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Eleven sedimentary and volcanic rock units are mapped and described

in the thesis area, and chronicle the dynamic geologic history of the

Tillamook embayment from the Oligocene through the middle Mlocene. The

oldest unit is the Zemorrian to early Saucesian Smuggler Cove formation,

a bathyal tuffaceous mudstone with some thin- to thick-bedded tuff

layers deposited on the middle to upper continental slope during a

period of explosive silicic volcanism in the Western Cascade arc.

Uppermost Smuggler Cove strata are coarser grained, grading upward to

arkosic turbidite sandstone and mudstone and thick bloturbated silty

sandstone deposited on the outer shelf during marine regression. This

regression heralded the progradation of the overlying shallow-marine

Bewley Creek formation (informal) depositional system.

The Bewley Creek formation (informal) is proposed in this study for

a sequence of pumiceous, volcaniclastic-rich lower Miocene feldspathic

litharenites and lithic arkoses deposited during the Pillarlan-stage

near the mouth of an ancestral Columbia River. The unit grades from

bioturbated silty sandstone to fine-grained hummocky cross-stratified

and coarser grained channel ized sandstones deposited within, or

peripheral to a wave-dominated delta or ebb tidal-delta channel complex.

Progradatlon of the Bewley Creek formation may have been caused, in



part, by increased volcaniclastic sedimentation attending a pulse of

explosive volcanism in the adjacent Western Cascade arc.

Reduced volcanic activity, possibly coupled with basin subsidence

or eustatic sea level rise, resulted In deposition of mudstones of the

Sutton Creek member (informal; proposed) of the Nye Mudstone. The

Saucesian Sutton Creek member consists of bathyal, laminated,

carbonaceous, and moderately tuffaceous mudstone deposited in an upper

continental slope basin. The upper part of the unit contains conuion

lithic to arkosic turbidite sandstone interbeds within nested

channel-fill deposits. These strata represent a channel ized shelf-slope

break environment adjacent to the shallow-marine Angora Peak member of

the Astoria Formation depositlonal system.

Subsequent marine regression resulted in progradation of the

Pillarian- to Newportian-stage arkosic-micaceous sandstone-rich Angora

Peak member into the Tillamook embayment. Grainsize analysis, sandstone

petrography, scanning electron microscopy, and heavy mineral analyses

suggest these lower to middle Miocene mollusk-bearing, fine- to

medium-grained sandstones were predominantly deposited near the mouth of

an ancestral Columbia River. They accumulated on a high-energy Inner

shelf within or down drift of a wave-dominated delta or ebb-tidal delta

complex, evidenced by paleocurrent analyses, huninocky cross-

stratification and trough cross-stratified submarine channel-fill

sequences. The Angora Peak member disconformably overlies Zemorrian

mudstones of the Smuggler Cove formation at Cape Kiwanda suggesting

local uplift and erosion in that area, followed by Newportlan stage

transgression in the Tillamook embayment. Exotic cobbles and boulders of

two mica granite and sedimentary quartzite at Cape Kiwanda were probably



derived from the Idaho Batholith and Precambrian sandstone terrains In

Montana, transported via an ancestral Columbia River and longshore

current to the shelf possibly bound within tree root bundles.

The Netarts Bay member (Informal) of the Astoria Formation Is

proposed In this study for a late Sauceslan package of I ine-gralned to

pebbly amalgamated and interbedded turbidite, grainflow, and fluldized

flow friable thick-bedded lithic arkoses. These massive sandstones

contain large penecontemporaneously emplaced channel wall-blocks and

naller slltstone rip-ups. These lower to middle Miocene strata were

deposited in a submarine canyon head and channel complex offshore of the

shallow-marine Angora Peak member depositlonal system. Netarts Bay

strata cut Into the underlying Angora Peak shelf strata, and cut and

Interfinger with bathyal slope mudstones of the Cannon Beach member of

the Astoria Formation.

The overlying lower Cannon Beach member Is composed of laminated

bathyal mudstones with rare turbidite sandstone interbeds deposited in a

coarse clast ic-starved slope environment. Upper Cannon Beach member

strata In the Tillamook area are characterized by micaceous arkosic and

lithic arkosic turbidite sandstones that underlie and occur within

nested channel-fill sequences. Bloturbated carbonaceous cross-bedded

sandstone In the upper Cannon Beach member records shallowing of the

Tillamook embayment to a channelized upper slope to shelf environment.

The Tillamook embayment was uplifted and dissected prior to the

arrival of six to ten Intracanyon subaerial and submarine lava flows of

the Columbia River Basalt Group. These middle Mlocene flows, delineated

on the basis of geochemical composition and magnetic polarity, Include

(in stratigraphic order) the Grouse Creek (P2 low MgO-low T102),



Winterwater (N2 low MgO-low Ti02), and Sentinel Bluffs (high MgO) units

of the Grande Ronde Basalt, and the Ginkgo unit of the Frenchman Springs

member of the Wanapum Basalt. Orientation of Grande Ponde Basalt

foreset-bedded pillow palagonite complexes and lava delta sequences

indicate that these Columbia River Basalt units flowed westward into the

Tillainook embayment, possibly through a saddle in the ancestral Oregon

Coast Range. Marine transgression and deposition of huninocky

cross-stratified arkosic marine strata of the Sandstone of Whale Cove

followed emplacement of the last Grande Ronde flows. This was succeeded

by a regression, as Indicated by the overlying subaerial

plagioclase-phyric Ginkgo Unit flow of the Frenchman Springs Basalt.

Locally, Winterwater and Sentinel Bluffs unit basalt occur as brecciated

peperitic sills and dikes. These were emplaced through the process of

Uauto_invaslonft when dense lava injected downward Into semi-lithifled

Tertiary strata under the influence of both a pressure head aunented by

flashing steam, and steam blasting.

The thesis area is crossed by a complex network of high-angle

northwest- and northeast-tending normal and reverse faults, and both low

and high-angle east-trending reverse and thrust faults. These faults may

have developed through a north-south compressional tectonic regime, a

dextral shear couple, or a combination of these two tectonic regimes.

Many faults cut Columbia River Basalt units and are thus middle Miocene

or younger in age. Tertiary strata including the Columbia River Basalts

are also folded within a broad westward-plunging syncl Inc which suggests

a middle Miocene or younger compressional event.

Source rock analyses indicate that the mudstones of the Cannon

Beach member, Sutton Creek member, and nuggler Cove formation contain



type III kerogen capable of generating natural gas only. Although these

rocks have thermally innature vitrinite reflectance values, they contain

sufficiently high total organic carbon content to be considered

potential lean source rocks. Arkosic sandstones of the Angora Peak and

Netarts Bay members have fair to good reservoir rock characteristics,

and may represent reservoirs offshore for matured hydrocarbons generated

from deeply buried source rocks.
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THE OLIGOCENE AND MIOCENE GEOLOGY OF THE TILLANOOK EMBAYMENT,

TILLAMOOK COUNTY, NORTHWEST OREGON

INTRODUCTION

Geoloalc Problems and Purpose of Investiaatlon

In a suiinary of the petroleum potential of the continental margin

bordering western Oregon and Washington, Snavely (1987) stated that

Coast Range Tertiary forearc strata may contain all the crucial elements

(i.e., source rock, reservoir rock, seals, thermal history, structure)

necessary for petroleum accumulation. However, he also believes that the

onshore paleogeography and stratigraphy need to be better defined In

order to resolve onshore and offshore regions and sedimentary fades

with highest petroleum potentl&. Because no wells have been drilled in

the offshore extension of the Tillamook embayment (Tlllamook basin;

Figure 1), and the onshore region has been subjected only to

reconnaissance-level geological study, the petroleum potential of the

3,000- to 6,000-meter thick sequence of Tertiary marine strata of the

Tillamook embayment remains largely unstudied.

One of the most recent stratigraphic studies undertaken In the

Tillamook embayment was conducted by Cooper (1981), a doctoral student

at Oregon State University. During his reconnaissance Investigation of

the Astoria Formation In western Oregon, Cooper mapped two Informal

members of this rock unit In the Tillainook embayment which Included the

Angora Peak and Cannon Beach (formerly Silver Point) members. In the

Astoria and Tillamook embayments, the Angora Peak member was thought to

represent the shallow-marine facies associated with a westward

prograding, high-energy, wave-dominated deltaic complex (Niem, 1976;
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Cooper, 1981), or a package of paralic deposits at the mouth of an

ancestral Columbia River (Smith, 1975). The overlying Cannon Beach

member (informal) was thought to represent a deeper marine deposit of an

adjacent high-energy shelf to slope and upper submarine canyon (Smith,

1975; Neel, 1976; Cooper, 1981; NIem, 1987, personal coniiunication).

Recently, questions have been raised regarding the relationship of

the Astoria Formation of Cooper (1981) to underlying Oligocene strata in

the Tillamook embayment. Wells et al. (1983) and R.E. Wells, P.D.

Snavely Jr., and N.S. MacLeod of the U.S. Geological Survey

(unpublished) have mapped an unnamed Oligocene (?) sandstone that was

partially Included within Cooper's lower to middle Miocene Angora Peak

sandstone member of the Astoria Formation (Wells, 1987, personal

communication). This sandstone could represent a northward extension of

the late Oligocene to earliest Miocene Yaquina Formation of the Newport

embayment approximately 70 km to the south, or may be a separate

proto-Astorla deposit representing an older depocenter of the Columbia

River unique to the Tillainook embayment. Alternatively, this new

sandstone unit may actually be a slightly older lobe of the Angora Peak

member wave-dominated delta complex associated with a depocenter in the

Astoria embayment 35 km to the north. Wells, Snavely, and MacLeod have

also mapped an unnamed lower Miocene (?) mudstone that separates the

Oligocene (?) sandstone from the Angora Peak member of Cooper. This

mudstone could be equivalent to the lower Miocene Nye Mudstone, which

conformably overl lee the Yaquina Formation In the Newport embayment, or

may represent a previously undescribed deep-marine fades within the

Astoria Formation. These recent discoveries have added complexities to

the interpretation of Oligocene and Miocene stratigraphy, depositional
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setting, and regional stratigraphic relationships within the Tillamook

embayment.

Overlying the Astoria Formation in the Tillamook embayment, Mangum

(1967), Snavely et al. (1973), Cooper (1981), and Wells et al. (1983)

have mapped subaerial flows and breccias, pillow lavas, and sedimentary

Interbeds of the middle Miocene Depoe Bay and Cape Foulweather basalts.

The older of the two, the Depoe Bay Basalt, forms the scenic headlands

of Cape Lookout and Cape Meares (Snavely et al., 1973). The younger Cape

Foulweather Basalt overlies the Depoe Bay Basalt In many areas between

Newport and the Columbia River (Snavely et al., 1973), and Is reported

to crop out in the thesis area (Wells et al, 1983; Wells, 1987, personal

coernunication). The regional stratigraphic relationships and origins of

the middle Miocene Cape Foulweather and Depoe Bay basalts are also in

question, however.

Snavely et al. (1973), notIng that the middle Miocene coastal

basalts occur as dikes and sills and are petrochemical and age

equivalents to the middle Miocene plateau-derived Columbia River Basalt,

suggested that the coastal submarine basalts were erupted from local

coastal fissures cosanguinously with large-scale subaerial outpourings

of Columbia River Basalt lava from fissures on the Columbia Plateau of

eastern Washington and Oregon, and western Idaho. Because the coastal

basalts appear to be locally derived, Snavely et al. (1973) gave them

the local formatlonal names Depoe Bay Basalt and Cape Foulweather

Basalt. Beeson et al. (1979), however, proposed the alternative

controversial hypothesis that the Depoe Bay and Cape Foulweather coastal

basalts are actually subaerial and submarine extensions and Invasive

flow correlatives to the Grande Ponde and Wanapum basalts of the
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Columbia River Basalt Group. They hypothesized that Columbia River

Basalt flowed westward from eastern Oregon and Washington via the

ancestral Columbia River gorge, and ultimately to the coast through low

points in the ancestral Oregon Coast Range. The stratigraphic

relationship and origin of the coastal basalts in the present study area

to the Columbia River Basalt Group is still unresolved.

Because several questions have been raised regarding the

stratigraphic relationships of Oligocene and Miocene rocks of the

Tillamook embayment to other sedimentary units in the western Oregon

Coast Range, the goals of this thesis are to 1) map (scale 1:24,000) the

Oligocene and Miocene strata of the Tillamook embayment; 2) ascertain

their ages and stratigraphic relationships to other Oligocene and

Miocene rock units; and 3) descrIbe their sedimentological,

petrographic, and structural characteristics, as well as their fades

relationships, provenances, diagenetic histories, and dispersal

patterns. This study also seeks to 4) evaluate the hydrocarbon potential

of sedimentary strata and 5) help resolve the origin of the coastal

middle Miocene basalts in the Tillamook embayment by Including a

description of their magneto-stratigraphy, distribution, flow patterns,

geochemistry, and geological setting.

Location and Accessibility

The thesis area is located in west-central and southwest Tillamook

County, approximately 100 km west-southwest of Portland, Oregon, and

three km west of the town of Tillainook (shaded area, FIgure 2). Most of

the study area extends from Cape Meares southward to Cape Lookout, but

also includes a separate naller area approximately 13 km to the south
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at Cape Kiwanda (southern shaded area in Figure 2). The boundaries of

the thesis area enclose approximately 150 square kilometers, and Include

scenic Cape Lookout, Cape Meares, Netarts Bay and spit, and the villages

of Netarts and Oceanside (FIgure 2 and Figure 3).

Accessibility to the thesis area Is good. Bayocean Road,

Oceanslde-Tillaniook Road, U.S. HIghway 101, Cape Lookout State Park

Road, Tierra Del Mar Road, Loop Road, and Whiskey Creek Road are all

paved and traverse the study area. Beach and coastal cliff exposures

from Netarts Bay north to Oceanside, on the south side of Cape Lookout,

and at Cape Xiwanda (Figure 3 and Plate I) also offer excellent

opportunities for outcrop examination, as do road cuts along state and

county highways and an extensive network of logging roads.

Frevious Work

The first geological description of the Tillainook area was made by

Diller (1896), who described the general lithologies, fossils, and

economic potential of the rock units during his geological

reconnaissance of northwest Oregon. The Tillamook area was visited again

by Washburne (1914) who was performing a reconnaissance Investigation of

the geology and oil potential of northwest Oregon. He noted the

existence of Oligocene strata in the Tillamook embayment, and recognized

lithologic differences between the stratigraphy of the Miocene 'Astoria

Shales' in western Tillamook County and the type area at Astoria (100 km

to the north).

The first geological descriptions of the Astoria Formation preceded

these Tillamook investigations. T.A. Conrad published the first account

of Astoria strata In which he dated 'the unit at the city of Astoria' as
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Miocene, based on mollusk samples collected by J.K. Townsend between

1834 and 1837 (Moore, 1963). In 1926, H.V. Howe further refined

knowledge of the Astoria Formation by dating the formation as middle

Miocene (Cushman et al., 1947; Moore, 1963) and dividing it into three

Informal members at the type area including: a 150 feet (46 m) thick

lower sandstone; a 1000 feet (305 m) thick middle mudstone, and a 50 to

200 feet (15 to 61 m) thick upper arkosic sandstone (Cooper, 1981).

In 1945 Warren et al. further described the geology of the

Tillamook embayment In a U.S. Geological Survey oil and gas

reconnaissance investigation map (scale 1:148,000) of northwest Oregon

north of 450 15', which included a measured section along Beaver Creek.

They extended the Astoria Formation frani the Astoria area southward Into

the Tillamook embayment but named the formation among several grouped

Oligocene and Miocene units they mapped as Uundjfferentiated Tertiary

shalesu. The coastal basalts at Cape Lookout and Cape Meares were also

mapped, and Inslghtfully named Columbia River Lava.

Snavely and Vokes (1949) were the first to map (scale 1:62,500) the

Astoria Formation at Cape Kiwanda on their map of the coastal area

between Cape Kiwanda and Cape Foulweather. This effort was followed in

1961 by Wells and Peck of the U.S. Geological Survey, who compiled the

geologic map of Oregon west of the 121st meridian. Their map shows the

outcrop pattern of undifferentiated Eocene to Oligocene sedimentary

rocks, the Astoria Formation, and middle Mlocene basalts In the

Tillamook embayment. Soon afterward, in 1963, Snavely and Wagner

suninarized the geologic history of western Oregon and Washington which

included a history of the development of the Tillamook embayment. In an

effort to further define the rich molluscan fauna and age of the Astoria
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Formation of Oregon, Moore (1963) of the U.S. Geological Survey

published a paper with extensive listings of early to middle Miocene

molluscan fossils, sane of which were collected fran the Tillamook area.

In 1965 and 1966 Shell Oil, Union Oil, and Standard Oil of

California drilled three wells on the Oregon continental shelf that

penetrated lower to middle Miocene strata approximately 160 km to the

north and south of the Tillamook embayment. Although the Astoria

Formation was one of the main targets, no oil was produced because of

lack of reservoir rock, contiguous source rock, and suitable structural

traps (Braislin et al., 1971; Snavely, 1987).

The geology of Cape Lookout State Park, located south of Netarts

Bay in the Tillamook area, was described by Mangum in 1967. Her geologic

map of the Tillainook embayment included the outcrop pattern of

undifferentiated Columbia River Basalts (Tcr on her map), the lower to

middle Miocene Astoria Formation, Oligocene strata, the Eocene Nestucca

Formation, and the Eocene Tillamook Volcanics.

The environmental geology of the coastal area of Clatsop and

Tillamook counties was described by Schlicker et al. (1972). Their

report includes brief descriptions of the Eocene to Quaternary strata of

the Tillamook embayment and is accompanied by engineering geological

maps (scale 1:62,500) of the Tillainook and Nehalem quadrangles. These

maps delineate the outcrop pattern of the middle Miocene volcanic rocks,

Astoria Formation, undifferentiated Oligocene to Miocene sedimentary

rocks, Duaternary alluvium, and beach and estuarine deposits In the

Tillamook embayment.

Snavely et al. (1973) descrIbed the geochemistry and three to four

flows of the coastal Depoe Bay Basalt at Cape Meares and Cape Lookout,
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where they Identified more than 200 m of pillow lavas and

columnar-Jointed subaerial flows In the near-vertical cliffs. They

proposed that the coastal basalts were erupted from local fissure vents

and described three plate tectonic scenarios to explain their close

affinities to contemporaneously erupted plateau-derived Columbia River

Basalts.

Oregon State University graduate students working under the

guidance of Dr. Alan Niem have mapped and described several members of

the the Astoria Formation, as well as older formations and structures in

the Astoria embayment, 40 miles (65 km) north of the Tillamook

embayment. Cressy (1974) proposed the name Angora Peak sandstone member

for a distinctive 2000 feet (609 m) thick sequence of shallow-marine

arkosic sandstones, minor conglomerates, and bituminous coal beds that

occur within the Astoria Formation in the southern Astoria embayment.

n1th (1975), Ned (1976), Tolson (1976), and Penoyer (1977) also mapped

and described the Angora Peak member and defined the overlying informal

deep-marine Silver Point mudstone member (Cannon Beach member of Niem

and Niem, 1985) of the Astoria Formation. Cooper (1981), In his regional

doctoral study of the Astoria Formation, extended these two members into

the Tillamook embayment, and mapped older strata as undifferentiated

Tertiary mudstones and sandstones. Two additional members of the Astoria

Formation in the Astoria embayment were first described by Coryell

(1978) and Nelson (1978). These include the arkosic Big Creek Sandstone

member (Wickiup Mountain member of Niem and Niem, 1985), a littoral and

shallow marine arkosic sandstone, and the deep-marine arkosic sandstones

and mudstones of the Pipeline member (Youngs Bay member of Niem and

Niem, 1985), a deep-marine submarine canyon deposit.
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Two oil and gas exploration wells have been drilled in the study

area. The first well, Crown Zellerbach *1, was drilled in 1975 by

Reichhold Energy Corporation (REC-CZ*1 on Plate I). No oil or gas shows

were detected after drilling 5,557 feet (1693 m) of sedimentary rock

(Wermiel, 1987, personal comnunication). In 1980, Oregon Natural Gas

Development Corporation drilled a 6,158' (1876 m) well, also named Crown

Zellerbach #1 (ONGDC-CZ*1 on Plate I). The well had no oil or gas shows

and was drilled into Tillamook Volcanics at 3980 feet (1213 m; this

study, geochemistry sample ONG-4580, Appendix IX).

In 1979 Beeson et a)., noting the similar geochemistry and ages of

coastal and Columbia River Basalts, proposed that the coastal Depoe Bay,

Cape Foulweather, and Pack Sack basalts originated from the same vents

and fissures in eastern Oregon and Washington as the plateau-derived

Columbia River Basalts. They hypothesized that the Columbia River

Basalts flowed through the Cascade Range and the Oregon Coast Range

through topographic lows into the Tillamook, Astoria, and Newport

embayments, and penetrated soft Miocene coastal sediments to form

invasive sills and dikes of non-local origin. Recently, Oregon State

University graduate students (e.g., Olbineki, 1983; Peterson, 1984;

Murphy, 1981; Nelson, 1985; Rarey, 1986; Mumford, 1989; Goalen, 1988),

working under the supervision of Dr. Alan Niem in the Astoria embayment,

have worked out a detailed flow by flow magneto-stratigraphy and

geochemistry of the Grande Ronde and Frenchman Springs basalts (i.e.

reversed, normal, high and low MgO and TIO2 sub-types). These subtypes

also occur in the Tillamook embayment at Cape Meares and Cape Lookout

(Wells et al., in press; Bee5on et al., in press; Wells, 1987, personal

cinunicatIon; this study).
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In 1983, Wells et al. published an open file reconnaissance

geologic map of the west half of the Vancouver (Wa.-Ore) 10 X 2° sheet

that delineates the outcrop pattern and structure of Eocene to Miocene

volcanic and sedimentary units in the study area (FIgure 4). These units

include undifferentiated Oligocene and upper Eocene marine sedimentary

rocks, the Angora Peak and Silver Point members of the middle Miocene

Astoria Formation (Cooper, 1981), and the overlying middle Miocene Depoe

Bay and Cape Foulweather Basalts. Middle Miocene marine sandstone was

mapped between Depoe Bay and Cape Foulweather Basalt in the vicinity of

Cape Meares and Cape Lookout.

Niem and NIem (1985) published a geologic map (1:100,000) of the

Astoria Basin Including northernmost Tillamook County, in which the

Silver Point member of the Astoria Formation was renamed the Cannon

Beach member, and the Oswald West Formation was renamed the Smuggler

Cove Formation due to nomenclatural conflicts. On their map they show a

system of northwest and northeast conjugate faults throughout the

Astoria Basin which is similar to a fault pattern that was mapped In the

Tillamook embayment by Wells et al. (1983; Figure 4).

The Ouaternary sediments adjacent to Tillamook and Netarts bays

have been the focus of several recent geological studies. The Quaternary

deposits of Tillamook Bay were described by Niem and Glenn (1980) and

Peterson et al., (1984), and bounding terrace deposits were investigated

by Frye (1976) of the University of Oregon for his masters thesis . In

1985, M. Darlenzo of the University of Oregon completed his M.S. thesis

on the estuarine marsh deposits of Netarts Bay. Peterson et al. (1988)

also worked on the Netarts marsh deposits and reported that they contain

a record of co-seinic subsidence events that chronicle seismic activity
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along the Oregon and Washington coast. Presently, Parke Snavely Jr.,

Norm MacLeod (retired) and Ray Wells of the U.S. Geological Survey are

mapping the geology of the 15' Tlllamook and adjacent quadrangles, and

this study has been coordinated with theirs.

Methods of Investloatlon

Fre-Fleld Prpratlon and Field Methods

Prior to ccmiencement of field work, a suite of 1:12,000 scale

black and white aerial photographs covering the thesis area were

purchased for field use. These were used in combination with U-2

infrared photographs (1:24,000 scale) to delineate outcrop patterns, and

possible faults and folds on a lineament map for subsequent

investigation in the field. A 1:15,000 scale mylar topographic base map

was prepared from an enlarged composite of the U.S. Geological Survey

Sand Lake, Garibaldi, Netarts, Tillainook, Beaver, and Nestucca Bay,

Oregon 7 1/2' quadrangles.

Field work was coordinated with Ray Wells and Parke Snavely, Jr. of

the US. Geological Survey, undertaken during the suniner of 1987, and

continued intermittently through suniner of 1989. Field methods included

mapping of rock units in the study area and sampling of strata for

paleontological, thin section, heavy mineral, source rock, textural, and

geochemical analyses. Wherever possible, bedding attitudes were taken

using a Brunton compass, and a complete lithological description noting

grain size, sorting, sedimentary structures, paleocurrent orientations,

mineralogy, fossils, and sedimentary structures was made. Six

sedimentary sections were measured (Appendices I, II, and III) and

described using Brunton compass, Abney level, and Jacobs staff. Measured
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sections were examined for indicators of depositlonal environment and

sampled for thin section and paleontological analyses. Flows, breccias,

pillows and dikes of the basalt units were sampled for thin section and

geochemical analyses. Internal structures of basalt flows were noted,

and interfiow sedimentary units were sampled and described. Oriented

basalt samples were carefully extracted from outcrops for laboratory

magnetic polarity analysis. The locations of samples analyzed for

geochemistry and magnetic polarity are shown on Plate I, and polarity

and geochemistry data are listed in appendices X and IX, respectively.

Laboratory Methods

Between winter of 1987-88 and suniner of 1989 laboratory analyses

were conducted on samples collected in the field. Seventy-three

sandstone, 8 basalt, and 3 pebble grain-mount thin sections were

prepared by Quality Thin Sections of Celeste Arizona and Ruth Llghtfoot

of Oregon State University. Sandstones were impregnated with blue epoxy

for porosity measurement and stained for K-feldspar using sodium

cobaltinitrate. All thin sections were described, emphasizing diagenetic

alteration. Modal analyses (400 poInts per thin section) were conducted

on 29 thin sections and plotted on QFL ternary diagrams of Folk (1968)

for classification. Results from modal analyses (Appendix V) were also

plotted on ternary diagrams of Dickinson and Suczek (1979) for

determination of provenance and analysis of plate tectonic setting.

Photomicrographs were taken of representative thin sections from each

rock unit.

Molluscan fossils were submitted to Ellen Moore (U.S. Geological

Survey, retired; courtesy professor at Oregon State University) for
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identification and paleoenvironmental assesnent. In addition, 34

siltstone and mudstone samples were picked in the lab for Foraminifera

(see list in Appendix IV). Mudstones were disaggregated using a mixture

of warm water and Quaternary-O detergent suppl led by Dan McKeel of ARCO,

following the methods described by Zingula (1968). Only 8 mudstones

yielded forams, which were subsequently identified by Dr. Weldon Rau of

the Washington Department of Natural Resources. During spring of 1988,

Unocal Corporation offered the services of their paleontology lab for

analysis of thesis area samples. Forty-five surface and 10 subsurface

samples from wells ONG CZ #1 and REC CZ #1 were sent for foram,

calcareous nannofossil, and palynological analyses (Appendix IV).

Photographs of 14 trace fossils were sent to Dr. C. Kent Chamberlain of

the University of Wisconsin, Eau-Claire, for identification (Appendix

IV).

Samples from 35 sandstone exposures were selected for textural

analyses according to the methods described by Royse (1970). These were

gently disaggregated by hand and shaken through a nest of dry sieves at

1/2 phi intervals on a Ro-tap machine. Statistical grain size analyses

of Folk and Ward (1957) were calculated from the sieved sand fraction

(Appendix VI), and these statistical parameters were plotted on Passaga

(1957) dIagrams as well as the diagrams of KuIm et al. (1975) for unit

comparisons and paleoenvlronmental Interpretations. Statistical analyses

of paleocurrent measurements were also conducted, and results were

plotted on a rose diagram for each unit following the method of Royse

(1970). Ten mudstone samples were sent to Exxon U.S.A. for vitrinite

reflectance and rock-eval source rock analyses, and the results are

listed in Appendix IIX.
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Heavy mineral analyses were performed on 22 sandstone samples

according to the methods outlined by Royse (1970) usIng the 3 and 4 phi

sieve fractions from textural analyses. 1-1, 2-2 Tetrabromoethane was

used to separate the minerals with specific gravity exceeding 2.94.

These were mounted on a glass slide In Canada balsam, and identif led and

photographed using the petrographic microscope. Sandstone chips

(approximately 1 cm In diameter) from several sedimentary units were

submitted to Dr. Al Soeldner of the Oregon State University Botany

Department for examination under the scanning electron microscope.

Twelve photanicrographs were taken showing porosity and diagenetic

cements.

Electric (resistivity and spontaneous potential) logs and

lithologic logs (mudlogs) from wells ONG CZ*1 and REC CZ*1 were

purchased from Northwest Oil Report, Portland, Oregon, for subsurface

stratigraphic control. In addition, Jack Meyer of Northwest Natural Gas

Company, Portland, Oregon, contributed paleontological reports for both

of these wells. Cuttings from ONG CZ#1 and REC CZ*1 were also made

available during this study. Specific sedimentary Intervals were

submitted to Unocal Corporation's paleontology lab for analysis

(Appendix IV). Cuttings from both wells were mounted on fabric strips at

30 feet (9 m) intervals for lithologic comparison with correlative

surface units.

The magnetic polarity of 61 oriented samples of basalt were

analyzed for normal or reversed direction using a fluxgate magnetometer

supplied by Dr. Ed Taylor of Oregon State University. Of these samples,

22 were selected for major and minor element geochemical analyses

(Appendix IX). Geochemical analyses were also run on four cobbles
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collected from the Astoria Formation, and basalt cuttings from the

bottom of well ONG CZ *1 (AppendIx IX). Each sample was crushed in the

uthlpmunku rock crusher, and fifteen to twenty grams of the freshest

rock franents were picked from each sample. These were sent to Dr.

Peter Hooper of Washington State University, Pullman, for X-ray

fluorescence (XRF) analysis according to the procedures described by

Hooper and Reidel (1976).

These XRF analyses were run against an international basalt

standard on an automated Rugaku XRF unit. The results were subsequently

normalized using factors supplied by T. Tolan of Westinghouse, Hanford,

Washington Operations (listed in Grande Ronde Basalt section) so the

data of this study could be compared with previous analyses of Columbia

River Basalt run on a Phillips XRF machine In Hooper's lab. Individual

Columbia River Basalt flows were distinguished on the basis of positive

and negative magnetic polarity, and magnesium and titanium subtypes

after Swanson et al. (1979), Mangan et al. (1986), Beeson et al. (1985),

and Reldel et al. (In prep).

After the results of geochemical and paleontological analyses were

received a 1:24,000 scale mylar and draft of the geologic map were

produced from a synthesis of existing laboratory and field data. The map

and two cross-sections were submitted to Ray Wells and Parke Snavely,

Jr. of the U.S. Geological Survey, thesis advisor Dr. Alan Niem, and the

thesis con!nittee for review. After final modification the final draft of

the map was sent to Ray Wells and Parke Snavely, Jr. to supplement their

regional geological mapping study of the 15' Tillamook and surrounding

quadrangl es.



REGIONAL GEOLOGIC HISTORY AND STRATIGRAPHY

The continental margin of the North American Plate was radically

altered during the middle Eocene in Oregon when a seamount terrane on

the Farallon oceanic plate was accreted to the North American Plate

(Snavely, 1987). Possibly the product of earlier rifting along the

continental margin resulting from strong oblique northeast motion of the

Kula and Faralion oceanic plates (Snavely, 1987), these seamounts may

have sufficiently thickened the oceanic crust such that the subduction

zone became blocked. Consequently, the locus of subduction was forced to

shift away from its early Eocene position somewhere beneath the present

Cascade volcanic chain, westward to its current location on the Oregon

outer continental shelf and slope (Duncan, 1982; Snavely, 1987). This

abrupt shift resulted In accretion of a trapped piece of the Farallon

Plate to the North American continental plate (Snavely et al., 1973;

Duncan, 1982; Wells et al., 1984; Snavely, 1987) and was followed by

subsidence and creation of a forearc basin that extended from the

Klainath Mountains of Oregon to the Olympic Penninsula of Washington

(Snavely and Wagner, 1963; Niem and Niem, 1984).

The accreted oceanic basalts are the Siletz River Volcanics, the

oldest rocks exposed in the Oregon Coast Range (Snavely et al., 1973;

Wells et al., 1984). These lower to middle Eocene volcanic rocks include

both a lower oceanic thoieiitic basalt formed at a spreading ridge or in

a rifted continental margin over a possible hot spot, and an overlying

alkalic basalt suggestive of an oceanic Island or seamount origin

(Snavely et al., 1980,; Wells et al., 1984; Duncan, 1982; DickInson,

1979). It is upon this basement of accreted and rifted oceanic crust,

20
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that the middle Eocene to middle Miocene forearc continental shelf and

slope deposit of the Tillamook embayment have been deposited.

The oldest rocks exposed In the Tillamook area are the upper middle

to upper Eocene Tillamook Volcanics which interfinger with and overlie

the YainhIli Formation, a largely Narizian sequence of bathyal mudstone

mapped In Columbia County, Oregon, and southeast of the present study

area (Figure 4; Mangum, 1967; Magill et al., 1982; Wells et al., 1983).

The Tillamook Volcanics are an approximately 3000 m thick series of

submarine and subaerially erupted basaltic and basaltic andesite flows

which may represent an oceanic island formed within a forearc setting,

possibly by eruption of lava along faults created by oblique subduction

of the Farallon Plate beneath the North American Plate (Wells et al.,

1984; Rarey, 1986). Dextral shear created by oblique subduction may be

responsible for the 45° of clockwise rotation the Tillamook Volcanics

have experienced since the late Eocene (Magill et al., 1981; Wells and

Heller, 1988).

The Tillamook Volcanics form the core of the northern Oregon Coast

Range anticlinorlum, and are overlain and flanked on the west by gently

westward-dipping shallow- to deep-marine strata that were deposited In a

subsiding forearc basin from upper Eocene to upper Miocene time. In the

western Oregon Coast Range, rock units interfinger with and overlie the

Tillainook Volcanics and Include: the middle Eocene YamhIll Formation;

the middle to upper Eocene Hamlet (informal), Nestucca, and Cowlitz

formations; the upper Eocene Goble, Cole Mountain and Cascade Head

Basalts, Keasey and Sager Creek formations; the upper Eocene to lower

Oligocene (Refuglan) Alsea and Pittsburg Bluff formations; the upper

Eocene to lower Miocene nuggler Cove formation (mapped within the
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present study area); the upper Oligocene to lower Miocene Yaquina

Formation; the lower Miocene Bewley Creek formation (proposed, this

study) and Nye Mudetone (both mapped in the present study area); the

lower to middle Miocene Astoria Formation (mapped In the present study

area); the middle Miocene Columbia River Basalt Group (mapped in the

present study area), Sandstone of Whale Cove (mapped In the present

study area), and the Vantage-equivalent Scappoose and Gnat Creek

formations. Figures 5 and 6 are regional stratigraphic correlation

charts that illustrate the time-space relationships of these western

Oregon rock units which are discussed in the following text.

Late Eocene regional uplift and deformation occurred during

eruption of the Tillamook Volcanics and is possibly related to a period

of oceanic plate reorganization (Wells et al., 1984; Snavely, 1987;

Mumford, 1989). During the middle to late Eocene, thermal subsidence of

the Tillamook volcanic island (postulated by Rarey, 1986) resulted in

transgression during which the Hamlet formation was deposited In Clatsop

and Columbia counties. The formation is characterized by a thin,

littoral basal basaltic sandstone and conglomerate informally called the

Roy Creek member (Olbinekl, 1983; Nelson, 1985; Rarey, 1986), which may

be a correlative to unit Tbs In Figure 4 in the Tillamook area (Wells et

al., 1983). This shallow-marine unit is overlain, In part, by lithic and

micaceous-arkogic marine sandstones of the Sunset Highway member (Rarey,

1986; Mumford, 1989), which reflects transgressive shallow-marine inner

to middle shelf sedimentation. The distal equivalent of the Sunset

Highway member is the bathyal mudstone of the Sweet Home Creek Mudetone

member of the Hamlet formation (Informal), which directly overlies Roy

Creek basaltic sandstone and conglomerate to the west in Clatsop County



FIgure 5. Regional stratigraphic correlation chart for northwest Oregon and
southwest Washington. Modified after Mumford (1989).
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(Rarey, 1986). As the forearc basin continued to subside, the Sunset

Highway member sandstone was over lain by deep-marine Sweet Home Creek

member mudstone in eastern Clatsop and Columbia counties (Niem and Niem,

1985; Rarey, 1986).

The deep-marine mudstones of the Sweet Home Creek member of the

Hamlet formation also interfinger to the east with the upper Eocene

(upper Narizian) Cowlitz Formation (Figure 5), a friable,

micaceous-arkosic sandstone deposited in a high-energy wave-dominated

shelf or deltaic setting (Niem and Niem, 1985; Jackson, 1983; Alger,

1985; Berkman, personal caiinunication, 1989). This sandstone is of

particular economic interest because it is the reservoir sandstone that

produces natural gas in the Mist Field of Columbia County, Oregon. The

southwestern time-equivalent of Cowlitz-Hamlet strata are the

deep-marine turbidite sandstones and mudstones of the Nestucca Formation

(Armentrout et al., 1983), which were mapped by Wells et al. (1983) in

the Tillamook embayment (FIgure 4 and 5).

Unconformably overlying the Cowlitz Formation in Columbia and

Clatsop counties are the upper Eocene (upper Narizian-Refugian) bathyal

tuffaceous mudetones and turbidites of the Keasey Formation (Figure 5)

(Bruer et al., 1984; Rarey, 1986; Niem and Niem, 1985), whIch signifies

continuing subsidence in the forearc basin and calcalkaline volcanism in

the Western Cascades in northwestern Oregon. Locally In Clatsop and

Columbia counties, upper Eocene subaerial to submarine basaltic flows of

Goble Volcanlcs, and shallow Intrusions and pillowed flows of the Cole

Mountain basalt (informal), lie between Cowlltz and ICeasey strata (Niem

and Niem, 1985; Armentrout et al., 1983; Figure 5). The Goble Volcanics

are significant because they may represent proto Western Cascade arc
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volcanism. Overlying the Keasey Formation In Clatsop County are the

nested-channel submarine slope deposits of the Refugian Sager Creek

formation (Niem and NIem, 1985; Goalen, 1988; Vesper Church formation of

Olbinski, 1983, and Nelson, 1985). Lateral equivalents to the Xeasey and

Sager Creek formations Include, in part, the upper Eocene to Oligocene

(Refuglan to Zemorrian) tuffaceous mudstone of the Alsea Formation,

which conformably overiles the Nestucca Formation in the west-central

Oregon Coast Range (Snavely and Wagner, 1976; Figure 5).

Disconformably overlying the Sager Creek formation in eastern

Clatsop County (Niem and Niem, 1985) and the Keasey Formation In

Columbia County, is the upper Eocene to Oligocene Pittsburg Bluff

Formation (Moore, 1976; Warren and Norbisrath, 1946), which is a deltaic

and shallow-marine sandstone deposit that fines upward to deep-marine

fine-grained siltetone and mudetone of the Northrup Creek formation

(Niem and Niem; 1985; Coalen, 1988). Westward, the Pittsburg Bluff,

Sager Creek and Northrup Creek formations fine and interfinger with the

tuffaceous bathyal mudstone of the upper Refugian to lower Saucesian

nuggler Cove formation in western Clatsop County (Goalen, 1988; Niem

and Niem, 1985). The nuggler Cove formation (formerly Oswald West

mudetone of Cressy, 1974) has been extended southward into the present

study area from exposures mapped by Cressy (1974) 35 km to the north in

northernmost Tlllainook County (Figure 6).

Regional uplift of the Oregon Coast Range in the middle to late

Oligocene shifted the strandline to the west and northwest of its early

Oligocene position, with the exception of four embayinents along the

Oregon coast at Coos Bay, Newport, Tillainook, and Astoria (Snavely and

Wagner, 1963; Braislln et al., 1971; NIem and Niem, 1984; Figure 1). As
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deep-marine sedimentation continued to contribute to the nuggler Cove

formation In the Coast Range of northwestern Oregon, volcaniclastic-rich

deltaic and shallow-marine sandstone and conglomerate of the late

Oligocene (Zemorrian) Yaquina Formation, which interfingers with and

oven lee Alsea Formation strata (Goodwin, 1973), were shed Into the

Newport embayment (Snavely et al., 1969 a,b). Progradation of the

Yaquina delta may have been the result, in part, of vigorous

calcalkaline western Casacade arc volcanIn reported to have occurred

during the Oligocene (Wells and Snavely, 1989; PrIest, 1989; Wells et

al., 1984; Goodwin, 1973; NIem, 1976). To the north of the Yaquina

Formation within the Tillamook embayment, volcaniclastic and arkosic

marine sandstones of the Bewley Creek formation (informal, proposed,

this study) were deposited contemporaneously with the uppermost Yaquina

Formation during Pillanian time (lower Saucesian) (FIgure 6, Moore,

personal cofllnunication, 1989). Possibly responding to regional

subsidence, and/or a cut-off of sediment sources by uplift In the

ancestral Oregon Coast Range, Yaquina and Bewley Creek formation

sandstones fine upward to bathyal mudstone of the lower Miocene (lower

Saucesian) Nye Mudetone (Goodwin, 1973; Snavely et al., 1969 a,b; Niem

et al., 1985; NIem et al., In press; this study).

During the early to middle Miocene, older Tertiary strata In

western Oregon were gently folded and faulted. This coinpressional event

resulted in a postulated structural downwarp of the Tillainook embayment

which continued to receive shallow-marine sediment through the middle

Miocene (Snavely and Wagner, 1963; Snavely, 1987; NIem et al., In

press). During this time volcaniclastic and arkosic micaceous sand and

gravel of the Astoria Formation were delivered to the Astoria,
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Tillamook, and Newport embayments by the ancestral Columbia River and

dispersed along the coastline by longshore currents (Niem, 1976; Cooper,

1981).

Deltaic to shallow-marine sandstone of the Angora Peak member of

the Astoria Formation (FIgure 6) was deposited unconformably over an

erosional surface on the deep-marine Smuggler Cove formation in Clatsop

and northernmost and southernmost Tillamook counties (Cressy, 1974; Niem

and Niem, 1985; present study). In west-central Tillamook County,

however, the Angora Peak member conformably overlies outer shelf and

slope strata of the lower Miocene Sutton Creek member of the Nye

Mudstone (proposed, this study; FIgure 6). The Angora Peak member

Interfingers with middle shelf marine sandstones of the Newport

Sandstone member of the Astoria Formation In the Newport embayment

(Cooper, 1981; fig,. 6), and interfingers with and is overlain by

laminated mudstones and turbidite sandstones of the Sauceslan Cannon

Beach member of the Astoria Formation within both the Tlllamook and

Astoria embayments (Cooper, 1981). WithIn the Astoria embayment the

Cannon Beach member interfingers with and overlies the Wicklup Mountain

member of the Astoria Formation, an Inner to outer shelf package of

sandstones and siltstones (Big Creek Sandstone member of Cooper, 1981;

Niem and Niem, 1985; Figure 6).

Regional subsidence and concomitant marine transgression during the

late Sauceslan resulted In deposition of slope turbidites and bathyal

mudstones of the Cannon Beach member (Silver Point member of Cooper,

1981) over deltaic and marine Angora Peak, Newport, and Wicklup Mountain

member strata in the Tillamook (Tas in FIgure 4 and Figure 6), northern

Newport, and Astoria embayments, respectively (Cooper, 1981; Wells et
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al., 1983). IncIsed Into and Interflngering with Cannon Beach strata in

northern Clatsop County is the deep-marine submarine canyon-fill deposit

of the Youngs Bay sandstone member (Niem and Niem, 1985; Pipeline member

of Coryell, 1978; Nelson, 1978), and the laminated bathyal mudstones of

the Youngs Bay mudstone member. Fades displaying characteristics

similar to the Youngs Bay member of Coryell (1978) have been mapped In

the present study area. These have been broken out as a new proposed

member of the Astoria Formation in this study, and informally called the

Netarts Bay member, a submarine channel or canyon head-fill deposit

incised into and Interfingering with both the shelf sandstones of the

Angora Peak member, and the continental slope mudstone deposits of the

Cannon Beach member (FIgure 6).

After deposition, uplift, and some erosion of Tertiary strata in

Northwest Oregon In the middle Miocene, subaerial and submarine flows of

the Pomona, Grande Ronde, and Frenchman Springs basalts of the Columbia

River Basalt Group were emplaced. These basalts were erupted from

fissures in eastern Oregon and Washington and western Idaho and flowed

through low points In the ancestral Oregon Coast Range to the coast Into

the Newport, Tlllamook, and Astoria embayments (Snavely and Wagner,

1963; Beeson et al., 1979; Pfaff and Beeson, 1987; Figure 6). In

northwest Oregon, these basalts overlie the Keasey, Plttsburg Bluff,

&uggler Cove, and Astoria formations along a regional erosional surface

(Niem and NIem, 1985; Van Atta and Kelty, 1985; Van Atta, 1971). When

these plateau-derived basalts flowed over soft water-saturated coastal

sediments, the process of autoinvaslon occurred. Dense Columbia River

Basalt lava injected into less dense unconsolidated older Tertiary

strata from above, forming many 'Invasive1 (Beeson and Tolan, 1987)
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sills and dikes that are coiinon along the Oregon coast (Beeson et al.,

1979; Niem and Niem, 1985; Wells and Niem, 1987). Subaerial and

submarine flows of Grande Ronde and Frenchman Springs basalt reached the

present study area and appear to have flowed through valleys and canyons

that were incised into the Astoria Formation during the regional uplift

that preceded eruption. The older flows of the Grande Ronde Basalt

nonconformably overlie the Angora Peak, Netarts Bay and Cannon Beach

members of the Astoria Formation in the thesis area (Figure 6).

Interbedded between the Grande Ronde and Frenchman Springs basalts

in the thesis area is the middle Miocene Sandstone of Whale Cove

(informal; Tms In Figure 4 and Figure 6), an Inner to middle shelf

sandstone that is age-equivalent to the fluvial Vantage Sandstone of

eastern Washington and the fluvial-paralic Scappoose Formation of

eastern Clatsop and Columbia counties (Van Atta and Kelty, 1985;

Armentrout et al., 1983). The Sandstone of Whale Cove is extended into

the thesis area froni Lincoln County (Newport embayment), where It Is

mapped between the Depoe Bay and Cape Foulweather Basalt at Depoe Bay,

Oregon (Snavely and Wagner, 1976). Between the Frenchman Springs and

Pomona flows of the Columbia River Basalt Group In Clatsop County, are

fluvial, shallow-marine, and deep-marine deposits of the middle Miocene

Gnat Creek Formation (Niem and NIem, 1985; ClIf ton Formation of Murphy,

1981, and Murphy and Niem, 1980)

During the middle to late Miocene, a postulated episodic increase

In the rate of oblique subduction of the Juan de Fuca Plate beneath the

North American Plate caused deformation and further uplift of the entire

Oregon Coast Range (Baldwin, 1981; Wells et al., 1984). Numerous

northwest-trending and subordinate northeast-trending oblique-slip
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faults cut middle Miocene and older volcanic and sedimentary units in

the Tillamook embayment, northwest Oregon, and southwest Washington

(Wells, et al., 1983; Niem and Niem, 1985; Nelson, 1985, Wells and

BelIer, 1988). This uplift was accompanied by nall block rotations,

evidenced by clockwise rotational shear (up to 22°) (Wells et al., 1983;

Wells and Coe, 1985). This shear may be the result of oblique northward

convergence of the Juan de Fuca Plate beneath the North American Plate,

and/or Basin and Range back-arc spreading (Wells et al., 1984; Wells and

BelIer, 1988; Wells and Snavely, 1989).

Palecmagnetic studies have indicated that the older lower to middle

Eocene basalts of the Oregon Coast Range have rotated up to 750

(Simpson and Cox, 1977; MagIll et al., 1982; Wells et al., 1984; Wells

and Snavely, 1989), while Oligocene and Miocene rocks of the Oregon

Coast Range have been rotated only 15° to 300. ThIs may be evidence that

clockwise rotation has been a continuing process from the Eocene to the

present (Magill et al., 1982, Wells et al., 1984; Wells and BelIer,

1988).



SMUGGLER COVE FORMATION

Nomenclature

The nuggler Cove formation Is an informal name proposed by Niem

and Niem (1985) for a thick sequence of mudstones originally called the

Oswald West formation by Niem and Van Atta (1973) and Cressy (1974).

Although Cressy (1974) was the first to describe the type section of

this unit In southern Catsop County, Warren et al. (1945) measured a

section at the same locality and informally referred to the sequence as

Nbeds of Blakely ageN, because fossils they collected there correlated

with fossils from the type section of the Blakely Formation in

Washington. Located in the sea cliffs along Short Sand Beach at Oswald

West State Park, northern Tlllainook County, Oregon, the type section was

dated by Cressy as upper Oligocene (Zemorrian) to lower Miocene

(Saucesian). This section includes over 400 m of well-bedded bathyal

silty mudstone and tuffaceous slltstone with some turbidite sandstone

interbeds, clastic dikes, convolute bedded sandstone, and spectacular

Zoohvcos trace fossils (Cressy, 1974). Although the lower Miocene age

of the unit at the type section is constrained by fossil age control and

a well exposed unconformity with the overlying shallow-marine Angora

Peak member of the Astoria Formation, Cressy (1974) recognized that the

maximum upper Oligocene age of the Oswald West Mudstone is unconstrained

because the lower contact Is not exposed at the type section.

nith (1975) and Neel (1976), working to the north and east of

Cressy in Clatsop County, extended the Oswald West formation (nuggler

Cove formation of Niem and Niem, 1985) into their areas and expanded the

age range of the unit Into the upper Eocene. In addition, they were the

32
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first to describe sublithologies within the Smuggler Cove formation and

divided It into three NpartslI: an Oligocene to lower Miocene

turbidite-bearing, thin-bedded to bioturbated tuffaceous sandy slltstone

upper part; an upper Eocene to Oligocene glauconitic sandstone-bearing

thick-bedded tuffaceous mudstone middle part; and an upper Eocene

tuff-bearing thick-bedded mudstone lower part. Because no

lithostratigraphic horizon could be found to distinguish the base of

Smuggler Cove strata, the age range of the Oswald West formation

(Smuggler Cove formation) was further revised downward In subsequent

studies In northern Clatsop County by Coryell (1978) and Penoyer (1977)

who split the unit into two members: a lower member of late Narizian to

Refugian thick-bedded bioturbated tuffaceous silty claystone; and a

Zemorrian to Sauceslan upper member of structureless tuffaceous

siltstone and sandy siltstone.

As the age of the Oswald West formation was redefined from upper

Oligocene - lower Miocene, to upper Eocene - lower Miocene, confusion

regarding the relationship of this unit to other upper Eocene mudstones

and sandstones in northwest Oregon began to grow. In an effort to

clarify the stratigraphy of Paleogene deep-marine mudetones in northwest

Oregon, Peterson (1984), Nelson (1985), Niem and Niem (1985), Rarey

(1986), and Mumford (1989) reassigned late Narizian to early Refuglan

mudstones of the Oswald West formation to the Narizian Hamlet formation

and the early Refugian Jewell Creek member of the Keasey Formation.

Responding to a conflict in stratigraphic nomenclature, Niem and Niem

(1985) proposed that the informal name N Smuggler Cove format IonTM apply

to the Oswald West formation type section of Cressy (1974) and the

age-revised Oswald West formation mapped In Clatsop County. Thus
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reassigned and renamed, the Smuggler Cove formation Is presently

considered a late Refugian to Saucesian unit.

On their geological map of Clatsop County, NIem and NIem (1985)

locally divided the Smuggler Cove formation Into two members, modifying

the earlier mapping efforts of Smith (1975), Neel (1976), and Rarey

(1986). These members include a lower upper Refugian thick-bedded

bioturbated tuffaceous silty claystone member, and an upper Zemorrian to

Saucesian structureless tuffaceous siltstone and sandy siltstone member,

distinguished from one another by a 10-15 m thick glauconitic sandstone

assigned to the upper member (Niem and Niem, 1985; Rarey, 1986).

Strata assigned to the Smuggler Cove formation in this study have

been previously mapped by several other workers. Warren et al. (1945)

mapped these strata as "middle Tertiary shales" of Oligocene and Miocene

age (Ts on their map); Mangum (1967) mapped them as undifferentiated

Oligocene sediments (Toe on her map); and Cooper (1981) mapped mudstones

now assigned to the Smuggler Cove formation as undifferentiated Eocene

to early Miocene burrowed mudstones (Turn on his map), which included the

Oswald West formation. Similarly, the most recent regional geologic map

of the area by Wells et al. (1983), shows the Refugian-Zemorrian to

lower Saucesian Smuggler Cove formation of this study included in

"undifferentiated Oligocene rnudstones and turbidite sandstones" (TOEM on

their map; FIgure 4).

Distribution

The Smuggler Cove formation occurs In a northeast-trending band of

exposures that extend from the Tillamook River in section 7, T. 2 S., P.

9 W., to Sand Creek in section 9, T. 3 S., P. 10 W. (Plate I). A snaIl
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exposure of &nuggler Cove strata also occurs at Cape Kiwanda, section 3,

T. 4 S., P. 10 W. (Plate I). The unit is bounded on the southeast by the

thesis area boundary and covers approximately 23 square kilometers of

the study area. From its northernmost exposures southward to North

Beaver Creek, the nuggler Cove formation strikes generally N45°E and

dips to the northwest from 10 to 22°. South of North Beaver Creek, the

strike of the unit changes to a nearly east-west trend, dipping due

north. This variation In rock attitude reflects the southern limb of the

westward-plunging syncline that folds most of the rock units in the

study area (Plate I). Local aberrations In rock attitudes are most

likely the result of nall-scale drag or rotations near faults, or are

associated with slump blocks.

The nuggler Cove formation is truncated by several faults which

cause local variations In its outcrop pattern. The fault showing

greatest offset Is the northeast-trending Bewley Creek fault exposed In

section 24, T. 2 S, R. 9 W. (Plate I). Motion appears to have been up

on the south side of the fault, which juxtaposes Zemorrian mudstones of

the nuggler Cove formation (Wells, 1987, personal coninunicatlon) with

the Pillarian-stage (lower Miocene) Bewley Creek formation. &naller

dislocations of nuggler Cove strata occur along northwest-trending Sand

Creek fault (sec. 9, T. 3 S., R. 10 W.) and the Tillamook River fault

(section 35, T. 2 S., R. 10 W.), which also juxtapose nuggler Cove and

Bewley Creek strata (Plate I).

A subdued relief of stream-dissected low hills and alluviated

valleys characterizes the nuggler Cove formation. Sand Creek, Beaver

Creek, the headwaters of the Tillamook River, and other unnamed naller

tributary streams tend to cross the unit at right angles to strike,
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flowing southward down the antidip slope of nuggier Cove strata or

following the trend of underlying fault zones. Exposures of the nuggler

Cove formation usually occur within road cuts or stream valleys, and are

conuionly partially buried in their own chippy mudstone and siltetone

talus.

Litholoav and Sedimentary Structures

In the thesis area the &nuggler Cove formation is predominantly

composed of parallel laminated thin- to thick-bedded carbonaceous

mudstone and tuffaceous siltstone that contain some thin- to

medium-bedded tuffs, rare clastic dikes, and normally graded turbidite

sandstone interbeds. The upper part of the unit is coarser gralned,

characterized by scattered turbidite sandstone Interbeds and

medium-bedded to structureless bioturbated sandy siltstone, with minor

thin to thick-bedded tuffs and tuffaceous siltstone, and medium-bedded

very fine- to fine-grained silty sandstones.

Although most roadcut and streambank exposures of this unit reveal

deeply weathered very pale orange (1OYR 8/2) to grayish yellow (5Y 8/4)

chippy micaceous siltstone and mudstone, fresh exposures of the nuggler

Cove formation range from medium gray (N4) to dark gray (N3). Tuffaceous

siltstones and mudstones are lighter in color and vary from light gray

(N8) where fresh, to white (N9). Weathered tuffaceous exposures are

usually mantled with chippy siltetone talus. Although no continuous

sections of the nuggler Cove formation are exposed in the thesis area,

representative exposures occur along Loop Road connecting Tierra Del Mar

Road with U.S. Highway 101 in sections 9, 10, and 11, T. 3 S., R. 10 W.,

the northwest-trending logging road in the northeast corner of section
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2, T. 2 S., R. 10 W., and the northwest-trending logging road

intersecting the north side of Loop Road in section 10, T 3 S., R 10 W.

(Plate I).

FIgure 7 shows an Idealized section of the 550 in thick &iuggler

Cove formation compiled from site descriptions throughout the unit.

Although the base of the nuggler Cove formation does not crop out in

the thesis area and thickness is difficult to estimate due to faulting,

the lower part of the unit appears to be characterized by thin- to

thick-bedded mudstone and tuffaceous siltstone with some thin and rare

thick (>1 m) tuff interbeds (e.g. locality SNB-146, southwest quarter

sec. 23, T. 2 5., R. 10 W.). Normally graded, thin- to medium-bedded,

medium- to coarse-gralned, arkosic-micaceous, lith ic-rich turbidite

sandstones are also present as interbeds In this predominantly

slltstone-rlch lower Interval (e.g. locality SNB-100, southeast quarter

sec. 25, T. 2 S., R. 10 W.).

The middle part of the nuggler Cove formation tends to be more

tuffaceous, with thin- to thick-bedded tuffaceous siltetone and

mudstone, and turbidite sandstone interbeds that range from 3 cm to 30

cm thick (e.g. locality 36-88, northwest quarter sec. 18, T. 2 W., P. 10

W.). Rare vertical clastic dikes cut these strata (e.g. locality CL-89,

northwest quarter sec. 36, T. 2 S., R. 10 W.; Figure 8), and range from

10 cm to 30 cm thick. Clastic dikes and turbidite interbeds are

typically friable, fine- to medium-grained, and lithic-arkosic.

Within the upper third of the nuggler Cove formation, the rocks

become coarser gralned with coninon turbidite sandstone Interbeds

occurring within 0.5-2 m amalgamated packages separated by thick

laminated to bioturbated and starved ripple-laminated slltstones (e.g.
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Figure 8. TypIcal roadcut exposure of the Smuggler Cove Formation
at locality CL-89 showing characteristic thick tUffaceous
mudstone with rare thin-bedded turbidite sandstone
Interbed (below hammer), To the right of the halTuner Is a
vertical clastic dike of fine-grained sandstone,
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locality CL-522, T. 3 S., P. 10 W., center sec. 10.). Turbldite

sandstone interbeds are typically fine-gralned and micaceous. These

lithic-arkosic sandstones are also Iron-stained, hematite-cemented, and

have well developed Bouma B and C layers (e.g. locality CL-52, T. 3 S.,

P. 10 W., sec. 10, center). Near the contact with the Bewley Creek

formation bedding becomes less distinct as the sequence grades upward to

bloturbated sandy siltstone and silty very fine- to fine-grained,

thick-bedded sandstone, with rare interbedded thin- to thick-bedded tuff

and thin- to medium-bedded tuffaceous siltstone (e.g. locality SNB-101,

T. 2. S., P. 10 W., SW sec. 25). Sandy bioturbated strata are

micaceous-arkosic and lithic-rich based on hand sample Inspection. They

are coimionly iron-stained to light brown (5 YR 5/6), hematite-cemented,

and are leisegang banded. Rare silicif led spheroidal concretions of dusk

blue green claystone (5 BC 3/2) also occur In the upper part of the

section.

Two wells drilled In the study area (ONG CZ*1 and REC CZ*1; Plate

1) penetrate the Smuggler Cove formation, and electric logs (resistivity

and spontaneous potential) run in these wells show that most of the unit

is characterized by relatively undeflected railroad track" signatures.

This Is typical of fine-gralned sedimentary strata with low permeability

and porosity (Miall, 1985). The relatively featureless spontaneous

potential and resistivity curves, however, are interrupted by rare thin

(2-3 m thick) spikes that probably represent Individual turbidite

sandstone beds (Figure 9) within a mudstone-damInated section. Near the

top of the Smuggler Cove formation the logs from both wells show a

funnel-shaped signature, signifying an upward increase in porosity and



Bewley Ck. frn.

Rmf .2O

Smuggler Cov fn.

Smuggler Cove fm. Type Log

POTENTIAL MIWVOLTS RESISTIVITY OHMS M2/M

L.

00

18" AMPL NOR

tifl

eiJng upward sequnce

FIgure 9. Type log from well REC CZ*1 showing the typica'
resistivity and spontaneous potential of the
Smuggler Cove fm.. Near the contact with the Bewley
Creek fm. the log shows a funnel-shaped signature
typical of coarsening-upward sequences.

41

0
C

N)

00

0



permeability corresponding to a coarsening-upward sequence near the

upper contact with the Bewley Creek formation (Informal).

Aae and Correlation

During his geological reconnaissance of the Astoria Formation in

western Oregon, Cooper (1981) mapped the Smuggler Cove strata in this

area as undifferentiated Oligocene and Eocene burrowed mudstones and

fine-grained sandstones. However, because of the similarity of both

lithology (e.g. bioturbated bathyal tuffaceous siltetones) and

age-diagnositic fossils, the upper Refuglan to Saucesian Smuggler Cove

formation is extended into the present study area from its nearest

exposures in Cressy's (1974) thesis area, 35 kilometers to the north in

Oswald West State Park.

In the thesis area, the age of Smuggler Cove strata has been

bracketed by age-diagnostic molluscan fossils collected from the

overlying Bewley Creek formation, Foraminifera specimens collected from

locality 65-88 (southwest quarter sec. 10, T. 3 S., R. 10 W.), and

forams from well ONG CZft1 which penetrated the Smuggler Cove formation.

These fauna indicate the Smuggler Cove formation ranges from Refugian -

Zemorrian to lower Saucesian (Pillarian stge).

A minimum age for the unit Is partially constrained as Saucesian by

the following Foraminifera:

Surface specimens

Lenticulina simplex
Uviqerina obesa imol1ta
Shaeroidina variabills

(Heitman, Unocal Corporation, 1989,

Well ONG CZ*1 Specimens

Bolvina jnaralnata
Bulimina inflata aligata
Cibicides floridanus
Gvroidin, soldanil
Uvicierin, CF. aallowavi

!1alonis pomDiloides
written cciiinunlcation)
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The minimum age is further refined based on the presence of

Pillarian-stage Vertiecten fucanus (Moore, 1988, written coninunication)

in the overlying Bewley Creek formation strata. Because the

Pillarian-stage is equivalent to the lower Saucesian (early to middle

Miocene; Moore and AddIcott, 1987; Figure 10), the minimum age of

nuggler Cove strata is probably lower Sauceslan.

It should be noted, however, that a Saucesian-Zemorrian

undifferentiated foram assemblage collected from upper nuggier Cove

strata near locality CL-52 (center sec. 10, T. 3 S., R. 10 W.) is

typical of that found in the Yaquina Formation (Rau, written

coninunication to Wells, 1989). Based on the similarity of faunal

assemblage, Rau (written colTinunication to Wells, 1989) suggested this

unit may be Zemorrian In age because the Yaqulna Formation is

predominantly a Zemorrian or Oligocene unit. However, although the

microfossil data from Rau and Heitman conflict a Sauceslan minimum age

for the nuggler Cove formation of this study is favored because Heitman

(written coninunicatlon, 1989) reports forams diagnostic of the

Saucesian. The additional Information supplied by Rau, however, may

Indicate that the the top of the Smuggler Cove formation In the study

area is very close to the Saucesian-Zemorrian boundary, thus accounting

for apparent conflicts (Figure 10).

Determination of the maximum age of the Smuggler Cove formation

exposed in the thesis area Is more problematic because it Is constrained

by only one surface sample that contained a Zemorrian assemblage of

Foraminifera (Wells, personal coninunicatlon, 1989; northwest corner

section 18, T. 2 S.,, R. 10 W). However, bathyal mudetones containing

the Zemorrian foram UvIaerin, Deccardi also occur in the Smuggler Cove



Figure 10. Chronostratlgraphic position and correlation of the Miocene
Jaunlan, Pillarlan, Newportlan, and Wlshkahan molluscan
stages. Vertical lines indicate possible extensions of stages.
From Moore and Addlcott (1987).
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formation in well REC CZ*1 (T. 2 S., R. 10 W., sec. 22) at a depth of

3980 feet (1213 m) (Heitman, written colTinunication, 1989; FIgure 11). It

is Important to note, however, that Heitman's recent reevaluation of

cuttings from this well conflict with Jim Moore's (1980) foram age calls

from the same well. For example, Moore had a Refugiari call at 3180 feet

(969 m) based on the occurrence of Certobulimin, washburneii (Appendix

IV).

The Refuglan-Zemorrian age of mudstones on the north side of Cape

Kiwanda 2 meters below the unconformity with the Astoria Formation, and

the Refugian age for correlable mudetones ininediately outside the thesis

area boundary near Cape Kiwanda (southwest corner section 12, T. 4 S.,

R. 11 W.) (Snavely, written coninunication to Niem, 1989; Snavely and

Vokes, 1949) may indicate that the maximum age of Smuggler Cove strata

in the thesis area is as old as Refugian.

Age correlatives to the Refugian-Zemorrian to lower Sauceslan

Smuggler Cove formation of the thesis area include the Oligocene Yaquina

Formation, Saucesian Nye Mudetone, and Refuglan-Zemorrian Alsea

Formation of west-central Oregon, and the Lincoln Creek, Makah, and

Pysht formations of western Washington (Armentrout et al., 1983).

Depositional Environment

Data obtained from two wells (ONG CZ*1, REC CZ*1) show that the

thesis area had undergone a long history of deep-marine slope

sedimentation during deposition of the Smuggler Cove formation (Appendix

IV). However, paleoecological and sedimentological observations of this

unit also indicate that upper Smuggler Cove strata of the Tillamook

embayment were deposited during an important period of transition that
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signifies shallowing within the Tillamook embayment. This

shallowing-upward sequence may have been initiated by local or regional

uplift, eustatic regression, or a pulse of sedimentation causing

westward progradation of the overlying shallow-marine Bewley Creek

depositional system.

The lower two-thirds of the nuggler Cove formation exposed In the

study area are dominated by thin- to medium-bedded tuffaceous and

carbonaceous siltstones and mudstones deposited in a middle to lower

bathyal marine environment based on the presence of the Foraininifera

CvclalTfnina, clarki (locality 65-88, southwest quarter sec. 10, T. 3 S.,

R. 10 W.; Heitman, written cownunication, 1989). Some thin- to

thick-bedded tuffs are also present in this part of the section and may

signify contemporaneous explosive silicic volcanism in the Western

Cascade arc. These deep-marine fine-grained hemipelagic sediments

probably represent, in part, the suspended load of an ancestral Columbia

River which was delivered to a high-energy shelf environment and carried

to depths below fair weather wave base (Balsley, 1982). They were

further transported to the base of the continental slope by low density

turbidity currents and turbid layers in a process similar to that

observed of f the coast of Oregon today (KuIm and Scheidegger, 1979; KuIm

et al., 1975). The strong Influence of an ancestral Columbia River on

the composition of these slope sediments is supported by the abundance

of terrigenous carbonaceous debris disseminated within siltstones and

the Bouma D and E divisions of turbidite sandstones of nuggler Cove

strata. This thick blanket of hemipelagic carbonaceous siltstone and

mudetone is a coninon feature of a prodelta-slope facies seaward of a

wave-dominated shelf and delta complex (Balsley, 1982). Thus, these
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Smuggler Cove strata probably represent a deep-marine equivalent to the

shallow-marine wave-dominated Bewley Creek depositional system (Figure

Most hemipelagic strata of the Smuggler Cove formation are

moderately bioturbated, suggesting slow rates of sedimentation In quiet

water. However, these sequences contain numerous interbeds of tuffaceous

mudstone which tend to be non-bloturbated. Lack of bioturbation in these

strata may attest to higher rates of volcanic ash sedimentation on the

continental slope, probably linked to pulses of explosive silicic

volcanin In the adjacent Western Cascade arc terrane.

The thin- to medium-bedded arkosic and volcaniclastic-rich

turbidite sandstone interbeds most coninon in the middle and upper parts

of the section (Figure 7), are also typical of prodelta-slope fades

(Hubert et al., 1972; Balsley, 1982), and may be the first indication of

shoal ing of the basin. During the marine regressive phase, fine sand

previously trapped in coastal estuaries or on the inner continental

shelf may have bypassed these nearshore environments by coastal set-up

(storm surge) return flow (Walker, 1984; Kuim and Scheidegger, 1979;

Balsley, 1982; Figure 13). In this process, seawater mounded against the

shoreline during a storm moves seaward causing bottom currents

responding to a decreasing pressure gradient offshore. Sand can be

entrained in these currents, and delivered to the outer shelf (Figure

During subsequent flood and storm events, or earthquake activity,

turbidity currents can be generated from unstable accumulations of sandy

sediment on the outer shelf, which deliver sand to the lower continental

slope. The clastic dikes in the middle part of the section (Figure 8)

support higher sedimentation rates during this time, as unconsolidated
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sand beds were liquif led and injected into neighboring strata under

conditions of rapid loading, dewatering, and spontaneous Injection.

Within the upper third of the Smuggler Cove formation, turbidite

sandstones are more cofrinon, and some occur as amalgamated packages

interbedded with extensively bloturbated tuffaceous siltstone, starved

ripple- laminated siltstone, bioturbated sandy siltstones, and

mollusk-bearing fine gralned sandstones. Neritic forams (Rau, 1989,

written coninunication to Wells) and articulate molluscan fossils

(locality 40-88, T. 3 S., P. 10 W., sec. 10, southwest corner), which

include an unidentified mytilid and naticid (Moore, personal

coninunication, 1989), from this Interval suggest a shelf environment,

and may indicate that associated graded turbidite sandstones may have

been deposited on the outer shelf below storm wave-base (Figure 13).

Graded sand beds with sharp basal contacts and Bouma sequences similar

to those in the upper Smuggler Cove formation have been observed on the

modern continental shelf off the Texas coast and were Interpreted as the

product of storm surge relaxation flow, which entrains sediment, ebbs

seaward as density currents, and deposits its load on the shelf from a

turbidity current (Walker, 1984; Figure 13).

Modern outer shelf sediments off Oregon are a good analog for the

uppermost part of the Smuggler Cove formation because they show a wide

variety of textures and are pervasively bioturbated (Kulm et al., 1975).

The thick-bedded and bioturbated sandy slltstones, starved

ripple-laminated mudstones, and interbedded horizontally laminated

graded sandstone beds typical of the upper Smuggler Cove formation are

similar to the transitional fades described by Balsley (1982). This

fades represents the depositlonal environment between the upper
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continental slope and a high-energy storm-wave-dominated middle and

Inner shelf (FIgure 12). According to Balsley, sand Is delivered to the

outer shelf "transitional1 zone during strong storms by the process of

storm set-up return flow described earlier. Because these strong storms

are episodic, sandstone beds usually occur within mudstone- and

siltstone-dominated Intervals Indicative of a low energy environment

(Balsley, 1982).

Regressive or off lap patterns have been recognized elsewhere In the

&nuggler Cove formation. Penoyer (1977) and Coryell (1978) reported

upper Oligocene and lower Miocene shallowing upward sequences which

agrees well with the age of the sequence observed In the thesis area and

may signify regional, rather that local, uplift or deltaic progradatlon.

Contact Relationships

The lower contact of the Smuggler Cove formation does not crop out

In the thesis area. However, well ONG CZ*1 CT. 2 S., R. 10 W., sec. 13;

Plate I) was reported by James Moore (1980, wrItten coninunication to

Northwest Natural Gas) to cut lower Refuglan and Narizian rocks (Figure

11). Although these could represent a unit older than the upper Refugian

to lower Saucesian Smuggler Cove formation (Niem and Niem, 1985),

Heitman's (1989) re-evaluatIon of well cuttings from the ONG CZ*1 well

(T. 2 S., R. 10 W., sec. 13; Plate I) extended the base of Zemorrian

strata downward to a minimum depth of 3980 feet (1213 m) (Figure 11). If

Heitman's (1989) revised blostratigraphy of the well is accurate, the

total thickness of Smuggler Cove strata In the Tillamook embayment may

be more than 3500 feet (1066 m), with approximately 1500 feet (460 m) of

the Smuggler Cove formation exposed at the surface. Wells, Snavely, and
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MacLeod (mapping In progress), currently extend this unit down to the

top of Refugian or late Narizian turbidite sandstones that crop out 2 km

to the southeast of the study area.

The upper contact of the Smuggler Cove formation is conformable

with the overlying Bewley Creek formation and disconformable with the

Angora Peak member of the Astoria Formation (Plate I; FIgure 6). The

sharp contact with the Angora Peak member Is present only at Cape

Kiwanda, exposed on the north and south sides at low tide (Plate I,

Figure 14) . Although this contact was previously described by Cooper

(1981) as a slight angular unconformity between Saucesian Angora Peak

sandstone member of the Astoria Formation and undifferentiated

Eocene-011gocene mudstones, present mapping and paleontological analyses

indicate that the Angora Peak member of the Astoria Formation Is

Newportian In age and disconformably oven lee Refugian-Zemornian dark

gray bathyal mudetones of the Smuggler Cove formation (Snavely, written

coninunicatlon to Niem, 1989; Heltman, written coninunlcation, 1989).

Shallow-marine sandstones of the Angora Peak sandstone member in direct

contact with these Refugian-Zemorrian bathyal mudstones suggests that a

substantial portion of Smuggler Cove strata and Bewley Creek Creek

sandstone was stripped by erosion or never deposited. Pholad borings In

the Smuggler Cove formation at the upper contact (Figure 14) indIcate

that these mudetones were partially lithif led prior to Angora Peak

deposition (Chamberlain, written ccninunicatlon, 1989; Cooper, 1981) and

exposed within an Intertidal or shallow-marine environment such as a

wave-cut bench.

The contact between the Smuggler Cove formation and the Bewley

Creek formation Is not exposed In the study area, however strong
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Figure 14. Contact between sandstone of the Angora Peak member of the
Astoria Formation and underlying gray mudstone of the
nuggler Cove formation exposed at low tide on the south

side of Cape Kiwanda (localIty 63-88). The mudstone Includes
several bulbous Pholad borings (ChamberlaIn, 1989), filled
with 5and from the overlying Angora Peak member.
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evidence for a gradational contact is exposed along the logging road

that trends northwest through the center of section 10, T. 3 5., P. 10

W. from the intersection with Loop Road (Plate I). Laminated deep-marine

bathyal Sauceslan siltstones of the nuggler Cove formation are exposed

at this intersection (locality 65-88; Heitman, written conjnunication,

1989). ApproxImately 100 m up section the strata become coarser grained,

and grade from laminated mudstone, through turbidite sandstone-bearing

bioturbated siltetone and fossiliferous thick-bedded fine-grained

sandstone, ultimately to parallel-laminated and trough cross-stratified

medium to coarse-grained inner shelf deposits of the Bewley Creek

formation (Figure 7). The unnamed logging road 500 m south of the

three-way intersection on the north boundary of section 2, T. 2 5., P.

10 W., bearing west through the Intersection for approximately 250 m,

also provides a good example of a gradational contact between &nuggler

Cove and Bewley Creek strata. Laminated tuffaceous mudstones of the

nuggler Cove formation again coarsen upward through Iriterbedded

horizontally laminated turbidite sandstones, to a spectacular

shal low-marine coarse-grained gritty micaceous-arkosic-pumaceous marine

channel ized sequence within the Bewley Creek formation at locality CL-64

(southwest quarter sec. 35, T. 2 S., P. 10 W.).
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and

of the Nye Mudstone (proposed, this study) This Informal formation has

study area. The first was conducted by Warren et al. (1945) who assigned

Bewley Creek strata to undifferentiated Tertiary shales (Ts on their

southern part of Bewley Creek formation strata within the Angora Peak

member of the Astoria Formation, and mapped the rest of the unit as

BEWLEY CREEK FORMATION

Nomenclature

The informal name "Bewley Creek formation" is proposed in this

study to apply to a Juanian (?) stage (late Oligocene ?) and Pillarian

stage (early Miocene) shallow-marl e sequence of fossiliferous medium to

The

s et
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The Bewlev Crepk formation Problem

Prior to the initiation of this thesis project, Wells, Snavely, and

Macleod of the U.S. Geological Survey recognized from reconnaissance

mapping an unnamed Oligocene (?) or Miocene (?) sandstone unit within

the Tillamook embayment. This unit appeared to interfinger with and

underlie the Angora Peak member sandstones of Cooper (1981) (Wells,

personal connunlcatlon, 1988) and thus may represent the early to middle

Miocene Astoria Formation associated with an Astoria embayment

depocenter to the north (Figure 1). AlternatIvely, these unnamed strata

may correlate to the late Oligocene Yaqulna Formation of the Newport

embayment to the south (Figure 1). However, the lack of age control and

other stratigraphic and lithologic evidence make it unclear how the

unnamed strata relate to these two established sedimentary units.

Therefore, in order to help clarify Tillamook embayment stratigraphy,

one of the primary goals of this thesis project is to determine the age

of these unnamed sandstone strata, and their stratigraphic relationship

to the Yaqulna and Astoria formations.

The results of field mapping, and paleontologic, petrographic,

heavy mineral, provenance, and paleocurrent analyses indicate that this

unnamed sandstone unit initially identified by Wells, Snavely and

Macleod is a Juanian (?) (upper Oligocene-lower Miocene) and Pillarlan

stage (lower Miocene) unit, In part age-equivalent (Moore and Addlcott,

1987), but unrelated to a Yaquina formation depositional system.

Furthermore, the stratigraphic position of Bewley Creek strata below the

lower Miocene Sutton Creek member of the Nye Mudetone (proposed, this

study; Figure 6; Plate I) also distinguishes the Bewley Creek formation

from the overlying Angora Peak member of the Astoria Formation. However,
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the compositional similarity between Bewley Creek formation and Angora

Peak member sandstones suggests that Bewley Creek strata represent a

proto-Astoria Formation deposit supplied, in large part, by an ancestral

Columbia River.

Paleocurrent measurements recorded fran Bewley Creek formation

sandstones (Figure 15) indicate a southwestward sediment dispersal

pattern after correction for approximately 30 degrees of regional

clockwise rotation since the early Miocene (Magill et al., 1982; Wells

et al., 1984; Wells and Heller, 1988). If Bewley Creek strata were part

of a Newport embayment-centered Yaquina delta system (Goodwin, 1973;

Figure 1), a northwestward component to paleocurrents reflecting

sediment dispersal f ram this southern deltaic source might be expected

from the cross-bedded sandstones of the Bewley Creek formation. As this

is not the case (Figure 15), dispersal patterns suggest sediment of the

Bewley Creek formation may have been sourced from a different drainage

basin to the northeast.

Comparitive analyses of heavy mineral and lithic suites from the

Yaquina formation, Angora Peak member of the Astoria Formation, and

Bewley Creek formation also Indicate that Bewley Creek formation

sediment was derived f ran a different drainage basin and set of

provenances than those which supplied the Yaqulna formation.

Furthermore, these analyses reveal the close similarity between the

heavy mineral and lithic suites of the Bewley Creek formation and the

Angora Peak member, suggesting that these two sandstone-dominated rock

units were sourced from similar provenances within the drainage basin of

the ancestral Columbia River. Sandstones of these two units are both

very enriched in green horriblende (Cooper, 1981; this study) relative to
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Figure 15. Paleocurrent rose diagrams for Bewley Creek formation
sandstones. The grand mean shows both the average
paleocurrent direction measured in the field and the
direction corrected for approximately 300 of clockwise
rotation since the early Mlocene (Wells and Heller,
1988). Total number of readings included the hub of each
rose diagram.

59



60

sandstones collected from the Yaqulna formation (Goodwin, 1973), and

epidote, tremolite-actinolite, and garnet, which are rare to abundant In

both Bewley Creek and Angora Peak strata (Cooper, 1981; thIs study), are

almost completely absent from the heavy mineral assemblages of the

Yaqulna formation (Goodwin, 1973). In addition, metamorphic rock

franents are rare and granitic rock franents are absent from

sandstones of the Yaqulna formation (Goodwin, 1973), but present In

nearly all point counted sandstones of both the Angora Peak member and

Bewley Creek formation (Cooper, 1981; this study).

The quartz-plagloclase-K-spar ternary diagram In FIgure 16 also

shows the close mineralogical similarity between sandstones of the

Bewley Creek formation and Angora Peak member, and reaffirms the

dissimilarity of the Bewley Creek and Yaquina formation sandstones. The

relatively K-spar-rich Bewley Creek formation field is completely

isolated from the Yaqulna formation field, but entirely Included within

the Angora Peak field. The higher K-spar content of the Angora Peak

member and the Bewley Creek formation reflects the strong Influenóe of

granitic provenances on sediment composition (Cooper, 1981; this study),

while the high plagloclase content of the Yaqulna formation reflects a

greater sediment contribution from the Western Cascade manatic arc

provenance (Goodwin, 1973).

The results of the5e comparitive petrographic analyses agree with

the conclusions of Cooper (1981) and Cressy (1974) who suggested the

Angora Peak member was supplied by an ancestral Columbia River that

drained diverse terrains including both the Western Cascade volcanic arc

and the Idaho Batholith. These analyses also support the concludsions of

Goodwin (1973) who suggested the Yaqulna formation was sourced from a
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Figure 16. Ternary diagram showing the compositional similarity
between Angora Peak and Bewley Creek sandstones, and the
dissimilarity between sandstones of the Bewley Creek
and Yaquina formations. Sandstone co,npogit Ion data
compiled from the modal analyses of Goodwin (1973),
Cooper (1981), and this study (Appendix V).
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predominantly Western Cascade volcanic arc with subordinate

contributions from a Klamath Mountain highland source via an ancestral

Willamette River drainage system. However, because the paleocurrent and

petrographic analyses of the present study indicate that Bewley Creek

strata sediment was not sourced from a Yaqulna delta depositlonal

system, the Yaquina formation was not extended into the Tillamook

embayment.

Regional field mapping relationships also suggest the Bewley Creek

formation is not related to the Yaquina delta to the south. Goodwin

(1973) shows that the Yaquina formation thins to glauconitic sandstone

to the north in the Newport embayment, and only mudstones have been

mapped below the Angora Peak member between the Tillamook and Newport

embayments (Cooper, 1981; Snavely et al., 1976). This is strong evidence

that the the Bewley Creek sandstones were not physically connected to

the Yaquina deltaic system to the south. However, evidence for such a

connection may have been eroded along the lower Miocene unconformity

present at Cape Kiwanda where Newportian sandstone of the Angora Peak

member disconformably overly Zemorrian mudetone of the Smuggler Cove

formation (Plate I).

Although similarities within paleocurrent and mineralogical data

sets from the Bewley Creek formation and Angora Peak member indicate a

close sedimentological relationship of Bewley Creek strata to the

Astoria Formation depositional system (Cooper, 1981; thIs study),

detailed petrographic analyses show that these two units can be

distinguished on the basis of lithic content (FIgure 17). In addition,

Bewley Creek strata occupy a stratigraphic position below the lower

Miocene Sutton Creek member of the Nye mudstone (proposed, this study).
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IlllliIh ANGORA PEAK MBR. ASTORIA FM.

BEWLEY CREEK FM.

Figure 17. The lithic content of point counted samples from the

Bewley Creek formation and the Angora Peak member

(Appendix V) are graphed against the coarsest 1% of

their respective grain size distributions (Appendix VI)

to show that the Bewley Creek fm. is generally more
lithic-rich than Angora Peak mbr. In equivalently
coarse-grained samples.
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This position precludes Inclusion of the Bewley Creek strata within the

Astoria Formation because the Newportlan stage Astoria Formation

over-lies the Pillarlan stage Nye mudstone in the Newport embayment

(Figure 6). Furthermore, the fining-northward trend In Bewley Creek

strata suggests that these strata were not part of an Angora Peak

depositional system which was centered to the north in the Astoria

embayment. Therefore, because mineralogical and stratigraphic

Incompatibilities exist between Bewley Creek strata and the deposits of

both the Angora Peak member of the Astoria Formation and the Yaquina

formation, the Informal Bewley Creek formation Is proposed In this study

to apply to the Juanian (?) and Pillarlan stage marine sandstone

sequence that underlies the Sutton Creek member of the Nye Mudstone in

the Tillamook embayment.

As a result of incomplete sandstone exposures within the Bewley

Creek formation, there is no continuous reference section to serve as a

type section. Instead, three separate measured reference sections, A-A',

B-B', C-C' (Appendix I), have been compiled. The location of these

measured sections are shown on the map In Figure 18. The name 0Bewley

Creek" was selected on the basis of the fairly good exposures of the

unit that occur along the flanks of this alluviated river valley (Plate

I), and because the river cuts through the bulk of Bewley Creek strata.

The name was also chosen because no suitable or non-preempted geographic

names were available nearer the reference sections. The U.S. Geological

survey Geologic Names Coninittee was consulted to check for any

nomenclatural conflicts regarding the use of the name UBewley Creek

formation", and at the time of the writing of this report the name had

not been preempted.
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Distribution

The Bewley Creek formation (Tbc in Plate I) covers approximately 20

square kilometers of the study area, and Is exposed In a

northeast-trending series of outcrops. These extend from the lower

Beaver Creek drainage near the Tillamook River In the extreme southwest

corner of section 6, T. 2 S., R. 9 W., southward to the dune field in

the center of section 8, T. 3 5., R. 10 W. (Plate I). The northern part

of the unit is faulted against both the Angora Peak member and nuggIer

Cove formation along the Bewley Creek Fault, and strikes generally N.45°

E., dipping to the northwest from 8 to 20 degrees. South of North Beaver

Creek the structural grain of Bewley Creek strata changes to a

west-southwest trend and dips to the north and northwest from 9 to 30

degrees. This change in orientation reiterates the southern limb of the

westward-plunging syncline that trends through northern Netarts Bay

(Plate 1). Departures in strike and dip from these regional structural

trends are probably the product of local disruptions of bedding

associated with faulting or modern slumps.

Regional study Indicates that the aerial extent of the Bewley Creek

formation is restricted to the exposures mapped in the thesis area. To

the south at Cape Kiwanda (Plate I), Newport!an stage Angora Peak member

sandstones unconformably overlie Refugian (?) or Zeninorian (?) mudstones

of the Smuggler Cove Formation (Snavely, personal coninunicatlon to Niem;

this study; Heitman, Unocal Corporation, personal cceinunlcation; 1989),

indicating that Bewley Creek strata, If they extended that far south,

were eroded or' never deposited prior to Angora Peak time (Plate I;

FIgure 6). ApproxImately 30 kilometers to the north In the Astoria

embayment, the Angora Peak member sandstones also rest unconformably

66



67

over Zemorrian to Pillarian stage Smuggler Cove mudstone strata in

Oswald State Park (Cressy, 1974), suggesting that a similar erosional

relationship exists there as well (Figure 6).

The Bewley Creek formation is a relatively erosionally resistant

rock unit, and Is deeply dissected by several large drainages including

Sand Creek, North Beaver Creek, Bewley Creek, and the headwaters of the

Tillainook River. Although extensive exposures of the Bewley Creek

formation are infrequent due to thick vegetative and soil cover, they

may be found along fresh logging road cuts, ridge tops, steep stream

banks, and along the measured sections delineated in Figure 18.

Litholov and Sedimentary Structures

The thickness of the Bewley Creek formation varies along strike and

averages approximately 750 meters. The compiled measured sections in

Figure 19 show that the lower part of the unit is characterized by a

transition from tuffaceous siltstone-dominated and turbidite

sandstone-bearing Smuggler Cove formation strata, to fossiliferous

bioturbated to hummocky cross-stratified fine- to medium-grained

rnicaceous sandstones of the lower Bewley Creek formation (Figure 19 and

20). These grade to a pebbly, medium to very coarse-grained,

horizontally laminated to trough cross-stratified sandstone sequence

which Is locally scoured by large-scale channel-fill deposits (Figure 19

and 21). This channelized interval marks the culmination of the

coarsening-upward sequence in the lower part of the Bewley Creek

formation. Overlying strata are more fine-grained, grading through a

hummocky cross-stratified interval, to bioturbated and horizontally

laminated sandy siltetones with rare tuff interbeds near the middle of



Bewley Creek formation
Synoptic stratigraphic section compiled from measured sections

A-A', B-B', C-C', and site description data

Sutton Creek member , Nye Mudatone
Fining-upward sequence from fossiliferous and burrowed fine to

m.dium-grained sandstone to carbonaceous sandy siltetone

- Hummocky cress-stratifj sandstones and laminated sandy siltstones

- Bloturbated fossllifrous sandy slltstone with Vertipecten fucanus

- Horizontally laminated to bioturbated sandy siltetone - dominated
interval with occasional tuft Interbeds

Hummocky cross-stratified fine to midium-grained sandstone

channelized and trough cross-stratif led voicaniclastic-richJ pebbly sandstone with common wood fragments.
and Tsrsdo-borod stump pumiceous and gritty

Hummocky cross-stratified fine to medium-grained sandstone
with occasional siltstone interbeds

_.Bioturb.ted fossiliferous silty sandstone interbedded with
thin to thick-bedded siltstone

- Smuggler Cove formation

A- Upper Bewley Creek
B- Middle Bewley Creek

C- Lower Bewley Creek

Figure 19. GeneraUzed stratigraphic section of the Bewley Creek
formation showing major fades and lithologles. Section
was compiled from measured sections A-A', B-B'
and C-C'.
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Figure 20. Amalgamated huninocky cross-stratified fine-grained sandstone
of the Bewley Creek formation with characteristic low-angle
truncation surfaces. Antiformal huninocks may have been
eliminated by high-energy storm waves. Machete for scale.
Photo from measured section B-B'.



Figure 21. Cross-cutting relationship of channel-fill strata in the
Bewley Creek formation at locality CL-64. Sweeping cross-
cutting strata are pumiceous, arkosic, medium to coarse-
grained sandstone.
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the section (Figure 19). The coarsening-upward sequence within the upper

part of Bewley Creek strata grades upward to bioturbated fossiliferous

sandstones and sandy siltstones to fine to medium-grained, horizontally

laminated to hunjnocky cross-stratified sandstone. In the uppermost part

of Bewley Creek strata sandstones are fine-grained, mollusk-bearing, and

extensively bioturbated, and continue to fine-upward into the

carbonaceous dark gray bathyal slltstones of the overlying Sutton Creek

member of the Nye Mudstone.

Petrographic and textural analyses reveal that Bewley Creek

sandstones are well-sorted to poorly-sorted, very fine to very

coarse-grained and occasionally pebbly (Appendix VI). Although they tend

to be moderately to well-indurated, Bewley Creek sandstones are coumionly

quite friable. Fine to medium-grained sandstones are generally

iron-stained and weakly cemented by hematite. Conversely, the pumiceous

volcaniclastic-rich coarse-gralned and pebbly sandstones are usually

moderately to intensely cemented by hematite, are iron-stained, and

liesegang banded. Rare calcareous concretlons (10-20 cm diameter), and

distinctive brownish black (5YR 2/1) manganese oxide concret ions are

also present in the Bewley Creek sandstone. Quartz and feldspar sand

grains range from very angular to subrounded, and volcaniclastic pebbles

tend to be subrounded to rounded.

Most Bewley Creek exposures are moderately to deeply weathered and

vary from moderate orange pink (5YR 8/4) In arkosic sandstones, to

moderate brown (5YR 4/4) in coarser-grained volcaniclastic sandstones.

Fresh sandstone exposures are rare and range from light gray (N?) to

very light gray (N8) in color. Sandy siltstones are typically micaceous,

occasionally tuffaceous, and include rare tuff Interbeds. Fresh sandy
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siltstone exposures range from medium gray (N5) to light gray (N7) In

color, and tuff beds are typically white (N9). However, these

fine-grained strata are more comonly deeply weathered to pinkish gray

(5YR 8/1) and pale yellowish brown (1OYR 6/2).

The base of the formation (lower Bewley Creek formation In Figure

19) is characterized by thick bloturbated to horizontally laminated

fossiliferous lithic arkosic-micaceous very fine to fine-grained silty

sandstone. This interval also includes interbeds of thin-bedded (10 cm

thick) to very thick-bedded (> 1 m thick) tuffaceous slltstone (measured

section B-B'; Appendix I). Upsectlon, slltstone interbeds are thinner

and less coninon as Bewley Creek strata grade Into a thick mlcaceous,

fine-grained, swaley sandstone sequence (Figure 19). The troughs of

swales are one to two meters across, 25 to 50 cm in height, and

characterized by low angle (< 150) truncatIon surf aces that scour Into

adjacent cross-stratified and sub-horizontally laminated strata

(measured section B-B', Appendix I; site CL-53, northwest quarter sec.

10, T. 3 5., R. 10 W.). These strata have well developed synforms, rare

antiforms, include individual laminae that flatten upward within each

set of cross strata, and thicken and thin laterally (Figure 20). Some of

the cross-stratified intervals are interbedded with and scoured into

horizontally laminated tuffaceous siltstone Interbeds. These sandstones

closely resemble the storm wave-dominated amalgamated humocky cross

stratificated sequence (Figure 22) descrIbed by Dott and Bourgeous

(1982), and may represent the P1-cutout type of this bed form (Figure

22).

Above this interval Bewley Creek sandstones coarsen-upward and

grade to medium to very coarse-gralned foreset laminated tabular to
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which occur in shallow-marine sandstones of the study
area. Modified after Dott and Bourgeois (1982).
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festooned trough cross-bedded pebbly sandstones (Figure 19).

Paleocurrent data obtained from the orientation of foresets and troughs

indicate a unidirectional westward paleo-dispersal pattern (FIgure 15).

Trough cross-stratified strata are composed of many individual

cross-stratified sandstone sets characterized by multiple truncation

surfaces that cut adjacent strata at relatively high angles

(approximately 300). Troughs are 50 cm to 1.5 m across, and

approximately 25 cm in amplitude. Carbonized woody debris is coimnon in

these cross-bedded deposits, and ranges from small fragients

approximately 3 cm in diameter, to large carbonized tree stumps 50-75 cm

across (locality 38-88, northwest corner section 10, T.3 S., R. 10 W.).

Some large wood franents occasionally contain sandstone-filled Teredo

borings suggesting a marine origin.

Locally, the trough cross-bedded interval is incised by large

channel-fill deposits (e.g. locality 38-88,; CL-64, southwest quarter

sec. 35, T.2 S., P. 10 W.; Figure 19 and 21). At locality CL-64 the

lateral cross-section of a large channel-fill is particularly well

exposed. The channel cuts Into adjacent thick cross-bedded and very

coarse-grained strata at least 10 meters, and was approximately 100 m in

width. Sandstone beds in the channel-fill deposits are broadly arcuate

in form, dipping toward the center of the channel, and fine-upward. They

grade from thick plane-bedded and trough cross-bedded, coarse-gralned

gritty sandstones, to thin cross-bedded medium-grained sandstones.

Paleocurrent analysis of these trough cross-bedded deposits also

indicate deposition from westward-directed unidirectional currents.

Medium-gralned sandstones In the center of the channel-fill deposit are

massive, but contain sinuous Iron-stain patterns that may represent



75

convoluted bedding. However, these patterns may be an artifact of

I e 1 segang-banded massive sandstone.

The middle of the Bewley Creek formation (middle Bewley Creek

formation In FIgure 19) fInes upward through another fine to

medium-gralned swaley arko5ic sandstone Interval that closely resembles

the M-cutout amalgamated humocky cross-stratified package of sandstones

lower in the section (Figure 22; Dott and Bourgeois, 1982). Upsection,

these strata grade to a horizontally laminated, carbonaceous, micaceous,

silty sandstone and sandy siltstone-dominated sequence of sediments

(e.g. locality CL-50Z, southwest quarter sec. 4, T. 3 S., P. 10 W.;

CL-51Z, northwest quarter sec. 4, T. 3 S., P. 10 W.; CL-141, northwest

quarter sec. 3, T. 3 S., R. 10 W.). This package Includes some

bioturbated and fossiliferous sandstone horizons and tuffaceous

siltstone horizons that contain rare thin to thick-bedded tuff interbeds

(e.g. locality CL-66, southwest quarter sec. 34, T. 2 S., P. 10 W.;

Figure 19).

The upper part of the Bewley Creek formation (upper Bewley Creek

formation in Figure 19) is coarser grained characterized by very fine to

medium-grained micaceous sandstones and thin to thick-bedded sandy

siltstones (e.g. locality SNB-98, northwest quarter sec. 14, T. 2 S., P.

10 W.; NNB-97, southeast quarter, sec. 12, T. 2 S., P. 10 W.; Figure

19). Locally, these sandstones are huninocky cross-stratified and

resemble similar M-cutout sequences (Dott and Bourgeois, 1982) observed

In the lower part of the formation

Near the upper contact with the overlying Sutton Creek member of

the Nye Mudstone, sandstones fine-upward through a bioturbated,

micaceous, very fine to fine-gralned quartzo-feldspathIc sandstone
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Interval (e.g. site 66-88, southwest quarter sec. 33, T. 2 S., R. 10

W.), to the dark carbonaceous siItstones of the Sutton Creek member of

the Nye Mudstone (Figure 19; measured section C-C', Appendix I).

Petroaraphv

Classification and Mineralov

Eight sandstone thin sections from the Bewley Creek formation were

studied, and five were subjected to 400-point count modal analyses

(Appendix V). The modal analyses are plotted on Folk's (1968) sandstone

classification diagram in Figure 23 which shows that four sandstones

classify as feldspathic litharenites, and one sandstone classifys as a

lithic arkose (Figure 23). Bewley Creek sandstones are characterized by

subequal amounts of Nquartz and chert' group minerals and lithic

fragments, which comprise an average of 37 and 35 percent of all

detrital grains, respectively (Appendix V). They are followed by the

Mfeldspar group minerals (26 percent), and mica (three percent).

Monocrystalline quartz dominates the uquartz and chert" group of

minerals, comprising an average of 22 percent of all detrital grains

(Figure 24). Although most monocrystalline quartz grains are strained,

some unstrained and rare embayed quartz grains are also present,

attesting to derivation from a silicic volcanic provenance.

Polycrystalline quartz Is less comnon (six percent). Sedimentary chert

follows with only three percent and is characterized by some 'ghosts" of

recrystallized sponge spicules. These clasts are significant because

they indicate the presence of deep-marine sedimentary rocks In the

provenances that supplied detritus to the formation.



BEWLEY CREEK FORMATION

QUARTZ ARENITE

A
SUBARKOS4LITHARENITE

Figure 23. Sandstone classification ternary diagram showing the

position of five samples of Bewley Creek formation
sandstones (A; 400-point modal analysis). End member
corners are quartz (0), feldspar (F), and lithic

franents (L). Modified after Folk (1968).
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Figure 24. Photcinlcrograph of moderately sorted, medium- to coarse-
gralned volcaniclastic-rich calcite-cemented lithic arkose
sandstone of the Bewley Creek formation. Note the angularity
of grains, and the presence of the pilotaxitic flow-textured
basaltic rock franent (A). Thin section was stained for
potassium feldspar (yellow grains). Field of view is 6.7 nm.
(Jncrossed nicole; sample CL-65.
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Lithics are predominantly composed of maf Ic volcanic fragnents (23

percent of all framework grains). Fresh volcanic rock franents are

typically rounded, display both pilotaxitic and Intersertal grounnass,

and range from aphyric to plagloclase-phyric (FIgure 24). Most maf Ic

volcanic franents are moderately to extensively altered to green

chioritic and brown nect1tic (?) clays. Some porphyritic basalt rock

franents have moderately altered euhedral plagioclase phenocrysts

surrounded by an extensively altered chloritic grounänass. Many severely

altered maf Ic grains occur as amorphous chloritic masses. Rare basalt

rock franents contain rectangular void spaces created from

post-depositional solution of plagioclase laths and phenocrysts. Rare

scorlaceous rock franents are also present and are moderately fresh to

severely altered to chlorite and hematite. Scoria franents conEnonly

contain plagloclase microlites. Scoria vesicles are often lined with

green celadonite clay-rim cement and Include rare zebraic chalcedony

axnygdules.

Silicic volcanic franents account for an average of three percent

of all detrital grains, and are typically less altered and lighter In

color than maf Ic volcanic rock fragnents. Most non-pumiceous silicic

volcanic clasts are plagioclase-phyric, with euhedral plagioclase

crystals floating In a microcrystalline devitrif led cherty grounthiass.

Pumice, though fairly ccinon In medium to coarse-grained hand samples,

especially in the channel Ized and cross-bedded interval of the lower

Bewley Creek formation, is not as well represented In thin section and

contributes an average of only two percent of all detrital grains. An

Ignimbrite rock franent was found within a thin section from site CL-59

(Figure 25 a and b). The altered chloritic glassy grounchnass of this
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FIgure 25. Ignlmbrite rock fragnent with characteristic eutaxitic flow
texture from Bewley Creek formation sandstone (locality CL-
59). Ignimbrite franent Is composed of slightly altered
isotropic fused silicic glass (extinct under crossed nicole),
the Includes an unstralned vacuoled quartz crystal with
moderately developed crystal outline. Note collapsed pumice
franent (P) and birefringent reddish-brown nect1tIc (?)
pore-fill cement (B). Field of view 3.3 nm. Crossed and
uncrossed nicole.
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Figure 25.
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franent exhibits eutaxitic flow texture and Includes an unstralned

subhedral unstralned vacuoled quartz phenocryst.

Granitic rock franents (three percent) are characterized by

intergrowths of orthoclase or microcline and quartz. Metamorphic rock

franents follow In abundance (two percent) and are composed of

quartzite and phyllite lithic fragnents (one percent respectively).

Sandstone and slltstone franents are present In trace amounts.

Orthoclase and microc) Inc feldspar (nine and three percent

repectively) are predominantly moderately to extensively altered, and

possess coninon cloudy grain interiors. Untwinned plagioclase feldspar

(ten percent) Is slightly more coninon than orthoclase, and is fairly

fresh to only moderately altered. It should be noted that the untwinried

plagloclase grains, though possibly indicative of a metamorphic

provenance (Folk, 1968), may actually represent volcanic zoned

plagloclase grains that have been abraded during transport to sizes too

nall to resolve zoning. Twinned plagloclase contributes an average of

five percent of all detrital grains and is typically fresh to moderately

altered. Although predominantly albite-twinned, subordinate

carlsbad-twinned and rare zoned plagloclase grains are also present.

Both biotite and muscovite are present (two and one percent of the

total, respectively) and are typically bent and broken.

Although undetected during modal analysis, glauconite (locality

CL-51, southwest quarter sec. 4, T. 3 S, R. 10 W.; SNB-99, northwest

quarter sec. 24, T. 2 S., R. 10 W) and myrmekite (locality CL-65,

northeast quarter sec. 3, T. 3 S., P. 10 W.) are also present within

several thin sections of the Bewley Creek sandstones.
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Heavy Minerals

Heavy minerals (>2.94 s.g.) of the Bewley Creek formation form two

percent of all detrital grains (Appendix VII; Figure 26) and are

dominated by amphibole-group minerals (61 percent). Green hornblende is

the most conunon amphibole (59 percent), followed by brown hornblende (9

percent), tremollte-actinolite (2 percent), and trace amounts of both

basaltic hornblende and glaucophane or riebeckite. Many amphiboles have

bladed terminations which may be the result of diagenetic etching along

cleavage planes (FIgure 26). Epldote-group minerals (13 percent) are

free of alteration and rounded. Clear epidote is the most abundant (6

percent), followed by green epidote and zoisite (3 percent,

respectively), and clinozoisite (2 percent). Approximately six percent

of the non-opaque heavy mineral population Is composed of biotite, of

which brown biotite is the most coninon (4 percent), followed by green

blotlte (2 percent). Garnet minerals (6 percent) are slightly abraded

and include pink garnet (3 percent), clear garnet (2 percent), and red

garnet (1 percent). Zircon (4 percent) occurs as both euhedral crystals

and as severely abraded and rounded grains. The tourmaline minerals

elbalte and schorlite (2 and 1 percent, resectively) are euhedral to

slightly abraded. The orthopyroxenes enstatite and hypersthene (three

precent and trace, respectively), and the clinopyroxenes augite and

diopside (one percent and trace, respectively), are all moderately to

extensively altered. Trace amounts of apatite, kyanite, monazite,

rutile, and staurolite are also present.

The presence of well-rounded abraslonally resistant heavy minerals

(zircon, tourmaline, and garnet) is significant because It suggests that

these minerals were recycled from older sandstones in the provenance.
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Figure 26. Heavy minerals from Bewley Creek formation sandstones with
green and brown hornblende (H), tourmaline (T) and epidote
(E). Field of view 1.31 nm. Uncrossed nicols; sample 37-88
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The provenance significance of the heavy mineral suite of the Bewley

Creek formation is discussed In greater detail in the provenance section

of this thesis.

Porosi tv

Point counted porosity within Bewley Creek sandstones averages

approximately 11 percent (Appendix V). However, it is quite variable

and ranges from completely absent where cementation Is extensive, to a

maximum of 24 percent. Reduced interparticle porosity predominates, and

is the result of the precipitation of both hematite and clay-rim cements

(FIgure 25), as well as the creation of pseudomatrix (Dickinson, 1970)

during diagenesis. A small amount of secondary porosity Is also present,

created through dissolution and fracture of select plagioclase grains

and separation of mica plates during compaction.

The Scanning electron microscope (SEM) photographs in FIgure 27 a

and b show the reduced porosity within a sandstone from site CL-59

(center of sec. 3, T. 3 S., R. 10 W.). Figure 27-a shows pseudomatrix,

possibly composed of a severely altered volcaniclastic (?) grain, in

long-grain contact with a neighboring brittle feldspar (?) grain

(Welton, 1984). FIgure 27-b Is a close-up of a pore space and associated

pore throats, all extensively reduced by a pore-bridging diagenetic clay

cement. The form of this diagenetic clay cement resembles a

chlorite-smectlte Intergrade (Welton, 1984).

Textural and Comoosltional Maturity

The textural maturity of Bewley Creek sandstones was evaluated

through grainsize (Appendix VI) and petrographic analyses. Both

techniques show that these sandstones are poorly to well-sorted, contain
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Figure 27 (a). Scanning electron microscope (SEM) Image of an extremely
altered (volcaniclastic?) grain (V) deformed during
diagenesis to pseudomatrix and squeezed against a brittle
siliciclastic (feldspar ?) grain reducing primary
Interparticle pore space. Bar scale is 100 microns. From
site CL-59.

Figure 27 (b). Magnified SEN Image of a pore throat (T) severely reduced
by diagenetic clay. Bar scale Is 10 microns. From site
CL-59.
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angular to subrounded sand grains, and contain little detrital clay

matrix (FIgure 24). These characteristics fit within the submature to

mature textural maturity classes of Folk (1951), and suggest that Bewley

Creek formation sands were moderately to rapidly eroded, transported,

and deposited (Folk, 1951).

The high lithic content and presence of unstable heavy minerals

within Bewley Creek sandstones indicate a compositionally ininature

rating (Folk, 1951). This suggests that provenances were characterized

by high-gradient streams and/or cold climate in which physical

weathering was more influential than chemical weathering processes

(Folk, 1951).

Diaaenesis and Diaqenetic History

Diagenetic processes acting upon the chemically unstable lithic

fragnents and minerals within Bewley Creek member sandstones have played

an important role In reducing the reservoir potential of this unit. The

grains most severely altered are the maf Ic volcanic rock franents.

Although these grains are occasionally fresh, especially within early

formed calcite-cemented concretionary sandstones (FIgure 24), they are

more coninonly moderately to extremely altered. Altered volcanic clasts

frequently possess a grounänass of green chloritic and brown nectitic

(?) clay surrounding moderately altered plagioclase feldspar

phenocrysts. Many mafic volcaniclastic franents lost their original

structural rigidity during diagenesis, and were transformed Into a

UpasteH which squeezed Into pore spaces between more brittle quartz and

feldspar under the forces of compaction to create pore clogging

pseudomatrix (Figure 27-A).
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Silicic volcanic rock fragnents are generally less extensively

altered than their maf Ic counterparts, and are characterized by some

grounass replacement by brown smectitic or chloritic clays. Relatively

soft pumice rock fragnents present In the Bewley Creek formation are

typically moderately to extensively altered, and deformed to

pseudomatrix.

Plagloclase feldspars tend to be less heavily altered and more

prone to fracturing upon compaction than potassium feldspars, and rare

secondary porosity was created through dissolution of the calcic cores

of select plagioclase grains. The effects of compaction are most

dramatically expressed in many mica minerals, which have been bent and

broken where they impinged against brittle siliciclastic grains. A snail

amount of secondary porosity has been created through the deformation of

these minerals where individual mica plates have separated.

Clay-rim cements are ccninon in these sandstones and often

completely occlude primary Interparticle pore spaces and pore throats.

The perpendicular orientation of these clay minerals from the surface of

framework grains indicates that they have grown In situ, and are thus

the product of diagenesis, and are not detrital clay (Galloway, 1979).

The yellowish-brown color, moderate birefringence, and radial fibrous

form of the clay-rim cements probably represent diagenetic snectite or

chlorite (Scholle, 1979). HematIte, another connon cement, formed late

in the diagenetic history of the Bewley Creek formation and has been

precipitated over most earlier formed clay-rim cements (Figure 25).

Conversely, concretionary sparry calcite cemented sandstone Is rare.

This calcite probably formed very early In the burial history of Bewley

Creek sandstones since there Is no evidence of significant compaction,
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no development of pseudomatrix or diagenetic clay-rim cements, and

calcite-cemented feldspars and volcaniclastic franents are remarkably

fresh and free of alteration (Figure 24).

The association of altered maf Ic volcaniclastic grains with

phylosilicate pore-fill cement Is thought to be genetically related

(Burns and Ethridge, 1979). The reactive cations required to precipitate

these cements may have been liberated during diagenetic alteration of

unstable iron and magnesium-rich volcaniclastic grains (Burns and

Ethridge, 1979; Galloway, 1979). Although alteration of calcium-rich

volcanic fragnents and plagioclase grains may have contributed the

calcium Ions neccessary to form the rare calcite cement, these ions

could also have been derived from dissolution of molluscan shell

material in intrastratal fossil-rich horizons.

Paragenetic Sequence

The diagenetic history of the Bewley Creek formation was

characterized by early alteration of unstable volcanic rock franents,

and local dissolution of molluscan shell material with subsequent

precipitation of local sparry calcite-cemented concretions. As the depth

of burial Increased and diagenetic alteration of volcaniclastic and

feldspar grains continued, many pumiceous and heavily altered mafic

volcanic rock franents were deformed into pseudomatrix and squeezed

into primary interparticle pore spaces reducing porosity. Concomitantly,

reactive ions released during diagenesis nucleated on the surfaces of

detrital grains forming phylosilicate pore-fill clay cements. With

deeper burial, some plagloclase feldspar grains fractured and mica

plates were bent and broken as compaction of the sand proceeded. A minor

amount of secondary porosity was created during this time with complete
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dissolution of the cores of a few plagioclase grains, and parting of

mica plates during deformation. Late in the history of Bewley Creek

sandstones, hematite cement was precipitated over other older cements,

and may have been formed when this unit was uplifted Into the vadose

weathering zone.

The presence of phylosilicate pore-fill cements, pseudomatrix,

relatively low porosity, and long grain contacts indicate that the

Bewley Creek formation had been buried to moderate to deep depths

ranging from 1000 to 3000 meters (Galloway, 1979; Figure 28).

Acie and Correlation

The Bewley Creek formation is predominantly a lower Miocene unit

but may be as old as upper Oligocene near the lower contact with the

nuggIer Cove formation. These age assignments are based on the Juanian

stage (late Oligocene to early Miocene) pelecypod Lucinoma, sp. Cf. L.

Jannibali, and the Pillarian stage (early Miocene) pelecypod Vert1ecten

fucanus (Figure 10; Moore, written cocrnunication, 1988; 1989) collected

near the base and top of the Bewley Creek formation, respectively.

The assignment of upper Bewley Creek strata to the Pillarian stage

can be made with a relatively high level of confidence because

Vertiecten fucanus (locality CL-51Z, northwest quarter sec. 4, T. 3 S.,

R. 10 W.; Appendix IV) defines the molluscan zone on which the Pillarian

stage is based (Figure 10; Moore and Addicott, 1987). However, Moore

(personal coiununication, 1989) suggested that the lower Bewley Creek

strata which include the Juanian stage-restricted pelecypod Lucinoma sp.

cf. hanniball (localities CL-88 and NNB-46Y) be only tentatively
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assigned to the Juanian stage until corroborative paleontological data

become available.

If the lower Bewley Creek formation strata are actually of the

Juanian stage, they probably represent a time period very close to the

Oligocene-Miocene boundary because Saucesian stage Foraminifera were

collected at site 65-88 from the underlying nuggler Cove formation

(Heitman, tinocal Corporation, written conununlcatlon, 1989). Figure 10

shows the relatively narrow overlap between the Saucesian benthic

foraininiferal and Juanian molluscan stages in the latest Oligocene and

earliest Miocene.

Time-correlative rock units in northwest Oregon include both the

Yaqulna formation (Moore and Addicott, 1987) and Nye Mudstone of the

Newport embayment, as well as the lower parts of the Angora Peak and

Cannon Beach members of the early to middle Miocene Astoria Formation in

the Astoria embayment (Armentrout et al., 1983; NIem and Niem, 1985).



Scaphopods
Dental lum sp. x

Identif led by E. Moore, 1988, 1989.
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Deposit lonal Environment

The pumaceous volcaniclastic and quartzo-feldspathic-rlch strata of

the Bewley Creek formation were deposited as a result of a marine

regression and subsequnt transgression during the Juanlan (?) and

Pillarian-stages of the late Oligocene and early Miocene. The bulk of

these strata represent storm-wave reworked deposits of an ancestral

Columbia River-fed wave-dominated delta complex, or strata deposited

within and adjacent to a high-discharge wave-dominated river mouth ebb

tidal delta system.

Lower Bewlev Creek Formation

The strata of the lower Bewley Creek formation chronicle a

coarsening and shallowing-upward sequence that grades from outer shelf -

upper slope turbidite sandstone-bearing laminated and bioturbated sandy

siltstones of the upper iiuggler Cove Formation, to fossiliferous

bioturbated and hummocky cross-stratified middle to Inner shelf

sandstones. Molluscan fossils collected from bloturbated sandstones at

the base of the Bewley Creek formation Include the the following

specimens:

Locality
CL-88 CL-140

Pepecypods
Lucinom, sp. cf. J.. hanniball X
Mytillid? X
MytI 11 Id x

Solen sp. X

?anope, Abrupt, x
Sisula (tlactromeris) sp. cf.

. (I1.) albaria x

Venerid? X x
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The bivalve Luclnoma sp. cf. L. hannibali collected from the base

of the Bewley Creek formation at site CL-88 Is similar to the living

species Lucinom, annulat, which lives in an open marine environment at

depths ranging from 25 to 750 meters (Moore, personal cotiinunication,

1988). The bivalves Panooea abrupta, and pisula (flactromeria) sp. Cf.

. (M.) albaria collected slightly higher in the section at site CL-140,

lived at ocean water depths ranging from intertidal to 70 m and

intertidal to 110 meters, respectively (Moore, 1989, personal

coninunication). The overlap of the depth ranges of these specimens

restricts the possible depth of sedimentation between the intertidal

zone and 70 meters (Moore, written coeununication, 1988). However, the

occurrence of these fossils within a stratigraphic interval

characterized by some thin to thick-bedded siltstones and conon

hunffnocky cross-stratified sandstones further constrains the possible

depth of sedimentation, and suggests that these strata were deposited

near storm wave-base (Dott and Bourgeois; 1982).

The huninocky cross-stratified strata within the lower part of the

Bewley Creek formation are generally of the amalgamated M-cutout type

(Dott and Bourgeois, 1982; Figure 22). This signifies that the Inner to

middle shelf was characterized by periods of strong storm wave activity

which alternated with periods of low-energy hemipelagic sedimentation

during lower Bewley Creek formation time (Dott and Bourgeois, 1982).

Suspended silt and clay was probably delivered to the middle and outer

shelf within turbid layers that spread seaward from the mouth of an

ancestral Columbia River (KuIm et al., 1975) and deposited under

relatively quiet conditions. However, waves generated during subsequent

storm events may have been sufficiently large to resuspend fine-grained
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sediment and partially to completely erode the hemipelagic mudstone

Interbeds between hummocky cross-stratified sandstones (Dott and

BourgeoIs, 1982; FIgure 22).

The stratigraphic position of these hummocky cross-stratified

fine-grained, micaceous, arkosic sandstones between underlying

transitional or prodelta (Balsley, 1982) outer shelf turbidite

sandstone-bearing strata of the upper Smuggler Cove formation, and

overlying channel ized Bewley Creek volcaniclastic strata (Figure 19),

resembles a similar sequence described by Chan and Dott (1986) wIthin

the middle to upper Eocene Coaledo Formation of the southwest Oregon

coast (FIgure 29). They interpreted the sequence to represent

progradational deposits of a wave-dominated delta. Using Chan and Dott's

(1986) model, the hummocky cross-stratified sandstones of the lower

Bewley Creek formation would correspond to the delta front sandstone

deposits of a wave-dominated delta. However, an alternative hypothesis

Is that these strata may have been deposited on a wave-dominated shelf

offshore or lateral to the debouchment point of an ancestral Columbia

River.

Humocky cross-stratified sandstones of the lower Bewley Creek

formation grade upward to an intriguing sequence of volcaniclastic-rich,

pumiceous, coarse-gralned to pebbly, woody debris-bearing, and

extensively high-angle foreset cross-stratified and channel ized marine

strata that exhibit evidence of deposition from westward-dominated

(seaward-directed) unidirectional currents (Figure 15; FIgure 19). The

marine Interpretation for these deposits Is based primarily on the

presence of Teredo-bored carbonized wood, as well as the stratigraphic

context of these strata between lower shoreface huninocky
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Angora Peak mbr. sandstones In the study area.. FIgure 29 (a)

shows active wave-dominated deltalc deposition in

distributary channels at the time of river flooding. Figure

29 (b) shows delta-margin and shoreline deposition peripheral

to distributary channels at times of high wave energy.
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cross-stratified sandstone packages (Figure 19). Although several

established shelf-beach fades models share many of the sedimentological

aspects of this sequence (e.g. tidal inlet, rip channel, east coast-type

ebb tidal delta; sumarized in Walker, 1984), significant departures

from each hamper their application to Bewley Creek strata. However, two

fades models which closely match the stratigraphic sequence observed In

the study area are the wave-dominated delta-distributary channel model

of Chan and Dott (1986), and the high-discharge wave-dominated

river-mouth ebb-tidal delta system model (this study).

Wave-Dominated Delta-Distributary Channel Model

The wave-dominated delta model has been applied to several Tertiary

sandstone units in western Oregon. Among these, the Eocene Coaledo

Formation is of note because Chan and Dott (1986) broke this unit into

several discrete facies of a wave-dominated delta complex (Figure 29 and

30). The work of Chan and Dott is of Importance because their

wave-dominated delta-distributary channel facies model Is similar to the

channel ized sequence observed in the Bewley Creek formation. Both are

characterized by Teredo-bored wood-bearing extensively high-angle

cross-bedded, coarse-grained to pebbly sandstones with predominately

unidirectional current bedforms, channeled into amalgamated huninocky

cross-stratified sandstones and laminated siltstones (Chan and Dott,

1986; this study). Chan and Dott (1986) choose to place this sequence

into a wave-dominated deltaic stratigraphic complex because they

observed wave-dominated shelf strata in context with marginal marine

thick, wide, and extensive marsh swamp coals, as well as both fluvial

and "delta-distributary channel" deposits typical a deltaic environment.
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Figure 30. Diagram of a wave dominated delta and shelf complex showing
position of the main delta distributary channel and adjacent
peripheral shoreline and shelf environments for the Bewley
Creek formation.
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Although it is compelling to apply the wave-dominated

delta-distributary channel fades to channel ized strata of the Bewley

Creek formation, it is applied here with caution for lack of a suitable

modern analog on the modern Oregon Coast. If the Tertiary history of the

Oregon continental shelf has been persistently mesotidal and

wave-dominated as Chan and Dott (1986) suggest, then one would expect a

wave-dominated delta complex to have also developed at the mouth of the

modern Columbia River, which debouches its prodigious load into a

wave-dominated (Kulm et al., 1975) meso-tidal environment (Davis, 1985).

As this is not the case, perhaps the channel-fill deposits of the Bewley

Creek formation do not represent a 'delta-distributary channel fades,

but represent river mouth or ebb tide marine channel-fill deposits

adjacent to a wave-dominated shelf unrelated to a wave-dominated delta

system.

High Discharge, Wave-Dominated River-Mouth Ebb-Tidal Delta System

Provenance studies, as well as petrographic and sedimentological

lines of evidence suggest that marine strata of the Bewley Creek

formation represent a late Oligocene to early Miocene depocenter

adjacent to the debouchment point of an ancestral Columbia River (see

earlier sections on paleocurrent analysis and provenance). If this

interpretation is correct, the application of existing wave-dominated

delta models to Bewley Creek strata may be inappropriate because no

analog for these facies exist seaward of the modern Columbia River.

Therefore, an alternative model based on the modern Columbia River mouth

and associated ebb-tidal delta system is proposed here to describe the

depositional environment of the channel ized and cross-bedded interval of

the Bewley Creek formation (Figure 31). It should be noted, however,



High-Discharge Wave-Dominated River Mouth and Ebb Tidal Delta System

1.Ancestral Columbia River laden with volcanic detritus shed

from an active Western Cascade arc

Ebb tidal delta system adjacent to high-discharge river mouth

Ebb tidal delta breached and channelized during river
flood stage augmented by ebb tide. Channels filled

during waning current strength

Wave-dominated inner and middle shelf

FIgure 31. Alternative depositional environment for channel ized
shallow-marine Bewley Creek and Angora Peak sandstones of
the thesis area showing a dissected and channel Ized ebb
tidal delta system at the mouth of the ancestral Columbia
River in a wave dominated shelf setting.
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that characteristics of the modern Columbia River-Pacific Ocean

interaction may be significantly different than those that existed

during Bewley Creek time, as the modern Columbia River mouth Is

responding to a gradual Holocene transgression, and the channel ized

facies of the lower Bewley Creek formation were deposited during a

marine regression.

Lacking a barrier island or barrier bar-type tidal inlet system,

the Columbia River drops part of its prodigious load in a complex series

of offshore channels and bars (Figure 31; Fox, et a)., 1984) typical of

a wave-dominated river mouth (Wright, 1976). Reworking by longshore

currents and waves distributes the coarse sand along the shoref ace as

widespread coastal plain dune and beach deposits north and south of the

river mouth (e.g. Clatsop spit). During periods of low river discharge,

bedforms on the bottom of the Columbia River and inner shelf channel

migrate upstream, responding to dense landward-f lowing marine bottom

currents which circulate counter to less dense seaward-flowing

freshwater surface currents (Fox et al., 1984). However, during a flood

stage augnented by ebb tide, the sediment-charged waters of the Columbia

River push the bottom marine water wedge seaward, resulting in

deposition of ebb-dominated or seaward oriented bedforms in the river

channel and within the ebb-tidal delta (Fox et a)., 1984).

During the depositlonal phase envisioned for the channel ized and

cross-bedded interval within the Bewley Creek formation, a marine

regression and conconinitant strand progradatlon was Initiated by a pulse

of Western Cascade arc volcanism. At the point of maximum regression the

seaward-flowing sediment-laden flood-stage discharge of the ancestral

Columbia River, possibly augnented by an ebb-tide, cut channels into the
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ebb-tidal delta (Figure 31). These channels were subsequently rapidly

filled with the large volcaniclastic and quartzo-feldspathic tractive

load of the ancestral Columbia River under a seaward-moving current

regime. This resulted in an extensively channel ized and trough

cross-stratif led marine deposit bearing seaward-oriented bedforms and

waterlogged Teredo-bored wood.

The absence of flood-tide landward-orlented sedimentary structures

in the Bewley Creek section may be attributed to the fact that ebb-tidal

deltas have a low preservation potential during transgression (Walker,

1984). Reworking of the ebb tidal delta sands and bay mouth bars by

strong storm wave activity near the mouth of the ancestral Columbia

River may have eliminated landward-orlented bedforms, preserving only

deep ebb-dominated cross-bedded channel deposits. Alternatively,

bidirectional or landward (eastward) oriented bedforms may actually

exist in these Bewley Creek formation strata, but were unrecognized in

this fie'd study. The overlying huninocky cross-stratified interval that

caps the cross-bedded and channel ized sequence (Figure 19) may represent

the storm wave deposits of the reworked ebb tidal delta.

Iliddle Bewlev Creek Formation

The channel Ized interval of the Bewley Creek formation fines-upward

back to amalgamated huninocky cross-stratified micaceous fine-grained

sandstones, reflecting transgression related to either eustatic

sea-level rise, tectonic subsidence, sediment starvation from a

reduction In volcanic activity, or lateral migration of the ancestral

Columbia River debouchment point. Similar to the huninocky

cross-stratified deposits underlying the channel ized strata previously

described, these deposits may represent lower shoreface delta-front
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deposits of a wave-dominated delta (Figure 29; Chan and Dott, 1986), or

wave-dominated inner to middle shelf deposits offshore of the ebb tidal

delta system (Figure 31).

Subsidence in the Tillamook embayrnent Is marked by a fining-upward

sequence that grades from fine to medium-grained hununocky

cross-stratified sandstones to tuffaceous bioturbated sandy siltstones

that contain some tuff Interbeds. The ash fall tuff beds may attest to

continuing explosive silicic volcanism in the Western Cascade

caicalkaline arc during this time, and the lack of storm wave deposits

and fine-gralned nature of these sediments suggest subsidence of the

shelf below storm wave base. Fossils collected from this interval at

site CL-512 Include the following specimens:

Anadara (Anadar) devincta
Panope abruta
Sisula (Jiactromeris) albaria
Vert1ecten fucanus

(Moore, written coeununication, 1988)

E. Moore (written coninunication, 1988) interpreted this collection

to represent marine water depths ranging from Intertidal to 70 meters.

However, the deeper part of this range is favored to represent a

relatively quiet depositlonal environment below storm wave base

supported by the presence of thick fine-gralned bioturbated siltstones

and mudstones. Placed Into the wave-dominated delta fades framework of

Chan and Dott (1986), these strata may correspond to a prodelta-shelf

environment (Figure 29) where slow hemipelagic sedimentation allowed

infauna to thoroughly rework seafloor sediment. These bioturbated

sediments may also equate to the mixed sand and mud fades of Kuim et

al. (1975) which occur on the modern middle and outer continental shelf
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off the Oregon coast (Figure 32). The fine-grained sediment

characterizing these strata may have been deposited from turbid layers

that moved seaward of the ancestral Columbia River mouth In the process

previously described (KuIm et al., 1975), or from clouds of resuspended

silt and clay which settled below storm-wave base following strong

storms.

Uer Bewlev Creek Formation

A minor regressive phase followed, possibly coupled with a pulse of

sedimentation late in Bewley Creek formation time. The depositional

environment was characterized by slightly shallower middle shelf storm

conditions under which fine to medium-grained huninocky cross-stratified

sandstones were deposited (Figure 19). A relatively rapid marine

transgression ensued, with hun!nocky cross-stratified sandstones again

grading upward through thicker-bedded fossiliferous and bloturbated

fine-gralned carbonaceous middle shelf silty sandstones bearing the

bivalve Spisula (jlactrcineris) ep. (Moore, personal comunication, 1989;

Appendix IV).

Bewley Creek formation strata ultimately fine-upward to the

laminated mudstones of the Sutton Creek member of the Nye Mudstone which

contain upper bathyal foram assemblages (Rau, written coninunication,

1988). The transgression which caused transition from Bewley Creek

formation to Sutton Creek member of the Nye Mudstone sedimentation may

have been the result of local subsidence within the Tillamook embayment,

cessation or reduction of volcanic activity within the Western Cascade

arc, migration of the ancestral Columbia River depo-center away from the

Tillamook embayment, or a combination of these factors.
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FIgure 32. Model of modern sediment fades on the southern Oregon shelf.
After Xulm et al. (1975).



Contact Relat1onshIs

The contact between the Bewley Creek formation and underlying

Smuggler Cove formation Is not well exposed, but Is Interpreted as

conformable and gradational based on the coarsening-upward sequence

observed within the measured section B-B' (Appendix I), and within

outcroppings along the logging road southeast of measured section A-A'

(Figure 18). A detailed discussion of the contact relationship between

these two units is provided within the contact relationships section of

the Smuggler Cove formation.

The upper contact between the Bewley Creek formation and the

overlying Sutton Creek member of the Nye Mudstone Is not exposed, but

also interpreted as conformable and gradational based on exposures near

site CL-145 (southwest quarter sec. 34, T. 2 S., R. 10 W.). The contact

is characterized by a rapid fining-upward sequence that grades from

medium to very fine-grained bloturbated sandstones and siltstones to

carbonaceous laminated upper bathyal siltstones (Rau, 1989, written

comunication) of the Sutton Creek member. This contact Is described In

greater detail in the contact relationships section of the Nye Mudstone.
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NYE $UDSTONE

Nomenc I ature

In 1920, Harrison and Eaton were the first to describe the 2100

feet (640 m) thick series of dark shales above the Yaquina Formation in

the central Oregon Coast Range near Newport, Oregon, that would later be

included in the Nye Mudstone mapped by Vokes et al. (1949), Snavely and

Wagner (1976), and Snavely et al. (1976). Because mollusk collections

from the 'dark shales' contained Ac1l, shumardi, Harrison and Eaton

referred to these strata as the Acila Shales. In a brief suninary of the

petroleum potential of Oregon, nith (1924) also described the 'Acila

Shales', and included them in a regional stratigraphic chart as an upper

Oligocene to lower Miocene unit. The name 'Nye Shale' (Nye Mudstone) was

first introduced by Schenck (1927), who applied the name to the Acila

Shales of Harrison and Eaton (1920). He noted that the Nye Shale (Nye

Mudstone) was overlain by fossiliferous Miocene sandstones and reported

an 'apparent unconformity' between the Nye and the underlying Yaqulna

Formation.

Vokes et al. (1949) of the U.S. Geological Survey published the

first geologic map showing the arcuate outcrop pattern of the Nye

Mudetone and other Tertiary rock units along the central coast of

Oregon. The Nye Mudetone was mapped between Seal Rock and the Devil's

Punch Bowl and described as a 2500 feet (760 m) thick black massive

mudstone in disconformable contact with the underlying Yaquina Formation

and unconformably overlain by the Astoria Formation. Vokes et al. (1949)

collected fossils from the Nye Mudstone and assigned the Nyc strata to

the early Miocene.
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Snavely et al. (1964) also described the Nye Mudstone in their

geological sketch of northwestern Oregon but interpreted the lower

contact with the Yaquina Formation as conformable. In a suninary of the

marine stratigraphy of the Yaquina Bay area, Oregon, Snavely et al.

(1964) Included a generalized geologic column of the Nye Formation and

provided a detailed description of its lithology. They described the

unit as 4400 feet (1340 m) thick along the north shore of Yaquina Bay,

thinning to the north, lapping onto a postulated pre-Astoria Formation

high formed by a broad submarine fan or delta constructed during Yaquina

Formation time.

Snavely et a). (1969 a,b) published an updated generalized geologic

map of the Newport area showing the revised outcrop pattern of the Nye

mudstone for a Geological Society of America field trip. The Nye

Mudstone was mapped from Seal Rock to Siletz River Bay, where it is

shown striking out to sea. They described an intertonguing relationship

between the Yaquina Formation and the Nye Mudetone. They also provided a

list of Foraminifera typical of the Nye Mudstone; those microfossils

Indicate that the unit was deposited in cold water at upper bathyal

water depths ranging from 1000 (330 m) to 2000 feet (610 rn). The most

recent map showing the distribution of the Nye Mudstone is a detailed

U.S. Geological Survey 1:62,500 scale geologic map of the Newport and

Toledo quadrangles by Snavely et al. (1976).

Strata assigned to the Sutton Creek member of the Nyc Mudetone (Ts

on Plate I) in this study have been mapped previously by several other

workers. Warren et al. (1945) fIrst mapped these strata as

undifferentiated Tertiary shales (Ts on their map), which Included all

sedimentary strata in the thesis area. Mangum (1967) mapped part of the
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present study area and included the strata of the Sutton Creek member

within both the Astoria Formation and undifferented Oligocene sediments

(Ta and Tos on her map). Cooper (1981) also mapped the region but

included these strata within both the Angora Peak member of the Astoria

Formation and undifferentiated late Eocene to early Miocene burrowed

mudstones and fine-grained siltetones (Tap and Tum on his map). The most

recent regional geological map of the area by Wells et al. (1983)

included Sutton Creek strata In both the Angora Peak member of the

Astoria Formation and undifferentiated marine sedimentary rocks (Taa and

Toem, respectively, on their map).
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Sutton Creek Member

omenc I ature

The Nyc Mudetone Is extended into the Tillamook embayment in this

study from its northernmost exposures on the south side of the Slletz

Bay, Oregon, 48 kilometers to the south. However, it Is proposed herein

that this lower Miocene (Saucesian) sequence of bathyal laminated

tuffaceous mudstones, siltetones and turbidite sandstones within the

thesis area be designated as the informal Sutton Creek member of the Nye

Mudetone on the basis of the following criteria:

Sutton Creek member strata contain different lithological and

facies characteristics that distinguish them from the Nye

Mudstone of the Newport embayment;

The Sutton Creek member has a different stratigraphic

relationship to subjacent units In the Tillamook embayment;

The Sutton Creek member strata are restricted to the Tillamook

embayment.

The Sutton Creek member is a cartographic unit.

These criteria are described In detail In the following sununary which

justifies addition of the Sutton Creek member to Nye Mudstone

nomenclature.
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The Nye Mudstone of the Newport embayment and the Sutton Creek

member of the Tillamook embayment are both lower Miocene tuffaceous

upper bathyal mudstones that share similar foraminiferal assemblages

(Snavely et al., 1969 a,b; Rau, 1980; Rau, 1988, personal

corrnunlcatlon). However, Sutton Creek strata have some sedimentological

characteristics that distinguish them from the Nye Mudstone of the

Newport embayment. Minor nested channels, clastic dikes, and turbidite

sandstones are present in Sutton Creek strata near the upper contact

with the Angora Peak member of the Astoria Formation, and may indicate

that Sutton Creek strata represent, in part, a channel ized slope fades

(described in detail in the depositional environment section). Such

characteristics are lacking in descriptions of the Nye Mudstone strata

of the Newport embayment (Goodwin; 1973; Vokes et al., 1949; Snavely et

al., 1964 a,b; Snavely et al., 1980) which may indicate that these

deposits represent a different slope fades.

The stratigraphic context of Sutton Creek member strata also

differs from that of the Nye Mudstone of the Newport embayment. In the

Tlllaxnook embayment, the Sutton Creek member of the Nye Mudstone

conformably overl lee the lower Miocene Bewley Creek formation (proposed,

this study) and is conformably overlain by the Angora Peak member of the

Astoria Formation. In the Newport embayment, however, the Nye Mudstone

conformably overlies the Oligocene to lower Miocene Yaquina Formation

(Goodwin, 1973; Moore and Addicott, 1987) and Is unconformably overlain
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by the Newport member of the Astoria Formation (Vokes et al., 1949;

Snavely et al., 1976; Armentrout, 1983).

The distinctive stratigraphic and sedimentological characteristics

of Sutton Creek strata, as well as the restricted distribution of these

strata within the Tillamook embayment, make it advantageous to break the

Sutton Creek strata out of the Nye Mudstone for designation as a

separate member.

The Sutton Creek member is named after the creek that has

preferentially cut Its drainage into these yielding strata. The U.S.

Geological Survey was consulted to check for any nomenclatural conflicts

regarding the use of the name 1Sutton Creek member1, and at the time of

the writing of this thesis the name had not been preempted.

Distribution

The Sutton Creek member of the Nye Mudstone covers approximately 10

square kilometers of the study area and extends from the Tillamook River

(southwest quarter sec. 7, T. 2 S., P. 9 W.) southwestward to the dune

field in the northern part of section 7, T. 3 S., R. 10 W. and the

coastline (southwest quarter sec. 1, T. 3 S., R. 11 W., section 1; Plate

I). The unit strikes generally northeast and dips northwestward from 15

to 30 degrees. Since the Sutton Creek member of the Nye Mudstone Is

composed predominantly of mudstones and slltstones, the unit yields more

quickly to erosion than surrounding sandstones and forms low rounded

hills between the more erosionally resistant Angora Peak member of the

Astoria Formation and the Bewley Creek formation (Plates I and II).

Exposures of the Sutton Creek member of the Nye Mudstone are rare

because these strata are obscured by thick vegetation and underlie the
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alluviated stream valley of Sutton Creek as well as the swampy bogs

within upper Bewley and Sand creeks. The best exposures of the Sutton

Creek member occur In logging road cuts (e.g. locality CL-80, southwest

quarter sec. 33, T. 3 S., R. 10 W., section 33; localIty CL-145,

southwest quarter sec. 34, T. 2 S., R. 10 W., section 34), and in

coastal seacliffs (CL-131, southeast quarter sec. 1, T. 3 S., P. 9 W.;

21-88, southeast quarter sec. 1, T. 3 S., P. 9 W.). Unfortunately, a

measured reference section of the Sutton Creek member could not be

designated because exposures of the unit are rare, discontinuous, and

isolated from one another.

The Sutton Creek member Is present only In the Tlllamook embayment

and is bounded to the north and south of the study area by erosional

unconformitles which put the Angora Peak member of the Astoria Formation

In direct contact with the nuggler Cove formation In Oswald West State

Park, 30 kilometers to the north (Cressy, 1974; Cooper, 1981) and Cape

Kiwanda (Figure 6), both In Tillamook County, Oregon (Cooper, 1981; thIs

study).

Litholoav and Sedimentary Structures

The Sutton Creek member is approximately 300 m thick and

predominantly composed of parallel laminated to massive micaceous

carbonaceous siltstones and tuffaceous mudstones. The unit Is cut by

rare clastic dikes and includes minor thin-bedded tuff and turbidite

sandstone Interbeds. The sequence coarsens upward over approximately 100

m to sandy siltstone, and is dominated near its upper contact with the

Angora Peak member of the Astoria Formation by turbldite sandstone beds,



112

clastic dikes, and nested channels filled with thin-bedded turbidite

sandstones and laminated mudstones.

Sutton Creek member mudstones and siltstones commonly contain

disseminated black flecks of carbonized plant material and are locally

sandy and moderately tuffaceous. Fresh exposures range from medium

bluish gray (5B 5/1) to medium gray (N 4) with rare pinkish gray (5 YR

8/1) tuff beds. Exposures of these strata weather quickly, however, to

very pale orange (1OYR 8/2) and grayish yellow (5Y 8/4), and are

typically partially buried In their own chippy talus. Turbidite

sandstone interbeds are usually fine to medium-grained, slightly to

moderately friable, arkosic-micaceous, moderately to well-sorted

(Appendix VI), and slightly iron-stained and hematite-cemented. Rare

basalt grit-bearing turbidite sandstones also occur near the upper

contact (e.g. locality 21-88, southeast quarter sec. 1, T.3 S., R. 11

W., section 1) and are moderately to strongly hematite-cemented. Clastic

dikes within the Sutton Creek member are arkosic-micaceous, moderately

sorted, and extremely friable and unconsolidated. Clastic dikes and most

turbidite sandstones are very pale orange (10 YR 8/2) where weathered,

and very light gray (N 8) and bluish white (5 B 9/1) where fresh.

Exposures of basaltic grit-bearing turbidites, however, tend to be

moderate brown (5 YR 4/4) as a result of their high hematite cement

content.

FIgure 33 Is a generalized stratigraphic column of the Sutton Creek

member of the Nye Mudstone 5ummarizing grain size trends and sedimentary

structures In the unit. Strata In the lower third of the Sutton Creek

member are mostly massive to laminated and very thin-bedded (5 mm to 2

cm thick) moderately tuffaceous mudetones and minor slltstones with rare



Sutton Creek Member of the Nye Mudstone
Generalized stratigraphic section complIed from site description data
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Figure 33, GeneraliZed trat1graPhiC section of the Sutton

Creek member of the Nye Mudstone showing major

lithologles and fades.

113



114

thin (5 cm to 30 cm thick) tuff interbeds (Figure 34). However, near the

base of the unit at locality SNB-146 (southwest quarter sec. 23, T. 2

S., P. 10 W.) is a thick (>lm) laminated bedded tuff. Lower Sutton Creek

strata also include thin-bedded (30 cm thick) turbidite sandstones with

abrupt lower contacts, normal grading, and Bouma Td_e sequences (e.g.

localities: CL-145, soutwest quarter sec. 34, T. 2 S., R. 10 W.; CL-144,

southeast quarter sec. 33, T. 2. S., R. 10 W.).

Strata in the middle third of the Sutton Creek member are slightly

coarser grained, grading from mudstone to massive micaceous siltstone

and sandy slltstone (Figure 33). This interval Is characterized by rare

thick (one meter) clastic dikes (Figure 33) with entrained siltetone

clasts ranging from 2 cm to 20 cm in diameter (e.g., locality 25-88,

sec. 33, T. 2 S., P. 10 W.).

The coarsening-upward sequence continues into the upper third of

the Sutton Creek member, which is dominated by fine- to medium-grained

turbidite sandstones cut by nested channels and clastic dikes and sills

(Figure 33). Amalgamated turbidites are prevalent near the upper contact

with the overlying Angora Peak member of the Astoria Formation and

display repeated Bouma Tb_b and Ta_b sequences, load and flame

structures, convolute laminae, and large rip-ups of siltstone and silty

sand that range from 5 cm to 20 cm in diameter (e.g. locality CL-56,

northwest quarter sec. 5, T. 3 S., P. 10 W.). Non-amalgamated turbidite

sandstones also occur In this interval, and are thin- to thick-bedded (5

cm to 70 cm thick) normally graded, with Bouma Ta_c and Tb_c sequences,

and interbedded with laminated to bioturbated sandy slltstones (e.g.,

locality 21-88, southeast quarter sec. 1, T.3 S., R. 11 W.).
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Figure 34. Dark gray laminated carbonaceous mudstone of the Sutton Creek
member of the Nyc Mudstone near the lower contact with the
Bewley Creek formation at locality CL-145. Light brown layer
above the haniner may represent a tuffaceous mudstone
interbed.
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The amalgamated turbidite Interval is interrupted by submarine

channels that are incised into one another to form a nested sequence

(e.g. locality CL-80, southwest quarter sec. 33, T. 3 S., R. 10 W.;

FIgure 35). The nested channel sequence Is characterized by a basal zone

of slltstone and sandstone rip-ups (Figure 35) cut by clastic dikes

injected upward from a fluidized sand below. The channels are 10 to 20

meters wide and filled with very thin-bedded to laminated (2 cm to 1 cm

thick) micaceous, carbonaceous sandy slltstone, with thin beds (5 to 60

cm thick) of turbidite sandstone that exhibit Bouma Td_e sequences.

Petroaraphv

Classification and Mineralogy

Three samples from the Sutton Creek member of the Nye Mudstone were

examined petrographically (samples CL-56, 21-88, CL-131). Two of these

were collected from turbidite sandstone interbeds within the upper part

of the unit (locality 21-88 and CL-56) and subjected to 400 point modal

analyses (Appendix V). The two samples plot close to one another on

Folk's (1968) sandstone classification diagram (Figure 36), are composed

of subequal amounts of quartz, feldspar and lithic fragnents, and fall

Into both the lithic arkose and feldspathlc litharenite fields.

The quartz and chert group of minerals (Appendix V) is dominated by

monocrystalline quartz, which comprises an average of 23 percent of all

detrital grains (Figure 37). Although most grains of monocrystalline

quartz are strained, rare unstralned quartz is also present suggesting

contribution from a silicic volcanic source (Folk, 1974).

Polycrystalline quartz Is much less abundant, averaging 7 percent of all
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Figure 35. SubmarIne channel-fill strata that are part of a larger
nested channel sequence incised into amalgamated turbidite
sandstone near top of the Sutton Creek member. Base of
channel-fill sequence includes several large laminated
siltstone rip-ups (pencil for scale) overlain by laminated
mudetones and interbedded fine-grained, very thin- to
medium-bedded turbidite sandstone which thickens toward the
channel axis (locality CL-BO).



SUTTON CREEK MEMBER OF THE NYE MUD$TONE

QUARTZ AREPUTE

SUBARKO4THAREP4ITE

Figure 36. Sandstone classification ternary diagram showing
the position of five samples of Sutton Creek
member sandstones (B; 400-point modal analysis).
End member corners are quartz (0), feldspar (F),
and lithic franents (L). Modified after Folk
(1968).
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Figure 37. Photomicrograph of volcaniclastic-rich turbidite sandstone
from the Sutton Creek member (localIty 21-88). Sandstone
Is very poorly sorted, fine-gralned to pebbly, and calcite-
cemented. Predominantly composed of mono- and polycrystalline
quartz (0), felslc to mafic extensively altered volcanic rock
franents (V), with minor chert (C). Note calcite cement
replacement of the grounnass of several volcanic rock
franents, and the complete replacement of the large
plagloclase phenocryst (P) by calcite. Field of view 6.7 nm.
Crossed and uncrossed nicole.
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grains. Chert follows, comprising an average of only five percent of

detrital grains.

Thirty percent of the detrital grains are feldepars, of which

untwinned plagloclase Is the most abundant. tJntwlnned plagloclase is

generally unaltered and averages 14 percent of all framework grains.

Although untwinned plagloclase Is coninonly indicative of a metamorphic

source, some of this mineral may have been derived from volcanic zoned

plagioclase grains which were broken down to sizes too nall to reveal

zoning. Twinned and zoned plagloclase (grouped together under the

twinned plagioclase category in Appendix V) are much less abundant and

comprise only four percent of all grains. Both albite and combined

Carisbad/albite twins are present; Carlsbad-twinned plagioclase Is rare.

Some calcic interiors of large zoned plagioclase grains have been

extensively altered to clay or replaced by calcite (Figure 37). This is

much more coeinon in zoned plagioclase phenocrysts within clasts of

phyric volcaniclastic grains. Trace amounts of inyrmekite were also

found which indicate contribution from Igneous intrusive provenances.

Orthoclase comprises 7 to 11 percent of all detrital grains. The

interiors of most orthoclase grains are slightly altered to clay and

have a dusky appearance. Microcline Is generally fresh and unaltered and

is the least abundant feldspar, forming only three precent of aR

detrital grains. Mica Is also relatively rare in Sutton Creek member

sandstones and averages only one percent of all grains. Subequal amounts

of both muscovite and biotite mica are present.

Sedimentary, volcanic, metamorphic, and intrusive Igneous lithic

franents are all present In the sandstones of the Sutton Creek member,

attesting to contribution of sediment from each of these provenances.
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The lithic suite Is dominated by volcanic rock fragnents which comprise

an average of 14 percent of all framework grains. Basaltic rock

fragnents are the most coinon type of volcaniclastic constituent,

varying from 5 to 13 percent, and are moderately to extensively

diagenetically altered to nectite (?) clay or replaced by calcite

(FIgure 37). These clasts display intersertal and pilotaxitic textures;

intersertal texture occurs in aphyric, microphyric, and porphyritic

basalt clasts. Plagioclase phenocrysts are couinonly Carlsbad-twinned and

zoned. Where zoned, the calcic-rich cores are caiinonly completely

altered to clay or replaced by rare calcite cement (Figure 37). Basaltic

sideromelane glass is extensively altered to brown nect1te clay.

Rhyodacite, dacite, and silicic volcanic glass rock franents constitute

an average of only five percent of detrital grains but range from 0 to

11 percent in the two thin sections point counted (Appendix V). These

grains are typically lighter in color and generally much less altered

than mafic volcanic franents. Silicic volcanic clasts are both aphyric

and phyric. Phyric clasts contain coninon zoned plagioclase phenocrysts,

and aphyric clasts coninonly possess pilotaxitic flow texture with

aligned felty masses of plagioclase feldspar microlites.

Sedimentary rock fragnents are fairly coninon in the Sutton Creek

member and are exclusively composed of siltstone franents. These

comprise from 4 to 16 percent of all framework grains, and generally

occur as pseudotnatrix (DickInson, 1970). Because the sandstones from

which these samples were derived are turbidites, the slitetone fragnents

are probably intrabasinal rip-ups. Metamorphic rock fragnents are fairly

rare (3 percent of all framework grains) and consist of quartzlte and

phyllite. Granitic rock fragnents comprise three percent of all
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framework grains and are characterized by hypidiomorphic-granular

crystal lntergrowths of quartz, plagloclase and orthoclase.

Glauconite is rare to conilion in thin section, averaging four

percent of all detrital grains. It is present as green elliptical grains

that can form pseudomatrix where squeezed between non-yielding brittle

grains such as quartz and feldspar during compaction.

Heavy Minerals

Although opaque and heavy minerals comprise less than one percent

of all framework grains, a detailed heavy mineral analysis was conducted

on two samples (CL-56 and CL-80) to determine the types and relative

abundances of these minerals (Appendix VII) for unit comparisons and

provenance studies. The results of this analysis show that the amphibole

group dominates the non-opaque heavy mineral assemblage. Green

hornblende is the most abundant, comprising 43 percent, followed by

blue-green hornblende (nine percent), and brown hornblende (eight

percent of all non opaque heavy minerals). Tremolite-actinolite group

minerals form two percent of the total. Other amphiboles present in only

trace amounts include basaltic hornblende and glaucophane or Riebeckite.

Most amphibole-group minerals have saw-tooth or serated terminations

which may be the product of diagenetic etching along cleavage planes.

The epidote group of minerals is second to the amphibole group in

abundance, comprising 14 percent of all non-opaque heavy minerals. Clear

epidote is the most comnon (seven percent), followed by clinozolsite

(four percent), green epidote (three percent), and zoisite (trace).

Brown biotite Is the most coninon mica (four percent of all non-opaque

heavy minerals). Green biotite forms two percent of the total, and only



123

trace amounts of chlorite are present. Both mica and epidote-group

minerals are fairly fresh and unaffected by diagenesis.

The orthopyroxenes hypersthene and enstatite comprise four and one

percent of all non-opaque heavy minerals, respectively, and augite is

the only clinopyroxene present, comprising only one percent. These

pyroxenes are covnonly altered and have cloudy interiors. Clear, pink,

and red garnet form two percent of the non-opaque heavy mineral

assemblage, and the tourmaline minerals schorlite and elbaite together

comprise only one percent. Rounded and euhedral zircons comprise two

percent, followed by kyanite (one percent), monazite (trace), and

staurolite (trace). Well-rounded zircon, garnet, and tourmaline minerals

may reflect a previous transport history, suggesting that some of the

sand contributed to the Sutton Creek strata may have been recycled from

older tertiary sandstones (e.g. Eocene Spencer formation to the east)

and other sedimentary rocks in the provenance. The provenance

significance of rock fragnents and both heavy and light framework

minerals is discussed In detail in the provenance section of this

thesis.

orositv

The porosity in the Sutton Creek turbidite sandstones was estimated

by visual Inspection of thin sections cut from sandstone InJected with

blue-dyed epoxy. Porosity is extremely variable, ranging from one to 23

percent in the three thin sections examined. It consists primarily of

reduced primary interparticle porosity, but rare secondary fracture

porosity, accounting for three percent of total porosity in

calcite-cemented sample 21-88, is also present. The loss of porosity to

calcite cementation Is not considered to be very Important in the Sutton
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Creek sandstones because this cement occurs only within isolated rare

nodular concretions. Pseudomatrix, formed from deformation of slltstone

fragnents during compaction and weathering of volcanic rock franents,

is also responsible for some of the loss of pore space during

diagenesis. Hematite is the most coenon pore space-reducing cement,

followed by brown nectitic (?) cement, and rare sparry calcite cement

(Figure 37).

Compositional and Textural Maturity

Textural and petrographic analyses (Appendix VI) indicate that the

Sutton Creek sandstones are moderately to well-sorted, composed of

subrounded to angular grains, fine- to medium-grained, with minor

amounts of detrital clay matrix. Based on these characteristics, the

textural maturity of Sutton Creek sandstones is subrnature to mature

(Folk, 1951), indicating moderate to rapid rates of sedimentation.

Petrographic analyses revealed no textural fabric in sandstones of this

rock unit.

Abundant unstable rock franents and minerals In the Sutton Creek

member make this rock unit compositionally ininature, based on Folk's

(1951) criteria. This suggests that physical weathering processes must

have prevailed over chemical weathering processes in order for

chemically unstable rock and mineral fraents to have survived

transport. Rapid erosion from rugged provenances and rapid transport and

burial are indicated by these findings.



Diaaenesis and Diaenetic History

Diagenetic alteration of unstable minerals and rock fragnents In

the Sutton Creek sandstones has resulted in precipitation of calcite and

hematite cements. Sample 21-88 (Figure 37) Is almost completely cemented

by early calcite cement. This clear sparry calcite completely fills some

pore spaces, fills cracks within fractured grains, and partially to

completely replaces some glassy silicic and mafic volcanic grains as

well as the calcic cores of some zoned plagloclase phenocrysts (Figure

37). Calcite cement has also replaced the rims of most quartz and chert

grains. The presence of calcite within intragranular fractures Indicates

that some compaction and concomitant grain fracturing had taken place

prior to precipitation of calcite cement (Figure 37), however the

preservation of tangential grain contacts suggests that the sample had

not been deeply burled at the time of cementation. The ions required to

form the calcite cement may have been supplied from dissolution of shell

material within nearby sedimentary strata, or provided during diagenetic

dissolution of unstable calcium-rich volcanic rock and plagioclase

franents (Blatt, 1979).

In thin sections free of calcite cement, maf Ic volcanic rock

franents have been moderately to severely altered to reddish brown

nectite (?) clay. Extensively altered volcanic grains and ductile

siltstone franents have yielded under the pressures of burial to form

pseudomatrix In the Sutton Creek sandstones. Alteration of unstable

iron-bearing minerals (e.g. biotite and hornblende) and maf Ic

volcaniclastics may have supplied the ions required to form hematite

cement, which Is fairly caiinon. Hematite is a late stage telogenetic
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cement that was precipitated over earlier pore-fill cements, and

partially to completely occludes porosity In Sutton Creek sandstones.

Paragenet I c Sequence

Based on petrographic analyses, the diagenetic history of Sutton

Creek sandstones proceeded as follows. Compaction and some deformation

of ductile grains (e.g. biotite, siltstone) accompanied diagenetic

alteration of unstable rock fraents and minerals, as well as

dissolution of Intrastratal shells. Early calcite cement precipitated

from ions contributed to pore fluids during diagenesis to form local

concretions. Isolated from reactive pore fluids, sandstones within

concretlong experienced no further diagenetic alteration. With the

deeper burial of sandstones lacking calcite cement, diagenesis and

pore-space reduction continued with precipitation of nectite (?) clay

created from diagenetic alteration and surf icial weathering of unstable

mafic volcanic rock franents. However, a nall amount of secondary

fracture porosity was created during compaction. Subsequent uplift of

the Sutton Creek member Into the vadose zone resulted in precipitation

of a late stage telogenetic hematite cement, which formed from oxidation

of iron ions In pore fluids contributed from continued alteration of

volcanic rock fragnents and unstable Iron-bearing minerals such as

biotite and hornblende.

The depth of burial of the Sutton Creek member of the Nyc Mudstone

was probably fairly shallow. The relatively high porosity of non-calcite

cemented sandstones, preservation of tangential grain contacts, and

presence of clay rim cements Indicate burial depths ranging from 300 to

1800 meters (Galloway, 1979; FIgure 28).
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CL- 131

Cibicides Cf. C. elmaensls
Duccella jnansfieldi oreoonensls
Uviaerin, sp.
!Iorilus costiferum
DollvIn4 Cf. B. chehalisensis
Cassidul1n, Cf. C. crassIDunctat,

Ae and Correlation

The age of the Sutton Creek member of the Nye Mudstone Is early

Miocene. It Is constrained by age-diagnostic Foraminifera collected from

within the unit and molluscan fossils collected within both the

superjacent Angora Peak member of the Astoria Formation and the

subjacent Bewley Creek formation.

Age-diagnostic Foraminifera collected from two localities within

the Sutton Creek member (site CL-131, southeast quarter sec. 1, T. 3 S.,

P. 9 W., section 1; site CL-145, southwest quarter sec. 34, T. 2 S., R.

10 W.; Appendix IV; Plate I) were Identif led by Weldon Rau (1988) and

Heitman (1989), who concur that the unit Is most likely from the

Saucesian stage based on the following species:

CL- 145

Florilus costiferum (?)
Dullmina cf. B. ovata
GvroIdin, cf. C. soldanii
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(Rau, written coiiinunlcatlon, 1988; Heltman, written caiinunlcation, 1989)

The presence of the mollusk Vert1ectin fucanus In both the

overlying Angora Peak member (locality 59-88, southwest quarter sec. 15,

T. 1 S., P. 10 W.,; locality 61-88, southwest corner sec. 33, T. 3 S., P.

10 W.) and the underlying Bewley Creek formation (locality CL-512,

southwest quarter sec. 4, T. 3 S., P. 10 W.) (Moore, personal

coninunIcation, 1989; AppendIx IV) confirms the Sauceslan calls of

Heitman and Rau (Figure 10). VertiectIn fucanus also helps to better

refine the age of the Sutton Creek member because this pectin Is
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assigned to the Pillar-ian molluscan stage of the Pacific Northwest

(Moore and Addlcott, 1987), which Is equivalent to the lower Saucesian

benthic foraminiferal stage, placing this unit In the lower Miocene.

Time correlatives to the Sutton Creek member of the Nyc Mudetone

include the Wicklup, Angora Peak, and Cannon Beach members of the

Astoria Formation of northwest Oregon (Armentrout et al., 1983; NIem and

Niem, 1985), and the Clallam Formation and Blakeley Harbor Formation of

western Washington (Armentrout et al., 1983).

Deposit ional Environment

The Sutton Creek member of the Nye Mudstone was deposited In a

coarsening and shal lowing-upward sequence that signified a transition

from a bathyal slope environment characterized by hemipelagic and rare

turbidite sandstone sedimentation, to an outer shelf-upper slope

environment characterized by amalgamated and interbedded turbidite

sandstones and bloturbated mudstones. Tur-bidite sandstones of the upper

part of the Sutton Creek member are locally cut by sandstone and

mudstone-filled nested channels, which may have been sea gullies that

acted as conduits allowing sediment to bypass the inner shelf

environment for delivery to the slope. The shallowlng-upward sequence

may have been a product of lower Mlocene regional or local uplift, or

pulse of sedimentation accompanied by progradatlon of the Ancestral

Columbia River-fed shallow-marine depostlonal system of the Angora Peak

member of the Astoria Formation. Although the tuffaceous nature of

Sutton Creek mudstones attest to continuing explosive ellicic volcani

In the Western Casacade arc, the unit is much less tuffaceous than
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nuggler Cove formation mudetones, suggesting a period of relative

eruptive quiescence.

The lower ten meters of Sutton Creek strata record rapid initial

subsidence of the basin of deposition, as the lithology of this unit

grades fran bioturbated fine-grained silty sandstone of the Bewley Creek

formation to laminated mudstones bearing the bathyal Foraminifera

Gvroidin, soldanii, Bul1min, pvrul, and Trochannina sp. (Figure 34;

locality CL-145, northwest quarter sec. 34, T. 2 S., P. 10 W.; Pau,

written coninunication, 1988; Heitman, written comunication, 1989;

Appendix IV). Two samples collected from a sandstone interbed at

locality CL-145, approximately 10 meters above the basal contact with

the Bewley Creek formation, contained a mixture of both shallow-marine

and bathyal Foraminifera (Rau, written coernunication, 1988; Heitman,

written conmunication, 1989; Appendix IV), suggesting that the shallow

elements had been sourced f ran the shelf and transported to bathyal

depths within a turbidity current (Pau, written coiivnunication, 1988).

Turbidite sandstone interbeds In the lower part of the Sutton Creek

member are generally fine-grained and display Bouma Td_e sequences and

may have been deposited from dilute overbank turbidity currents (Dott

and Bird, 1979). Alternatively, the turbidites may have been generated

f ran snaIl scale failures of unstable accumulations of sediment at the

shelf-slope break initiated by earthquake or storm events (Walker,

1984).

Bathyal laminated carbonaceous and moderately tuffaceous mudstones

and rare turbidite sandstone beds typical of the lower part of Sutton

Creek strata (Figure 34) probably represent a continental slope

environment where hemipelagic sedimentation predominated (Winker and
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Edwards, 1983). Abundant fine-grained carbonaceous sediment may have

been supplied to the slope by low density turbidity currents and turbid

layers (Kuim and Scheidegger, 1979; KuIm et al., 1975) whIch sourced

silt and clay from the adjacent high-energy shelf environment. These

strata are similar to the pro-delta slope fades of Balsley (1982;

described in the Smuggler Cove formation section), and may represent a

deep-marine equivalent of the shallow-marine wave-dominated Angora Peak

deposit ional system near the mouth of the ancestral Columbia River

(Figure 38). Rare tuff interbeds and the moderately tuffaceous character

of the lower Sutton Creek mudstones suggest that explosive silicic

volcanin in the Western Cascade arc continued through Sutton Creek

member time, but at a lower level of intensity than existed during

deposition of the tuffaceous Smuggler Cove formation.

The middle and upper parts of the Sutton Creek member reflect a

shallowing of the basin of deposition. These strata grade from laminated

to massive bathyal mudetones of the lower part through sandy slltstones

of the middle part, to a bioturbated mudstone and amalgamated turbidite

sandstone-rich channel ized upper part (Figures 33 and 35). The turbidlte

sandstone-bearing upper part includes a mixed fauna of Inner shelf (<50

m water depth) and upper bathyal (150-500 m water depth) Foraminifera

indicative of final deposition at upper bathyal depths (e.g. locality

CL-131, southeast quartern sec. 1, T. 3 S., R 11 W.; Rau, written

coiimunicatlon, 1988).

The nested channels that cut Into the upper bathyal amalgamated

turbidite deposits (FIgures 33 and 35) may reflect a deposit lonal

environment similar to that envisioned by Dott and Bird (1979) for the

Eocene Elkton formation, southwestern Oregon. In this environment the
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Figure 38. Deposltlonal environment of the Sutton Creek member of the Nye

Mudstone. Continental slope mudstones were deposited In a slope

environment seaward of the ancestral Columbia River-fed

westward-progradlflg wave dominated Angora Peak shallow-marine

depositional system. Nested channel deposits in upper Sutton Creek

strata represent sea gullies that transferred sand from the shelf

to the slope (Dott and BIrd (1979).
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outer' shelf and prodelta slope sediments are incised by nall channels

(FIgure 38) that have been cut by turbidity currents, and act as

conduits that allow coarse-grained sediment to bypass the shelf

environment for deposition on the slope. These channels typically

terminate on the slope at varying depths and bear diverse load

structures, clastic dikes, and numerous sandstone and siltstone rip-ups

(Dott and Bird, 1979), characteristIcs similar to those observed In the

nested channels of the upper Sutton Creek member (figs. 35). The thinly

interbedded turbidite sandstone and laminated mudetone-filled channels

of the upper Sutton Creek member may represent similar sea gully

channels that were originally cut by turbidity currents, but abruptly

abandoned and subsequently filled by dilute overbank turbidity currents

and draped with laminated hemipelagic sediments characteristic of this

normally low-energy environment (Dott and Bird, 1979). The

non-bioturbated nature of the channel fill deposits suggest rapid rates

of sedimentation, and is consistent with the presence of clastic dikes

In this Interval, which also suggest rapid loading and subsequent

liquifaction of underlying sands (Walker, 1984).

In the depositional environment envisioned for the upper Sutton

Creek member, amalgamated and Interbedded turbidite sandstones are not

part of a submarine fan system, which typically occurs at greater depths

and is much more volumetrically significant (Stowe, 1986; Walker, 1984;

Normark, 1982). Instead, the deposit may represent a nall outer shelf

to upper slope sequence of turbidites deposited well below storm

wave-base and fed by shelf and slope turbidites that travelled down

short-headed sea gullies which debouched onto the upper slope (Figure

38).
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Sandstones collected fran the upper part of the Sutton Creek member

have textural characteristics similar to the shelf sands of the Angora

Peak member of the Astoria Formation (discussed In detail In the

textural analysis section). In addition, the mineralogical canposltion

of Sutton Creek sandstones Is very similar to Angora Peak sandstones

(Appendix V). These similarities in texture and mineralogy may indicate

that Sutton Creek sandstones represent reworked shelf deposits related

to the overlying Angora Peak member of the Astoria Formation.

Contact Relat1onshIs

The base of the Sutton Creek member of the Nye Nudstone is defined

by an abrupt change In lithology f ram fine- to medium-gralned

bioturbated, lithic-arkosic, micaceous, silty sandstones of the Bewley

Creek formation to laminated to massive tuffaceous carbonaceous bathyal

mudstones of the Sutton Creek member (Rau, written coninunicatlon, 1988).

The contact is conformable and gradational over approximately 10 meters

and exposed in only one location (locality CL-145, southwest quarter

sec. 34, T. 2 5., R. 10 W.).

The upper contact with the Angora Peak member of the Astoria

Formation is also conformable. It Is characterized by a transition f ram

fine- to medium-grained sandstones and laminated mudstones of the

amalgamated turbidite sandstones and nested channel subunits within the

upper Sutton Creek member to extensively bioturbated fossiliferous

fine-gralned arkosic sandstones of the Angora Peak member of the Astoria

Formation. Although the transition Is not well exposed, map

relationships indicate that the gradation takes place over approximately

15 to 25 meters.
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ASTORIA FORMATION

Nomenclature

The history of the Astoria Formation extends back to the early

1800's, when scientific parties exploring the wilderness of the Pacific

Northwest first described gross lithological and faunal characteristics

of this unit. As part of this reconnaissance, Town5end collected the

first Tertiary fossils ever described on the Pacific Coast of the North

America from rocks now assigned to the Astoria Formation, between 1834

and 1837 (Moore, 1963). Soon afterward, Dana also collected molluscan

fossils from Astoria Formation strata on the south bank of the Columbia

River within the old city limits of Astoria, Oregon, while travelling

with the U.S. Exploring Expedition (Moore, 1963). The fossil collections

of both Dana and Townsend were subsequently described and illustrated in

the first published work on the Astoria Formation by Conrad (1849), in

which he assigned these strata to the Miocene (Moore, 1963). However,

confusion regarding the age of the Astoria Formation began when Conrad

amended his previous assignment and reassigned Astoria strata to the

Eocene based on misidentification of a fossil (Cooper, 1981; Moore,

1963). The age assignment of Astoria strata was again reassigned by DalI

(1898), who broke the unit Into Oligocene and Miocene parts (Moore,

1963).

In 1913 Arnold and Hannibal proposed the name 'Astoria Shales" for

rocks in seacliffs near Newport, Oregon, In cliff exposures on the south

side of Tillamook Bay within the present study area, and in the section

described by previous workers at Astoria, Oregon. A type section for the

Astoria Formation was finally established in 1926 by Howe, who assigned
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the whole section to the Miocene and defined three informal members: a

45 m thick lower sandstone member; a 1000 m thick middle shale member; a

15 to 60 m thick upper sandstone member (Moore, 1963). Further

refinements to the age of the Astoria Formation were forthcoming in

1948, when Rau assigned the unit to the lower to middle Miocene, based

on a foram assemblage similar to assemblages In the Temblor Formation of

California (Moore, 1963).

In the years following Howe's work, the type section was obscured

by sand dredged from the Columbia River and expansion of the city of

Astoria (Peterson, 1984). The elimination of Howe's type section in the

1920's and 1930's marks an Important time In the nomenclatural history

of the Astoria Formation. Because a wealth of paleontologic and

biostratigraphic records for the Astoria Formation existed in the

absence of lithostratigraphic control provided by a type section,

blostratigraphic methods were subsequently used to define this unit In

northwestern Oregon and southwestern Washington (Moore, 1963). In 1963,

E. Moore of the U.S. Geological Survey refined the existing

understanding of Astoria biostratigraphy in a professional paper on the

molluscan fauna of the Astoria Formation in Oregon.

In an effort to regain lithostratigraphic definition of the Astoria

Formation, Dr. Alan Niem of Oregon State University started working with

his graduate students during the middle 1970's and early 1980's to

establish reference sections for new members of the Astoria Formation In

northwest Oregon. As a result of their effort, five members of the

Astoria Formation have been established.



Angora Peak Member

Nomenclature

This informal Pillarian- and Newportian-stage member was first

proposed by Niem and Van Atta (1973), described in detail by Cressy

(1974) and Smith (1975), and later by Cooper (1981) who mapped the

member in the present study area during his Ph.D. dissertation on the

Astoria Formation in Oregon. The type section is located in the Angora

Peak area of northwest Oregon (Cressy, 1974), and the unit Is

predominantly composed of shallow-marine planar and cross-bedded arkosic

and volcaniclastic sands, and fluvial-deltaic deposits (Niem and Niem,

1985; Niem and Van Atta, 1973).

The Angora Peak member extends from Humbug Point on the Oregon

coast and Sugarloaf Mountain inland, southward Into the Tillamook

embayment to its southernmost exposures at Cape Kiwanda (this study;

Plate I). It Is projected offshore, however, and interpreted to

interfinger with the Newport member in the Newport embayment (Cooper,

1981; figure 6). The Angora Peak member unconformably overlies the

Smuggler Cove formation to the north of the study area and at Cape

Kiwanda (Figure 6; Plate I; Cressy, 1974; Cooper, 1981; this study).

However, elsewhere in the Tlllamook embayment the Angora Peak member

conformably overlies the Sutton Creek member of the Nye Mudstone

(proposed, this study; Figure 6). Angora Peak strata are conformably

overlain by the Cannon Beach member (Cooper, 1981; NIem and NIem, 1985)

but locally channeled into by sandstones of the Netarts Bay member of

the A5toria Formation (proposed, this study) in the Tillamook embayment

(fig. 6). The fades and distribution of the Angora Peak member have
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also been described by Neel (1976), Tolson (1976), and Penoyer (1977)

and are discussed in the present study.

Distribution

The Angora Peak member of the Astoria Formation covers

approximately 14 km2 of the Tillamook embayment and crops out In both

the northernmost and southernmost parts of the thesis area (Ta on Plate

I). It is exposed in an arcuate series of outcroppings that extends from

Pitcher Point in the north (northwest quarter sec. 8, T. 1 S., R. 10

W.), southward to the south side of Cape Lookout (northwest quarter Sec.

1, T. 3 S., P. 11 W.) (Plate I). A snail west-dipping outlier of the

Angora Peak member is also exposed approximately 10 kilometers to the

south of Cape Lookout at Cape liwanda (inset map on Plate I; southwest

quarter sec. 13, T. 4 S., P. 11 W.). Although many departures in strike

and dip from regional structural trends have been mapped, they may be

the result of drag folding, small rotations near faults, or slumping.

Excellent exposures of the Angora Peak member occur at several

localities in the Tillamook embayment. The best are at Cape Kiwanda,

where spectacular and accessable fresh seacliffs and wave-cut benches

afford a relatively rare opportunity for outcrop examination. Thick

sandstone exposures of the Angora Peak member are also accessable In

cliffs paralleling Bayocean road (Plate I) along the southwest side of

Tillamook Bay between Pitcher Point and Dick Point, along the east side

of Cape Lookout Highway south of the suninit in section 1, T. 3 S., P. 11

W., and in the seacliffs on the south flank of Cape Lookout at low tide.



Lltholoav and Sedimentary Structures

Due to the overlying erosional unconformity with the Columbia River

Basalt, the thickness of the Angora Peak member In the Tillamook

embayment varies along strike (Plate I) and ranges from a minimum of

approximately 125 m to a maximum of 433 m. Grain size analyses and thin

section petrography reveal that Angora Peak sandstones are typically

moderately to well-sorted, predominantly fine-grained, bioturbated to

laminated, and consist of angular to subrounded framework clasts

(Appendix VI). However, these strata are medium to coarse-grained and

moderately sorted within the trough cross-bedded and channelized fades.

Local grit, cobble, and boulder-bearing sandstones also occur (Appendix

II). The member Is a generally a friable unit, but includes coinon

calcite-cemented concretions adjacent to fossiliferous horizons, and

hematite-cemented strata where coarse volcaniclastic detritus is

abundant. Sandstones are moderately to deeply weathered as indicated by

iron-staining and leisegang banding. Weathered exposures range from very

pale orange (10 YR 8/2) to moderate orange pink (5 YR 8/4), and

volcariiclastic-rlch strata are typically light brown (5 YR 5/6). Fresh

bioturbated carbonaceous sandstone exposures are fairly coainon and vary

from very pale blue (5 B 8/2) to very light gray (N8), and light

greenish gray (5 G 8/1) in color.

The base of the member north of Cape Kiwanda coarsens-upward from

the turbidite sandstone-bearing nested channel sequence of the upper

Sutton Creek member (Figure 33) to extensively bloturbated and

fossiliferous silty fine-grained sandstone (e.g. locality 61-88,

southwest quarter sec. 33, T. 2 S., R. 10 W.; Appendix IV) and

thin-bedded siltetone (measured section E-E', Appendix II; Figures 39
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Angora Peak member of the Astoria Formation
Schematic stratigraphic section compiled from measured section E-E'

_Wioterwater Unit, Grand. Ronde Basalt

Posslble chann.l wail failure blocks of Angora Peak momb.r sandstones,
randomly oriented and ranging from 0.5 m to 5 m In length

- Amalgamated flse-grsined arkoslc hummocky cros*-stratlfl.d sandston. with occasional
trough f composed of basalt p.bbl.s, siltatonu re-ups, and fossil hash.
lnclud.e bivalves Anadars sp. and possibly Chiamys sp.

- Amalgamated medlum-grali.d humniocky cross-stratified sandstone with occasional
bloturbat.d intervals and rare thin beds of laminated slltston..

DIscontinuous leesee .f basaltic grit Composed of sideromsiane glass and aphanitic
basaltic rock fragments. Interbedded with and overlying fossil hash-bearing

- arkosic-micacloue calcite concretionary sandstone. Contains in. bivalves
Anadara ap., and Spisula (Mactromeris) sp. Cf. S. (U.) albarla

- Amalgamated hummocky cross-stratified
sandstone with disseminated flecks of

mn5M0e0 grading to bloturbated

invasive piliowed and br.cclated N Sentinel Bluff Unit basalt dike in disturbed sandstone
composed of sandstone blocks floating In structureless sand matrix. Possibly a pepperite.
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- Bloturbated carbonaceous flne-gralned sandstone grading to laminated sandy alltston.

Bloturbated sandstone overlain by hummocky Cross-stratified fine-grained sandstone.
Both hummocks and swales preserved

Bioturbated fine-grained sandstone with disseminated flecks of black organic matter.
- lnt.rstratlflud wIth slightly bloturbat.d hummocky cross-stratified sandstone. Grades upward

to undisturbed hummocky cross-stratification

Horlzontatly laminated fine -gralned sandstone

Sutton Creek mensr of the Nye Mudstone (contact obscured)

Figure 39. Stratigr-aphlc section of the Angora Peak member of
the Astoria Formation showing major facies and
lithologles. Section was compiled from measured
section E-E'.
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aind 40). Near the contact, Angora Peak sandstone is locally disrupted by

rare structureless thin (<1 m) clastic dikes and sills of medium- to

coarse-gralned sandstone, possibly Injected upward from underlying

turbidite sandstones of the Sutton Creek member (e.g. locality 61-88).

The bloturbated sandstones coulinonly include disseminated flecks of black

carbonaceous plant matter and have a fetid, sulfurous odor (Figure 39).

Upsection (Figure 39), bloturbated Intervals are less frequent and

lnterstratlfled with a predominantly subhorizontally laminated to swaley

sequence interpreted to represent hunnocky cross-stratification. This

sequence Is characterized by ciznon swales, or low angle troughs, and

undulatory low angle (<150) truncation surfaces. Troughs are

approximately 10 to 20 cm deep, approximately 1 to 1.5 meters wide, and

include low angle swale-fill laminae that thicken and thin laterally,

and taper to horizontal both upward and near the boundaries of each

swale (Figure 41). Synformal swales are coninon, but ant Iformal hun!nocks

are very rare, suggesting an amalgamated sequence of huninocky

cross-stratified strata (Dott and Bourgeois, 1982). In reference section

E-E' (Figure 39) huninocky cross-stratification Is partially to

completely obliterated by bloturbation, similar to Dott and Bourgeois'

(1982) Namalgainated bloturbated typeTM in Figure 22. Higher in the

section, however, rare thin (< 5 cm) interbeds of sandy slltstone are

interbedded within a huninocky cross-stratified sequence which lacks

cross-laminated sandstone. This may represent the X zone missing"

sequence of Dott and Bourgeois (1982) or the "M-cutout type" (Figure

22).

Near the middle of the Angora Peak member section, sandstone strata

are disrupted by an invasive dike of N2 high magnesium Sentinel Bluff
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Figure 41. Fine-gralned arkosic-micaceous sandstone of the Angora Peak
member of the Astoria Formation (locality 20-88) wIth low
angle swaley cross-beds and huninocky cross-stratification.
Notebook Is resting on top of the apex of an antiformal
humock. Sequence Is characterized by lateral thickening and
thinning of individual laxnlnae, and low angle truncation
surfaces.
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Unit Grande Ponde Basalt (locality W83-80, Appendix IX; southwest

quarter sectIon 6, T. 3 S., P. 10 W.; Figure 39). ApproxImately 3 meters

on either side of the dike Is a zone of extremely brecciated Angora Peak

strata characterized by nall, randomly-oriented blocks of

arkosic-micaceous sandstone (2-15 cm across) floating In a matrix of

structureless friable sand. Near the contact with the dike, the basalt

is also extremely brecciated, and may be partially mixed with sand to

form a peperite dike (Xokelaar, 1982). Above the disrupted Interval the

sandstone returns to bioturbated huninocky cross-stratified fine-grained

sandstone (Figure 39).

Within the middle to upper part of reference section E-E' (Figure

39), the swales of amalgamated hununocky cross-stratified sandstones

include fossil hashes, basaltic grits, or basalt pebble lag deposits.

These are typically laterally restricted (up to 1 meter long),

relatively thin (<10 cm), and resemble Dott and Bourgeois' (1982)

'lag-type' of amalgamated huninocky cross-stratified sequence (Figure

22). Within this Interval is an Intriguelng thin sequence of altered

basaltic grit (?) lenses (locality CL-74, southwest quarter sec. 6, T. 3

S., R. 10 W.), unique because no similar deposit was found elsewhere in

the Angora Peak member. These basaltic grit (?) beds lack internal

sedimentary structures, are laterally discontinuous, and Interstratlf led

with laminated arkosic-mlcaceous fine- to medlum-grained sandstone. The

grit (?) beds range from a few centimeters to approximately 15 cm thick,

and occur over a 2.5 meter thick stratigraphlc interval. An alternative

interpretation for the origin of the 'grit beds' Is that they are a

highly franented group of basaltic peperite sills (discussed in detail

In the depositlonal environment section).
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Near the contact with the overlying Netarts Bay member (localities

NNB-39, and NNB-40, northwest quarter sec. 11, T. 2 S., R. 10 W.), the

upper part of the Angora Peak member grades from hununocky

cross-stratified strata (similar to that previously described) to

fine-grained, silty, extensively bioturbated and carbonaceous,

fossiliferous sandstones. However, in the exposures of the Angora Peak

member that parallel the southwest side of Tillamook Bay,

subhorlzontally laminated to humocky cross-stratified strata of the

Angora Peak are incised by a large channel-fill of small-scale

cross-bedded gritty and pebbly mollusk-bearing Angora Peak sandstones

(locality 58-88, southwest quarter sec. 15, T. 2 5., P. 10 W.).

The channel-fill Is marked by a thin (<70 cm) lag deposit of a

basalt pebble conglomerate which grades upward to a sequence of pebbly

to coarse-grained, volcaniclastic sandstones characterized by many

high-angle cross beds in small channels and lenses. The channels range

from approximately 10 to 40 meters wide, and have southwestward-oriented

axes suggesting paleocurrent dispersal In this direction (Figure 42).

Trough cross-beds vary from 12 cm to 1.5 meters wide, and from 5 to 30

cm deep, and also have predominantly southwestward-oriented axes,

however subordinate herringbone structure is present as well. The

channel ized sandstones are locally extremely carbonaceous, and bear thin

(<3 cm) stringers of carbonaceous plant matter, large carbonized wood

chunks up to 16 cm long (some Teredo-bored) and disseminated black

flecks of carbonaceous plant detritus. Some cross-bedded sandstones are

calcite concretlonary and fossiliferous, with large articulate bivalves

(e.g. locality 58-88, southwest quarter sec. 15, T. 1 S., R. 10 W.).

Although the contact Is not exposed, these cross-bedded coarse-gralned
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Figure 42. Paleocurrent rose diagrams for Angora Peak member
sandstones. The grand mean shows both the average
paleocurr'ent direction measured In the field and
the direction corrected for approximately 300 of
clockwise rotation since the early Miocene (Wells
and Heller, 1988). Total number of readings
Included the hub of each rose diagram.
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strata are interpreted to fine-upward to the interbedded mudetones and

turbidite sandstones of the Cannon Beach member.

Cape Klwanda Angora Peak Stratigraphlc Section

The stratigraphic section of Angora Peak sandstones at Cape Kiwanda

(reference section D-D', Figures 43 and 44) includes a suite of

sedimentary structures that are, in part, dissimilar to those previously

sungnarized. The abrupt unconformable base of the section at Cape Kiwanda

is characterized by horizontally laminated to trough cross-bedded,

medium-grained sandstones scoured into dark mudstones of the nuggler

Cove formation (FIgures 14 and 43). The Oligocene nuggler Cove

formation mudstones at the unconformable contact possess many Pholad

borings filled with sand from the overlying Angora Peak member

(Chamberlain, written comunication, 1989; Cooper, 1981). The

cross-bedded sandstones grade upward to extremely carbonaceous,

bloturbated to horizontally laminated sandstones containing scattered

Rossella and Asterosoma (?) burrows (Figure 43; Chamberlain, written

cofllnunication, 1989). Coalif led Teredo-bored and unbored carbonized wood

chunks up to 8 cm long are also ciinon near the bottom of the section

(Figure 43). Within the same stratigraphic interval are rare

irregularly-shaped black carbonaceous woody masses which Inlcude many

imbedded pebbles of diverse lithology. The woody masses range up to 90

cm in width, and may represent coalif led tree root-bound pebble bundles.

FIgure 45 is an unusually large trace fossil in the extensively

bioturbated strata of the lower part of the Angora Peak section at Cape

Kiwanda. It Is approximately 60 cm high, flares from 20 cm at the base

to approximately 1.8 m at the top, and is filled by convoluted and



Angora Peak member of the Astoria Formation
Stratigraphic section compiled from measured section D-D' at Cape Kiwanda

Trough cross-stratified basait- iithic rich arkosic medium to coarse-grainad- sandstone with occasional basalt pebbles

Channel cut into bioturbatsd sandstones. Channel has basal lag deposit of weathered
basalt cobbles and pebbles. Trough cross-stratified

Bioturbated horizontally laminated sandstone with abundant Asteroaoma burrows
and disseminated fine organic matter. Coarsens upward to Teredo-bored
wood-bearing medluni-grained sandstone

- Basalt cobble conglomerat, scoured into underlying sandstones.
Fines upward to bloturbated sandstone

- Horizontally laminated bioturbated sandstone with thin carbonaceous stringers,
rare calcite cemented concretlons

- Cobble and boulder conglomerate with basalt, granite, and hornblsnde gabbro cleats

Westward-dipping wedge sets of m.dlum-graleed sandstone which grades upward to- trough cross-stratified and bloturbated sandstone scoured into underlying sandstone

- Predominately .astward-dping trough cross-stratIfied and horiQntaiiy-iaiinsted
medhim to coarse-grained sandstone. Locally scoured and Dioturbateci with rare
discontinuous stringers of basalt pebbles and cobbles

Subhorlzontsly laminated un.dbim-gralned sandstone grading upward to trough
Cross-stratified and bloturbated sandstone

Fine to medkam-graIed arkosic, micacious hummocky cross- stratified sandstone
grading upward to trough cross-stratified medium grained sandstone

Basalt dike of N2 Wlnterwater Unit of the Grande Ronde Basalt

Horizontally-laminated coarse-grained sandstone grading upward to fine-to- medium-grained sandstone. Deposit contains Asterosoma and Rosseli burrows,
discontinuous carbonaceous stringers, and coaiifled Teredo-bored wood

Horizontally laminated and trough cross-stratIfied medium-gralned arkosic sandstone- scoured into Smuggler Cove mm. mudstones. Pholad borings ar. present
at the contact

Smuggler Cove formation

Figure 43. Stratlgraphic section of the Angora Peak member
showing major lithologles and fades. Section
compiled from measured section D-D' at Cape
Klwanda.
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Figure 44. Map showing the location of measured section D-D'
in the Angora Peak member at Cape Iwanda.
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brecciated, carbonaceous, fine-gralned sandstone. While this feature may

represent local fluidized sand of a water-escape pipe, its symetrical

form and internal structure suggest that It might be the complex feeding

structure or burrow of some marine organIn. One possibility Is that it

was created through the the organized feeding efforts of an Individual

or group of burrowing clams, which locally homogenized the bottom

sediment. This is supported by the presence of sub-vertically oriented

tubular-shaped structures within the disturbed zone (Figure 45).

Alternatively, the trace fossil may represent a sedimentary feature

similar In form to the feeding structures of the New Zealand eagle ray

described by Greggory et al. (1979). The eagle ray feeds on

shallow-marine Infauna in fine-grained sand, and typically leaves

depressions (approximately 30 cm wide and deep) that are cylindrical in

shape and subsequently filled by sediment swept in by bottom currents

(Figure 46). Similar funnel-shaped trace fossils have been described

within the Eocene lower Coaledo Formation in southwestern Oregon, and

their creation has been attributed to a large shallow-marine animal,

such as a crab or manta ray (Chan and Dott, 1986). Another possibility

is that the sedimentary feature simply represents a Teredo-bored stump

with most carbonaceous matter removed, leaving only the sand-filled

burrow network.

The bloturbated Interval of the lower part of the Cape Kiwanda

section grades upward through a fine- to medium-grained swaley sandstone

horizon that may represent amalgamated huninocky cross-stratified

sandstone (Dott and BourgeoIs, 1982; FIgure 43). ThIs, in turn, grades

to a high angle trough cross-stratified medlum-grained sandstone with

some lnterstratlf led subhorlzontally-laminated and bloturbated horizons



FIgure 45. Poeslble trace fossil in the Angora Peak member at Cape
Kiwanda. Note the na11 cylindrical sedimentary structures
CX) that parallel the sides of the disturbed zone and the
black carbonaceous matter in the center of the photograph.
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FIgure 46. Example of an eagle ray feeding depression that
may be analogous to the ichnofossil (?) discovered
in the Angora Peak sandstones at Cape Kiwanda.
The ray Jets water downward fran gill clefts on
the underside of Its body forming a circular
depression. After Gregory et al. (1979).

151



152

(Figure 47). Cross-bedded strata Include scattered thin ((8 cm)

laterally discontinuous stringers of basalt pebbles and nall cobbles.

The foresets and axes of the trough cross-stratified sandstones are

often bidirectional, trending east-west, but mainly dip to the east.

They are scoured by planar-laminated, bi-directional wedge sets of

medium- to coarse-gralned arkosic-micaceous sandstone (Figure 47). These

grade upward to another trough cross-stratified Interval capped by a

predominantly structureless sandstone bearing highly ferruginized

Rosselia burrows (Chamberlain, written coanunicatlon, 1989).

Scoured into this burrowed sandstone is an unusual deposit of

hematite-cemented round cobbles and boulders predominantly composed of

vesicular Tillamook basalt, with rare subrounded boulders and cobbles

(up to 30 cm diameter) of cross-bedded quartz sandstone and two mica

granite (Figure 43). This deposit is approximately 60 cm thick and

characterized by large clasts in both framework and matrix

medium-grained support by the surrounding sandstone. It Is overlain by

by a local unconformity of Pleistocene terrace sands and gravels. This

unit grades upward to horizontally laminated, bioturbated, carbonaceous

and calcite-concretlonary sandstone with coninon Asterosorna (?) and

Rosselia (?) burrows, Teredo-bored wood, and a thin (<10 cm) basalt

pebble and cobble conglomerate (Figure 43). A distinctive channel cuts

downwardinto these deposits (Figure 48), And Is characterized by a

basal lag deposit of extremely weathered basalt cobbles, that grades

upward to a medium-grained, trough cross-stratified,

calcite-concretionary basaltic sandstone with some basalt pebbles.



FIgure 47. Angora Peak member sandstone on wave cut bench at Cape
Kiwanda with trough cross-stratified fine to medium-gralned
sandstone overlain by planar wedge-sets of medlum-gralned
sandstone.
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FIgure 48. Angora Peak member on south side of Cape ICiwanda with large
channel-fill deposit incised Into carbonaceous and
bloturbated sandstone. Dark gray maf Ic voicaniclastic-rich
channel-fill strata contrast In color with underlying
light brown arkosic sandstones.
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Petroaraphv

Classification and Mineralocv

Petrographic descriptions and 400 poInt-count modal analyses were

conducted on eight thin sections of sandstones collected from the Angora

Peak member of the Astoria Formation (Appendix V). Results from modal

analyses are plotted on Folk's (1968) QFL ternary diagram for

classification (FIgure 49). One sample plots as an arkose, four as

lithic arkoses, and three as feldspathlc litharenites. The average

detrital grain composition of Angora Peak member sandstones is

characterized by equal quantities of Nquartz and chertTM group-minerals

and feldspar-group minerals, each contributing 36 percent to the total

grain population. The lithic suite follows, with 22 percent, and mica

contributes only two percent (Appendix V).

Monocrystalline quartz dominates, and contributes an average of 25

percent to the total detrital grain population (FIgure 50). Although it

is typically strained and exhibits wavy extinction, very rare embayed

and vacuoled unstrained quartz grains are also present and Indicate the

existence of silicic volcanic rocks In the provenance. Polycrystalline

quartz (7 percent) and hydrothermal quartz ( 1 percent) are also

present. Chert clasts contribute an average of three percent, and some

chert grains Include 'ghosts of recrystallized sponge spicules,

indicating that deep-marine pelagic chert exists In the provenance.

Orthoclase is the most abundant feldspar in Angora Peak sandstones,

comprising 12 percent of all detrital grains (Figure 50). It is

typically moderately altered, but some are extensively altered.

Microci Inc (3 percent) tends to be fresher than orthoclase. Subequal

quantities of twinned and untwlnned plagloclase are also present In the
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ANGORA PEAK MEMBER
ASTORIA FORMATION
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Figure 49. Sandstone classification ternary diagram showing
the position of nine samples of Angora Peak member
sandstones (C; 400-point modal analysis). End
member corners are quartz (0), feldspar (F), and
lithic fragnents (L). Modified after Folk (1968).
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Figure 5O PhotonIcrograph of Angora Peak member sandstone (locality
52-88). Sandstone is a well-sorted, line- to medium-gralned,
lithic arkose with monocrystalline quartz (0), orthoclase
(0) combined carlsbad- and albite-twinned plagloclase (P),
plagioclase micro-phyric volcanic rock franent (V),
muscovite, and a quartzlte clast (Pt). Note the porosity (blue
dyed epoxy), bent mica, and the thin birefringent diagenetic
clay rim cement. Field of view Is 1.31 nm. Crossed and
uncrossed nicole.
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FIgure 50.
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Angora Peak member (10 and 11 percent, repectively). Twinned plagloclase

is characterized by connon albite and some Carlsbad twin types (Figure

50). Although most twinned plagioclase grains are fresh, sane are

slightly to moderately altered to clay minerals. Untwinned plagioclase

Is generally less altered than twinned plagioclase, however both twinned

and untwlnned plagloclase grains have been moderately to extensively

replaced by calcite in samples collected from calcareous concretlons.

Zoning Is fairly coriuion among untwinned plagloclase grains.

Both blotite and muscovite mica account for only two percent of the

total detrital grain population (one percent, respectively). Elongate

mica grains are typically oriented parallel to bedding and coninonly bent

and broken around adjacent brittle quartz and feldspar grains (Figure

50).

The lithic suite within sandstones of the Angora Peak member Is

fairly diverse, and dominated by maf Ic volcanic clasts which comprIse 15

percent of all detrital grains. These clasts are typically aphyric to

plagioclase micro-phyric, with plagloclase laths ccxrmionly aligned,

displaying pilotaxitic flow texture typical of the Tillamook Volcanics.

The grounnass of most basaltic rock franents Is moderately to

extremely altered to nectItIc (?) and chlorltic clays, and stained with

Iron-oxide.

A sample (CL-74, southwest sec. 6, T. 3 S., R. 10 W.) collected

from a possible volcanic grit bed in the Angora Peak member proved to be

unique because It was predominantly composed of rounded light brown to

yellow basaltic sideromelane glass franents with periltic structure,

and subordinate altered tachylite glass mixed with finer-gralned

quartzo-felspathjc sand (Figure 51). ThIs thin section also Included
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Figure 51. Photanicrograph of sample taken from the basaltic grlt'
at locality CL-74 In the Angora Peak member. Sample Is
composed of a poorly sorted mixture of fine quartzo-
feldspathlc sand grains and large (2-4 nm diameter)
sidercrnelane and tachylite glass franents, Field of
view 6.7 nm. lincrossed nicols.
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some rounded, slightly to extensively altered, plagioclase phyric, and

augite-bearing basaltic rock fraiients with Intergranular to Intersertal

textures. These textures and sideromelane are typical of glassy rinds of

pillow flows and quench breccias of Columbia River Basalt (nith, 1974;

Cressy, 1973). However, this grIt" may actually represent a pepperite

sill of Columbia River Basalt. The two hypothesized origins for the

'4grit" are discussed in the depositional environment section.

Silicic volcanic rock franents are much less conunon than their

maf Ic counterparts and comprise only approximately 3 percent of the

total detrital grain population (FIgure 50). Silicic volcanic grains

range from fresh to moderately altered, aphyric to plagioclase

porphyritic, and display coninon intersertal texture. The plagioclase

phenocrysts are conunonly quite fresh and zoned, and some are found

floating in a cherty groundmass that may represent recrystallized

silicic volcanic glass. Extensively altered pumice is also present,

through very rare. Its presence may Indicate contemporaneous silicic

volcanin within the Western Cascade volcanic arc during Angora Peak

t i me.

Granitic rock fragnents comprise 2 percent of the total detrital

grain population of Angora Peak sandstones, and typically occur as

intergrowths of quartz and microcline or orthoclase. Although granitic

rock franents are coninonly sand-size, an exotic subrounded two-mica

granite boulder (25 cm diameter) was discovered at Cape Kiwanda

(locality 80-89A, southeast sec. 13, T. 4 S., P. 11 W.). Petrographic

analysis of this boulder reveals that it is predominantly composed of

orthoclase (approximately 55 percent), polycrystalline quartz

(approximately 25 percent), and plagloclase (15 percent). Myrmekite Is
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also present (2 percent) followed by muscovite and blotite (3 percent

each; Figure 52). GeochemIcal analysis of sample 80-89A (performed at

Dr. P. looper's X-ray fluorescence lab at Washington State University,

Pullman; Appendix IX) Indicates that the sample is very rich In silica

(75.82 weight percent) and alkalies (Na20, 3.52 wt.% and 1(20, 5.12 wt.

%). The mineral abundances listed above (ascertained by visual

inspection of thin section 80-89A) plot on the JUGS plutonic rock

classification diagram as a granite, which is consistent with the

chemical composition of this sample (Hynchnan, 1972; Appendix IX). The

texture of the granite Is predominantly hypidiomorphic granular, however

some poikilitic texture exists within large (4 mm) orthoclase crystals

which enclose earlier-formed plagioclase and myrmekite crystals.

Sedimentary rock franents are typically present in trace amounts

within the sandstone of the Angora Peak member and inicude siltstone,

sandstone, chert, glauconite, and rare sedimentary quartzite. The

sedimentary quartzite is of special significance, however, because it

also occurs as an exotic subrounded cobble (12 cm diameter) at Cape

liwanda (locality 80-89F) near the large exotic granitic clast

previously described. Petrographic analysis reveals that the

cross-bedded sedimentary quartzlte (Figure 54) is arkosic, rich in

detrital quartz and plagioclase feldspar, with minor muscovite and

phyllite rock franents. The individual grains are subangular to

subrounded, and completely silica cemented. Silica cement has grown as

syntaxial overgrowths on detrital quartz grains, and faint dust rims and

diagentic clays define original detrital grain boundaries (Figure 54).

The provenance significance of the unusual sedimentary quartzite and

granite boulder is discussed in the provenance section of this thesis.
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Figure 52. Photomicrograph of two-mica granite cobble collected from
cobble and boulder-rich horizon in the Angora Peak member at
Cape Kiwanda (locality 80-89). GranIte has hypidlomorphic-
granular texture, and Includes orthoclase (stained yellow),
polycrystalline quartz, and both biotite And muscovite
mica. Granite clast Is exotic and may have been derived
from the Idaho Batholith. Field of view is 3.3 nm. Crossed
nicole.
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Figure 54. Photomicrograph of a sedimentary quartzite collected from a
cobble and boulder-rich horizon in the Angora Peak member at
Cape Kiwanda. Silica cement has grown In optical continuity
with most quartz grains. Faint dust rims (D) define the
original boundaries of quartzo-feldspathic clasts prior to
cementation. Field of view 1.31 nm. Crossed nicole.
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Also present in trace amounts within sandstones of the Angora Peak

member are metamorphic rock fragments, which Inlcude quartzite, schist,

and phyllite (Appendix V).

Heavy Minerals

The results of heavy mineral analyses (Appendix VII) show that the

non-opaque heavy mineral assemblage of the Angora Peak member is

composed predominantly of amphibole minerals, which contribute

approximately 63 percent to the total non-opaque heavy mineral

population, followed by epidote (22 percent), orthopyroxene (5 percent),

clinpyroxerie (two percent), garnet (two percent), biotite (two percent),

and zircon (one percent).

Green hornblende Is the most abundant amphibole in the non-opaque

heavy mineral suite (Figure 55), accountIng for 32 percent of the total

population. It is followed in abundance by blue-green hornblende (17

percent), brown hornblende (11 percent) and trace amounts of

tremolite-actinolite and glaucophane or riebeckite. Most amphiboles are

characterized by bladed or serrated grain terminations that may reflect

diagenetic etching along cleavage planes (Figure 55). Corroded

hornblendes have been observed In thin section and appear to have been

subjected to extensive secondary dissolution during diagenesis.

The epidote heavy mineral population (Figure 55) includes

clinozoislte (7 percent), clear epidote 6 percent), green epldote (6

percent), and zoislte (2 percent). These grains are typically fresh and

moderately to well rounded. The orthopyroxenes enstatite and hypersthene

follow, comprising 3 and 2 percent, respectively, and the clinopyroxene,

augite contributes 2 percent. All pyroxenes are moderately to

extensively altered. Clear and pink garnets each contribute one percent
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Figure 55. Photornicrograph of heavy minerals fran the Angora Peak
member with abundant hornblende (H) and epidote CE), and
rare zircon (2). FIeld of view 1.31 ian.
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to the non-opaque heavy mineral suite, and two percent of the population

is composed of brown biotite. Zircon follows with one percent, and,

although predominantly euhedral, also occurs as subrounded grains, which

may indicate recycling of these abrasionally-resistant minerals from an

older sandstone unit.

Other non-opaque heavy minerals present in trace amounts include

staurolite, rutile, monazite, kyanite, apatite, sillimanite, and the

tourmalines elbaite and schorlite. The provenance significance of these

heavy minerals is discussed in the provenance section.

Forosi tv

The average porosity of Angora Peak sandstones estimated from modal

analysis is only four percent (Appendix V). It should be noted, however,

that this estimation is probably not representitive of true average

porosity of this unit because rare low-porosity calcite-cemented

sandstone concretlons were preferentially selected f or thin sectioning.

A better estimate of Angora Peak sandstone porosity may be achieved

using point-counted samples free of calcite cement In sandstone

concretions. Utilizing only these samples, the average porosity of

Angora Peak member sandstones increases to approximately eight percent,

and ranges from one to 18 percent.

Reduced primary Interparticle porosity characterizes most Angora

Peak sandstones and was the result of the formation of clay-rim and

hematite cements (FIgure 50) and creation of pseudomatrix from altered

volcanic rock franents during diagenesis. Calcite-cemented

concretionary horizons, though not volumetrically significant, also

occur locally.
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The SEN photograph in Figure 56 shows closely packed detrital

quartz and feldspar grains, and partial occlusion of pore space and pore

throats by a diagenetic clay resembling a nect1te-chlorite Intergrade

(Welton, 1984). ThIs photograph also shows nali euhedral potassium

feldspar overgrowths which have further reduced pore space. However,

minor secondary porosity is also present and appears to be the product

of partial dissolution of a plagloclase (?) feldspar grain during

diagenesis (Figure 56). Petrographic analysis also revealed a nall

amount of intraparticle secondary porosity created through the

dissolution of plagioclase feldspar laths within select mafic volcanic

gra i ns.

Textural and CompositIonal Maturity

The textural characteristics of Angora Peak member sandstones were

ascertained through textural (Appendix VI) and petrographic (Appendix V)

analyses. They indicate that this unit contains little or no detrital

silt or clay matrix, is moderately to well-sorted, predominantly fine-

to medlum-gralned, with some very coarse-grained, and Includes rounded

to angular grains. Based on the criteria established by Folk (1951),

these textural charateristics indicate that the Angora Peak member

sandstones are submature to mature, suggesting moderate to rapid rates

of sedimentation.

Petrographic analyses reveal that Angora Peak member strata are

moderately rich in rock franents and unstable heavy minerals, which

make this unit compositlonally ininature to submature (Folk, 1951). This

indicates that Angora Peak sediment was rapidly eroded in a steep relief

source area and transported under conditions that favored physical,

rather than chemical, weathering (Folk, 1951).
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Figure 56. ScannIng electron microscope Image of Angora Peak member

sandstone showing diagenetic euhedral potassium (?) feldspar

(A) growing on top of an abraded feldspar (?) grain (B).

These diagenetic overgrowths are partially dissolved

(circled). Diagenetically etched plagioclase C?) feldspar

grain (C) shows extensive dissolution along cleavage planes.
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Dlaczenes!s and Paraaenetic Seauence

The grains most strongly influenced during diagenesis are the maf Ic

volcanic rock franents, which are characterized by a grounnass that

has been moderately to severely altered to brown nectitIc (?), or green

chloritic clay. Some grains have been altered to the extent that they

lost their Inherent rigidity during compaction and flowed into adjacent

pore spaces to form pseudomatrix (Dickinson, 1970). Although plagioclase

microlites are typically fairly well preserved in most mafic volcanic

grains, even these have been altered to clay or completely dissolved in

extensively altered clasts. Within calcite cemented concretlons of the

Angora Peak member, maf Ic volcanic franents are frequently partially

replaced by sparry calcite cement.

Although silicic volcanic grains are typically less altered than

mafic volcaniclastics within Angora Peak member sandstones, the

grounnass within most silicic volcanic grains has also been influenced

by diagenetic processes and Is slightly to moderately altered to brown

stnectitic (?) clays. The calcic cores of select zoned plagioclase

phenocrysts show signs of moderate to extensive alteration to clay, and

most silicic glass has been devitrified to chert. Silicic volcanic

grains are also partially replaced by calcite in concretionary

sandstones.

The feldspar minerals are generally moderately to extensively

altered, and some are almost completely dissolved from dlagenetic

effects. Figure 56 shows that euhedral potassium feldspar overgrowths

have grown adjacent to a severely corroded plagioclase (?) grain. Slight

etching of the overgrowths can be seen in Figure 56, and may Indicate
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that pore fluid chemistry changed, becoming undersaturated with respect

to potassium feldspar.

Most plagloclase grains are typically fairly fresh to moderately

altered to clays, and some were fractured during compaction. In

calcite-cemented sandstones, however, plagloclase minerals are cocTinonly

partially to completely replaced by sparry calcite cement but seldom

fractured, attesting to early formation of calcite concretlons. Quartz

also shows signs of reaction with sparry calcite, with the rims of most

quartz grains slightly etched and replaced.

Angora Peak member sandstones are dominated by early clay-rim

cements, which typically occur as thin birefringent yellow to green

grain linings (Figure 50) that partially to completely occlude adjacent

pore spaces. Green to yellow chlorite or nontronite (an iron-rich

nectite) is a coiwnon cement In Angora Peak member sandstones, and

typically occurs within horizons that are enriched In volcaniclastic

detritus. Hematite Is another cctiinon cement (Figure 50) whIch was

precipitated on older pre-existing clay-rim cements. The ions required

to precipitate both clay-rim and hematite cements were probably released

from neighboring Iron and magnesium-rich volcanic rock fragnents and

unstable heavy minerals during diagenesis. Calcite cement Is relatively

rare, but appears to have been precipitated early in the dlagenetic

history because tangential detrltal grain contacts were preserved, and

the unstable rock fragnents locked within these tightly-cemented

sandstones are relatively free of alteration and clay rim cements.

Although calcium-rich volcanic rock fragnents and plagloclase grains may

have liberated the Ions required to precipitate calcite cement (Blatt,

1979), pore fluids may have become supersaturated with respect to this
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cement after dissolution of aragonitic molluscan shell material within

neighboring fossiliferous strata.

Paragenetic Sequence

Angora Peak member strata were characterized by fairly rapid

deposition and burial. Prior to significant compaction, however, many

molluscan shells concentrated in beds were dissolved and the CaCO3

reprecipitated as local calcite-cemented concretionary sandstone

horizons. As the depth of burial increased unstable maf Ic volcanic rock

franents and feidspars were partially altered to clay or corroded. Some

porosity was reduced during this time as extensively altered

volcaniclastic grains squeezed into pore spaces as pseudomatrix, and

snectitic (?) and chloritic clay rim cements were precipitated. However,

a nall amount of secondary porosity was also created asplagioclase

feldspar grains and plagioclase crystals in volcaniclastic grains were

partially to completely dissolved, leaving new void spaces. Possibly

occuring at the same time, potassium feldspar overgrowths were

precipitated, which further reduced pore space. Subsequently,

degradation of K-feldspar overgrowths ensued as pore fluids became

undersaturated with respect to this mineral once again. Late in the

burial history of the Angora Peak member, telogenetic hematite cement

was precipitated on other pre-existing cements, and may have accompanied

uplift of this unit into the vadose zone.

The presence of clay-rim cements, pseudcmatix, and low porosity

indicate that the Angora Peak member had been buried at shallow to

intermediate depths (300-1300 m; Figure 28; Galloway, 1979).



Aqe and Correlation.

Moiluscan fossils collected both during this study, as well as that

of Snavely and Vokes (1949), Indicate that the Angora Peak member of the

Astoria Formation in the Tillamook embayment is predominantly a

Plllarian stage (early miocene) unit, but Newportian stage (early to

middle Miocene) in its uppermost part (Figure 10). The Pillarian stage

mollusk Vertiecten fucanus was identified from middle Angora Peak

member strata at locality 58-88 (southwest quarter sec. 15, T. 1 S., P.

10 W.), and possibly identified from the lower part of this unit at

locality 61-88 (southwest quarter sec. 33, T. 3 S., P. 10 W.),

respectively (Moore, personal coemunication, 1989; Appendix IV).

Although no age-diagnostic fossils were recovered during this

study from the upper part of Angora Peak member strata, Snavely and

Vokes (1949) reported the Newportian stage (early to middle Miocene)

mollusk Fatinopecten propatulus within the Astoria Formation (Angora

Peak member of this study) on the north side of Cape Kiwanda, which is

interpreted to represent upper Angora Peak strata. The minimum age of

the Angora Peak member is constrained by a cross-cutting relationship

with a dike of N2 low magnesium, low titanium Winterwater Unit of the

middle Miocene Grande Ponde Basalt (locality K-i, Appendix IX; discussed

in Grande Ronde Basalt section) InJected into Newportian stage

sandstones. This indicates that the upper part of the Angora Peak can be

no younger than 14.5 my (Swanson and Wright, 1979).

Correlative Pillarian and Newportian stage rock units in northwest

Oregon include the uppermost part of the Pillarlan Yaqulna formation

(Moore and Addlcott, 1987), Plllarlan Nyc Mudetone, and Newport member

of the Astoria Formation in the Newport embayment (Cooper, 1981); and
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the Smuggler Cove formation, and Cannon Beach, Youngs Bay, Wickiup

Mountain, and Angora Peak members of the Astoria Formation in the

Astoria embayment (Niem and Niem, 1985).
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DeDositlonal Environment

The Angora Peak member was deposited In a shallow-marine 5helf

environment within and adjacent to an ancestral Columbia River

wave-dominated delta complex or high-discharge wave-dominated

river-mouth ebb tidal-delta system during the the lower to middle

Miocene. Deposition of Angora Peak member strata in the Tillamook

embayment took place during a marine regression possibly Initiated by

regional or local tectonic uplift, or a pulse of sedimentation.

Lower Anaora Peak Member

The gradational contact between the bathyal nested channel fades

of the upper Sutton Creek member of the Nye Mudetone (Rau, written

coninunication, 1988) and the middle to inner shelf sandstones of the

Angora Peak member marks the second of two early Miocene marine

regressions in the Tillamook ernbayment. Within the lower part of the

Angora Peak member this regression or off lap is characterized by a

general coarsening-upward sequence to thin siltstones and thick

horizontally laminated to bloturbated fine-gralned silty arkosic

micaceous sandstones. These sandstones are locally fossiliferous and

contain articulated specimens of Katherinella. (atherinella) sp. cf. .

(n.) naustlfrons and Vertipecten? S. cf. A. (A.) . fucanus (locality

61-88, southwest quarter sec. 33, T. 2 S., R. 10 W.; Appendix IV), which

thrived In the shallow marine inner to middle shelf environment in

depths ranging from from 2 m to 80 m (Moore, written ccninunication,

1989).

The laminated and bioturbated sandstones and siltstones of the

lower Angora Peak member are similar to the utransitlonal faciesu of a
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wave-dominated delta complex described by Balsley (1982). The

transitional fades lie between a deeper NprodeltaN environment

dominated by quiet hemipelagic sedimentation and a shallower lower

shoref ace environment which is characterized by higher-energy storm-wave

sedimentation (Figure 57). In the transitional environment, sand is

transported to or slightly below storm wave-base by seaward-flowing

shelf density flows during periods of coastal set-up attending major

storms (Balsley, 1982; Walker, 1984; process described in Figure 13 of

the Smuggler Cove section). The interbedded siltetone is deposited

during relatively quiet intervening periods of hemipelagic sedimentation

between storm events at or below storm-wave base (Balsley, 1982; Dott

and Bourgeois, 1982). Fine-grained sediment may have been transported

seaward into relatively deep water within turbid layers fanning outward

from the mouth of the ancestral Columbia River (Kuim et al., 1975). The

bioturbated intervals of the lower Angora Peak strata are similar to the

mixed sand and mud fades described by KuIm et al. (1975) which extend

from the middle to outer edge of the modern continental shelf off Oregon

(Figure 32). These extremely bioturbated horizons suggest that the rate

of sedimentation was fairly low, or the activity of middle shelf Infauna

was very high.

Near the lower contact, rare clastic dikes and sills truncate the

bloturbated sandstones of the Angora Peak member (locality 61-88). They

are texturally incompatible with surrounding siltstones and bioturbated

sandstones, however, and may have been injected upward from rapidly

deposited turbidite or grainf low sandstone beds within the underlying

Sutton Creek member after fluidization, possibly caused by rapid loading

or seismic events.



Upper Sutton Ck. mbr.
Nyc Mudston

OFFSHORE
P HO 0 F ITA TRANSI11ON

Angora Peak mbr.

FORESHORE

SHOREFACE BACKSHORE

Lower Upper
(eroded)

BARRIER ISLAND
DELTA PLAIN

(eroded)

rodelt: Predominately thick blankets of slltstone derived
from the suspended load of rivers. Weakly to
extensively bloturbated. Deposited below wave-base.

Transition: Hemipelagic siltstone interbedded with shelf
turbidite and hurnmocky cross-stratified sandstone.
Deposited near storm wave-base.

Lower shoreface: Dominated by hummocky cross-stratified
sandstone. Deposited between storm and fair weather

wave-base.

Uer shoref ace: Trough cross-stratified to parallel
laminated sandstone. Deposited at fairweather wave-
base in zone of shoaling waves.

Foreshore: Seaward-dipping planar wedge sets of sandstone.
Deposited In the swash zone.

FIgure 57. Distribution of facies associated with a wave-
dominated delta, as originally applied to the
Cretaceous Book Cliffs, Utah, stratigraphic
sequence. Modified after Balsley (1982).
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Lower to Middle Anaora Peak Member

In the lower to middle part of the Angora Peak section, continued

marine regression is manifested by a shift from the transitional fades

of Balsley (1982) to a thick interval of lower shoref ace deposits. These

lower shoref ace deposits grade upward from thick bioturbated sandstones

and interbedded "rn-cutout" and "bioturbated" types of amalgamated

humocky cross-stratified arkosic sandstones, to that of the

coarser-grained "shell-hash" and "pebble lag" types (Figure 39; Figure

22).

The lower Angora Peak shoref ace deposits are locally fossiliferous

and bioturbated and include the following specimens:

Locality

SNB-105 59-88 (CL-74) (3-88-8)

Chione (Securella) ensifera X
Katherinell (Katherinella)

anczustifrons X
jlacoma arctat, X
Vertloecten fucanus X

Anadara (A.) devincta X

Anadar sp. X X

isula (Mactromeris) ep. cf.

. (ti.) albarla X X
Chlamvs(?) sp. X

( ) = Sampled from fossil hash
(Moore, written caiinunicatlon, 1988, 1989)

All of the fossils of this collection lived at depths ranging from 2 m

to 70 m (Moore, written coninunicatlon, 1988-1989). Though fairly broad,

this range can be further refined by the association of these

fossil-bearing horizons with interbedded huninocky cross-stratified

sandstones (Figure 39) whIch suggests that final deposition actually

took place at or near middle shelf depths between fair and storm-wave

base (Dott and Bourgeois, 1982; Walker, 1984).
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The bioturbated strata within the lower to middle Angora Peak

member, some of which contain relict traces of huninocky cross-lamlnae,

probably represent relatively fair-weather conditions between strong

storm events (Dott and Bourgeois, 1982). During these quiescent periods,

rates of sedimentation were probably slower and the substrate was stable

enough for benthic organins to keep pace with deposition. However, the

lack of mudstone interbeds capping most bioturbated Intervals, and

abundant evidence of amalgamation within huninocky cross-stratified

strata, suggest that subsequent storm activity was sufficiently vigorous

to resuspend and winnow hemipelagic fine silt and clay and erode the

tops of antiformal sand huninocks left during previous storm events (Dott

and Bourgeois, 1982). The relative scarcity of bioturbated Intervals

upsection in reference section E-E' (Figure 39) coupled with a general

coarsening-upward trend, may reflect higher energy conditions which

eliminated all traces of bioturbation or a general increase in

sedimentation rate with which burrowing and foraging Infauna could not

keep pace (Figure 58; Dott and Bourgeois, 1982).

In the northern part of the study area, huninocky cross-stratified

and bioturbated middle Angora Peak strata are cut and interstratif led

with a laterally extensive channel-fill complex (cross-hatched Tap on

Plate I) characterized by abundant carbonized woody debris, high-angle

cross-bedding, trough cross-stratification, and numerous truncation and

reactivation surfaces. Recognizing the strong unidirectional current

influence on these deposits, which indicate a southwestward direction of

sediment dispersal (Figure 42), Cooper (1981) Interpreted these strata

to represent fluvial or river-dominated marginal-marine deposits. During

the course of this study, however, abundant Teredo-bored wood and
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Figure 58. ContInuum of different hurnmocky stratification
types with changes in sediment input, depth, and
storm wave height. After Dott and Bourgeois (1982).
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several large articulate C1Inocardluzj (?) ep. specimens (localities

57-88 and 58-88, southwest quarter sec. 15, T. 1 SW., R. 10 W.; Moore,

written connunIcation, 1989) were collected from this deposit. Because

Clincardiu ep. represents shallow marine water depths ranging from

intertidal to 30 m (Moore, written corfilnunication, 1989), and the

wood-boring clam Teredo is also indicative of a marine environment, the

channel ized strata were probably deposited in a very shallow marine

environment, rather than the brackish estuarine or fluvial setting

envisioned by Cooper (1981).

The non-channel ized stratigraphic sequence of lower to middle

Angora Peak strata in the Tillamook embayment was previously Interpreted

by Cooper (1981) as predominately an inner shelf sheet sandstone,

deposited in a wave-dominated setting and supplied by an ancestral

Columbia River. His interpretation, which was based on Information

provided from molluscan assemblages and sedimentological evidence,

basically concurs with those of this study. However, recent development

of Tertiary depositional system fades models for other western Oregon

sedimentary units since Cooper's (1981) work (e.g. Coaledo and Cowlitz

formations) help to place middle Angora Peak strata Into a

better-defined inner shelf subfacies. Lower to middle Angora Peak

strata, which are characterized by an underlying transitional facies

that grade upward to a thick package of huninocky cross-stratified lower

shoref ace sandstones bearing local channel-fill deposits, are similar to

stratigraphic sequences described by Chan and Dott (1986) within the

Eocene Coaledo formation of southwest Oregon. Chan and Dott (1986)

interpreted the Coaledo formation to consist of two primary

stratigraphic sequences that represent two different paloegeographic
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positions with respect to a wave-dominated delta and distributary

channel complex (Figure 29).

The first subfacies sequence of Chan and Dott (1986; Figure 29-A)

is the most compelling with regard to comparison with Angora Peak

strata. It shows delta distributary channel deposits over hurrinocky

cross-stratified sandstones, which, in turn, overlie deposits

prodelta-shelf deposits (in part equivalent to Balsley's transitional

fades), reflecting deposition within and seaward of an actively

prograding wave-dominated delta. Related to this model, the huninocky

cross-stratified Angora Peak sandstones interstratlf led with channel ized

and cross-bedded sandstones in the northern part of the study area

(cross-hatched Tap in Plate I), would represent delta front deposits

(Chan and Dott, 1986; Figure 29-A). The corresponding channelized strata

would represent the adjacent landward delta-distributary channel fades

(Chan and Dott, 1986; Figure 29-A). However, because no modern analog

for a wave-dominated delta exists at the mouth of the Columbia River

today, an alternative interpretation Is that these deposits represent

storm wave-reworked sandstones offshore of an ancestral Columbia

River-fed ebb-tidal delta channel complex, cut by and lnterstratif led

with the cross-bedded ebb-tidal delta channels themselves (Figure 31;

model discussed in detail in the Bewley Creek formation section).

Where no evidence of channelization occurs within or above the

lower shoref ace deposits of the middle Angora Peak member (e.g. all

parts of the Angora Peak member in the Tillamook embayment with the

exception of the cross-hatched strata in Plate I), the stratigraphic

sequence more closely resembles the second facies sequence of Chan and

Dott (1986; Figure 29-B). In this case, the lower shoref ace deposits of
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the lower to middle Angora Peak member would represent a middle shelf

depositional environment peripheral to the region of active

wave-dominated delta deposition. However, like the alternative

depositional environment proposed above, these strata may also have been

deposited offshore and lateral to the debouchment point of an ancestral

Columbia River (4 in Figure 31). Close proximity of middle Angora Peak

strata to the mouth of a major river system is supported by the abundant

disseminated flecks of terrigenous carbonaceous matter found within both

hurimiocky cross-stratified and bioturbated sandstones, and the large

carbonized logs found in cross-bedded channels which may have been

transported to the marine environment during storm or flood events.

The lithofacles and sedimentary structures within both the Angora

Peak member and the underlying Bewley Creek formation strata are quite

similar, and suggest that these units were deposited within similar

wave-dominated ebb-tidal delta depositlonal systems. It should be noted,

however, that the Angora Peak strata in the Tiliamook embayment are

impoverished in both pumice and tuff relative to Bewley Creek sandstones

(Appendix V). This may indicate that the Angora Peak member was

deposited during a relatively quiescent phase of volcanIn within the

Western Casacade arc, and that deltaic or strand progradatlon attending

regression during Angora Peak time was more heavily influenced by

tectonic uplift or eustatic sea-level changes than a pulse of

sedimentation attending volcanin in the Cascade volcanic chain.

Uer Anaora Peak Member

It is difficult to ascertain the depositionai environment for upper

Angora Peak strata because little of this portion of the section Is

exposed or preserved in the study area. Vegetation now covers the
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contact with the overlying Cannon Beach member, and the upper part of

the unit has been removed along the unconformable contacts with the

Grande Ronde Basalt and Netarts Bay member. However, based on data

collected from localities NNB-39 and NNB-40 near the upper contact with

the Netarts Bay member (northwest quarter sec. 11, T. 2 S., R. 10 W.),

middle Angora Peak strata seem to fine-upward from fine- to

medium-grained, rarely pebbly or gritty lag-type amalgamated hunnocky

cross-stratified sandstones, to silty, fine-grained, extensively

bioturbated, carbonaceous, fossiliferous sandstones. The fine grain size

and bioturbated nature of the upper Angora Peak member resembles lower

Angora Peak strata near the contact with the Sutton Creek member of the

Nye Mudstone, and may represent a gradual transgression to a similar

utransitional facies at, or slightly below storm wave base (Balsley,

1982).

Bioturbated sandstones of the upper Angora Peak member are locally

rich in articulated fossils, and include:

Locality

NNB-39 NNB-40
Katherinella sp. cf. . (L.)

anaustifrons X X
Lucinorna(?) sp. X
Anadara (Anadar) dcv incta, X
Spisula(?)sp. cf. . (p1.) albarI X
Panoea abruta, X
Clinocardiur(?) sp. X
Ficus odest, X

(Moore, written communIcation, 1988; 1989)

Most of the articulated mollusks in this collection lived In an open

marine environment between 2 and 70 m (Moore, written communication,

1988-1989). It is Interesting to note that the depth range of

Clinocardium(?) and Luclncma(?) (intertidal to 30 m, and 25 to 750 m,
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respectively) apparently narrows the potential depth of sedimentation

for upper Angora Peak sandstone between 25 and 30 meters. However, these

water depths conflict with the sedimentological characteristics of upper

Angora Peak strata, which more closely resemble deeper marine conditions

where wave activity and sedimentation rates were low enough for Infauna

to completely homogenize sediment. As a result of these seemingly

contradictory data, the possibilty exists that the Clinocardiui (?)

specimen tentatively identif led by Moore (written corinunlcat1on, 1988),

actually represents a some deeper-ranging species of pelecypod.

Conversely, it is also possible that these strata were deposited In a

shallow marine environment, and represent a bioturbated offshore bar. If

this is the case, the transitional fades between the Angora Peak shelf

strata and overlying Cannon Beach member slope fades Is obscured in the

northern part of the study area, and eroded away at the unconformitles

with the Netarts Bay member and Grande Ronde Basalt to the south.

Uer (?) Anaora Peak Member-Cape Kiwanda

The Angora Peak member sedimentary structures, contact

relationships, and fossil assemblages at Cape Kiwanda (reference section

D-D', Figure 43) are of interest because they are somewhat different

from those that characterize the unit further to the north within the

present study area.
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Near the basal contact of the Angora Peak member at Cape Kiwanda,

Snavely and Vokes (1949) collected a suite of molluscan fossils which

included:

Molluscan Stage

Fatinopectin, propatulus
Acila (Truncacila) conradi..
Nucula washinatonensis
Yoldia (Xalavoldia)

cf .oreaona

Glvcvmeris cf. C.
vacouverensis

olen curtus cf.
pisula sp.

Natica, (Tectonatica) saxe

Newport Ian (Moore and Addicott, 1987)
.Newportian (Moore and Addicott, 1987)

juculana chehal isensis

Anadara divincta
JatherInel Ia anaustlfrons
Sp1sul, albarI,
flatica, (Tectonat1c,) oreaonensis
Ol1vell, pedroan,
Cancel lar1, vestust,

These mollusks indicate a fairly shallow-marine environment, between 5

and 50 m water depth (Moore, written connunicat1on, 1988; Cooper, 1981),

and are particularly significant because they Include two age-diagnostic

specimens, atinopectjn propatulus, and Acila (Truncacila)

conradi, both indicative of the Newportian-stage (Figure 10; Moore and

Addicott, 1987). The relatively young age of Angora Peak member strata

at Cape Kiwanda gives rise to the possibility that these sandstones were

deposited during the same transgression event that signified the

transition from upper Angora Peak shelf conditions to outer shelf and

slope conditions of the Netarts Bay and Cannon Beach members to the

north in the Tillamook embayment. Similarities in lithology and

relatively close geographic position suggest that both northern and

southern Angora Peak member sections were part of an ancestral Columbia

River-fed shelf depositional system (complete discussion of source

terrains in provenance section).

The unconformable contact between the shallow marine

Newportian-stage sandstones of the Angora Peak member and bathyal
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Zemorriari or Refugiari mudstones of the Smuggler Cove formation (Snavely

and Vokes, 1949; Heltman, Onoca] Corporation, written conmunicatlon,

1989) is sharp and characterized by many Pholad borings (Figure 14;

Chamberlain, written corimunlcation, 1989). The presence of Pholad

borings indicates that the Smuggler Cove mudstones must have been

partially lithif led prior at the time of their formation, as Pholads

typically burrow into semi-consolidated substrates (Chamberlain, written

comunication, 1989). Coupled with the sharp erosional contact between

two units of distinctly different ages and lithologies, these data

suggest that the Smuggler Cove strata in the Cape Kiwanda area were

burled, partially lithified, and subsequently uplifted and partially

eroded prior to the Newportian-stage transgression during which the

shallow marine strata of the Angora Peak member were deposited.

The sedimentary structures exposed at Cape Kiwanda (Figure 43)

agree with the fossil evidence of Snavely and Vokes (1949) that indicate

this section was predominately deposited in a shallow marine

environment. The section is composed of several fining and

coarsening-upward sequences that are characterized, In part, by

bidirectional to predominately eastward-dipping trough cross-stratified

medium to coarse-gralned sandstones which contain some basalt

cobble-rich horizons, overlain by planar laminated bi-directional wedge

sets (Figure 43). These sedimentary structures and grain sizes Indicate

that the strata were probably deposited under high-energy near-shore

conditions. Planar laminated wedge sets may represent the outer planar

zone of the wave buildup zone, and bidirectional and eastward-dipping

trough cross-stratified sandstones may represent associated outer rough
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zone lunate megaripples formed just seaward in the wave buildup zone

(Figure 47; Walker, 1984; Relneck and Slngh, 1980).

Interstratifled horizontally laminated, mottled and burrowed

sandstones are connon within the lower part of the Angora Peak member at

Cape Kiwanda (Figure 43) and Include numerous osselI, and Asterosoma

(?) burrows (Chamberlain, written caiinunlcatlon, 1989), and abundant

Teredo-bored wood and carbonaceous stringers. These burrows Indicate an

open shelf environment ranging from subtidal to 40 m depth (Mumford,

1989; Cooper, 1981), and may represent a deeper offshore bar environment

richly supplied terrigenous organic detritus from a flooding coastal

streams or an ancestral Columbia River.

Cobble and boulder conglomerate horizons are also present within

the Angora Peak member section at Cape Kiwanda, and typically cap trough

cross-stratified and planar-laminated strata. Though rare, one of these

beds is quite Interesting from the standpoint of both outstanding clast

size and composition. Clasts range up to 30 cm in diameter, are both

clast and sand-matrix supported, and predominately composed of vesicular

Tillamook or Cascade Head basalt. However rare clasts of diverse

lithology are also present and include sedimentary quartzlte and a

two-mica granite (locality 80-89, southwest quarter sec. T. 4 S., R. 11

W.). The sedimentary quartzite and granite are definitely exotic and may

have been derived from Belt Supergroup and Idaho Batholith sources,

respectively, supporting the strong influence of an ancestral Columbia

River on these deposits (discussed in detail In the provenance section).

The large cobbles and boulders of these deposits may have been

emplaced and concentrated by large storm-wave breakers or may represent

foreshore or upper shoreface wave-reworked coastal river or stream lag
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deposits. However, If the latter is the case, the presence of the exotic

rock types is harder to explain as coastal streams would only deliver

locally-derived Oregon Coast Range basaltic gravel and reworked arkosic

sands. An alternative hypothesis Is that the exotic rocks were delivered

to the Cape Kiwanda area tightly bound within the root bundles of trees

which fell Into the upper reaches of Columbia River (e.g. northeast

Washington, British Columbia, Idaho, Montana) during flood stage. These

root bundles may have then been floated downrlver to the marine

environment and delivered to the Cape Kiwanda region by longshore drift,

where they came to rest in the swash or back-berm area of the beach

during high tide or a storm. Released from the root bundle over time,

the exotic cobbles and boulders were dropped into beach sand and later

reworked into the foreshore or upper shoreface deposits along with the

locally-derived stream or river cobble and boulder lag deposits.

Rounding of the exotic clasts may have occured In either the marine

environment during reworking, or in the fluvial environment prior to

root-entrainment. Dr. A. Niem has seen modern rare exotic schist

boulders encased in tree roots and stumps on the beach at Newport,

Oregon (Niem, personal coninunicatlon, 1989).

The upper part of reference section D-D' at Cape Kiwanda (Figure

48) Is deeply scoured by a large channel that contains a basalt cobble

channel-lag deposit that grades upward to a trough cross-stratified

basalt-lIthIc arkosic sandstone. The channel may have been cut by a

coastal stream or nall river during a minor regression caused by local

tectonic uplIft. Most of the channel is filled with inedium-gralned

trough cross-stratified sandstone that may represent stream deposits.

However, the presence of birdlrectlonal bedforms and homogeneous nature
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of these deposits suggest that the channel-fill sequence may be, in

part, an ebb-tidal channel preserved in a shallow marine inner shoref ace

surf-zone deposit (Walker, 1984).

Thin section petrography reveals that the channel-fill sandstones

at Cape iwanda (locality K-148, southwest quarter sec. 13, T. 4 5., R.

11 W.) are enriched in basaltic rock franents relative to all other

Angora Peak member sandstones examined in this study (Appendix '/). This

difference In composition may reflect the strong local influence of a

proximal coastal stream or river which drained Tillamook Volcanic-cored

coast range mountains to the northeast and Cascade Head Volcanics to the

southeast.

possible ScapDoose-Eauivalent Sandstones and Basaltic Grits

In the Tillamook Embavment

The Scappoose Formation was a name originally proposed by Warren

and Norbisrath (1946) for the package of fluvial and Inner neritic to

estuarine sandstones and siltstones they mapped between the Oligocene

Pittsburg Bluff Formation and the Middle Miocene Columbia River Basalts

within the upper Nehalem River basin in northwest Oregon (Van Atta and

Kelty, 1985). On the basis of fossils collected from the unit, Warren

and Norbisrath assigned these strata to the Oligocene and lower Miocene

(Van Atta and Kelty, 1985). This age assignment held until 1985, when

Van Atta and Keity (1985) presented new convincing evidence that

indicated the Scappoose Formation was actually a middle Miocene unit,

deposited contemporaneously with Columbia River Basalt volcanism. Their

evidence primarly consisted of geochemical data which indicated that the

basal basalt conglomerate of the Scappoose Formation Included
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low-magnesium clasts of Grande Ronde Basalt, and field evidence of an

Interfingering relationship between the Scappoose Formation and later

flows of the Grande Ronde Basalt. Similar Scappoose-age gravels occur In

the Astoria basin directly beneath Columbia River Basalt flows, but were

included in the Astoria Formation by Niem and Niem (1985)

The possibilty that Scappoose-equivalent strata might exist in the

study area was first suggested by Dr. A. Niem, who noted abundant

palagonite basaltic glass within a thin section cut from a basaltic grit

within the Angora Peak member of the Astoria Formation (locality CL-74,

southwest quarter sec. 6, T. 3 S., R. 10 W.; Figure 51). FamIliar with

the petrographic characteristics of volcanic and volcaniclastic units in

northwest Oregon, he thinks the basaltic glass look similar to that

which he has only observed within widespread quenched Columbia River

Basalt pillow breccia in the Astoria embayment. If the basaltic grit was

derived from Grande Ronde Basalt, then the possibility exists that

uppermost part of the section presently assigned to the Angora Peak

member is age-equivalent to the Scappoose Formation of northwestern

Oregon (Van Atta and Kelty, 1985). However, In spite of petrographic

similarity to Columbia River Basalt-derived volcanic glass, a

Scappoose-equlvalent unit has not been broken out in this study for lack

of confirmational geochemical data, and because several questions

regarding composition, origin and emplacement of the grit still exist.

Instead, a stipple pattern have been added to the Angora Peak member In

the area suspected of including Scappoose-equivalent sedimentary rocks

(Plate I) in the hope that future workers may better define the

relationship of these strata to the Scappoose Formation.
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Scenarios for Basaltic Grit Emplacement

If it is accepted that the franentaI basalt described within

reference section E-E' (Figure 39) is Columbia River Basalt-derived, one

of the primary concerns remaining 15 how the TMgrit" was emplaced. The

photograph in Figure 59 shows the 1.5 m thick 1basaltic gritu

interstratif led with arkosic fine to medium-grained sandstones. Though

predominately concordant with bedding, the TMgrit beds" seem to cut

across bedding in places forming a braided, or anastomosing pattern that

feathers into arkosic fine-grained sandstones to the north and

consolidates Into two or three larger grit beds to the south (Figure

59). The lateral thickening and thinning, and lenticular nature of the

"grit'4 is consistent with bounding huninocky cross-stratified sandstones

above and below, and may represent a lag-type amalgamated huninocky

cross-stratified deposit (Dott and Boureols, 1982). Thus, a scenario

describing the sequences that led to deposition of the "basaltic grit"

may Involve initial production of abundant palagonite glass when an

early Grande Ronde flow entered the marine environment in the Tillamook

embayment. Subsequent storm activity may then have swept this franerital

basaltic detritus into hun!nocky cross-stratified bed forms. If this is

the case, Angora Peak member sandstone strata from this horizon upward

to the base of the Winterwater Unit Grande Ronde Basalt (stippled Tap on

Plate I) may represent a sequence of sandstones equivalent to the

Scappoose Formation. Lithologically similar Columbia River Basalt

basaltic grit beds occur within upper Astoria arkosic sandstone north of

Yaquina Head near Newport, Oregon (Niem, personal caiinunicatlon, 1989).

A perplexing aspect of the 'grit" beds is that this 1.5 m thick

package of volcaniclastic strata is tracable only over a very short
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FIgure 59. Anastomoslng dark brown basaltic 'grit1 beds In the Angora
Peak member (locality CL-74) which feather into light orange
yellow arkosic sandstone to the left of the photo (north),
and coalesce to the right (south) where they are obscured by
dense foliage. Basaltic 'grit' may have been emplaced by
sedimentary processes, or may represent the distal part of an
Invasive sill of Columbia River Basalt.
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distance. Though thickening toward the south (right) side of FIgure 59,

these beds do not crop out on the opposite side of obscuring vegetation

approximately seven meters away. Attitudes measured In bedding on either

side of the obscured interval reveal no structural discordance, so the

possibility that a fault exists between the two exposures Is low. But

given the storm wave-dominated shelf environment interpreted for this

stratigraphic interval, it is quite anomalous that the no trace of the

1.5 meter thick package of basaltic gritM beds would occur only seven

meters away. If dispersed on the shelf under fair or storm wave

conditions, one might expect greater lateral continuity of this basaltic

grit-rich lithology.

A second hypothesis that may explain the inadequacies of the first

is that the basaltic grit1 beds represent a nall peperite sill complex

of Grande Ronde Basalt that post-dates the Angora Peak sandstones. A

peperite dike composed of high-magnesium Sentinel Bluff Unit Grande

Ronde Basalt cuts Angora Peak member strata approximately 85 m

downsection of the 1basaltic grit beds1 (Figure 39 Plate I), and the

anastomosing palagonite-rich horizons may represent thin peperite sills

Injected from this dike laterally into water-saturated Angora Peak

sediments. This hypothesis would explain the anomalous local occurence

of the TMgrit bedsTM, the presence of Columbia River Basalt-derived

material within the Angora Peak member section, and the Interesting

mixture of palagonitized sideromelane and tachylite glass and arkosic

sand visible in thin section. However, counter to this peperite-origin

hypothesis, the 1grit intervaP' appears the lack baked zones, and

surrounding sandstones are undisturbed, lacking the fluldization and
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brecciation features typical of strata injected by peperite dikes and

sills (Kokelaar, 1982).

A third, though less likely, hypothesis is that the basaltic grit

beds within the Angora Peak member represent a sedimentary deposit

composed of clasts derived from pre-Columbla River Basalt volcanic

terranes within either the Western Casacades arc or the Eocene coastal

volcanic suites in western Oregon.



Contact Relatlonshis

In the Tillamook embayment the Angora Peak member is In conformable

and unconformable contact with five different rock units. Overlying

units include the Netarts Bay and Cannon Beach members of the Astoria

Formation, as well as the Grande Ronde Basalt of the Columbia River

Basalt Group (Plate I). Underlying units include both the Sutton Creek

member of the Nye Mudstone and the Smuggler Cove formation (Plate I).

The diversity of these contact relationships reflect the diverse

depositional environments and dynamic geologic history of the Tillamook

embayment during the mid-Tertiary. Because the contact relationships

between the Angora Peak member and other sedimentary strata are

discussed in detail within other sections of this thesis, they are only

sumarized in this section.

The Angora Peak member conformably overlies the Sutton Creek member

of the Nye Mudstone in the Tillainook embayment north of Cape Kiwanda.

The contact between these two units is not exposed, but is interpreted

as gradational and conformable based on a coarsening-upward sequence

observed within the upper Sutton Creek member. To the south, at Cape

Kiwanda, the Angora Peak sandstone rests In an erosional unconformity

over older Oligocene and late Eocene mudstones of the Smuggler Cove

formation. Because no angular discordance exists between these two rock

units, the contact is disconformable (Figure 14).

The contact between the Angora Peak and overlying Netarts Bay

member is locally disconformable, with the submarine channel-fill fades

of Netarts Bay strata Incised into underlying Angora Peak strata. The

contact is well exposed at locality NNB-40 (northwest quarter sec. 11,

T. 2 S., R. 10 W.). Because the Netarts Bay member strata pinch out to
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the north, Angora Peak sandstones are also overlain by turbidite

sandstone-bearing deep-marine mudetones of the Cannon Beach member.

Although this contact Is not exposed, a fining-upward sequence in the

Angora Peak member suggests that the contact is gradational and

conformable. The Angora Peak member Is also overlain by flows of the

Grande Ronde Basalt (Plate I). The contact is nonconformable, and map

relationships between the two units indicates that some of the Angora

Peak member section and much of the overlying Cannon Beach and Netarts

Bay members were eroded prior to basalt emplacement.



Netarts Bay Member

Nomenclature

The Informal Netarts Bay member of the Astoria Formation Is

proposed in this study to apply to a lower to middle Miocene (Saucesian)

marine sequence of fine- to coarse-gralned, arkosic massive sandstones

and amalgamated graded sandstones, both containing large siltstone

rip-ups. This rock unit may represent a channelized shelf-slope break

and submarine canyon head-fill deposit sedimentologically similar to the

Youngs Bay Sandstone member, but distinctive because it is channeled

Into Angora Peak sandstones. The Netarts Bay Sandstone member is

sedimentologically different from other sedimentary units of the thesis

area, and sufficiently distant from exposures of the Youngs Bay

Sandstone to warrant distinction as a new member of the Astoria

Formation. Although no age-diagnostic fossils have been recovered from

the unit, the Netarts Bay member oven lee Pillarlan-stage Angora Peak

strata and Is overlain by Sauceslan mudstones of the Cannon Beach

member, which Indicates the Netarts Bay member is also Saucesian in age.

The Netarts Bay member of this study was previously mapped by

Cooper (1981) as part of both the Cannon Beach and Angora Peak members

of the Astoria Formation. Wells and others (1983) used Cooper's mapping

in their regional geological map. Although the Netarts Bay member may be

projected offshore, present mapping suggests that the unit crops out

only within the boundaries of this study area. A reference section of

the Netarts Bay member was measured and described (Appendix III), and

extends from the northwest quarter of section 11 to the center of

section 10, T. 2 S., R. 10 W. (see Netarts Bay member distribution

197



Figure 60. flap showing location of measured section F-F'
in the Netarts Bay member (proposed) of the Astoria
Formation.
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section for reference map). The name NNetarts Bays' was selected because

Netarts Bay Is the closest prominent geographic feature the name of

which had not already been used In this study or preempted elsewhere in

in geological literature (U.S. Geological Survey Geologic Names

Ccxwnittee, 1989).

Distribution

The Netarts Bay member of the Astoria Formation (Tnb on Plate I)

covers approximately 11 square kilometers of the study area and crops

out within a northeasterly series of exposures that extend from the

Tillamook River, In sections 1 and 2 of T. 2 S., P. 10 W., southward to

the northeast corner of section 33, T. 2 S., P. 10 W.. Although the unit

strikes generally northeast and dips to the northwest from 10 to 20

degrees, the Netarts Bay member also has many discordant attitudes that

represent locally disturbed bedding. The sandstone-rich Netarts Bay

strata are relatively erosionally resistant, and form the ridgetop

drainage divide that separates Yager and Whiskey Creeks on the west,

from Beaver, Sutton, and Bewley Creeks on the east. The unit is

characterized by irregular thickness along strike (Plate I).

Although the Netarts Bay member is predominantly obscured by

vegetation, the unit is fairly well exposed along many fresh logging

roadcuts. The best exposures of the member are found along the unnamed

logging road that extends from the northwest corner of section 11, T. 2

S., P. 10 W., to the center of section 10, T. 2 S., P. 10 W. A complete

stratigraphic type section was measured through the Netarts Bay member

along this road (Figure 60) and includes excellent exposures of both the

lower contact with the Angora Peak member and upper contact with the
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Cannon Beach member at localities NNB-40 (northwest quarter sec. 11, T.2

S., R. 10 W.) and NNB-38 (southeast quarter sec. 10, T. 2 S., R. 10 W.),

respectively. Mapping from this study indicates that the Netarts Bay

member does not crop out beyond the boundaries of the thesis area.

Lltholoov and Sedimentary Structures

The Netarts Bay member is predominantly composed of amalgamated and

interbedded turbidite sandstone beds that include coninon siltstone

rip-ups. These are interbedded with laminated thin- to thick-bedded

micaceous siltstone, and rare thick pebbly mudstone interbeds. Thick

structureless grainf low and fluidized flow deposits are also common

within the member. These thick sandstone deposits contain large blocks

of laminated siltstone, and are associated with clastic dikes which

inject Into neighboring strata. Penecontemporaneously disrupted strata

characterized by extremely large, steeply-dipping rotated blocks of

Netarts Bay strata (up to 10 meters across), are commonly Incorporated

within a massive medium to coarse-grained pebbly sandstone, or

Juxtaposed against undisturbed strata.

Micaceous-arkosic sandstones of the Netarts Bay member are

remarkably friable and unconsolidated, and range from moderately sorted

in turbidite sandstone intervals, to poorly and very poorly sorted in

massive pebbly sandstones (Appendix VI). Sandstones are typically

medium-grained, but range from fine-gralned to very fine gravel. Sand

grains are subangular to subrounded, and pebbles are rounded to

well-rounded. Iron-oxide stain and liesegang banding are common

throughout the unit, but most strongly concentrated near volcanic-pebble

sandstone interbeds and fractures. The unit typically weathers to

moderate orange pink (5YR 8/4) and, more rarely, to moderate brown (5YR
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4/4) near pebbly interbeds. Fresh roadcut exposures free of iron-oxide

staining are very light gray (N8) to white (N9). Siltetone interbeds are

micaceous and weather to grayish orange (10 YR 7/4) and pale yellowish

brown (1OYR 6/2), and are medium dark gray (N4) where fresh. Slltstone

interbeds are light gray (N7) to very light gray (N8). The thickness of

the Netarts Bay member is variable, and ranges from a minimum of

approximately 70 meters to a maximum of approximately 400 meters,

estimated using bedding attitudes and outcrop area. The thickness of the

unit In the composite type section (Appendix III and Figure 61) is 172

meters.

Many interbedded sandstones of the Netarts Bay member are typically

very thin-bedded to thick-bedded (3 cm to 1.5 m thick), fine to

medlum-grained, and horizontally laminated. Horizontal laminae of

fine-gralned sands are occasionally convoluted. Individual sandstone

beds have sharp lower contacts and grade upward to thinly laminated

silty sandstone and siltstone near the top. Brown to black caizninuted

terrigenous organic matter and mica are concentrated in the uppermost

part of many turbidite sandstone beds in lamlnae up to 5 nn thick. These

sedimentary structures represent a Bouma Tc..d....e sequence typical of

turbidite origin (Reineck and Singh, 1980; eg. localities NNB-164, T. 2

S., R. 10 W., section 10, southeast corner; NNB-41, T. 2 S., R. 10 W.,

section 11, northwest corner). However, rare turbidite beds with

complete Bouma Ta_e sequences are also present. These have a thick

(approximately 1.5 m) basal massive to crudely graded pebbly sandstone

Bouma Ta Interval, which fines upward through horizontally laminated and

ripple-laminated sandstones (representing Bouma Tb and T,

respectively), to horizontally laminated thin-bedded silty sandstone and



Netarts Bay member of the Astoria Formation

Synoptic Stratigraphic Section Compiled from Measured Section F-F'

Cannon Beach member of the Astoria Formation

Grakf low deposits with entrained slitston. and sandston. blocks.
Deposit is draped by laminated siltstones of the Cannon Beach member

interb.dded turdidit. sandstones and siitstones overlaln by
grainflow deposits

Submarine, channel wall I ailur block

Mudetone bearing pebbles and cobble-sized siltstons rip-ups
In matrix support

-ThIck very thin-bedded starved ripple laminated siltstone and
turbidtte sandstones

Bioturbated carbonaceous fine-grained fossiliferous sandstone
overlaln by amalgamated turbidite sandstones

Submarine channel wail failure block

Submarine channel wail failure block entrained within
Netarte Bay member strata) overlain by grainf low

Amaigamated and int.rb edded turbidite sandstones overlain
by massive grainfiow deposit and injected by clastic dikes

Amalgamated turbidite sandstones and grainf low deposits.
Clastic dike Injects downward into Angora Peak member arkosic
sandstone

Angora Peak member of the Astoria Formation
shallow-marine sandstone

Figure 61. Stratlgraphlc section of the Netarts Bay member

of the Astoria Formation showing major
lithologies and fades. Compiled from measured
section F-F.
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siltstone (representing Bouma Td and Te, respectively; e.g. locality

34-88, T. 2 S., P. 9 W., sectIon 1, center). Although siltetone

interbeds are typically thin (5 nm to 2 cm) in the Netarts Bay member,

thick (> 3 m) siltstone-dominated Intervals are also present (Figure

62). These fine-gralned strata cmnonly Include very thin-bedded (1 to 3

cm thick) sandstone interbeds (e.g. locality 81-89, T.2 S., P. 10 W.,

section 28, southwest corner; FIgure 62).

Thick-bedded amalgamated turbidite sequences tend to be coarser

grained and thicker than interbedded turbidite sandstones, and Include

abundant siltstone rip-ups as well as rare basalt, chert, quartzite

pebbles. These slltstone and pebble-rich horizons are typically thin,

structureless to horizontally laminated (20 cm to 42 cm thick), and

interbedded with medium to coarse-gralned arkosic-lithic sandstones In

thick stacked intervals that display repeated Bouma Tb_b (Figure 62), or

Bouma Ta_b sequences (e.g. locality NNB-40, T. 2 S., P. 10 W., section

11, northwest corner; locality NNB-29, T. 2 S., P. 10 W., section 2,

southeast corner). Although most amalgamated turbidite sandstone beds

are tabular, lenticular and arcuate beds are also present and may

represent local channel-fill deposits (locality NNB-32, T. 2 S., R 9 W.,

section 1, northwest corner).

Thick, massive, friable, ungraded, pebbly sandstones are also

common in the Netarts Bay member and are composed of medium to

coarse-grained, moderately to poorly sorted, arkosic sandstones which

contain large (up to 10 cm diameter) floating rounded pebbles and

cobbles of basalt, pumice, and chert. They also include large blocks of

siltstone and silty sandstone up to three meters In length, suspended In

a matrix of massive pebbly sandstone (e.g. locality NNB-11, T. 2 5., P.
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Figure 62 Netarte Bay member of the Aetorla Formation with dark gray
laminated mudetone and very thin-bedded turbidite sandstone
scoured by lelsegang banded amalgamated turbidite sandstones
displaying repeated Bouma Tb sequences.
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10 W., section 5, southeast corner; 27-88, T. 2 S., R. 10 W., section

22, northwest corner; NNB-38, T. 2 S., R. 10 W., section 10, southeast

corner; Figure 63). Clastic dikes are also associated with these massive

friable sandstones and conunonly inject and disrupt neighboring strata.

An example is well exposed at the contact between the Netarts Bay member

and the Angora Peak member at locality NNB-40 (T.2 S., R. 10 W., section

11, northwest corner), where pebbly sandstone from an overlying

grainflow deposit has Injected approximately three meters downward into

Angora Peak strata (Figures 64 and 61). The sum of these

sedimentological characteristics indicate that these sandstones were

deposited from hyperconcentrated grainf lows (Walker, 1984).

Rare pebbly mudstone beds and fluidized flow deposits are also

present within the member. Pebbly mudstones range from approximately 0.5

to 1.5 meters thick, and are characterized by pebble and cobble-sized (3

cm to 7 cm diameter) angular to rounded siltstone and sandstone

franents floating In gray micaceous mudetone matrix (e.g., locality

NNB-32X, T. 2 S., P. 10 W., section 1, northwest corner). A fluldized

flow deposit occurs in a tilted block of Netarts Bay strata and Includes

medium-grained friable sandstone with coninon dish (?) structure (Relnech

and Singh, 1980) and a trace of ripple-laminated sandstone partially

overprinted by fluid escape structures.

Large penecontemporaneously deformed blocks, up to 10 meters

across, also occur In the Netarts Bay member and are composed of

coherent Netarts Bay member turbidite (Figure 65), gralnf low and

fluldized flow-deposit strata. These blocks are often cut by randomly

oriented soft-sediment faults that show snail (<5 cm) offsets. The

penecontemporaneously disturbed zones are often Juxtaposed adjacent to
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Figure 63. Upper contact of the Netart5 Bay member with the Cannon Beach
member of the Astoria Formation (dashed line; locality
NNB-38). Arkosic, friable, massive gralnf low sandstone of
the Netarts Bay member includes several large blocks of
laminated silty sandstone (circled). Sharp upper contact Is
defined by an abrupt Jithology change to parallel laminated
gray mudstone and very thin-bedded turbidite sandstone.
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Figure 64. Basal contact of the Netarts Bay member with the Angora Peak
member (locality NNB-40). Bloturbated fossiliferous
carbonaceous fine-gralned sandstone of the Angora Peak member

Is scoured by the vojoaniclastic-rich, arkosic, locally
hematite-cemented, friable, massive to crudely graded
sandstone of the Netarts Bay member. A clastic dike (D)
Injects downward Into Angora Peak strata and originates from

an overlying grainf low deposit In the Netarts Bay member.
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FIgure 65. PenecontemporaneouslY emplaced slump (?) block of amalgamated

turbidite sandstone in the Netarts Bay member section.

(locality NNB-29). Block Is rotated relative to adJacent

strata, and separated from them by an Intraformatioflal

breccia (between vertical dashed lines).
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Intraformatlonal brecclas, undisturbed strata, or are floating in a

massive pebbly sandstone matrix.

?e troarahv

Classification and Mineraloqy

Seven thin sections of Netarts Bay member turbidite and grainf low

sandstones were prepared, and four were subjected to 400 point-count

modal analyses for classification (Appendix V). These four samples group

fairly close to one another on the sandstone classification ternary

diagram of Folk (1968). Three classified as lithic arkoses, and one

straddles the boundary between the lithic arkose and feldspathic

litharenite fields (Figure 66). Modal analyses and petrographic

inspection of all thin sections reveal that these sandstones are

dominated by quartz, which comprises 41 percent of all detrital grains,

followed by subequal amounts of feldspar (32 percent) and lithic

fragnents (27 percent (Appendix V).

The 'quartz and chert' group of minerals is predominantly composed

of monocrystalline quartz, which forms 25 percent of all framework

grains (Figure 67). Monocrystalllne quartz occurs in both strained and

unstrained varieties and the presence of rare embayed unstrained quartz

within the Netarts Bay member suggests minor contribution from silicic

volcanic provenances. Rare abraded silica overgrowth cement is also

present on a few grains, and indicates recycling of sand from a previous

sedimentary terrane. Polycrystalline quartz and chert are also present

(13 and 3 percent, respectively). Rare ghosts of sponge spicules and

radiolarians in select chert grains support a pelagic origin for this



NETARTS BAY MEMBER OF THE ASTORIA FORMATION

QUARTZ 0 ARENITE

SURARKOAITHARENITE

Figure 66. Sandstone classification ternary diagram showing
the position of four samples of Netarts Bay member
sandstones (D; 400-point modal analysis). End
member corners are quartz (0), feldspar (F), and
lithic franents (L). Modified after Folk (1968).
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Figure 67. Photoinlcrograph of Netarts Bay member sandstone (sample
NNB-40Z). Sandstone is moderately to poorly sorted,
calcite-cemented, composed of angular grains of
monocrystalline quartz, albite-twinned plagloclase (P),
orthoclase (stained yellow), and contains a large (4 nm in

length) siltetone franent (5). Slltstone franent has been
plastically deformed during diagenesis, squeezed Into
adjacent pore space as pseudomartix prior to calcite
cementation. Field of view 6.7 rim. Crossed and uncrossed
nicols.
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mineral, and indicate the presence of marine sedimentary rocks within

the provenance.

Untwinned piaglociase is the most abundant feldspar (12%) in the

Netarts Bay member. It is typically fresh, however slight alteration to

clay imparts a cloudy appearance to some grains. Although untwlnned

plagioclase may represent sediment contribution from metamorphic sources

(Mason, 1980), these grains may also represent volcanic zoned

plagloclase crystals broken to sizes too nall to reveal zoning. Twinned

plagioclase makes up an average of 6 percent (FIgure 67) of all grains.

It is coitinonly albite-twinned, rarely carlsbad-twinned, and displays

zoning in select grains. The An content of albite-twinned plagioclase

using the Michel-Levi method (Kerr, 1977) ranges from An10 (albite) to

An32 (andesine). Many twinned plagioclase grains are fractured. The

potassium feldepars orthoclase (10%) and microcline (4%) are also

present. Micas comprise 2 percent of all framework grains and are

composed of both biotite and muscovite (one percent, respectively).

Lithic clasts in the Netarts Bay member are dominated by mafic

volcanic rock franents which average 12 percent of all detrital grains.

These franents are typically extremely altered to green chloritic,

hematitic, and brown nectitic (?) clay, and often include relict

euhedral rectangular void spaces where plagioclase laths or phenocrysts

were dissolved during diagenesis. Although most maf Ic volcanic rock

fragnents are microphyric to aphyric, a few plagioclase-phyric grains

are also present. The abundance of maf Ic volcanic franents In these

sandstones may have been underestimated in modal analyses because

franents deformed to pseudomatrix were assigned to the matrix category

during point-counting (Appendix V). Siltetone clast abundance (3%) may
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have been similarly underestimated, because many of these grains have

also been deformed during compaction to pseudomatrix. Siltstone

franents are usually many times the size of other framework grains

(FIgure 67) and probably represent Intrabasinal rip-ups of cohesive mud,

reflecting their turbidite sandstone and grainf low origin. Granitic rock

franents (3%) are characterized by hypidlanorphic-granular lntergrowths

of quartz and feldspar. Along with trace amounts of perthite, these

clasts indicate contribution of sediment from igneous Intrusive

provenances. Metamorphic rock fragnents (4 %) of quartzite, schist and

phyllite and silicic volcanic franents (1%) are also present In the

Netarts Bay member. These volcanic clasts are characterized by euhedral -

plagioclase microlites or microphenocrysts floating In a

cryptocrystalline altered silicic grounnass.

Heavy Minerals

Although the heavy mineral population of Netarts Bay sandstone only

contributes one percent of all framework grains, these minerals

(specific gravity >2.8) were Isolated and identif led for provenance

studies and unit comparisons (Appendix VII; Figure 68). The results of

heavy mineral analyses are quite significant because they show that the

Netarts Bay member sandstones can be distinguished from all other

sandstone units In the thesis area, except those of the Cannon Beach

member, on the basis of its unique heavy mineral distribution. The heavy

mineral populations of the Cannon Beach and Netarts Bay members are

relatively depleted in amphibole-group minerals, but enriched in zircon,

blotite, and garnet. Hypotheses explaining the similarity of heavy

mineral suites between these two members are further discussed within

the Cannon Beach heavy mineral section.
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Figure 66. Photcnlcrograph of heavy minerals fran the Netarts Bay
member with zircon (Z), epidote (E), tourmaline (T), and
hornblende (H). Field of view 1.31 nm.
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Non-opaque heavy minerals of the Netarts Bay member are dominated

by euhedral and subrounded zircon (32%; Figure 68). Brown and green

biotite contribute 19 and 11 percent, respectively. Epidote-group

minerals are composed of subequal amounts of green epidote and

clinozoislte (12 and 11 percent, respectively), clear epidote (one

percent), and trace amounts of zoisite. All epidote minerals are fairly

fresh, and moderately to well-rounded. Garnet-group minerals consist of

clear and red garnet varieties (10 and 4 percent, respectively), and

these grains are typically subrounded. Tourmaline-group minerals include

elbaite (3 percent), and black schorlite (2 percent). Tourmalines are

typical ly euhedral and show little evidence of rounding due to abrasion.

Green hornblende, hypersthene, and kyanite each contribute only one

percent to the total of non-opaque heavy minerals, and trace amounts of

rutile, sphene, and basaltic hornblende are also present (Appendix VII).

Subrounded abraslonally-resistant heavy minerals of zircon and

garnet suggest a previous transport history for these minerals, and thus

may have been recycled from an older sedimentary provenance.

Porosity

Point counted porosities within Netarts Bay member sandstones are

quite variable, ranging from I to 17 percent, and average 8 percent

(Appendix V). Thin sections that show the lowest amount of porosity

typically have the highest amount of detrital and diagenetic clay matrix

(e.g. samples NNB-29 and 35-88; Appendix V). The low porosity of these

samples is attributed to the presence of pseudoinatrix formed during

burial, compaction, and deformation of ductile siltstone rip-ups (e.g.

Figure 67) and heavily altered mafic vocaniclastic grains. Most porosity

consists of primary reduced Interparticle porosity resulting from
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creation of pseudcxnatrix and precipitation of clay-rim, hematite, and

minor calcite cements. However, trace amounts of fracture and

intraparticle secondary porosity are also present, and have been created

during diagenesis through grain fracturing, deformation of mica plates,

and dissolution of plagioclase laths in volcanic rock franents.

The SEM photograph of friable sandstone sample NNB-11 shows that

this sample is, in part, composed of fresh quartz and altered feldspar

(?) grains (FIgure 69). The sandstone has open pore throats and is free

of bridging pore-fill cements (Schmidt and McDonald, 1979). The

diagenetically etched grain (Figure 69) may be a partially dissolved

feldspar grain, which 'Indicates the presence of a small amount of

secondary solution porosity. However, the close grain packing and

concomnitant low porosity evident in this photograph may be the result

of compaction and deformation of diagenetically altered unstable lithic

and siltetone grains during diagenesis.

Compositional and Textural Maturity

Textural characteristics of Netarts Bay sandstones determined

through quantitative grain size analysis and thin section petrography

indicate these sandstones are pseudo- and clay matrix-rich, and

predominantly composed of poorly sorted angular to subrounded grains

(Appendix VI). These characteristics Indicate that the unit Is Ininature

to sunature (Folk, 1951) suggestIng rapid deposition and burial, with

no winnowing or reworking (Folk, 1951). This Is consistent with the

turbidite and grainf low origin for sandstones deposited In a deep water

environment below wave-base.

The presence of abundant unstable minerals and lithic franents

Indicate the Netarts Bay member sandstones are compositlonally Ininature



FIgure 69. Scanning electron photomicrograph of sandstone from the
Netarts Bay member showing diagenetically etched feldspar
(?) grains (F) adjacent to a quartz (0) grain with
characteristic concoidal fracture. Note the absence of
diagenetic cements and open pore throats (sample NNB-11).
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(Folk, 1951). Compositional imaturity Indicates that physical

weathering processes were more influential than chemical weathering

processes, and that chemically unstable clastic material was rapidly

eroded from mountainous terrain and quickly transported to the basin of

deposition.

Diaqenesis and Paragenetic Sequence

Dlagenetic processes have strongly Influenced the character of

Netarts Bay member sandstones. The detrital grains most severely

affected by diagenetic alteration are mafic volcanic franents. In most

cases, these have been completely altered to green and blue-green

chioritic or brown nectitIc (?) masses that have lost their orig1na

grain shape, having been deformed under compaction to form pseudomatrix.

Si I icic volcanics also show the effects of diagenesis with many

consitituent plagloclase phenocrysts moderately to completely altered to

clay.

The feldspar grains of the Netarts Bay member display a wide range

of diagenetic alteration and compaction effects. Most orthoclase, and

many microcline and plagloclase minerals show moderate to extreme

alteration to clay. The Interiors of these grains are often cloudy, and

occasionally completely replaced by clay minerals. During compaction

many plagloclase minerals fractured where these minerals impinged

against other resistant siliciclastic grains. In addition, SEM

photographs reveal that select feldspar (?) grains are diagenetically

etched, and show evidence of dissolution along cleavage planes (Figure

69).

Compaction attending burial has strongly deformed mica plates and

siltstone franents. Mica minerals are slightly to moderately bent and
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deformed around brittle grains such as quartz and feldspar. Where

individual plates have separated during deformation, a very nall amount

of Iritraparticle secondary porosity has been created. The abundant

ductile siltstone franents have been extensively deformed during burial

Into pseudomatrix (Figure 67).

Although clay-rim cements are rare in these sandstones, a late

stage hematite cement is connon. Hematite has precipitated on many

grains, and partially to completely fills sane pore spaces and nall

fractures. It Is probably related to surf iclal weathering and/or

oxidizing pore fluids in deep circulating oxygenated meteoric ground

water.

Paragenet Ic Sequence

The diagenetic history of the Netarts Bay sandstone was

characterized by early chemical alteration of maf Ic volcanic rock

franents. As the depth of burial increased, relatively ductile

siltetone fraents and altered maf Ic volcanic fragnents deformed into

pseudomatrix, which occluded much of the primary interparticle pore

space. Ductile micas were also deformed during this time and feldspars

underwent varying degrees of alteration, dissolution, and grain

fracturing resulting in creation of a nall amount secondary porosity. A

relatively minor amount of clay-rim cementation followed. Hematite

cement was precipitated late In the diagenetic history, occurs over

other cements, fills fractures, and may represent a late stage

telogenetic cement precipitated when these rocks were uplifted into the

vadose weathering zone.
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Based on the evidence of mechanical crushing and the presence of a

mnall amount of clay rim cement, these sandstones were probably only

buried at shallow to moderate depths (300 to 1300 meters; FIgure 28;

Galloway, 1979).

Aae and Correlation

The age of the Netarts Bay member is Sauceslan (early to middle

Miocene) based on the age of Foraminifera and molluscan fossils

collected In super- and subjacent units, and on the presence of

Sauceslan-age Foraminifera collected fron within the unit by Parke

Snavely Jr. of the U.S. Geological Survey (Wells, written caiinunlcatlon,

1987; T. 2 S.; P. 10 W., section 28, center). Time correlatives to the

Netarts Bay member Include the Cannon Beach, Angora Peak, Youngs Bay,

and Wickiup Mountain members of the Astoria Formation of the Astoria

embayment, and the Newport and Cannon Beach members of the Newport

embayment (Cooper, 1981; Niem and Niem, 1985).

Depositlonal Environment

The Netarts Bay member was deposited in an extremely dynamic

high-energy marine environment characterized by rapid sedimentation

within a channel ized shelf, shelf-slope break, and slope environment

during a marine transgression. Through this transgression sand may have

been delivered to the Tillamook embayment by an ancestral Columbia River

(Cooper, 1981; this study) In quantities too large to be entirely

retained In shelf and marginal marine environments. As a result, the

submarine channel and canyon-head cnplexes of the Netarts Bay member

evolved to facilitate delivery of excess shelf sand to the slope via

deep-sea channels and canyon-head, resulting in a sandstone-dominated



221

deposit characterized by a series of stacked submarine channel-fill

sequences.

FIgure 70 is a sketch of the depositlonal environment envisioned

for the Netarts Bay member. It shows a channel ized shelf-slope break

crossed by many relatively nall channels and deeply Incised by a single

large canyon-head. The submarine canyon-head is thought to represent the

environment where the thickest deposits of the Netarts Bay member

accumulated, and corresponds to the strata exposed In sections 1, 2, 3,

10, and 11 of T.2 S., R. 10 W. (Plate I). The &aller flanking channels

represent Netarts Bay strata that crop out to the south. Because the

canyon head and naller submarine channels display different

characteristics they are discussed separately in the sections that

follow.

Submarine Canyon Head DeposIts of the Netarts Bay Member

FIgure 61 Is a synoptic stratigraphic section suninarlzing a

measured section that crossed the submarine canyon-head deposits of the

of Netarts Bay member. The basal contact of the the unit is well exposed

at locality NNB-40 (T. 2 S., R. 10 W., section 11, northwest corner;

Plate I; FIgure 64) where pebbly amalgamated turbidite sandstones and

grainf low deposits of the Netarts Bay member are scoured Into

bioturbated carbonaceous and mollusk-bearing shelf sandstones of the

Angora Peak member. This scoured surface is interpreted to represent the

erosional floor of a submarine canyon-head (May et al., 1983). Evidence

of rapid deposition from high-energy flows and loading Is abundant in

the Netarts Bay member and characterized by numerous clast1c dikes

(Figure 64), fluidlzed flows with dish structure In sandstones, as well



Depositional Environment for the Netarts Bay member, Astoria Fm.

shelf-slope break

Figure 70. Channel Ized shelf, shelf-slope break, and upper
slope adJacent to Columbia River-fed Angora
Peak member shallow-marine environment,
characterizing the deposltlonal environment
of the Netarts Bay member.
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as grainf lows and massive amalgamated Bouma A-A turbidite sandstones

(Figure 63; May et al., 1983; Relnech and Singh, 1980). These

sedimentological characteristics are typical of Mutti and RlcchI-Luchi's

fades NAN, which describes the classic stratigraphic sequence expected

within a submarine canyon-fill deposit (Howell and Normark, 1982).

Large erratic blocks of sandstone and siltstone (>10 m in diameter)

interbedded with thin to thick-bedded turbidite and fluidized-flow

strata are crmon in the Netarts Bay section (Figure 65). Although the

blocks are difficult to tell from faulted strata, they are typically

chaotically tilted at high angles adjacent to undeformed strata, or

suspended wIthin a massive sandstone matrix. This stratigraphic context -

suggests that the blocks may represent sidewall blocks or overhanging

submarine cornices that failed, and were subsequently incorporated

within canyon-fill sequences (Figure 71; May et al, 1983). High-energy

turbidity currents flowing within the canyon-head may have had

sufficient energy to undercut or pluck the canyon walls. As walls

retreated, overhanging cornices developed, and periodically failed

(Reinech and Singh, 1980; May et al., 1983; FIgure 71). Wall block

erratics and large slump blocks are a characteristic feature of modern

submarine channels and canyons, and have been documented on film by

Shepard et al. (1982) In submersible dives down to the La Jolla

submarine canyon of f the California coast.

Bioturbated and mollusk-bearing thick arkosic sandstone Is

Interbedded with submarine canyon head-fill deposits in the middle of

the unit (Figure 61; Appendix III). This suggests that the canyon-head

may have cut headward up onto the continental shelf (Figure 70) and

experienced a period of relatively shallow-marine shelf sedimentation.
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Figure 71. Cross-section of overbank levee deposits
(horizontal line pattern) of siltetone and
thin-bedded graded turbidite sandstones Incised
by a sunarine canyon-head. Canyon-head is
partially filled with turbidlte and grainflow
sandstone deposits that contain large wall and
cornice blocks which fell into the channel after
they were plucked or undermined from the sides of
the channel by high-energy erosive density flows.

224



225

An alternative interpretation, however, Is that these bioturbated and

fossiliferous sandstones represent an up-faulted block or slump block of

shallow-marine Angora Peak strata.

Siltstone Interbeds become more coinon up section and may signify

deeper-marine hemipelagic conditions (FIgure 61). These thicker

siltstone packages are up to two meters thick (Appendix III) and

comonly Interbedded with very thin-bedded graded turbidite sandstones.

Locally these strata are steeply-dipping and may represent

penecontemporaneous slump blocks. These sedimentological characteristics

are similar to Mutti and Ricchi LucchVs fades E typical of submarine

levee depQsits adjacent to an active submarine canyon or channel on the -

continental slope (Walker, 1984; Howell and Normark, 1982).

Within the upper half of the Canyon head deposits, pebble and

cobble-bearing mudstones up to 1.5 m thick are present and Interbedded

between thick turbidite sandstone sequences (Figure 61). Large angular

to subrounded clasts of gjltstone and mudstone occur in matrix support

within a massive micaceous mudstone. Pebbly mudstone interbeds within

turbidite sandstone sequences have also been described from a section of

the La Jolla submarine canyon valley cut onto the continental slope, and

probably represent submarine debris flows generated from the failure of

fine-gralned material In submarine levees adjacent to the channel or

canyon axis on the continental slope (Relnech and Singh, 1980; Shepard

et a]., 1980).

The uppermost part of the Netarts Bay submarine canyon-head fill

deposit culminates in a thick massive grainf low deposit which bears

large siltstone blocks up to 2 meters in length, and is directly

overlain and draped by laminated slltstones of the Cannon Beach member
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(Figures 61 and 63). This change in lithology represents a radical

transition from high to low energy depositional conditions. The contact

may signify the termination of high-energy sedimentation by abrupt

abandonment of the submarine canyon, followed by continental slope

hemipelagic overbank sedimentation from the adjacent active submarine

channel or canyon (May et al., 1983).

Submarine Channel Deposits of the Netarts Bay Member

The Netarts Bay member strata which thicken and thin along strike

within sections 15, 21, 22, and 28 in T. 2 S., R. 10 W. (Plate I)

probably represent iailer submarine channels that flanked the larger

canyon-head and functioned independently of it (Figure 70). Amalgamated

and interbedded turbidite sandstones are cannon In these channel-fill

strata, and interstratified with channel wall-block and siltstone

rip-up-bearing grainf low deposits (e.g. locality 27-88, T. 2 S., P. 10

W., section 22, northwest corner; locality SNB-92, T. 2 S., R. 10 W.,

section 28, southeast corner; Plate I). Wall blocks tend to be much

naller than those found in the canyon-head deposits to the north, with

the largest entrained block only approximately three meters In length

(locality 27-88). The naller size of these blocks is consistent with

the hypothesis that the size of the submarine channels characterizing

southern Netarts Bay strata were naller than the canyon-head to the

north.

Fossil and lithological evidence indicates that southern Netarts

Bay strata also Interfinger with both shelf and slope sediments. The

articulated bivalve Anadar, devinct, collected at locality 28-88 (T. 2

S., P. 10 W., section 28, northwest corner; Appendix IV) approximately
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20 meters above the grainf low deposits at locality 27-88 (Moore,

personal coemunication, 1989) indicates deposition in an open marine

environment at water depths ranging fran intertidal to 120 meters

(Moore, personal conmiunlcation, 1989). The position of these

fossiliferous neritic strata between turbidite and grainf low sandstones

suggests that sane submarine channels were cut onto the continental

shelf, abandoned, and partially filled by shallow-marine sandstones.

Although siltstone interbeds are generally rare, a sequence of

laminated siltstone exceeding three meters In thickness occurs within

the Netarts Bay member at locality 81-89 (T. 2 5.,, R. 10 W., section 28,

southwest :corner). This laminated siltetone package is Interbedded with -

very thin-bedded turbidite sandstones, and may represent a hemipelagic

deposit interstratlf led with sandstone deposited fran dilute overbank

turbidity currents possibly associated with a nearby channel cut into

the continental slope.

A depositional model that approximates the fades of these Netarts

Bay member strata was formulated by Dott and Bird (1979) to describe the

sedimentary sequence of the Elkton formation In southwest Oregon. Their

model describes a shelf, shelf-slope break, and upper slope cut by

relatively nall channels or sea-gullIes (100 m wide, 25 m deep) that

served to deliver sand across a narrow shelf to the continental slope

(Dott and Bird, 1979; FIgure 38). However, the Netarts Bay member has a

much higher sandstone to slltstone ratio than deposits of the Elkton

formation (Dott and Bird, 1979). This may be explained by the hypothesis

that the submarine channel fill sequences of the Netarts Bay member

primarily represent a channel ized shelf-slope break characterized by

relatively large submarine channels Instead of the smaller sea-gullies
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described by Dott and Bird (1979) in the Elkton formation. These larger

channels and canyon head may have evolved to handle the voluminous

coarse clastic load of an ancestral Miocene Columbia River, incising the

shelf in close proximity to the river's debouchment point. Deposited

during a transgressive phase, the channelized deposits at the

shelf-slope break may have aggraded and been partially scoured by

subsequent channels, which stripped away Intervening hemipelagic strata

leaving a sandstone-rich stratigraphic sequence. Thus, predominantly

composed of amalgamated turbidite sandstones, the Netarts Bay member

resembles only the coarsest portion of the Elkton formation outlined in

Figure 72.,

The abrupt transition from the sandstone-dominated strata of the

Netarts Bay member, to the siltstone-dominated Cannon Beach member

(Figures 61 and 63) may be explained by continued or accelerated

subsidence and transgression at the end of Netarts Bay member time,

which created an ample sink for coarse clastic detritus on the shelf or

In marginal marine environments. Alternatively, this transition may have

been the result of northward migration of the ancestral Columbia River

into the Astoria embayment. Without a supply of surplus sand requiring

transferral to the slope, the need for a submarine channel and canyon

system ceased to exist, and the slope subsequently became starved of

coarse clastic material.

The deep-marine channel fades may have shifted northward Into the

Astoria embayment corresponding to hypothesized northward migration of

the debouchment point of the ancestral Columbia River. In the Astoria

embayment these deep-marine submarine channel-fill deposits would

correspond with the Youngs Bay member (formerly the Pipeline member of
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Coryell, 1978 and Nelson, 1978), a nine kilometer wIde, 50-100 meter

deep massive arkosic friable sandstone with clastic dikes and mudstone

blocks interbedded with bathyal mudetone.

Contact Relatlonshis

The base of the Netarts Bay member of the Astoria Formation is

exposed at only one location in the study area, at locality NNB-40 (T. 2

S., R. 10 W., section 11, northwest corner). This contact, which Is

described in detail in the lithology and sedimentary structures section,

is disconformable and defined by an erosional surface which places

turbidite .and gralnf low sandstones of the Netarts Bay member over

bioturbated micaceous fossiliferous sandstones of the Angora Peak member

(Figure 64). Because the Netarts Bay member is characterized by

submarine channel-fill deposits, it is assumed that a similar contact

relationship exists elsewhere between these two sedimentary units.

The upper contact of the Netarts Bay member with the overlying

bathyal Cannon Beach member is also exposed at only one location

(locality NNB-38, T. 2 S., R. 10 W., section 10 southeast corner). The

contact is conformable, and defined by an abrupt lithological change

from thick-bedded massive slltstone-block-bearing gralnf low sandstones

of the Netarts Bay member, to thick laminated sfltstones of the Cannon

Beach member (Figure 63). Elsewhere along the contact, field mapping

indicates that Netarts Bay member sandstones rapidly fine-upward to the

bathyal mudetone and thin-bedded turbidite sandstone of the overlying

Cannon Beach member. The contact relationship between these two

sedimentary units is also described within the contact relationships

section of the Cannon Beach member.
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The Netarts Bay member strikes into and is unconformably overlain

by submarine and subaerial flows of the Grande Ronde Basalt (Tgr2

Winterwater Unit in Plate I) In the western half of section 28, T. 2 S.,

R. 10 W.. This contact Is not exposed, but is presumed to be

nonconformable. The outcrop pattern Tgr2 and the Netarts Bay member

indicates that Netarts Bay strata had been locally completely eroded

prior to the arrival of middle Miocene Grande Ronde Basalt flows into

the thesis area.
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Cannon Beach Member

Nomenc'ature

This informal Sauceslan unit was originally named the Silver Point

member by Niem and Van Atta (1973), Smith (1975), and Neel (1976) after

the location of the type section 2.5 km south of Cannon Beach, Oregon,

and was referred to a the NJN unit by Tolson (1976). The Silver Point

nomenclature was also used by WeHs and others (1983) and Niem and Niem

(1984), as well as Cooper (1981), Murphy (1981), Nelson (1978), Nelson

(1985), and Peterson (1984) who have also described and mapped the

distribution of this unit. However, because the Silver Point name came

Into conflict with prior stratigraphic nomenclature (i.e. preempted),

Niem and NIem (1985) proposed that the informal name Cannon Beach member

be applied to this sequence of Astoria strata. Goalen (1988) used this

nomenclature in his description of the unit.

The Cannon Beach member is the uppermost and most laterally

extensive of all Astoria Formation members. It extends from the Columbia

River in the north, to Its southernmost exposures in the Tillamook

embayment near Cape Lookout (Cooper, 1981; this study), and is projected

offshore in the Newport embayment to overlie the Newport member of the

Astoria Formation (Cooper, 1981). The Cannon Beach member conformably

overlies the Angora Peak and Netarts Bay members In the Tillarnook

embayment, and the Angora Peak and Wickiup Mountain members in the

Astoria embayment (Figure 6).

In previous studies of the Cannon Beach member, the unit was broken

into upper and lower parts. The lower part was characterized by a

rhythmically bedded and channelized turbidite sandstone and bathyal
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mudetone which graded to a laminated sand-poor mudstone-rlch upper part

(Smith, 1975; Neel, 1976; Cooper, 1981; Peterson, 1984). In the present

study the Cannon Beach member is also broken into lower and upper parts

(Tcb1 and Tcb2 on Plate I, respectively). However, the lower Cannon

Beach member of this investigation encompasses the entire fining-upward

transgressive sequence described by previous workers. The upper Cannon

Beach member of this study Is distinguished by a previously undescribed

coarsening-upward sequence in the Cannon Beach member.

Distribution

The Cannon Beach member (Tcb1 and Tcb2 on Plate I) covers

approxImately 38 square kilometers of the study area and Is the most

areally extensive unit mapped in this project. The upper Cannon Beach

member (Tcb2, stippled on Plate I) crops out only In the northern part

of the thesis area, covers approximately four square kilometers, and

underlies the Tgr1 Grande Ronde Basalt in sections 16, 17, 18, 21, and

28, of T. 1 S., P. 10 W.v. The lower Cannon Beach member (Tcb1 on Plate

I) covers approximately 34 square kilometers, and Is exposed as an

arcuate series of outcrops In the westward-plunging syncline that folds

these strata. The upper Cannon Beach member extends from the town of

Cape Meares, In the north, southward to the Whiskey Creek drainage (sec.

21, T. 2 S., P. 10 W.) where It Is obscured by Quaternary colluvium (Dc,

Plate I).

The northernmost exposures of the Cannon Beach member strike

generally N45W and dip to the southwest at approximately 15 degrees.

Southward, in the vicinity of Fagan and Esther creeks (Plate I), the

unit assumes a general north-south strike and dips westward from 6 to 16
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degrees. To the south, the strike of Cannon Beach strata assumes a N45E

trend, and the beds dip to the northwest from 7 to 19 degrees. Local

departures from these structural trends may be the product of 3nalI

scale rotations near faults or slumping.

Lower Cannon Beach member mudstones and interbedded sandstones are

very prone to erosion and slumping. Most of the unit is characterized by

low rounded hills that form a dissected dipslope, which dips westward

and northwestward toward Netarts Bay. The sandy upper Cannon Beach

member is somewhat more resistant to erosion and forms a fairly steep

anti-dipsiope held up by the eroslonally resistant Crande Ronde Basalt.

This slope Is drained by several short steep streams that flow eastward

to Tlllaxnook Bay.

Although good exposures of the Cannon Beach member are fairly rare,

they are most frequently found in fresh logging road cuts, the headwall

scarps of slumps, and in cliff exposures adjacent to creeks.

Representative exposures of lower Cannon Beach strata occur at locality

NNB-38 (southeast quarter sec. 10, T. 2 5., P. 10 W.), NNB-10 (southwest

quarter Sec. 3, T. 2 S., P. 10 W.), and NNB-4 (northeast quarter sec. 9,

T. 2 S., R. 10 W.). Good exposures of the upper Cannon Beach member are

present at locality 0-21 (southwest quarter sec. 27, T. 1 S., R. 10 W.),

0-18 (northeast quarter Sec. 33, T. 1 S., P. 10 W.), and 0-17 (northeast

quarter Sec. 34, T. 1 5., P. 10 W.).

Litholoav and Sedimentary Structures

Siltstones and silty claystones of the Cannon Beach member are

typically micaceous and moderately tuffaceous. Fresh exposures range in

color from light olive gray (5Y 6/1) to dark gray (N3) and contain
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coninon disseminated black flecks of terrigenous carbonized plant

franents (e.g. pieces of leaves and stems). Fine-gralned Cannon Beach

strata are coninonly weathered, however, to moderate yellowish brown (10

YR 5/4), dark yellowish orange (10 YR 6/6), and light gray (N8).

Weathered exposures are typically leisegang banded with coninon light

brown (5 YR 5/6) iron-oxide stain concentrated along fractures. Outcrops

of Cannon Beach mudstone are typically partially buried in their own

chippy talus. Petrographic and textural analyses indicate that

sandstones are arkosic and micaceous, and some are lithic rich. They are

moderately to well-sorted, very fine- to very coarse-grained (Appendix

VI), and iocally pebbly with rare concentrations of terrigenous organic -

matter concentrated in the parallel laminated Bouma Ndu intervals of

turbidite sandstones. Fresh exposures of Cannon Beach sandstone range

from light bluish gray (5 B 7/1) to very light gray (N8). Weathered

exposures of sandstone are usually stained and weakly cemented with iron

oxide and vary in color from pinkish gray (5 YR 8/1) to very pale orange

(10 YR 8/2).

The Lower Cannon Beach Member

Near the lower contact with the Netarts Bay member of the Astoria

Formation, lower Cannon Beach strata are dominated by laminated to very

thin-bedded (2 njn to 3 cm thick) siltetone and sandy siltetone (Figure

73). Thin- to thick-bedded (30 cm to 120 cm thick) turbidite sandstone

beds in this part of the unit have sharp basal contacts, normal grading,

and Bouma Ta_c and Tb_c sequences. The Bouma 'a interval of these

turbidites contains cocinon rounded basalt, chert, and quartzlte pebbles

and siltstone rip-ups (e.g. locality NNB-37, southeast quarter sec. 10,

T. 2 S., R. 10 W.). Higher in the section In the lower Cannon Beach
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member, turbidite sandstone beds become less frequent, are very

thin-bedded to thin-bedded (2 cm to 35 cm thick), and range from coarse-

to very fine-gralned (FIgure 73). They are normally graded, cormnonly

displaying Bouma Tb...e, Tc_e and Td_e sequences (FIgure 74). Very

thin-bedded turbidite sandstone beds locally thicken and thin along

strike and are in places draped by starved-ripple laminated siltstones.

The culmination of the fining-upward sequence Is reached In the upper

part of the lower Cannon Beach member and is dominated by laminated

silty claystone with rare laminated to thin-bedded (2nin to 20 cm thick)

medium- to very flne-grained sandstone beds. These turbidite sandstones

display BoumaTc_d_e and Td_e sequences. Rare penecontemporaneous slump

structures occur in this Interval and Indicate a westward paleoslope

(e.g. locality NNB-4, northeast quarter sec. 9, T. 2 S., R. 10 W.,

section 9; Figure 75).

The Upper Cannon Beach Member

The upper Cannon Beach member is characterized by a

coarsening-upward sequence in which turbldlte sandstone beds become

thicker and more ccii,non (Figure 73). Rhythmically Interbedded laminated

siltstones and very thin-bedded to thin-bedded (2 cm to 5 cm thick)

normally graded turbidite sandstones with Bouma Tc_e sequences are

Interbedded with starved ripple-laminated siltstones (e.g. locality

M-119, northwest quarter sec. 17, T. 1 S., R. 10 W.; locality 71-88,

northwest quarter sec. 18, T. I S., R. 10 W.), ccninon thin- to

thick-bedded turbidite sandstones (20 cm to 70 cm thick), and

amalgamated turbidite sandstone Intervals. Turbidite sandstones are

structureless to parallel and cross laminated, arkosic, normally graded

to ungraded, micaceous, very coarse- to very fine-gralned, and
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Cannon Beach member of the Astoria Formation

Generalized Stratigraphic Section Compiled from Site Description Data

Figure 73. GeneralIzed stratlgr'aphic section of the upper
and lower Cannon Beach member showing major
lithologies and fades.



Figure 74. Turbidite sandstone interbed In the lower Cannon Beach
member. Turbidite has a thick Bouma Tb Interval and
grades through Bouma T, Td, and Te intervals in the
uppermost part (locality 0-18).
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FIgure 75. Soft sediment deformed turbidite sandstone Interbed in

penecontemporaneously slumped mudetone of the Cannon Beach

member. Haniner for scale (locality NNB-4).
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moderately sorted. Some are moderately to extensively bloturbated.

Siltstone beds are coanonly bioturbated in this Interval, and turbidite

sandstone interbeds have clam escape burrows (Chamberlain, written

coanunlcation, 1989).

The amalgamated turbidite sequences in the upper Cannon Beach

member typically have repeated Bouma Ta_b, Ta...c, and Tb_b sequences, are

locally structureless due to fluidization, and contain large (10 to 15

cm diameter) siltstone rip-ups floating in a coarse-grained sandstone

matrix. Fluldized sandstone Intervals appear to be the source of the

ciastic dikes that inject upward into neighboring strata (Figure 73).

Penecontemporaneous slumping and dewatering structures (e.g. water

escape pipes) also occur in this Interval. At locality 46-88 (northeast

quarter sec. 17, T. 1 S., P. 10 W.) large channels filled with

amalgamated and interbedded silty to coarse-grained parallel laminated

to cross laminated turbidite sandstones have scoured into one another.

These nested channels are approximately 50 meters across (Figures 73 and

76).

Near the top of the unit, slltstone interbeds are rare to absent

(Figure 73). Bioturbated to parallel laminated and trough cross-bedded

fine- to medium-grained arkosic micaceous sandstone beds dominate the

section Instead (e.g. locality 0-110, northeast quarter sec. 28, T. 1

S., P. 10 W.; locality P1-113, northwest quarter sec. 17, T. I S., P. 10

W.).
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FIgure 76. SubmarIne channel-fill sequences In the upper Cannon Beach

member. Lower channel-fill strata contain large siltetone

rip-ups (circled) and are scoured into Interbedded turbidite

sandstones and laminated elltstones. The base of a second

channel (upper dashed line) may cut parallel laminated

sandstones near the top of the exposure (locality P1-121).
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Classification and Mlneraloav

Eight samples of the Cannon Beach member were examined under the

petrographic microscope, and five of these samples were subjected to 400

point modal analysis (Appendix V). Four sandstones plot on Folk's (1968)

sandstone classification diagram as lithic arkoses and one plots as an

arkose (Figure 77). The unit is characterized by subequal quantities of

the 'feldspar group" and the quartz and chert group' minerals, which

both average 37 percent of all detrital grains. The lithic franent

group follows, comprising an average of 21 percent of all detrital

grains (Appendix V).

Monocrystalline quartz is the most abundant type of detrital grain

In the Cannon Beach member, averaging 23 percent of the total (Figure

78). Although nearly all monocrystalline quartz is strained, exhibiting

uneven or wavy extinction, rare unstrained quartz is also present.

Polycrystalline quartz is much less abundant, averaging 9 percent of all

detrital grain types. Although chert is a relatively minor constituent

of Cannon Beach strata, comprising only four percent of all detrital

grains, it is important because it occurs as both sedimentary and

volcanic chert (sample 0-17, sec. 34, T.1 S., R. 10 W.), Indicating both

silicic volcanic and sedimentary provenances. The volcanic chert

includes relict altered plagioclase phenocrysts floating in a grounänass

of microcrystalline chert. Sedimentary chert is Identif led by rare

ghosts of sponge spicules. The least abundant mineral In the quartz and

chert group Is hydrothermal quartz, which averages only three percent of

all detrital grains.
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SUBARKOS4BLITHARENITE

Figure 77. Sandstone classification ternary diagram showing
the position of five samples of Cannon Beach member
sandstones (E; 400-point modal analysis). End
member corners are quartz (0) feldspar (F), and
lithic fragnents (L). Modified after Folk (1968).
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Figure 78. Photanicrograph of turbidite sandstone from the Cannon Beach
member. Sandetene is moderately sorted, fine- to medium-
gralned, with moriocrystalline quartz (0), yellow-staIned
orthoclase feldspar, chert (C), and muscovite CM). Much
of the dark Intergranular space Is filled by detrital clay
matrix. Field of view is 3.3 . Crossed nicole.




