek Member form a thin strati-
graphic unit that is traceable for 9 km. The linear
trend of this olistostromal belt parallel to the pre-
sumed shelf margin suggests that the lithified blocks
slid off an ancient fault scarp or elongate high along
the northern margin of the basin of deposition of the
Makah Formation.

PALEOGEOLOGY

During late Eocene and Oligocene time, deep-water
sediments were deposited in the Pacific Northwest in
several marginal basins that may have been intercon-
nected but had different sediment~source areas
(Snavely and Wagner, 1963). The Makah Formation is
part of this deep marginal basin facies that now crops
out only in the northwestern Olympic Peninsula, in
southwestern Washington and northwestern Oregon, and
along the coast of central western Vancouver Island.
on the basis of limited subsurface data from explora-
tion wells, correlative dJdeep-marginal-basin deposits
of late Eocene and Oligocene age also underlie the in-~
ner continental shelf of Oregon (Snavely and others,
1977) and the Tofino basin along the western side of
Vancouver Island (Shouldice, 1971). In all but the
northernmost basin, Tofino~Fuca basin (fig. 15), the
upper Eocene and Oligocene strata consist chiefly of
deep-water siltstone with minor sandstone interbeds.
The Tofino-Fuca basin in which the Makah occurs was
unique because of the abundance of turbidite sands de-
posited in it.
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Figure 15.--Paleogeographic map showing the inferred margins of the Tofino-Fuca basin relative to other deep~water

marginal basin facies in the Pacific Northwest during the late Eocene and Oligocene. Modified from Snavely and
others {(1975). B, Brooks Peninsula; N, Nootka Island; H, Hesquiat Peninsula; BS, Barkley Sound; PSJ, Port San Juan;
LR, Lyre River; O, Ozette Island; MCB, Minter Creek Basin; and F, Forks. Numbers represent Shell Canada Ltd. off-
shore exploration wells: 1, Apollo; 2, Zeus I-65; 3, Zeus D-14; 4, Pluto; and 5, Prometheus.
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The Tofino-Fuca basin (fig. 15), an elongate deep,
narrow depositional basin or trough, is inferred to
have extended from the Kyuquot uplift near the Brooks
Peninsula in northern Vancouver Island (Tiffin and
others, 1972) southeastward to, and perhaps east of,
the Lyre River on the central part of the northern
flank of the Olympic Peninsula, a distance of more
than 350 km (fig. 15). The southwestern margin of the
basin, though now Adifficult to delineate because of
post-early Miocene deformation, erosion, and cover by
younger strata, may once have been along a welt of
lower and middle Eocene volcanic rocks. This welt may
have been defined by the Prometheus magnetic high off
southwestern Vancouver Island (Shouldice, 1971;
MacLeod and others, 1977) and a ridge formed by vol~
canic rocks of the Crescent Formation along the north-
western flank of the Olympic Mountains (figs. 1 and
2). Upper Eocene and Oligocene deep-water marine tur~
bidite strata on Nootka Island and the Hesquiat Penin-
sula (Cameron, 1973, 1975) suggest that the north-
eastern margin of the late Eocene and Oligocene basin
probably was several kilometers shoreward of the pre-
sent coastline of Vancouver Island between the Brooks
Peninsula and Barkley Sound (Tiffin and others,
1972). Southeast of the sound, this margin must have
been southwest of the present shoreline, for neritic
strata of 1late Eocene and Oligocene age {Carmanah
Formation of Clapp, 1912; see also Muller, 1971) crop
out locally along the Vancouver coast between Barkley
Sound and Sombrio Point. This deep marginal basin
would therefore encompass the Tofino basin on the Van-
couver shelf (Shouldice, 1971) and the Fuca basin
along the northwestern flank of the Olympic Mountains
(fig. 15).

Paleobathymetry based on foraminiferal assemblages
suggests that the Fuca part of this marginal basin was
deep from 1late Eocene through late Oligocene time
during deposition of the Makah Formation (fig. 2) and
the overlying Pysht Formation (fig. 2). Shoaling and
filling in early Miocene time were marked by deposi=~
tion of shallow-water and nonmarine strata of the
overlying Clallam Formation (Gower, 1960; Addicott,
1976).

PALEODISPERSAL PATTERN

Dispersal of clastic material into the Olympic part
of the Tofino-Fuca basin during Makah time was from
two distinct directions. The turbidite sandstone was
introduced from the northwest by longitudinal filling
from sources that may have existed between Barkley
Sound and the Hesquiat Peninsula (fig. 15). The other
more northerly dispersal direction is represented by
submarine landslide blocks in the Jansen Creek Member
that were derived from slumping of shallow-water
marine strata off the southern Vancouver Island shelf
margin. The abundant basalt and metabasalt clasts in
sandstone and conglomerate of the Jansen Creek Member
were most likely derived from the locally metamor-
phosed basalt in the Metchosin Volcanics that crops
out along the southern margin of Vancouver Island.

A northwestern source area for the four thick
amalgamated turbidite members of the Makah Formation
and the intervening thin-bedded strata is indicated by
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Figure 16.--Rose diagrams showing orientation of flute
casts and groove casts in the Makah Formation and
three of its members. Bearings are plotted to the
nearest 30° after correcting for tectonic tilt of
beds.

a general coarsening and thickening of turbidite sand-
stone beds and increase of total thickness of each
member in that direction and because paleocurrent di-
rections of flute marks in these units display a south
to southeastward dispersal pattern parallel to that of
groove cast orientation (fig. 16). It is possible
that post-Makah tectonic rotation may have had minor
effect on these observed paleodispersal trends.

Projecting the dispersal pattern and thickening
trend of the Makah turbidites northwestward, thick
turbidite sandstone beds are expected to occur in the
Tofino basin. The Hesguiat Formation, which crops out
on the Hesquiat Peninsula and Nootka Island area of
western Vancouver Island (the northeasternmost part of
the late Eocene and Oligocene Tofino-Fuca basin; fig.
15), lies along this northwest trend. This correla-
tive unit consists predominantly of a sequence of
sandstone and siltstone more than 1500 m thick and
minor channel conglomerate (Jeletzky, 1954, 1973,
1975; Cameron, 1971, 1972, 1973, 1975).

Foraminifers from stratigraphic sections from the
Hesquiat Formation along the Vancouver Island coast
kindly loaned to the U.S. Geological Survey by Mobil
0il Canada, Ltd., are late Eocene (Refugian) and
Oligocene (Zemorrian) in age. These microfossils in-
dicate cold deep-water conditions that ranged from
upper bathyal to middle bathyal.
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The sandstones of the Hesquiat and Makah Formations
have similar amounts of quartz, feldspar, muscovite,
and biotite. The proportions of lithic components are
nearly identical; basalt, andesite, and felsic
volcanic-rock fragments predominate over phyllite and
schist clasts.

The marked similarities in age, depositional envi-
ronment, and lithology of the two units suggest that
these strata are coeval and were deposited in the same
deep marginal basin. Accordingly, from paleocurrent
patterns in the Makah Formation and from age and
lithologic data, the turbidite sandstone of the Makah
Formation was transported along the axis of the
Tofino-Fuca deep marginal basin, possibly from sources
between the Hesquiat Peninsula and Barkley Sound area
(fig. 15). The Fuca part of the basin in which the
Makah Formation occurs was apparently deeper, as it
acted as a sink for turbidite deposits and as a result
is 1000 m thicker than the Hesquiat sequence that
Cameron (1979) considers to represent proximal turbi-
dites.

A difficulty with this paleogeographic reconstruc-
tion is that thick sandstone units are absent in two
offshore wells drilled in the west-central part of the
Tofino basin between the outcrops of upper Eocene and
Oligocene sandstone on the Hesguiat and Olympic
Peninsulas. These two wells, Shell Canada Ltd. Zeus
I-65 and Pluto (wells 2 and 4 on fig. 15}, penetrated
a predominantly deep marine siltstone section of late
Eocene and Oligocene age (Shouldice, 1971). The ab-
sence of upper Eocene and Oligocene turbidite sand-
stone in these two test wells can be interpreted in
three ways: (1) a structural high existed along the
southwestern margin of the Tofino basin during the
late Eocene and Oligocene, and turbidite sands were
not deposited across it; (2) most sands from the
Hesquiat Peninsula source area bypassed the Tofino
basin and were deposited as a turbidite facies in the
deeper part of the marginal basin (Fuca basin) to the
southeast. Because the upper Eocene and Oligocene se-
quence in the study area is almost twice as thick as
that reported by Shouldice (1971) for the correlative
sequence in the Tofino basin, this part of the deep
marginal basin must have subsided at a faster rate
than the Tofino basin during the late Eocene and Oli-
gocene, forming a natural depositional sink for turbi-
dite sand transported through the Tofino basin; (3)
post middle Miocene left-lateral strike-slip movement
along the offshore extension of the Calawah fault
(fig. 2), which lies along the seaward margin of the
Tofino-Fuca basin {(MacLeod and others, 1977), offset
correlative turbidite sandstone of the Makah south of
the fault to the southeast and brought a predominantly
siltstone sequence into the position of Shell Canada's
Zeus I-65 and Pluto wells (fig. 15).

The third hypothesis is supported by the presence
of infolded strata and blocks (broken formation) of
Oligocene and lower Miocene turbidite sandstone that
occur in melange along the northwestern Olympic coast
as on Ozette Island and in Minter Creek basin, 14 km
south of Forks (fig. 15). Some of these infolded
sandstone masses and blocks are compositionally simi-
lar to the micaceous quartzo~feldspathic sandstone of
the Makah Formation. We suggest that these Oligocene
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turbidite sandstone units were originally deposited
along the southwestern margin of the Tofino basin and
were offset to their present locations by left-lateral
movement along the Calawah fault (fig. 2) in post-~
middle Miocene time. If this interpretation is cor-
rect, then the Oligocene section penetrated in Shell
Canada's Pluto and Zeus I-65 exploratory wells
(Shouldice, 1971) would lie south of the offshore ex-
tension of the Calawah fault (MacLeod and others,
1977) and was deposited farther northwest in the
basin, away from the major source of the coarse
clastic detritus derived in the Hesquiat Peninsula
source area.

A 24-channel seismic reflection profile collected
by the senior author aboard the U.S. Geological Survey
research vessel S. P. Lee across the offshore exten-
sion of the Calawah fault about 40 km northwest of
Cape Flattery further supports the strike-slip hypoth-
esis. This profile shows more than 2500 meters of
northeastward-dipping strata on the northeast side of
the fault to be unconformably overlain by a gently de-
formed unit of Miocene{?) and Pliocene{?) age. The
2500-m section lies along the strike of the thick sed-
imentary sequences of the Hoko and Makah Formations on
land. On the southwest side of the fault, this se-
quence of probable late Eocene and Oligocene age is
missing, and the Miocene and Pliocene strata rest un-
conformably on a high=velocity acoustic basement,
probably basalt of the Crescent Formation that forms
the Prometheus magnetic anomaly (MacLeod and others,
1977). Shell Canada's Prometheus test well (fig. 15)
drilled 30 km north of the seismic profile (near the
axis of the Prometheus magnetic anomaly) penetrated
1785 meters of Miocene and younger strata unconform-
ably overlying basalt similar to that of the Crescent
Formation (Shouldice, 1971). Southwest of the Calawah
fault, the upper Eocene and Oligocene turbidite strata
either were never deposited, were removed by erosion
following post-Oligocene uplift (Shouldice, 1971;
Tiffin and others, 1972), or were displaced southeast-
ward to the west coast of the Olympic Peninsula by
left-lateral movement along the Calawah fault prior to
the unconformable deposition of the upper Miocene and
younger strata on the Crescent volcanic basement.

SOURCE AREAS

The abundant strained and unstrained monocrystal-
line quartz, coarse~grained flakes of biotite, espe~
cially in the Klachopis Point and Third Beach Members,
and grains of sodic and calcic plagioclase, ortho-
clase, and microcline in the turbidite sandstone indi-
cate a volumetrically important dioritic to granitic
source for the Makah Formation. Extensive Eocene
plutons and the middle Jurassic 1Island Intrusions
(Muller, 1971, 1977; Carson, 1972) crop out on
Vancouver Island east of the Barkley Sound-Hesquiat
Peninsula area. These rocks may have been the grano-
diorite and gneissic sources for the quartzo-
feldspathic and micaceous turbidite sandstone of the
Makah. Pearl (1977), in a scanning electron micro-~
scope study, noted the close similarity of Fe/Mg
ratios of biotite in the turbidite sandstone beds of
the Makah and biotite from a granodiorite intrusive
body midway between Barkley Sound and Port San Juan.
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The subordinate amount of basalt, andesite, meta-
basalt, and silicic volcanic fragments and associated
heavy minerals in the turbidite sandstone units of the
Makah also indicates a contribution of lithic detritus
from a volcanic terrane. On Vancouver Island, possi-
ble sources for the Makah include the Paleozoic Sicker
and the Mesozoic Bonanza and Karmutsen Groups that
surround the granodiorite intrusive bodies north of
the San Juan fault (Muller, 1971, 1977). A southwest-
ward dispersal pattern noted in the coeval Hesquiat
Formation (Cameron, oral commun., 1978) suggests that
west-central Vancouver Island probably was a major
source area for the lithologically similar turbidite
sandstone of the Makah (fig. 15).

The only other nearby source area likely to have
been exposed during the late Eocene and Oligocene lay
due north or northeast across the Strait of Juan de
Fuca on southern Vancouver Island. If the paleodis-~
persal of the turbidite sandstone of the Makah had
been from the northeast before Olympic tectonism,
graphitic schist and phyllite detritus from the Paleo-
zoic Leech River Formation and basalt from the Eocene
Metchosin Volcanics that form much of southern
Vancouver Island (Muller, 1971, 1977) should be more
abundant in these sandstone beds. This terrane does
appear to be a source of detritus in the underlying
Hoko River Formation, which contains abundant phyllite
and basalt clasts in sandstone and conglomerate chan-
nels. Although these source rocks probably were ex-
posed during Makah time, as in places they are major
constituents in the coeval nearshore sedimentary rocks
on southern Vancouver Island and the basaltic sand-
stone of the Jansen Creek Member, the mineralogy of
the sandstone of the Makah suggests little contribu-
tion from these sources. A source area directly to
the north is unlikely for the turbidite of the Makah
because the coeval neritic facies rocks that crop out
along the coast between Port San Juan and Barkley
Sound (fig. 15) are predominantly of neritic massive
tuffaceous siltstone and well-bedded to massive con-
cretionary sandstone that contain abundant mollusks.

A volumetric problem exists when one attempts to
explain the high abundance of framework minerals de-
rived from dioritic and granitic rocks relative to
volcanic and metamorphic clasts in the sandstone of
the Makah Formation because the crystalline basement
of Vancouver Island consists chiefly of Paleozoic and
Mesozoic volcanic and metamorphic rocks (Muller, 1971,
1977). Possibly the fine grain size of the sandstone
of the Makah precludes the presence of many 1lithic
fragments from other Vancouver source rocks, since
metamorphic, volcanic, and intrusive clasts commonly
are chemically altered to clays before they are re-
duced to a fine sand size (Pettijohn, 1975). The
large Mesozoic Coast Range batholith on the British
Columbia mainland may be an alternative source for the
thick micaceous quartzo-feldspathic sandstone of the
Makah. Detritus shed from this upland area in late
Eocene and Oligocene time may have been transported
via a major westward flowing river(s) across a low-
lying ancestral Vancouver terrane to the late Eocene
and Oligocene shoreline somewhere east of the present
Hesquiat Peninsula-Barkley Sound area, and hence by
turbidity flows into the Tofino-Fuca basin.

SUMMARY

In late Eocene and Oligocene time, a submarine fan
that now forms the Makah Formation prograded over the
hemipelagic siltstone and rarer interbedded phyllitic
sandstone and conglomerate channels of the underlying
upper Eocene (Narizian) sequence (Hoko River Forma-
tion, fig. 2), forming a gradational contact. The ge=-
ometry of the sandstone packets, together with the
paleocurrent orientations, suggests that growth of the
fan was by sand and silt turbidity flows that swept
southeastward down the axis of the Tofino-Fuca basin
(fig. 15).

A well-developed active submarine channel system on
the upper and middle fan (presumably located northwest
of the study area) temporarily funneled many sheetlike
high-density flows into the outer-fan depositional en-
vironment in rapid succession to form thick widespread
depositional 1lobes. Several changes in the channel
system led to shifting of 1lobe sedimentation over
outer-fan deposits to form the interstratification of
thin-bedded outer-fan and basin-plain strata with four
thick amalgamated sandstone members. The farthest ex-
tent of the prograding depositional 1lobe was the
Klachopis Point Member, which spread across and beyond
the study area.

A local submarine unconformity in the lower part of
the Makah Formation that formed prior to deposition of
the Klachopis Point Member was produced by minor
compressional folding and faulting of underlying
Eocene sedimentary and volcanic rocks as well as the
lower part of the Makah Formation locally.

In middle(?) Zemorrian time, deposition of the
Makah submarine-fan--basin-plain strata was interrupt-
ed by a large landslide that carried olistostromal
blocks of Refugian basaltic conglomerate and sandstone
into the basin from the continental shelf to the
north, thus producing the deformed zone of sedimentary
rocks, the Jansen Creek Member. Basin-plain--outer-
fan sedimentation of the Makah resumed after the
Jansen Creek Member episode and was temporarily inter-
rupted by progradation of a minor depositional lobe
that formed the unnamed amalgamated turbidite unit at
Falls Creek.

Outer-fan and basin-plain deposition of the upper
part of the Makah Formation was followed by the accu-
mulation of the conformably overlying upper Oligocene
conglomerate, sandstone, and siltstone of the Pysht
Formation (fig. 2). Clasts in these deep~water chan-
nel conglomerates and thick-bedded sandstones were de-
rived from metamorphic and volcanic sources and from a
neritic fossiliferous sandstone that 1lay northward
across the Strait of Juan de Fuca on southern
Vancouver Island.
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