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The middle Eocene Tiflamook Volcanics form the oldest rock unit

in the Elsie-lower Nehalem River area. K-Ar age determinations and

age constraints imposed by foraminiferal and calcareous nannofossil

assemblages of overlying sedimentary strata indicate an absolute age

of about 42 Ma for the uppermost Tillamook Volcanics. Major oxide

values indicate that the upper Tiflamook Volcanics are highly

fractionated high Fe-Ti tholeiitic basalts and basaltic andesites.

These volcanics were erupted in a developing forearc under an

extensional plate tectonic setting and formed a moderately large

oceanic island. These subaerial flows are predominantly aphyric to

plagioclase-augite porphyritic and have a pilotaxitic flow texture.

Epochs of both normal and reverse magnetic polarity are recorded.

Thermal subsidence related to the end of the volcanism resulted in

deposition of the transgressive late Eocene Hamlet formation over the

"Tillamook island".

The informal Hamlet formation consists of three members. From

oldest to youngest they are: the Roy Creek member, the Sunset Highway

member, and the Sweet Home Creek member. Three lithofacies are

present in the Roy Creek member. The stratigraphically lowest of

these consists of basaltic boulder-pebble conglomerate and locally

fossiliferous pebbly basaltic sandstones which were deposited in a

high energy nearshore environment around rocky basaltic headlands and

sea stacks of the Tillamook Volcanics. Molluscan fossils in this

lithofacies are correlative to the middle to late Eocene "Cowlitz-



Coaledo" fauna. Successively overlying lithofacies are a very coarse-

to coarse-grained shallow marine basaltic sandstone lithofacies and a

medium- to fine-grained basaltic sandstone lithofacies. This fining

upward sequenced documents progressive deepening of the depositional

basin. Framework clasts in all three Roy Creek member lithofacies

were predominantly derived from the Tillamook Volcanics. Pore-filling

diagenetic chlorite, smectite (nontronite), calcite, and zeolite

(clinoptilolite and heulandite) cements severely reduce the porosity

of Roy Creek member sandstones.

The Sunset Highway member of the Hamlet formation conformably

overlies the Roy Creek member in eastern Clatsop and western Columbia

counties and pinches out to the west at about the longitude of the

Nehalem River in T. 4 N., R. 8 W.. The Sunset Highway member is

predominantly composed of interbedded micaceous arkosic sandstone,

lithic arkose, and muddy micaceous arkosic siltstone with a few beds

of basaltic sandstone and basaltic debris flow breccias. The dominant

micaceous arkosic composition of the Sunset Highway member reflects a

distant extrabasinal granitic-metamorphic provenance and contrasts

with that of the locally derived underlying basaltic Roy Creek member.

Low angletrough cross-bedding, hummocky bedding, and microcross-

laminations in fine to medium-grained arkosic sandstones are

interpreted to have been produced by large storm-generated waves and

on a high energy inner shelf. Thin interbeds of bioturbated mudstone

and mollusc-bearing bioturbated sandstones formed during periods of

fairweather conditions and during lower sedimentation rates. Rare

matrix supported, basaltic debris-flow breccias and basaltic

sandstones were derived from nearby basaltic headlands and by rivers

draining the Tillamook Volcanics. Minor secondary intraparticle

porosity occurs with some primary intergranular porosity in relatively

matrix-free Sunset Highway member arkosic sandstones. However, much

of the porosity and permeability of these potential sandstones has

been reduced by diagenetic smectite coatings on framework grains and

potassium feldspar overgrowths of feldspar.s.

The mudstone-dominated Sweet Home Creek member was conformably

deposited on the Sunset Highway member in eastern Clatsop and western

Columbia counties. In western Clatsop County the Sweet Home Creek



member directly and conformably overlies the Roy Creek member due to

pinch out of the Sunset Highway member. Upper Narizian to lowermost

Refugian benthic foraminiferal assemblages from this unit indicate

outer shelf to upper slope sedimentation and continued subsidence of

the depositional (Astoria) basin. Micromicaceous and carbonaceous

silty mudatone dominates this unit but thin-bedded micaceous arkosic

turbidite sandstones are present in the lower part, and rare, thin

basaltic turbidites are present in the upper half. X-ray diffraction

analysis shows that the dominant clay minerals in the Sweet Home Creek

member niudstone are smectite (montmorillonite), kaolinite, and illite.

The Cole Mountain basalt (informal) intrudes and locally overlies

the Sweet Home Creek member. This caic-alkaline basaltic andesite is

thought to have formed in a compressional plate tectonic regime and

been emplaced on the outer shelf and upper slope as shallow irregular

sills and dikes and minor submarine pillow basalt-hyaloclastite

complexes. Siliceous nodules associated with pillowed units locally

contains a few per cent pyrite and are associated with small areas of

high-grade supergene copper-silver mineralization. The nortnally

polarized Cole Mountain basalt is chemically, petrographically, and

lithologically distinct from the Tillamook Volcanics and Grande Ronde

Basalt of the Columbia River Basalt Group.

The uppermost Narizian and Refugian (late Eocene) Jewell member

of the Keasey Formation disconformably overlies the Cole Mountain

basalt and Sweet Home Creek member. A thin basal glauconitic

sandstone-siltstone reflects a period of reduced sedimentation under

slightly reducing conditions and marks the disconformity. The unit

primarily consists of laminated to thin bedded tuffaceous mudstone

with a few thin tuff beds, small micaceous arkosic sandstone channels

and clastic dikes. Clay minerals in the Jewell member are dominated

by smectite (montmorillonite), with minor kaolinite and illite

(degraded mica) in the lower part of the unit. Benthic foraminiferal

assemblages in the unit indicate bathyal or slope depths and have been

assigned to the lower Refugian to upper Narizian stages.

In the middle Miocene, irregular dikes and sills of the Grande

Ronde Basalt of the Columbia River Basalt Group intruded the late

Eocene sedimentary strata in the thesis area. Two magneto-chemical



types of Grande Ronde Basalt, N2/low MgO-low Ti02 and N2! high MgO,

were identified in the thesis area. These were geochemically and

magnetically correlated to subaerial flows of magneto-chemical types

IA and 5A of Mangan and others (1986) on the Columbia Plateau. The

intrusions or invasive flows are interpreted to have been derived from

voluminous plateau eruptions by invasion into soft, unconsolidated

Neogene sediments at the marine/coast interface and then into the more

brittle but ductile Paleogene strata of the area as first proposed by

Beeson and others (1979).

Uplift of the Coast Range was initiated in the late Miocene as a

result of rapid offshore underthrusting in the subduction zone

(Snavely and others, 1983). This has resulted in subaerial erosion

and exposure of the faulted and gently folded forearc ridge and

deposition of Quaternary alluvial gravels and sands along major rivers

and creek in the thesis area.

The dominant structural features of the Elsie-lower Nehalem River

area are generally down-to-the-north, east-west-trending high angle

faults with oblique offset and a conjugate set of oblique slip

northwest-trending right-lateral and northeast-trending left-lateral

faults. Folds are broad and relatively minor. The major east-west-

trending fault pattern may have been initially produced by extensional

stresses related to subsidence of the "Tillamook island". The

conjugate strike-slip fault pattern may have been created by partial

coupling of the forearc basin with oblique subduction of the Farallon

plate.

Other than timber, locally used rock aggregate from small

quarries is the only resource that has been realized in the thesis

area. Most quarries are developed in dikes and sills of Grande Ronde

Basalt and the aggregate is used to macadamize logging roads.

Diagenetic events have resulted in significant loss of porosity

and permeability of potential reservoir sandstones in the area. The

most favorable targets are relatively matrix-free micaceous arkosic

sandstones in the Sunset Highway member, but these have been breached

by erosion in the eastern part of the thesis area and pinch out in the

western part of the area where potential mudstone cap rocks (e.g.,

Hamlet and Keasey formations) are present. Mudstones in the area



contain woody-structured kerogen and average about 1% total organic

carbon. These potential source rocks are generally thermally immature

but have locally been baked by basaltic intrusions. This results in

elevated vitrinite reflectance values (in the oil window and beyond)

and, therefore, the mudstones may be potential source rocks for

methane generation.

Mineralized fault zones have substantial width and length but do

not appear to carry anomalous concentrations of any metals other than

arsenic. High-grade supergene copper-silver mineralization associated

with Cole Mountain basalt intrusions has been documented but appears

to be very localized and is not thought to be a viable exploration target.
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GEOLOGY OF THE ELSIE-LOWER NEHALEN RIVER AREA,

SOUTHCENTRAL CLATSOP AND NORTHERNMOST TILLANOOK COUNTIES, OREGON

INTRODUCTION

Geologic investigation of northwestern Oregon began with

reconnaissance exploration of the region by J. D. Dana, a geologist

who accompanied the 1840 Wilkes oceanographic expedition which sailed

up the lower Columbia River to about the area that is now Portland.

Dana collected molluscan fossils near Astoria which Conrad (1849)

assigned to the Miocene, and climbed a "volcanic peak" about 8 km

northwest of the thesis area that is now called Saddle Mountain. More

detailed geological reconnaissance of the region was conducted by

Difler (1896) who described Eocene to Miocene sedimentary strata

overlying Eocene volcanic rocks in Clatsop County. Subsequent

stratigraphic and structural investigations, some of which were

undertaken to evaluate the hydrocarbon-producing potential of the area

(e. g. Washburne, 1914; Warren, Grivetti and Norbisrath, 1945),

developed the foundation for more detailed understanding the geology

and geologic history of northwestern Oregon. Renewed interest in the

area came with the discovery of commercial quantities of natural gas

near Mist, Oregon in 1979 (Newton, 1979). This spurred a flurry of

surface and subsurface exploration activity and geologic research

which led to substantially improved resolution and understanding of

the stratigraphy and structure of the area. Much of the detailed

geologic investigation of the region during the past 15 years has been

conducted by graduate students at Oregon State University under the

direction of Dr. Alan Niem and at Portland State University under the

direction of Dr. Robert Van Atta. This thesis is part of the

continuing geologic research of northwestern Oregon.



Purpose of Investigation

The main objectives of this investigation are:

to produce a detailed geologic map (scale 1:24,000) of

the Elsie-lower Nehalem River area;

to determine the structural and stratigraphic relation-

ships of early Tertiary sedimentary and volcanic rock

units exposed there;

to describe and interpret the depositional environments,

fades relationships, dispersal patterns, provenance, and

diagenetic history of sedimentary units;

to describe the physical, petrographic, and chemical

characteristics of volcanic units and speculate on their

petrogenesis; and,

to evaluate economic resources in the area, in particular

the hydrocarbon source rock and reservoir rock potential.

Location and Accessibility

The thesis area is located in south-central Clatsop and extreme

northcentral Tillamook counties, Oregon, approximately 80 kilometers

west-northwest of Portland and 32 kilometers southeast of Seaside

(fig. 1). The roughly rectangular area of 168.3 square kilometers

includes parts of the Saddle Mountain, Enright, Birkenfeld, and Timber

15-minute quadrangles and lies between latitude 450 44' and 45° 53'-

north and longitude 123° 40' and 123° 29' west.

US 26 (Sunset Highway, formerly known as Wolf Creek Highway)

provides the principal access to the northern part of the study area.

County roads which parallel the Nehalem River are the only other roads

which provide paved access. These are informally known as the

Fishhawk Falls highway (north of US 26) and the lower Nehalem River

road (south of US 26), which traverses the heart of the study area.

Additional access is provided by numerous logging roads and

abandoned railroad grades, most of which may be navigated with

conventional two wheel-drive vehicles. However, a four wheel-drive

vehicle, off-road motorcycle, or mountain bike is indispensible for

2
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Figure 1. Location map of the thesis area showing major highways and
towns.
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speedy travel over very steep and/or abandoned logging roads with deep

ruts and large "soup holes". The Nehalem River traverses the area

from northeast to southwest and provides water access by raft or canoe

during low water conditions of the summer months. Hiking is required

to reach certain areas and is facilitated by a network of unmaintained

and overgrown logging roads and railroad grades, creeks, and elk

trails. Private land ownership does not pose a significant access

obstacle because most of the land is either publicly-owned or

controlled by timber-based corporations.

Geographic and Topographic Features

Figure 2 illustrates the prominent geographic and topographic

features of the thesis area. The most populated region is around the

Elsie (northwestern part of the study area) along US 26. This

settlement was named around 1892 for Elsie Foster, a relative of the

town's first postmaster (McArthur, 1982), and provides a restaurant,

tavern, and two small markets. Permanent housing "developments" are

currently being constructed in the vicinity of Jewell Junction, which

provides a service station, restaurant, tavern, and motel. Other than

these two hamlets, permanent and recreational housing is primarily

dispersed along major highways (US 26 and Fishhawk Falls highway) and

along the lower Nehalem River road to about Lukarilla. Logging and

the provision of tourist-related services are the primary sources of

income for local inhabitants.

There are several attractive recreational sites within the thesis

area. Spruce Run State Park is a popular summer campground located

along the Nehalem River in the west-central portion of the thesis

area. Lost Lake is centrally located in the study area on state

forest land and is frequently visited during the summer months by

anglers, campers, and picnic parties. The Nehalem River and its

shores are seasonally used for fishing, canoeing, kayaking, tubing,

and sunbathing.

Maximum relief in the area is approximately 885 m The southward-

flowing Nehalem River defines a base level of about 70 m, and the

highest elevation is an unnamed 955 m peak in the
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Figure 2. Map of the thesis area illustrating geographic and
topographic features. Map base from parts of the 1:62,500
scale Saddle Mountain (1955), Enright (1955), Birkenfeld
(1955), and Timber (1955) U.S. Geological Survey 15-minute
quadrangles. Contour interval 80 feet.
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northern Tillamook Highlands in the southeastern part of the thesis

area. Other topographic high points include Cougar Mountain (534 m,

sec. 11, T. 4 N., R. 8 w.), Flat Iron Mountain (691 m, sec. 15, T. 4

N., R. 7 W.), Four Seven Ridge (507 m, sec. 35 and 36, T. 4 N., R. 7

W.; it was named after the township and range in which it is located),

as well as numerous unnamed peaks in northern Tillamook County.

In general, topography reflects the underlying geology such that

areas predominantly underlain by sedimentary lithologies have moderate

relief (10 to 50% slope) while areas composed of erosionally resistant

volcanic rock (e.g. southern two-thirds of the study area) exhibit

much more extreme relief with many vertical cliffs. Steep and rugged

mountains in this region provide spectacular panoramic views on clear

days (fig. 3).

The drainage pattern is dominated by the southward flowing

Nehalem River which meanders in sedimentary units to the north and is

entrenched in volcanic units in the south. Major tributaries to the

Nehalem River include Cow Creek, Humbug Creek, Quartz Creek, George

Creek, Spruce Run Creek, and Cronin Creek (fig. 2, plate I). The

Salmonberry River and its tributaries constitute a major dendritic

drainage network which empties into the Nehalem River near Salmonberry

(site in the extreme southwestern corner of the thesis area).

Dense forest covers most of the study area and is a formidable

hindrance to geologic work. Harrison and Eaton (1920, p. 5) stated

that "once away from the graded roads on the west slope of the Coast

Range, a geologist might spend days fighting his way through the

vegetation to obtain enough information to accurately map the surface

geology of one square mile of territory'. However, since that time an

extensive logging road network has been built and it provides

exposures in road cuts, gravel quarries, and borrow pits. Rock

exposure is generally good along the cut banks of the Nehalem River

and other low gradient creeks such as Cow Creek, McClure Creek, and

Humbug Creek. Higher gradient drainages are generally choked with

fallen logs and thorny, flesh-shredding vegetation (e.g. salmonberry

and devil's club) but occasionally reward the persistent geologist

with exposures.

Abandoned and largely unnavigable logging roads constructed in



Figure 3. Panoramic view toward the west from an unnamed ridge in the
southeastern part of the thesis area. The rugged mountain
in the distance is Onion Peak. Note barren rock and snags
related to the Tillamook burn.
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the early to middle 1950's provide a few exposures and additional

access. These roads can usually be traced on aerial photographs.

Rock exposures along these older roads are useful for field mapping

but have generally been weathered to such an extent that fresh samples

are generally unobtainable.

Slump and landslide scarps have created cliffs and steep slopes

which can be identified on aerial photographs and provide some of the

best natural rock exposures. However, these outcrops usually require

considerable hiking and as a general rule, slump blocks in the

sedimentary units add to the confusion of structural relationships.

The northern part of the well-known Tillamook burn area extends

into the southeastern part of the thesis area (fig. 3). Improper

logging practices resulted in fires of unprecedented proportions in

1933, 1939, and 1945 that collectively destroyed over 775 km2 of prime

timber and old growth forest (Kallander, 1953; Lucia, 1983). The soil

was sterilized by the intense heat of these conflagrations and was

quickly eroded away during ensuing winter rains, leaving behind ridges

and hills of naked bedrock. The area is slowly being revegetated, but

excellent exposures of the Tiflamook Volcanics remain to this day

(fig. 3).

Climate

Climate along the northwest Oregon coast is moderated by marine

air brought by prevailing westerly winds. The region is

characteristically cool and wet, having a mean annual temperature of
110

centigrade (52° F) and mean annual precipitation of approximately

203 cm (N.O.A.A., 1978, p. 814).

Frequent winter storms batter the coast with heavy rains and

strong winds. The southern part of the study area fringes the

Tillamook Highlands, Oregon's wettest region. Snowfall is the region

is moderate; at Lees Camp along the Wilson River it averages four feet

per year (Beaulieu, 1973).

High pressure systems usually prevail during summer months in the

Pacific Northwest and rain is much less frequent as easterly offshore

winds bring clear warm weather. It should be noted that the bulk of
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the field work for this study was completed during the summers of 1982

and 1983, which were unusually wet (e.g. 19 cm of rain during July of

1983 at Seaside, OR ; N.O.A.A, 1983) because of an El Nifto event.

This created an uncomfortable hindrance to geologic field work.

Vegetation and Aninu1s

The area was once forested with native spruce (Picea), cedar

(Thuja), and hemlock trees (Tsuga) but clearcut logging practices and

major forest fires have destroyed almost all of this old growth in the

Coast Range (Gerlach, 1970; Kosloff, 1976). Replanted Douglas fir

(Psuedotsuga menziesii), with a dense understory of alder, salal, and

ferns, has almost universally replaced the native forest.

Other common trees in the area are Grand fir (Abies grandis),

Western red fir (Thuja plicata), and western hemlock (Tsuga

heterophylla). Red alder (Alnus rubra), salmonberry (Rubus

spectabilis), and devil's club (Oploplanax horridium) proliferate

along creek bottoms and other wet places. Large leaf maple (Acer

macrophyflum), vinemaple (Acer circinatum), Pacific dogwood (Cornus

nuttallii), thimbleberry (Rubus parvifloris), himalayan blackberry

(Rubus fructicosus, Rubus procerus), blackcap (Rubus leucodermis),

huckleberry (Vaccinium parviflorium), Pacific blue elderberry (Sambus

caerulea), Oregon grape (Berberis aquifolium), western blueberry

(Vaccinium ulginosum), and foxglove (Digitalis purpurea) are more

common in the drier uplands.

A multitude of other shrubs, vines, mushrooms, and flowers are

present in the thesis area. Notable ones include trillium (Trillium

ovatuni), vanilla leaf (Achlys triphylla), candyflower (Nontia

sibirica), twinf lower (Linnea borsealis), stonecrop (Sedum

spathulifoflum), bunchberry (Cornus canadensis), and Indian pipe

(Monotropa uniflora).

Roosevelt elk (Alces americana), mule deer (Odocoileus hemionus

hemionus), and coyote (Canis latrans) were encountered numerous times

while conducting field work, and black bear (Ursus americanus), though

reticent and rare, are also present. Cougar, or mountain lion, (Puma

concolor) populations in the Coast Range mountains have been decimated
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through unsound hunting practices (Henry Rierson, personal

communication). Presumably, the naming of Cougar Mountain in the

west-central part of the thesis area was related to these cats.

Previous Work

Prior to this study, no detailed geologic investigation of the

thesis area had been undertaken. Reconnaissance investigations of

northwestern Oregon were initiated in the middle 1800's and concen-

trated on paleontology. J. D. Dana accompanied the Wilkes Exploring

Expedition of 1838-1842 and was cited by Diller (1896) as the first

geologist to examine the geology of northwestern Oregon. Dana (1849)

described the lithology and structure of the "Tertiary Formation" at

Astoria, Oregon and collected molluscan fossils which Conrad (1849)

assigned to the Niocene. The Astoria "shale" was named by Condon

(1880, in Washburne, 1914) for rocks exposed near Astoria. Diller

(1896) was sent on a pioneering reconnaissance geologic study of

western Oregon, and in particular to report on economic resources of

the region. Diller's exploration party ventured into the thesis area

where he briefly described "igneous sediments" (Diller, 1896,

p. 456-457) and identified macrofossils exposed along the Nehalem

River 2 1/2 miles below the mouth of Humbug Creek. He also correctly

noted that the canyon walls of the Nehalem River were formed of "basic

igneous rocks" (DIller, 1896, p.457) over a distance of about 20 miles

downstream from Mishawaka (Elsie area).

Washburne (1914) conducted a reconnaissance investigation of oil

and gas prospects in northwestern Oregon and briefly described strata

at several places along the Nehalem River within the thesis area. He

observed a coarse-grained basaltic rock" (Washburne, 1914, p.49)

along Humbug Creek south of Elsie and, like Diller, correctly reported

that "the canyon of the Nehalem, through T. 4 N., R. 7 W., is almost

wholly in basalt" (Washburne, 1914, p.49). In section 9, T. 4. N.,

R. 7 W. he found 20 feet of "laminated dark and light colored clay

shale's resting on basalt (Washburne, 1914, p.49). He also reported

massive, coarse tuffaceous sandstone and conglomerate containing

fragments of clay shale, basalt, and lime concretions" (Washburne,
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1914, p. 49) at the sharp loop in the Nehalem River near what is now

known as "Dead Man's Corner" (NW 1/4 sec. 7, T. 4 N., R. 7 w.). In

the same area where Diller (1896, p. 456-457) described "igneous

sediments" (NW 1/4 sec. 19, T. 4 N., R. 7 W.), Washburne (1914)

reported conglomerate containing fossil oysters and pectens. One of

his most interesting observations in the thesis area was along the

riverbed of the Nehalem River in the vicinity of the Lukkarila (sic)

ranch where he observed and sampled natural gas escaping from a 200 m-

thick "micaceous clay shale" (Washburne, 1914, p. 49).

Another investigation of oil and gas possibilities in western

Oregon was conducted by Harrison and Eaton (1920) who made an

interpretation of regional geology founded on limited observations.

Their unfavorable evaluation of the region's hydrocarbon potential was

largely based on comparison with known production areas, and in

particular, southern California.

Hertlein and Crickmay (1925) summarized the stratigraphy and

nomenclature of marine Tertiary strata in Oregon and Washington and

provided some detailed lithologic descriptions.

Schenk (1927) introduced the term "Keasey shale" and described

reference sections for the unit near the Keasey train depot in

Columbia County (near Vernonia). The Keasey Formation is the youngest

sedimentary unit exposed in the thesis area.

Weaver (1937) summarized and expanded on the stratigraphy of

northwestern Oregon. In 1942 he published a valuable three volume

monograph of Tertiary macrofossils of Oregon and Washington.

Warren and others (1945) produced a geologic map of northwestern

Oregon west of the Wiflamette River and north of latitude 45° 15' as

part of an oil and gas investigation during a World War Il-related

effort to identify natural resources. These workers published the

first reconnaissance geologic of the region. This map differentiated

Tillamook Volcanic series, upper Eocene basalt, Columbia River lavas

and associated intrusions, and undifferentiated middle Tertiary

sedimentary units (Cowlitz Formation) in the northern third of the

thesis area and assigned all rocks below a queried line (southern two-

thirds of the thesis area) to the Tillamook Volcanics. In addition,

four macrofossil and two Foraminifera samples were collected within
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the thesis area, all of which were assigned to the Cowlitz Formation

(upper Eocene). Along US 26 in the northeastern part of the thesis

area, they mapped a series of NW-SE-trending normal faults juxtaposing

Cowljtz Formation strata in a three mile-wide graben against the main

body of Tillamook Volcanics to the south and a smaller horst of

Tillamook Volcanics to the north in the Green Mountain area.

In 1946 Warren and Norbisrath formalized the stratigraphy of

Tertiary strata in the upper Nehalem River basin (Columbia County and

eastern Clatsop County). They named the Tillamook Volcanic Series,

extended the Cowlitz Formation as defined by Weaver (1912, 1937) in

southwestern Washington into northwestern Oregon, and expanded the

Keasey Formation as originally defined by Schenk (1927). They also

described the Pittsburg Bluff Formation, the Scappoose Formation, and

flows of Columbia River basalt.

Deacon (1953) concluded that upper Eocene sedimentary rocks

assigned to the Cowlitz and lower Keasey formations by Warren and

Norbisrath (1946) in the upper Nehalem River basin of adjacent

Columbia County are lithologically distinct from the type section

Cowlitz Formation in southwestern Washington. Therefore, he

informally proposed that these strata be named the Rocky Point

Formation. Subsequent publications, however, have continued to refer

to these rocks as the Cowlitz Formation.

Wells and Peck (1961) compiled a 1:500,000 scale geologic map of

Oregon west of the 121st meridian. This map roughly outlined the

distribution of the following units in the thesis area: 1) the Eocene

Tiflaniook Volcanics; 2) a volcanic rock unit assignable to either the

Goble Volcanics Series or the Tillamook Volcanics; 3) undifferentiated

Eocene sedimentary rocks (equivalent to the Cowlitz Formation); and 4)

the Keasey Formation. Unlike Warren and others (1945), they showed no

NW-SE-trending faults paralleling US 26 in the northeastern part of

the thesis area (between Eocene sedimentary rocks and volcanic rocks

of the Goble Volcanic Series to the north and volcanic rock of the

Tillamook Volcanics to the south). In their interpretation, volcanic

rocks in the northeastern part of the map area are a local pile of

younger volcanic rocks stratigraphically above Eocene sedimentary

rocks and can be assigned to either the Tillamook Volcanic Series or
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the Goble Volcanic Series. This rather open interpretation

demonstrates the poor understanding of stratigraphic and structural

relationships between volcanic and sedimentary rocks in the thesis

area.

Van Atta (1971) investigated Tertiary strata in the upper Nehalem

River basin of nearby Columbia County and reported detailed

petrographic information on the Cowlitz, Keasey, Pittsburg Bluff, and

Scappoose formations.

Beaulieu (1973) produced a 1:62,500 scale geologic map which

covered the thesis area as part of an engineering and geologic hazards

assessment study of Clatsop and Tillamook counties (fig. 4). Based on

reconnaissance work he mapped two units of Eocene volcanic rock, an

undifferentiated Eocene sedimentary rock unit, and a late Eocene and

middle Miocene basaltic intrusive rock unit in the thesis area. His

interpretation of structural and stratigraphic relations of strata

along US 26 in the northeastern part of the thesis area combined

elements depicted by Warren and others (1945) and Wells and Peck

(1961). This map depicted undifferentiated Eocene sedimentary rocks

in a NW-SE-trending half graben bounded by down-to-the-north- normal

faults between the main mass of Eocene volcanic rocks to the south

(map unit Tev 2 of fig. 4) and a separate and younger pile of Eocene

volcanic rocks to the north (map unit Tev 3 of fig. 4). In this

interpretation the Eocene sedimentary rocks in this area are sand-

wiched between two distinct masses of Eocene volcanic rocks. However,

subsequent detailed investigations of this problem have demonstrated

that this interpretation is incorrect (Nelson, 1985; Safley, in prep.)

Although the geologic map accompanying Beaulieu's 1973 report was

the largest scale geologic map that included the thesis area prior to

this study, the combination of reconnaissance level field work and the

environmental engineering focus of Beaulieu's investigation precluded

a more detailed resolution of the geology than had already been

published by Warren and others (1945). One of the goals of this

investigation was to determine structural and stratigraphic

relationships of volcanic and sedimentary units in this area (see fig.

5). A comparison of figures 4 and 5 shows the more detailed geologic

mapping accomplished in this study (also see plate I).
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EXPLANATION
Unconsolidated Surficjal Units

Quaternary Terrace Deposits
Dlsccted alluvium consisting primarily of poorly sorted
silt, sand, and gravel.

Stratigraphic Units

Oligocene to Miocene Sedimentary Rock
Greatcr than 5,000 feet of massive- to thin-bedded,
medium- to dark-gray, tuffaccous silts tone with subordi-
nate amounts of sandstone locally. Includci Astoria agestrata at the base of Saddle Mountain and HumbugMoun fain.

Eocene Volcanic Rock, Unit-3
Several thousand feet of relatively flatlying basaltic flowrock and pillow basalts of marine and subaerial origin
intercalated with Subordinate amounts of shajlow-watcr
volconiclas tic sedimentary rock.

Eocene Volcanic Rock, Unit-2
At least 15.000 feet of basaltic breccja (Enright and
Blame quadrangles) submarine basaltic flow rock (Saddle
Mountain quadrangle), and subaerial flow-on-flow basalt(Timber quadrangle) in tercala ted with subordinateamounts of tuffaceous, thin-bedded siltstone.

Eocene Sedimentary Rock Undifferentiated
Several thousand feet of undifferentiated thin-bedded toindistinctly bedded, tuffaceous, volconiclas tic siltstone,clay siltstone, and sandstone. The sedimentary rockoccurs stratigraphjcail between the three Eocene vol-
canic units and grades laterally into them locally. Vol-
canic interbeds are present in places.

Intrusive Rock
Basaltic, intrusive rock of late Eocene and middle Miocene
age including dikes and sills (Ti) and complex associationsof intrusive rock and sedimentary rack (Tic). TheMiocene intrusions are restricted to post-Eocene terrainand are characterized by a dense, uniformly grainedtexture. Eocene intrusions commonly contain indistinctphenocrysts of pyroxene.

Geologic Symbols
Faults

Solid where definite: long dashes where approximatelylocated or indefinite; short dashes where inferred; anddotted where concealed. U, upthrown side; D, down-thrown side.

Contacts
Solid where definite; long dashes where approximate:short dashes where inferred: and dotted where concealed.

Strike and dip of bedding
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Figure 4. Previous geologic interpretation of the thesis area (from
Beaulileu, 1973).
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Niem and Van Atta (1973) compiled data from previous reports and

revised the stratigraphy with detailed information for a field trip

guide of Tertiary rocks in northwestern Oregon and southwestern

Washington.

Wells and others (1983) incorporated my preliminary geologic

mapping in a 1:250,000 scale compilation map showing the geology of

the west half of the Vancouver 10 X 2° topographic sheet.

Niem and Niem (1985) published the first detailed geologic map of

Clatsop County (scale 1:100,000) as part of an oil and gas

investigation of the Astoria basin. This map incorporated later

mapping and field data from my investigation and shows the general

faulting pattern in the study area. These workers also proposed

revision of the stratigraphic nomenclature, including recognition of

the informal Hamlet formation and Cole Mountain basalt which are

present in the study area.

In general, most detailed geologic investigations conducted in

northwestern Oregon during the past 16 years have not been published.

These investigations primarily have been undertaken by M.S. and Ph.D.

graduate students at Oregon State University and Portland State

University. Until 1987, students at Oregon State University have

conducted their research in Clatsop and northernmost Tillamook

counties under the direction of Dr. Alan R. Niern and Dr. Robert

Lawrence, while those at Portland State University have primarily

researched the geology of adjacent Columbia and Tillamook counties

under the guidance of Dr. Robert 0. Van Atta and Dr. Richard Thorns.

Since 1972, fifteen graduate students at Oregon State University

have mapped, described, and interpreted the geology of Tertiary strata

in northwestern Oregon and this study is part of that effort

(fig. 6). Along with the in progress investigation of Safley, it will

complete detailed geologic mapping (scale 1:15,840 to 1:31,680) of

Clatsop County, Oregon. Rarey (1986) recently completed a

comprehensive study of coeval and younger volcanic and sedimentary

strata west of the thesis area. Nelson (1985) worked north of the

thesis area and, in addition to a detailed geologic investigation,

undertook a paleomagnetic study of basalts in the area (including site

GV3 in the thesis area) which indicated clockwise rotation of 48° +1-
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26° for the upper Tillamook Volcanics in the Green Mountain area.

Safley (in prep.) is currently finishing a detailed geologic study

east of the thesis area.

Research Methods

Field Methods

Geologic mapping and sample collection were primarily

accomplished during the summer months of 1982 and 1983. In general,

roads and major drainages in the thesis area were covered on foot

during the summer of 1982 and smaller drainages and other inaccessible

areas lacking information were investigated during the summer of

1983. Additional forays into surrounding thesis areas in Clatsop and

Columbia counties, Oregon, and to southwestern Washington were made at

various times between 1982 and 1986. The author also benefited from

several one to three day field trips led by Dr. Alan Niem, associate

professor in geology at OSU, along the central and northern Oregon

Coast Range.

Standard geologic mapping procedures were followed. A

topographic base map (80 foot contour interval) was compiled from

parts of the 1:62,500 scale Saddle Mountain (1955), Enright (1955),

Birkenfeld (1955), and Timber (1955) U. S. Geological Survey 15-minute

(topographic) quadrangles and enlarged to a scale of 1:24,000. An

outcrop map was made by plotting lithologies, structural data, and

other pertinent information on the base map. In addition, an office

copy of the outcrop map was updated regularly. Outcrop locations were

plotted on 1978 Oregon Department of Forestry orthophotos. Lithologic

descriptions, structural data, and sample information were entered in

field notes. Linear topographic features and lineations detected on

aerial photographs, high-altitude Side Looking Airborne Radar (SLAR)

(1983 imagery), and Landsat imagery were field checked, where

possible, for confirmation of structural significance. Oregon

Department of Forestry high altitude photographs (scale 1:63,360)

taken in 1978 were used as a mapping aid. Measurement of strike and

dip and the orientation of structural features was accomplished with a
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Brunton compass. An altimeter (five foot divisions) was available

during the 1983 field season and was used to locate outcrops more

precisely by cross-checking elevations on the topographic map. A

grain size chart and U. S. Geologic Society of America rock color

chart were used in lithologic description.

About 350 rock samples were collected for laboratory analysis and

paleontologic study. Pebble counts and clast size measurements (five

largest) were made at several conglomerate outcrops of the Roy Creek

member of the Hamlet formation. In addition, three stratigraphic

sections were measured with either a chain and Brunton compass or a

Jacob's staff and Abney level (figs. 50 and 53; Appendix XII).

The geologic map accompanying this report (Plate I) represents

the synthesis and refinement of several preliminary geologic maps

prepared from the base map. Field checks by Dr. Alan Niem were made

on numerous occasions.

Laboratory Methods

Rock samples were collected for a variety of purposes. All

outcrop localities and sample locations referred to in the text are

shown on Plate I and outcrop information pertaining to sample

locations is presented in Appendix I. Laboratory analyses performed

by the author included the following: 1) size (sieve) analysis of

sandstones; 2) heavy mineral separation and identification; 3) X-ray

diffraction and identification of clay and zeolite minerals in

mudstone units and zeolites filling amygdules in the Tillamook

Volcanics; 4) manufacture of thin-sections (including staining and

epoxy impregnation of sandstones) and petrographic investigation

sedimentary and volcanic rocks; and 5) identification of diagenetic

minerals in sandstones and alteration minerals in basalts that were

investigated with a scanning electron microscope.

Nine sandstone samples were sieved for size analysis using a

Ro-tap sieve shaker and a set of nested sieves ranging from -1.50 to

4.50, inclusive, in 1/20 increments (Appendix II). Sandstone samples

were disaggregated with a mortar and pestle and treated with weak

hydrochloric acid (10% solution) to remove carbonate cement. If
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significant organic material (carbonized plant debris) was present the

samples were also treated with a weak hydrogen peroxide solution

(10%). The samples were then dried at low temperature. Various size

sand fractions were visually checked for complete disaggregation with

a binocular microscope. Following Folk's methods (1974), cumulative

weight percent curves were plotted (figs. 59 and 60) so that the

statistical grain size parameters of median diameter, sorting,

kurtosis, and skewness could be determined (Appendix II). These

graphical plots of statistical parameters were used as an aid in the

interpretation of depositional environments.

Heavy minerals were separated from the 30 and 40 size fractions

of six sieved samples with tetrabromoethane (specific gravity 2.92).

Heavy minerals were mounted on slides with Piccolyte and identified

under a petrographic microscope (Appendix III). Heavy mineral

assemblages were used as an aid in provenance determination and

stratigraphic correlation. In addition, the light mineral fractions

of several samples were briefly examined.

Approximately 85 thin sections were made. Many sandstone samples

were poorly lithified or contained expandable (smectite) clays so that

impregnation with epoxy, which was usually dyed blue to help identify

pore space, was required prior to trimming into a billet. Following

the methodology of Lang and others (1964), most sedimentary thin

sections and a few billets were stained with sodium cobaltinitrite and

alazanin red to aid in identification of plagioclase and potassium

feldspars. Most modal analyses were made by point-counting 650

grains. Siliciclastic rocks were then classified according to the

schemes proposed by Williams and others (1954) and Folk (1974).

Interpretation of plate tectonic associations was made following Folk

(1974) and Dickinson (1982).

Thirty-one mudstone samples collected for microfossil identi-

fication were disaggregated by the kerosene saturation and boiling

method described in Appendix (IV). Foraminifera were then picked,

mounted on gridded slides, and sent to Dr. Kristin McDougall of the

U. S. Geological Survey and Dr. Weldon Rau of the Washington State

Department of Natural Resources for identification and interpretation

of age and paleoecology. Twenty-five of the samples contained
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foraminifera representing 131 species (Appendix v).

Several smear slides of six fresh mudstone samples were prepared

with for nannofossil identification by disaggregating approximately 1

g of sample in water with a mortar and pestle, dispersing a thin clay

film on glass slide, and mounting a cover slip after drying. The

slides were screened with a petrographic microscope to identify those

with the greatest abundance and diversity of nannofossils and these

were sent to Dr. David Bukry of the U. S. Geological Survey for

identification and age determination (Appendix VI).

Dr. Ellen Moore of the U. S. Geological Survey (now retired)

identified macrofossils (mainly molluscs) collected from 15 outcrops

in the thesis area and provided age and paleoecologic information

(Appendix VII). Tim Fleming (currently a graduate student at the

University of Montana, Missoula) provided additional identifications

of molluscs and interpretations of depositional environments. In

addition, he prepared figure 37, which shows some characteristic

fossils from the Hamlet formation (informal).

The magnetic polarity (e.g. reverse or normal) of 41 oriented

basalt samples was determined with a portable fluxgate magnetometer

following the methodology described by Doell and Cox (1964) (Appendix

I).

Major oxide analysis by X-ray fluorescence of 40 basaltic samples

was performed by Dr. Peter Hooper at Washington State University

(Appendix VIII). Sample preparation involved screening of hand

samples for obvious alteration, crushing samples into small pieces,

picking chips which appear to be unaltered, and cleaning the chips

with ultrasound.

Kris McElwee, a Ph.D. candidate in the School of Oceanography at

Oregon State University, determined potassium-argon radiometric age

dates for one sample of Tillamook Volcanics and one sample of Cole

Mountain basalt from the thesis area.

Three samples of amygdule zeolites from the Tiflamook Volcanics

were identified by X-ray diffraction (fig. 16). The analysis was done

in the School of Oceanography at Oregon State University.

An M4RAY 1000A SN A-10 scanning electron microscope with energy

dispersive X-ray analysis capability (Kevex 7077 SN 2973), operated by
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Al Soeldner at Oregon State University (Botany Department), was used

to investigate the diagenesis of seven selected sandstone samples and

alteration minerals of two basalt samples (one sample each of

Tillamook Volcanics and Cole Mountain basalt). Samples were mounted

on studs an coated with a gold-palladium mixture in a sputter

evaporator.

Clay minerals in mudstone units were identified by X-ray

diffraction following the methodology of Harward (1976) presented in

Appendix X. Sample treatments included Mg and K saturation, solvation

in ethylene glycol and glycerol, and incremental heating.

Through the courtesy of Terry Mitchell (Amoco Production

Company, Denver), three analyses of sandstone porosity (total and

effective) and permeability and three analyses of source rock

maturation were obtained. Results are listed in Appendix XI.

Porosity was determined with a nuclear magnetic resonance technique

from which median permeability was calculated by experimentally

derived equations (Jill Schlaefer, written communication, 1984).

Total organic carbon (% TOC) was determined for all three source rock

sample, while vitrinite reflectance (% R0) and visual kerogen type

were provided for only one sample.



REGIONAL STRATIGRAPHY AND STRUCTURE

Structure

The fundamental structure of the central and northern Oregon

Coast Range is a basement uplift which is interpreted to be a forearc

ridge. In the northern Oregon Coast Range, late middle Eocene to

middle Miocene sedimentary and volcanic rocks on the flanks of the

ridge dip away from Eocene volcanic rocks (dominantly submarine and

subaerial basalts of the Tillamook Volcanics) occupying the core of

the ridge. This defines a broad northward-plunging anticline or

structural arch. Warren and others (1945) described this structure as

a geanticline whereas Snavely and Wagner (1964) referred to it as an

anticlinorium. However, Niem and Van Atta (1973) pointed out a true

anticlinorial structure is not present, and, therefore, more

generalized structural terms such as geanticline or antiform seems

best. Uplift of the Coast Range was initiated during the early

Oligocene and accelerated in the middle Miocene (Snavely and Wagner,

1963; Snavely and others, 1980).

Superimposed on the regional structure are numerous northeast-

and northwest-trending high angle faults (Snavely and Wagner, 1964),

many of which show oblique strike-slip displacement (Wells and others,

1983; Niem and Niem, 1985). Detailed mapping in the northern Oregon

Coast Range has documented two populations of faults. One population

is a set of conjugate northwest- and northeast-trending strike-slip

faults; and the other consists of high angle east-west-trending

faults, many of which display oblique slip (Olbinski, 1983; Nelson,

1985, Niem and Niem, 1985; Rarey, 1986; this study). In addition,

broad, low-amplitude northwest-southeast-trending folds with gentle

dips (100-200) have been reported (Newton and Van Atta, 1976).

Stratigraphy

A regional stratigraphic correlation chart for western Oregon is

shown in figure 7. Lower to middle Eocene volcanic rocks form the

core the Coast Ranges of western Oregon and Washington. These rock

23
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Figure 7. Correlation chart of Tertiary strata in western Oregon and

southwestern Washington. Epochs, geochronometric scale,

and calcareous nannofossil zones on left from Berggren and

others, 1985. Data on right from Armentrout and others

(1983) except as follows: 1) Bukry (1973 and 1975), and

Okada and Bukry (1980); 2) MartIni (1970; and 3)Olbinski

(1983) and Murphy (1981) In Rarey (1986).
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units include the Roseburg, Siletz River, and Tillamook Volcanics in

Oregon and the Crescent Volcanics and Goble Volcanics mapped in the

Grays River area in Washington (Duncan, 1982; Rarey, 1986).

The early to middle Eocene Siletz River Volcanics crop out in the

central Oregon Coast Range (Suavely and others, 1968; Wells and

others, 1983). This unit varies in thickness from 3,050 to 7,000 m

and exceeds 80 cubic kilometers (50 cubic miles) in volume (Snavely

and others, 1968). Two petrochemical subunits have been identified in

the Siletz River Volcanics: a lower tholeiitic unit; and an upper,

thinner alkalic cap (Snavely and others, 1968). The chemical

composition of pillow lavas at the base of the lower tholeiitic unit

indicates a primitive mantle parentage. The composition of overlying

basaltic flows and breccias In the lower tholelitic unit are

relatively enriched in Ti02, P205, and total iron and depleted in S102

and NgO, suggesting that they are differentiation products from the

parental magma (Snavely and others, 1968). The much thinner upper

alkalic unit that caps the Siletz River Volcanics consists of an

alkalic suite of pillowed flows and breccias (alkalic basalt,

porphyritic augite basalt, picrite basalt, massive feldspar

porphyritic flows with minor interbedded tholeiitic compositions)

indicative of a much more explosive and sporadic eruptive style,

(Suavely and others, 1968). First order petrochemical trends observed

for the Siletz River Volcanics are compatible with those observed for

Hawaiian tholeiltic and alkalic suites and supports the interpretation

that these rocks represent seamounts or oceanic islands built upon

ocean crust (Snavely and others, 1968). Duncan (1982) reported that

rare earth element patterns and trace element composition of Eocene

Volcanic rocks are compatible with the idea that they were generated

along a spreading ridge which formed an oceanic island. This

interpretation is also supported by seismic refraction studies of Berg

and others (1966) which indicated a crustal thickness of approximately

15 to 20 km (intermediate between normal oceanic and continental

crust).

The Siletz River Volcanics are thought to have been accreted to

the North American continent at about 50 Ma. (Wells, 1984) causing

westward repositioning of the subduction zone and development of a
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deep forearc basin in which the middle Eocene Tyee (deep marine fan

turbidites) and Yamhill formations (slope siltstones) were

unconformably deposited on the Siletz River Volcanics and coeval rocks

(Wells and others 1983; Wells and others, 1984; Chan and others, 1983;

Heller and Ryberg, 1983). In western Oregon the Tyee and Yainhill

formations are reported to interfinger with, and be overlain by the

middle to late Eocene Tillamook Volcanics, respectively (Wells and

others, 1983; Bruer and others, 1984).

Basaltic volcanism continued during middle and late Eocene time,

producing the Tillamook Volcanic Series (Snavely and others, 1970;

Nelson and Shearer, 1969) and Yachats Basalt (Snavely and MacLeod,

1974). Snavely and others (1970) and Cameron (1980) identified a

lower submarine basalt facies and an upper subaerial basalt fades in

the Tillamook Volcanics. The oldest rocks exposed in the thesis area

are subaerial flows of the upper Tillamook Volcanics. The Yachats

Basalt, the subaerial facies of the upper Siletz River Volcanics, and

upper Tillamook Volcanics all indicate formation of emergent oceanic

islands at different times in the Eocene.

In northwestern Oregon, more than 2,000 m of upper middle Eocene

to middle Niocene sedimentary rocks unconformably overlie the upper

Tillamook Volcanics (Niem and Niem, 1985; Rarey, 1985). They consist

of minor shallow water conglomerate, basaltic and arkosic shelf

sandstones, tuffaceous slope siltstones, and bathyal mudstones (Hamlet

formation and Jewell member of the Keasey Formation of this study).

Facies relationships between these lithologies record a general

transgression of the sea over a subsiding oceanic island complex

(Rarey, 1986). The timing of this transgression is coincident with

the westward repositioning of the Challis arc to the Cascade arc and

initiation of Cascade arc volcanism, which has been related to rapid

decrease in the convergence rate between the oceanic Farallon plate

and continental North American plate (Wells and others, 1984). These

marine strata are intruded by late Eocene to early Oligocene basaltic

rocks (e.g. Cole Mountain basalt of this study and of Niem and Niem,

1985) and overlain and intruded by middle Miocene basalts of the

Columbia River Basalt Group.

Henriksen (1956) described the type section of the upper Narizian
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(late middle Eocene) Cowlitz Formation in southwestern Washington. In

Clatsop County, northwestern Oregon, the Cowlitz Formation

unconformably overlies upper Tillamook Volcanics and was divided into

five mappable members by Olbinski (1983) and Nelson (1985). They are:

1) basal basalt boulder and cobble conglomerate, 2) interbedded

basaltic and arkosic sandstone, 3) a thin turbidite member, 4) a thin

mudstone unit, and 5) an upper arkosic sandstone unit correlative to

the producing "C and W" (Clark and Wilson) sandstone in the Mist gas

field. In the upper Nehalem River basin (Columbia County) the Cowlitz

Formation is about 300 meters thick (Niem and Van Atta, 1973) and was

predominantly deposited in a shallow water marine environment (shelf)

(Van Atta, 1971; Timmons, 1981; Jackson, 1983; Olbinski, 1983; Nelson,

1985; Niem and Niem, 1985; Safley, in prep.). The Nestucca Formation,

which predominantly consists of bedded tuffaceous mudstone, is a deep

water lateral equivalent of the Cowlitz Formation (Snavely and Vokes,

1949; Baldwin, 1981). Rarey (1986) proposed that the nomenclature of

age equivalent but lithologically dissimilar strata in the Astoria

basin which have been mapped as Cowlitz Formation (Wells and Peck,

1961) be revised and assigned to the newly erected Hamlet formation

(informal). Niem and Niem (1985) and Peterson and others (1986) have

utilized this revision in nomenclature for strata in the Astoria

basin. In the subsurface of Columbia County this unit has been

included in the Yamhill Formation (Bruer and others, 1984). One of

the contributions of this investigation is the description and

correlation of facies of the Hamlet formation.

The upper Eocene Goble Volcanics appear to interfinger with and

overlie upper Cowlitz Formation strata along the Columbia River in

northwestern Oregon and southwestern Washington (Wilkinson and others,

1946; Henriksen, 1956; Livingston, 1966). At the type section near

Goble, Oregon, the unit consists of subaerial flows ranging in

composition from basalt to andesite, flow breccias, and minor basaltic

pyroclastics and interbedded sedimentary rocks (Henriksen, 1956;

Livingston, 1966). Some volcanic breccias in the Goble Volcanics

exposed along the I-S interstate freeway near Woodland, Washington

exhibit characteristics of debris flow deposits. Van Atta (1971)

mapped Goble Volcanics in Columbia County and referred to flows and
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intrusions associated with Cowlitz Formation strata as the Goble

Volcanics member of the Cowlitz Formation. No interstratified

subaerial flows have been reported in the Cowlitz and Hamlet

formations in Clatsop County (Niem and Niem, 1985). However, the Cole

Mountain basalt (informal), which consists of shallow basaltic

intrusions and thin submarine flows have been recognized recently in

Clatsop County (Rarey, 1986; this study). This unit may be an

intrusive submarine fades or correlative petrochemical unit of the

Goble Volcanics. Upper Eocene volcanics at Cascade Head (north-

central Oregon Coast) are interstratified with the Nestucca Formation

and may be related to the same or slightly younger volcanic episode

(Barnes, 1981). A significant contribution of this study has been the

recognition, description, and tentative correlation of Cole Mountain

basalt (informal).

The upper Narizian/lower Refugian (uppermost Eocene) Keasey

Formation unconformably overlies the Cowlitz and Goble Volcanics in

northwestern Oregon (Niem and Van Atta, 1973) and is the youngest

sedimentary formation in the thesis area. It is also unconformable on

the Hamlet formation (informal) and Cole Mountain basalt (informal)

(Niem and Niem, 1985; Rarey, 1986; this study). The Keasey Formation

consists of tuffaceous siltstones and mudstones and thin tuff beds

which were deposited in a bathyal forearc basin (Van Atta, 1973;

McDougall, 1975; Nelson, 1985; Rarey, 1986; this study). Considerable

quantities of volcanic ash and detritus in Keasey lithologies attest

to early Oligocene caic-alkaline volcanism in the Cascade arc (Van -

Atta, 1973; Olbinski, 1983; Nelson, 1985; Rarey, 1986, this study).

Niem and Van Atta (1973) separated the Keasey Formation into

three members in Columbia County. They are 1) a thin basal pebbly

basaltic sandstone and conglomerate, 2) a thick middle member

consisting of massive, fossiliferous, and tuffaceous mudstone, and

3) a thin upper member consisting of interstratified siltstone and

fine-grained sandstone. In Clatsop County Olbinski (1983) and Nelson

(1985) separated the Keasey Formation into three somewhat different

informal members. They are: 1) a lowermost unit of well-bedded to

thinly laminated tuffaceous mudstone with characteristic clastic dikes

of arkosic sandstone which they informally called the Jewell member,
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2) a thick middle unit of thinly interbedded arkosic turbidites and

siltstone informally called the Vesper Church member, and 3) an

unnamed upper member of massive, tuffaceous siltstone. Of these three

members, only the Jewell was recognized in the thesis area. In their

revision of the stratigraphy of informal units in Clatsop County Niem

and Niem (1985) included the upper massive part of the Keasey

Formation in the informal Smuggler Cove formation (formerly Oswald

West mudstone; fig. 7). The Keasey Formation is reported to be 0 to

1500 m thick (Nelson, 1985; Armentrout and others, 1983). It is

correlative to the Bastendorff and Tunnel Point formations of the

southern Oregon Coast (Baldwin, 1981; Nelson, 1985; fig. 7). The

lower part of the Alsea Formation (central Oregon coast) is age

equivalent with the Keasey Formation (Baldwin, 1981; Rarey, 1986; fig.

7).

The late Refugian (late Eocene) Pittsburg Bluff Formation

overlies the Keasey Formation in Washington, Columbia, and eastern

Clatsop counties. Its contact relationships with underlying units

change from unconformable on the Keasey Formation in Columbia County

(Kadri, 1982; Armentrout and others, 1983) to conformable and

interfingering with the deeper marine Smuggler Cove formation

(formerly Oswald West mudstone) in Clatsop County (Peterson, 1984;

Martin and others, 1985 in Niem and Niem, 1985; Rarey, 1986). In

Columbia County the Pittsburg Bluff Formation is less than 200 m thick

(Moore, 1976) and has been separated into a lower structureless to

thin-bedded, bioturbated, arkosic sandstone and siltstone unit and an

upper unit of basalt conglomerate, arkosic and tuffaceous sandstone,

glauconitic sandstone, tuffaceous siltstone, and minor coal beds

(Warren and Norbisrath, 1946; Van Atta, 1971; Niem and Van Atta, 1973;

Kadri, 1982). In Clatsop County Olbinski (1983) informally separated

the upper Pittsburg Bluff Formation into a lower member predominantly

consisting of fine-grained tuffaceous sandstone with glauconitic

sandstone at the base and an upper member consisting of silty

mudstone. Niem and Niem (1985) mapped out the lower unit of the

Pittsburg Bluff Formation as the informal Sager Creek formation.

Molluscan fossils collections from this unit indicate deposition in an

open marine, sandy inner to outer shelf environment (Moore, 1976;
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Olbinski, 1983; Peterson, 1984). This sandstone-rich formation is not

exposed in the thesis area. The Pittsburg Bluff Formation is largely

Refugian in age but may extend into the lower Zemorrian (Moore,

1976). Correlative units of the Pittsburg Bluff Formation include the

lower part of the Lincoln Creek Formation of southwestern Washington

and the lower part of the Alsea Formation of the central Oregon Coast

Range (fig. 7; Armentrout an others, 1983).

The Scappoose Formation disconformably overlies the Pittsburg

Bluff Formation in Columbia County (Warren and Norbisrath, 1946). It

predominantly consists of micaceous and tuffaceous sandstone and

mudstone, but also contains cross-bedded carbonaceous and micaceous

arkose bearing pebbles of quartzite and basalt, and polymict pebble

and cobble conglomerate at the base (Niem and Van Atta, 1973). Van

Atta (1971) interpreted the unit to represent deposition in a deltaic

environment. Coarse-grained arkosic sandstone and basaltic

conglomerate (e.g. fluvial facies) of the Scappoose Formation were

deposited in channels eroded into the underlying Pittsburg Bluff

Formation and in places rest directly on the Keasey Formation (Van

Atta and Kelty, 1985; Kelty, 1981). As redefined by Van Atta and

Kelty (1985) the formation is not Oligocene in age as originally

defined because it contains middle Miocene basalt cobbles and,

therefore, crosses a significant middle Miocene unconformity which

violates the code of stratigraphic nomenclature and poses problems in

defining the age of the unit. The redefined Scappoose Formation is

correlative with the upper part of the Astoria Formation and unnamed-

sandstone interbeds between flows of the Columbia River Basalt Group.

Any older Oligocene strata in Columbia County should be redefined or

included in the Pittsburg Bluff Formation. The Scappoose Formation is

not exposed in the thesis area.

In their revision of the stratigraphic nomenclature of informal

units in Clatsop County, Niem and Niem (1985) renamed the informal

Oswald West mudstone as the Smuggler Cove formation (informal). This

550 meter-thick deep marine unit crops out only in the northwestern

part of the Oregon Coast Range and was initially named after excellent

seacliff exposures along Short Sands beach at Oswald West State Park

(Cressy, 1974). It mainly consists of interbedded silty mudstone and
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tuffaceous siltstone. Spectacular sedimentary structures, including

elastic dikes, load and penecontemporaneous slump structures,

submarine mudflow deposits, and distinctive Zoophycos trace fossils,

are exposed in outcrops of this unit along Short Sands beach (Niem and

Van Atta, 1973). At the type area it is contains Zemorrian to

Saucesian (Oligocene to early Miocene) microfossils and molluscan

fossils. On the basis of fossil evidence Penoyer (1977) suggested

that lower Oswald West mudstone (Smuggler Cove formation) correlates

with the Keasey Formation, middle Oswald West mudstone (Smuggler Cove

formation) correlates with the Pittsburg Bluff Formation, and the

upper part of Oswald West mudstone (Smuggler Cove formation)

correlates with the Scappoose Formation of Warren and Norbisrath

(1946). As previously noted, Niem and Niem (1985) appended upper

Keasey strata to lower Oswald West mudstone (informal) when they

redefined the proposed Smuggler Cove formation (informal). Peterson

(1984) and Nelson (1985) reported that the unit changes laterally

eastward from deep marine niudstone along the coast to shallow water

sandstone of the Pittsburg Bluff Formation. The Smuggler Cove

formation (Oswald West mudstone), Pittsburg Bluff Formation, and upper

Keasey Formation interfinger and undergo rapid fades changes

immediately west of the thesis area (Rarey, 1986). However, none of

these younger units are exposed in the thesis area.

The Astoria Formation unconformably overlies the Smuggler Cove

formation (informal) in western Clatsop County (Cooper, 1980) It was

the first formation to be geologically investigated in northwestern -

Oregon by Dana (1849) who described the unit at its type area in the

city of Astoria along the Columbia River. It is Saucesian (lower to

middle Miocene) in age and has been informally divided into numerous,

lithologically diverse mappable members: 1) the shallow marine and

fluvial Angora Peak sandstone member, representing a deltaic fades

(Cressy, 1974), 2) the shallow marine Big Creek sandstone member

(Coryell, 1978; Cooper, 1980), 3) the Pipeline member, interpreted as

a submarine channel or canyon head deposit (Cooper, 1981; Nelson,

1981; Coryell, 1978; Niem and Niem, 1984), and 4) the Silver Point

member, consisting of deep-water mudstone and thin turbidite

sandstones. Preparatory to formalizing the nomenclature for
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stratigraphic units in Clatsop County, Niem and Niem (1985) have

proposed new names for all of these informal members except the Angora

Peak member because the informal names erected by earlier workers have

been used elsewhere in the United States and violates the code of

stratigraphic nomenclature (North American Commission on Stratigraphic

Nomenclature, 1983). The Astoria Formation does not crop out in the

thesis area.

Basalts of middle Miocene age intrude and overlie late middle

Eocene to middle Miocene sedimentary strata in northwestern Oregon and

form prominent headlands along the coast (Penoyer, 1977; Peterson,

1984; Nelson, 1985; Niem and Niem, 1985; Rarey, 1986; Goalen, 1988).

Snavely and others (1973) demonstrated that these coastal basalts"

were petrochemically, petrographically, and age equivalent to

subaerial flows of the Columbia River Basalt on the plateau of eastern

Oregon, Washington, and western Idaho. However, they believed the

coastal basalts were of local origin and differentiated them into

three types: the aphyric Depoe Bay basalt, the younger sparsely

plagioclase-porphyritic Cape Foulweather basalt, and basalt at Pack

Sack Lookout. Swanson and others (1979) revised the stratigraphic

nomenclature of the Columbia River Basalt Group so that the Grande

Ronde Basalt and Frenchman Springs member of the Wanapum basalt

correlate with the Depoe Bay and Cape Foulweather basalts,

respectively, and the Pomona member of the Saddle Mountains basalt

correlates with the basalt of Pack Sack Lookout. Of the three

petrologic types of Columbia River Basalt Group recognized in

northwestern Oregon to date, only the Grande Ronde basalt member of

the Wanapum basalt has been found in the thesis area.

In a new interpretation, Beeson and others (1979) suggested that

the coastal basalts" represented submarine extensions of invasive

flows of Columbia River Basalts sourced in western Idaho, eastern

Oregon, and eastern Washington. In this interpretation, these

voluminous subaerial flows followed the course of the ancestral

Columbia River into the middle Miocene marine embayment where they

foundered in semiconsolidated sediments, formed pillow basalts,

breccia piles, and "invasive" dikes and sills. Although the details

for a mechanism to produce "invasive' dikes and sills have not been
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worked out, evidence that such events occurred in northwestern Oregon

is almost overwhelming (Wells and Niem, 1987; Goalen, 1988).



TILLANOOK VOLCANICS

Nomenclature

A thick sequence of basaltic lavas, tuffs, and minor sedimentary

strata form the erosionally resistant Tillamook Highlands of the

northern Oregon Coast Range. These rocks were originally described by

Warren and others (1945), who named them the Tillamook volcanic series

and assigned them to the Eocene based on stratigraphic position and

limited fossil data. Subsequent publications have called these strata

Tillamook Volcanics (e.g. Wells and Peck, 1961; Van Atta, 1971,

Duncan, 1982; Niem and Niem, 1985) and Tillamook Volcanic Series

(e.g. Magill and others, 1981).

Snavely and others (1970) proposed the following tripartition of

the Tillamook Volcanics: 1) a lower unit consisting of 1525 meters of

lower Eocene basaltic pillow lavas, breccias, and tuffs with minor

foraminifer-bearing siltstone interbeds; 2) a 760 rn-thick middle

unit of lower to middle Eocene tuffaceous siltstone with subordinate

basaltic sandstone, basaltic tuff, breccia, and pillow lavas; and 3)

an upper unit at least 1525 meters thick composed of middle to upper

Eocene subaerial basaltic to alkalic lava flows with minor sedimentary

interbeds (fig. 8).

Soper (1974) restricted the Tillamook Volcanics to the upper

(subaerial) member of Snavely and others (1970) because mapping showed

that the lower and middle members are lithologically similar and

traceable to the type sections of the Siletz River Volcanics and

Yamhill Formation, respectively.

Recent remapping of the Tillamook Volcanics by Wells and others

(1983) separated the Tillamook Volcanics into a lower submarine facies

and an upper subaerial facies. The lower submarine facies consists of

pillow basalt, basalt breccia, and basalt tuff with interbeds of

basaltic sandstone and conglomerate and is equivalent to the upper

part of the middle member of Snavely and others (1970). The upper

subaerial fades predominantly consists of basalt flows and is

directly correlative to the upper member of Snavely and others

(1970). Wells and others (1983) utilized the stratigraphic

34
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correlations established by Soper (1974) and assigned the lower member

of the Tillamook Volcanics (as described by Snavely and others, 1970)

to the Siletz River Volcanics, and the lower part of the middle member

(as described by Snavely and others, 1970) to the Yamhill Formation.

Figure 8 shows the relationship between subdivisions of the Tillamook

Volcanics proposed by Snavely and others (1970) and that of Wells and

others (1983). The nomenclature of Wells and others (1983) is used in

this report.

Regional Distribution and Physical Setting

The Tillamook Volcanics are exposed at the surface over an area

of approximately 1300 km2 in the northern Oregon Coast Range (Wells

and others, 1983). Correlative volcanic rocks are exposed in

southwestern Washington (see Correlation section) and exploratory

wells in northwestern Oregon have bottomed in volcanic rocks with

similar chemistry, petrographic characteristics, and stratigraphic

position (Martin and others, 1985; Niem and Niem, 1985; Rarey, 1986).

This indicates physical continuity of the middle to late Eocene

volcanic rocks over a rather substantial area of roughly 5,000 km2.

The lower submarine facies of the Tillamook Volcanics is interbedded

with bathyal mudstones (Cameron, 1980; Wells and others, 1983) and the

upper subaerial fades is discomformably overlain by shallow marine

sedimentary rocks (Niem and Niem, 1985; Rarey, 1986). These features

document the emergence and subsidence of an oceanic island. The

dimensions of this island are comparable to moderately large shield

volcanoes (fig. 9). In general, the dip of the Tillamook Volcanics in

the thesis area is only slightly greater than that of overlying

sedimentary strata indicating that primary dips were quite low. This

is congruent with the tholeiitic composition of the flows (see

petrochemistry section) which indicates a low viscosity that would

promote low primary dips. Lava flows in the thesis area are

relatively thin (generally 5 to 15 m thick), which is consistent with

deposition on relatively low-relief plains of a shield volcano.

Debris flows are not common in the Tillamook Volcanics and this is

also suggestive of low-relief topography (Rarey, 1986; this study).
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Figure 8. Subdivision of the Tillamook Volcanics according to Snavely
and others (1973) and Wells and others (1983).
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However, the uppermost Tillamook Volcanics in the Green Mountain area

(T. 5 N., R. 6 W. in Clatsop County) does contain numerous debris

flows which suggest more moderate relief (Olbinski, 1983; Nelson,

1985; Safley, in prep.). Such relief may be due increased viscosity

associated with more fractionated and siliceous flow compositions in

this area, erosion of the terrain as volcanism waned, or fault scarps

created during thermal subsidence and plate reorganization.

The Tillamook Volcanics are not an immensely thick volcanic pile

(at least 2,000 m indicated by Cameron, 1980; Wells and others, 1983)

which suggests that, along with correlative middle to late Eocene

volcanic rocks in northwestern Oregon and southwestern Washington, it

may consist of several coalesced shield volcanoes built up around

local eruptive centers. This would lead to only local thickening of

the volcanic pile. Alternatively, the eruptive centers or magmatic

source may have migrated significantly in time and distributed a

relatively thin veneer of subaerial basalt.

Distribution in the thesis area

The Tillamook Volcanics is the stratigraphically lowest as well

as the thickest unit exposed in the study area. It has an estimated

minimum stratigraphic thickness of 1,500 m. Distribution of this unit

is primarily restricted to the south where about 47 km2 were mapped

(Ttv on fig. 5 and plate I). Additional exposures were mapped in the

northeast along the Quartz Creek fault scarp, in the Quartz Creek

gorge, and in the Cow Creek drainage (Plate I).

Due to the combination of erosionally resistant basaltic rocks

and considerable rainfall along the coast, the Tillamook Volcanics

form topographic highlands dissected by steep and rugged canyons and

stream bottoms. Examples of such canyons are the Nehalem River gorge

south of Lukarilla, the south and main forks of Spruce Run Creek, and

the north, middle, and south forks of Cronin Creek. Road cuts and

small road-gravel quarries along logging roads in southern Clatsop and

northern Tillamook counties provide additional exposures. The best

exposures that are readily accessible are along logging road #101 in

the southeastern part of the thesis area in sections 2 and 3,
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T. 3. N., R. 7 W. (localities 826-9, 3721-1, 2, 3, 4). Additional

exposures can be located by referring to Plate I and Appendix I).

Contact Relationships

The lower contact of the upper Tillamook Volcanics is not exposed

in the thesis area.

The upper Tillamook Volcanics are unconformably (disconformably)

overlain by late Eocene basaltic conglomerates of the Roy Creek member

of the Hamlet formation. This widespread basal conglomerate (Roy

Creek member) was locally derived from the underlying Tillamook

Volcanics (Rarey, 1986) and demonstrates an upper erosional contact of

the Tillamook Volcanics. In general, the dip of the Tillamook

Volcanics, and particularly the dip of flows in the lower part of the

volcanic pile, is slightly greater than overlying sedimentary strata,

indicating a slight angular unconformity or disconformity. However,

flows at the top volcanic pile dip at about the same angle as the

overlying Roy Creek member, and one thin sedimentary interbed occurs

in the Tillamook Volcanics near the top of the volcanic pile (locality

719-4, T. 4 N., R. 7 W., NE 1/4 sec. 28), suggesting a disconformable

relationship. Progressive subsidence and deformation during eruption

of the volcanic pile could explain the observed changes incontact

relationships between the lower and upper parts of the unit. The

upper disconformable contact of the Tillatnook volcanics with the

overlying Hamlet formation (informal) is partially exposed in several

places in the thesis area, including the roadbed of Spruce Run road

(locality 729-8, T. 4 N., R. 7 W., sec. 19), a road cut along a short

spur off Spruce Run road (locality 720-1, T. 4 N., R. 7 W., sec. 29),

road cuts along a logging road following the crest of Four Seven Ridge

(locality 720-5, T. 4 N. R. 7 W., sec. 20), and along the Nehalem

River (locality 812-4, T. 4 N., R. 8 W., sec. 26) (Plate I). Where

visible, the contact is sharp and erosional. In most places the

contact is poorly exposed and its location can only be estimated.

Because of poor exposures and the small size of most outcrops, it is

not possible to place the contact between basal conglomerate of the-

Roy Creek member and the Tillamook Volcanics strictly on the basis of
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lithology because boulders at the base of the Roy Creek member are

lithologically identical to underlying flows of the Tillaniook

Volcanics. This is compounded by the occurrence of basaltic sandstone

interbeds in the upper Tillamook Volcanics. Therefore, one must find

supporting evidence such as bake zones between flows or fossil-bearing

matrix between rounded clasts with to identify these two units with

certainty. -

Nagnetostratigraphy

A fluxgate magnetometer was utilized to determine the magnetic

polarity of samples collected from the basal to upper parts of the

Tillamook Volcanics exposed in the study area (Table 1 ; Appendix I).

In general, the magnetostratigraphy of the Tillamook Volcanics in the

thesis area consists of a thick basal and middle section of normal

polarity, a relatively thin section of reverse polarity at the top,

and an intervening interval of alternating normal and reverse polarity

(fig. 10). An estimate of the thickness of these polarity units can

be calculated from the distance between the approximately upper and

lower contacts and strike and dip of the units. These calculations

indicate a thickness of 320 m for the upper reverse polarity section

and 1125 m for the lower section of normal polarity. The upper and

lower contacts of the middle interval of alternating normal and

reverse polarity are not obviously apparent, and, therefore, are

arbitrary. Subtraction of the thickness of the overlying and

underlying units from the estimated total thickness of the volcanic

pile yields approximately 50 m for the middle section.

In the Tillamook Volcanics immediately west of the thesis area,

Rarey (1986) reported normal polarity for the upper 30 to 60 m,

reversed polarity for the basal 150 m, and an approximately 350 m-

thick middle section consisting of an alternating zone of normal and

reverse polarity overlying a thicker section of normal polarity.

Rarey (1986) repositioned calcareous nannofossil subzones CP 14a

through CP 15b (biostratigraphic assignments made to calcareous

nannofossil assemblages obtained from the overlying Sweet Home Creek

member) relative to the absolute time scale based on time scale
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Table 1. Magnetic polarity of the subaerial flows of the Tillamook
Volcanics and their relative stratigraphic position in the
thesis area.

Township Range s section

4N 7W SW Sec. 15

4N 7W NE sec. 03

4N 7W SW Sec. 20

4N 7W NW sec. 19

4N 7W SW sec. 34

3N 7W NE Sec. 03

3N 7W NE Sec. 03

3N 7W NE sec. 03

3N 7W NE sec. 03

3N 7W NE sec. 03

3N 7W NW Sec. 02

3N 7W NW sec. 02

3N 7W SE sec. 02

3N 7W NE Sec. 02

3N 7W SW Sec. 06

3N 7W SW Sec. 02

3N 7W NW Sec. 12

3N 7W SW sec. 08

Sample Polarity

75-6 R

3810-1 R

3711-7 R

7 7-4-1 N

822-2-1 R

3721-4-1 N

3 72 1-2-4 R

3721-2- 1 N

3721-1-2 N

3721-1--i N

3 817-1-2 R (weak)

3817-2-2 N

826-7-i N

826- 1-1 N

825-2-1 N

919-6-1 N

919-3 R

824-7-1 N

Location in section/Coments

uppermost, near Cole Mtn.-Qtz. Creek fault

uppermost, near Cow Creek fault

upper

lower upper/upper middle

upper middle

upper lower

upper lower

upper lower

upper lower

upper lower

upper lower; zeolitized

upper lower

upper lower

upper lower

middle lower

lower

lower; possible intrusive

lowest
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Figure 10. Sketch of the interpreted magnetic stratigraphy of the
upper Tillamook Volcanics in the thesis area.
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refinements by Prothero and Armentrout (1985) toward younger ages and

tentatively correlated basalts of the upper Tillamook Volcanics with

magnetic epochs 17-20 of Ness and others (1980). However, this must

be questioned because Prothero and Armentrout did not specifically

recalibrate these older calcareous nannofossil subzones (fig. 12). I

contend that the uppermost Tillamook Volcanics are about 42 Ma based

on radiometric and biostratigraphic evidence (see Age section). This-

suggests that the lower section of normal polarity in the thesis area

formed during magnetic epoch 20 and the upper reversed section was

erupted in between epochs 19 and 20 of Ness and others (fig. 11).

Two of the three samples from the basal section with reverse

polarity are suspect because of hydrothermal alteration. Sample

3721-2-4 (T. 3 N., R. 7 W., SE 1/4 sec. 3) was collected from a

pervasively zeolitized and deeply weathered flow with highly

brecciated upper and lower contacts. Furthermore, when the

orientation of the sample was reversed it did not yield a strong

normal magnetization. Sample 3817-1-2 (T. 3 N., R. 7 W., SW 1/4

sec. 2) had a very weak signal indicating reversed polarity. It was

collected from a locally zeolitized flow with a deeply weathered upper

contact. The remaining sample from the lower part of the volcanic

pile having reverse magnetization (locality 919-3, T. 3 N., R. 7 W.,

NW 1/4 sec. 12) does not appear to be altered. It was collected from

an outcrop of nonvesicular aphyric basalt that appears to be an

intrusion (dike) because nearby flows are highly vesicular and deeply

weathered. Therefore, this sample may be younger than the surrounding

flows with normal polarity and could have been emplaced during a later

period of reversed magnetic polarity. The suspected dike may have fed

reverse-polarity flows in the upper part of the volcanic pile.

All samples collected from the uppermost Tillamook Volcanics have

reversed polarity. However, two of the samples nearest the contact

with the overlying Roy Creek member of the Hamlet formation are

adjacent to major faults which may have caused sample orientation

problems. Both normal and reverse polarities were recorded for

samples collected form the lower part of the upper section and upper

part of the middle section. -
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Figure 11. Paleomagnetic time scale of Ness and others (1980)
compared with the interpreted magnetic stratigraphy and
age of the Tillamook Volcanics in the thesis area.
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Although the fluxgate magnetometer is useful for recognition of

polarity units, inferences based on data generated with the instrument

in this study should be considered tentative because of the limited

number of samples analyzed. In addition, unrecognized structural and

magnetic complications (e.g. tectonic rotations, alteration, secular

variations, and magnetic overprinting) can cause spurious results.

Step-wise demagnetization of samples with a spinner magnetometer

provides more information and can be used to screen spurious samples.

In any case, an accurate determination and correlation of the

magnetostratigraphy of the upper Tillamook Volcanics will require

further investigation. More detailed discussion of paleomagnetic

studies conducted in volcanic rocks of the Pacific Northwest is

presented in the chapter on Structural Geology.

Age

The Tiflamook Volcanics are middle to late Eocene in age (Snavely

and others, 1970; Wells and others, 1983; Niem and Niem, 1985).

Duncan (1982) reported three K-Ar age determinations ranging between

51.7 +1- 1.0 Ma to 56.0 +1-1.5 Ma and an.4OAr-39Ar age determination

of 50.7 +1- 1.2 Ma (sample D78-TM-11, a duplicate sample of the rock

yielding the youngest K-Ar age) for the lower part of the Tiflamook

Volcanics. This indicates a middle Eocene age for the lower Tillamook

Volcanics (fig. 7). Surface and subsurface samples of the Hamlet

formation, which directly and disconformably overlies the Tiflamook

Volcanics in Clatsop County, contain abundant Narizian foraminiferal

assemblages and calcareous nannofossil assemblages assigned to

subzones CP 14a and CP 14b (i.e. upper middle Eocene) (Niem and Niem,

1985; Rarey, 1986, this study). Figure 12 shows the relationships of

middle Eocene to early Oligocene calcareous nannoplankton subzones and

provincial foraminiferal stages with the absolute time scale of

Berggren and others (1985) and recent radiometric age determinations

for the uppermost subaerial part of the Tillamook Volcanics.

According to Berggren and others (1985) the combined age range of

subzones CP 14a and CP 14b is from 40 to about 45.5 Ma.. Based on

paleomagnetic and radiometric age studies, the youngest proposed
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Figure 12. Correlation of middle Eocene to early Oligocene calcareous

nannofossil zones and provincial foraminiferal zones with

the absolute time scale and radiometric age determinations

for the upper Tillamook Volcanics in Clatsop and Columbia

counties.
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boundary for the uppermost Narizian in western Oregon and Washington

is 38 Ma (Prothero and Armentrout, 1985). Figure 13 shows the

locations and ages of recent whole rock potassium-argon age

determinations for the upper Tillamook Volcanics in Clatsop and

Columbia counties. Ages range from 32.3 0.4 to 42.4 +1- 0.5 Ma

and cluster around 37 Ma (Kris Mc Elwee, OSU School of Oceanography,

personal communication, 1987). A duplicate acid-treated sample from -

Green Mountain that was dated by Kris McElwee at 37.1 +1- 0.4 Ma was

dated by Leda Beth Pickthorn of the U.S. Geological Survey as 40.1 +1-

1.2 Ma (written communication to Parke Snavely Jr., U.S. Geological

Survey, 1984 in Niem and Niem, 1985). This shows an interlab

variation in K-Ar dating methods of about 1.5 Na for this sample.

Obviously, there is some discrepancy between most radiometric

ages of the upper Tiliamook Volcanics and biostratigraphic ages of the

overlying strata. Potential causes for this apparent discrepancy are:

1) incorrect mapping or incompletely known stratigraphy (i.e. the

biostratigraphically dated units are interbedded with the upper

Tillamook Volcanics); 2) violation of one or more of the prerequisite

assumptions for accurate K-Ar age determination; 3) incorrect

calibration of biostratigraphic zones with the absolute time scale;

and 4) a combination of 1, 2, and 3.

The detailed stratigraphy of Clatsop and Columbia counties is

well known through many years of detailed surface mapping and

correlation of well logs. There is no stratigraphic evidence that the

mudstones bearing Narizian microfossils and calcareous nannoplankton

assemblages of subzones CP 14a and CP 14b underlie any part of the

upper Tillamook Volcanics (Olbinski, 1983; Nelson, 1985; Niem and

Niem, 1985; Rarey, 1986; Safley, in prep.; this study). The Narizian

Hamlet formation, which consists of shallow marine basaltic

conglomerate and arkosic sandstone overlain by bathyal mudstone

facies, disconformably overlies the Tillamook Volcanics. No marine

sedimentary interbeds in the upper Tillamook Volcanics have been

identified by surface mapping or exploratory wells (Olbinski, 1983;

Nelson, 1985; Niem and Niem, 1985; Rarey, 1986, Safley, in prep.; this

study). The basalt basaltic conglomerate of the Hamlet formation

contains a middle Eocene (Narizian equivalent) Cowlitz-Coaledo"
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Figure 13. Nap showing the location and age of whole rock1(-Ar age

determinations of the upper Tjllamook Volcanics in Clatsop

and Columbia counties. The radiometric age determinations

were made by Kris McElwee, OSU School of Oceanography

except iLedaBeth Pickthorn, U.S. Geological Survey, Menlo

Park. Base map from Wells and others (1983). Ttv,

Tillamook Volcanics; Tc, Cowlitz Formation and Hamlet

formation of this study; Tcm, Cougar Mountain basalt (Cole

Mountain basalt of this study); Tk, Tkj, Tkv, Keasey

Formation; Tpb, Pittsburg Bluff Formation; Tow, mudstone

of Oswald West; Tas, Taa, Astoria Formation; Tdb, Tidb,

Depoe Bay Basalt. See regional geology section of this

report for the revised nomenclature of these units.
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fauna (fig. 7) that has been identified throughout the outcrop area in

Clatsop and Columbia counties (Olbinski, 1983; Jackson, 1983; Nelson,

1985; Rarey, 1986, Safley, in prep.; this study) and in the subsurface

of Clatsop County (Niem and Niem, 1985). Mudstones in the lower part

of the Hamlet formation contain a calcareous nannofossil assemblage

definitive of subzones CP 14a (Rarey, 1986). Other surface and

subsurface samples from the middle and upper part of the Hamlet

formation contain calcareous nannofossil assemblages assigned to

subzones CP 14b and CP 15a (Niem and Niem, 1985; Rarey, 1986). These

mudstones also contain abundant middle to upper Narizian foraminferal

assemblages (Nelson, 1985; Rarey, 1986; Shaw, 1986; Safley, in prep.;

this study) which equate to these calcareous nannofossils subzones

(fig. 7). In summary, the age of the Hamlet formation and its

stratigraphic relationship of the Tillamook Volcanics is well

established.

Of the assumptions which must be satisfied to yield an accurate

K-Ar age, five require the most consideration and can place certain

restrictions on the geological interpretation of K-Ar dates. They

are: 1) no radiogenic 4OAr produced by the decay of 4OK has escaped;

2) the rock became closed to 4OAr soon after its formation; 3) no

excess 4OAr was incorporated into the mineral at the time of formation

or later; 4) an appropriate correction can be made for the presence of

atmospheric 4OAr; and 5) the system was closed to potassium throughout

its lifetime (Faure, 1977). Of these, 1 and 5 are probably most

important with regard to the upper Tillamook Volcanics. The effect of

argon loss and/or potassium gain is a younger age determination.

Recent whole rock K-Ar radiometric age determinations for the

upper Tillamook Volcanics range from 32.3 +/- 0.4 to 42.4 +/- 0.4

Ma. (Kris McElwee, personal communication, 1987). Scatter in K-Ar

ages is also present in other late Eocene to Oligocene volcanic units

in the central Coast Range such as the Cascade Head volcanics and

Yachats basalt (Parke Snavely, personal communication, 1987). Magill

and others suggested low temperature alteration (minor to modest

amounts of calcite, zeolite, and smectite) as a cause of argon loss in

the upper subaerial part of the Tillamook Volcanics. Duncan (1982)

also suggested variable argon loss caused by low-grade metamorphism as
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a cause of scattered K-Ar dates for early to middle Eocene volcanic

rocks from the Eocene Crescent Formation and Metchosin volcanics. He

also reported irregularities in 4OAr-39Ar age spectra parameters for

selected samples of the Crescent, Metchosin, and Siletz River

Volcanics from the coast ranges of Oregon and Washington. However,

Duncan (1982) concluded that the 39Ar/4OAr total fusion and

incremental heating methods appear to yield more reliable (older) age-

determinations for samples which have experienced argon loss.

Argon retention by plagioclase, pyroxene, and basaltic glass is

reportedly good, but retention by more siliceous or hydrated glass is

questionable (Faure, 1977). Rocks to be dated by the whole rock K-Ar

method must be carefully screened to avoid altered samples or those

which contain devitrified glass, zeolites, calcite, clay minerals, and

xenoliths or xenocrysts (Faure, 1977). A sample from the thesis area

(locality 731-1, T. 4 N., R. 7 W., SE 1/4 sec. 35) yielded a K-Ar

radiometric age determination of 36.4 +1- 0.4 Ma (Kris McElwee, OSU

School of Oceanography, personal communication, 1987). A point count

of a thin section from this outcrop (but not the same that was

radiometrically dated) shows 13% secondary minerals (alteration

products) in the groundmass, as pseudomorphic replacements of

microphenocrysts (probably of olivine), and in selective compositional

zones of sparse plagioclase phenocrysts. Iron oxides/hydroxides are

also present around some opaque grains. Examination of a thin section

of the dated sample yielded as visual estimate of about 5% secondary

alteration minerals disseminated in the groundmass and as large (1 mm)

patches of yellowish-brown clay (nontronite ?). Such alteration and

weathering effects are expected to promote argon loss and result in a

young radiometric age determination. This is borne out by the

relationship between the degree of alteration and radiometric age

determinations which shows that the least altered sample (very fresh,

no visible alteration products) yielded the oldest age determination

and that younger radiometric age determinations are associated with

samples containing a significant percentage of secondary alteration

minerals (fig. 14). The age of the freshest sample, 42.4 +/- 0.4

m.y., also agrees with biostratigraphic age determinations of the



45-..

440
>1

E

a)
c,)

35-

M82-8-G2

/
M82-8-G 10

I I

M82-9-G3

M83-4--G9

t----i--- M81-9-G1

0 1 2 3 4 5 6

abundance of secondary minerals (%)

O Before acid treatment
After acid treatment

Figure 14. Graph showing the relationship between the visually
estimated abundance of secondary alteration minerals and
K-Ar radiometric ages of the upper Tillamook Volcanics.
The diameter of the circles and dots Is approximates the
+1- values of the radiometric age determinations. K-Ar
ages determined by Kris McElwee, OSU School of
Oceanography.

51



52

overlying Hamlet formation. Therefore, argon loss related to low

temperature alteration and the production of secondary minerals is

suspected to the cause of slightly young K-Ar age determinations in

the upper Tillamook Volcanics.

The possibility of potassium gain or loss also needs to be

evaluated. Billets stained with sodium cobaltinitrate by the methods

described by Laniz and others (1964) accepted a disseminated yellow -

stain in the clay-altered groundmass. The groundmass predominantly

consists of plagioclase microlites, clinopyroxene crystals, opaque

(iron) oxide minerals, and secondary alteration clay minerals

(Jackson, 1983; Olbinski, 1983; Nelson, 1985; Rarey, 1986, this

study). Of these constituents secondary clay minerals are the most

likely to contain significant potassium and could render aberrant K-Ar

ages. In conventional analyses, samples for whole rock K-Ar dating

are usually washed in dilute acid to remove potassium associated with

alteration products (Parke Snavely, personal communication, 1987).

However, this procedure does not consistently yield older age

determinations for the upper Tillamook Volcanics (Table 2; Kris

NcElwee, personal communication, 1987).

Based on the observed alteration of the upper Tillamook Volcanics

and discrepancy between radiometric and biostratigraphic dates, it

seems plausible that at least some K-Ar dates are slightly young

because of argon loss and potassium exchange. Increased temperatures

associated with burial metamorphism, dike emplacement post-dating

crystallization, or some other unrecognized circumstances might also

cause argon loss without producing any other physical or chemical

changes.

The third possibility for the discrepancy between radiometric

dates and biostratigraphic data is incorrect calibration of

biostratigraphic zones with the worldwide absolute time scale.

Indeed, several correlations of calcareous nannoplankton zones and

provincial benthic foraminiferal ages with the early Tertiary time

have been proposed (fig. 12). Absolute calibration of provincial age

assignments based on benthic foraminiferal assemblages is prone to

error because some benthic foraminifers are substrate-dependent and,

therefore, assemblages can be somewhat time-transgressive (John
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Table 2. K-Ar ages of untreated and acid-washed samples of the upper
Tillamook Volcanics. The age determinations were made by
Kris McElwee, OSU School of Oceanography.

SAMPLE NO ACID TREATMENT ACID TREATED

M81-9-G3 37.2 +1- 0.4 37.1 +11 0.4

M81-9-G1 33.2 +11 0.4 32.3 +1- 0.4

M82-8-G2 41.6 +1- 0.4 42.4 +1- 0.4

N82-8-G1O 35.0 +1- 0.4 40.2 +1- 0.4

M82-8-T4 36.4 +1- 0.4 42.5 +1- 0.4

M83-4-G3 36.4 +1- 0.4 37.2 +1- 0.4

M83-4-G9 39.1 +1- 0.4 37.1 +1- 0.4
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Armentrout, personal communication, 1987). In addition, provincial

age assignments based on benthic foraminifers encompass longer periods

of time than calcareous nannofossil subzones (fig. 12).

Correlation of calcareous nannoplankton assemblages with the

absolute time scale and paleomagnetic scale is more exact (Berggren

and others, 1985). This has largely been achieved through the global

Deep Sea Drilling Project. Calcareous nannoplankton are a diverse,

rapidly-evolving, and widely distributed pelagic group of one-celled

algae. Deep sea sedimentary rocks containing these pelagic

microfossils are commonly in contact with oceanic crust that has been

dated by radiometric methods and correlated to the paleomagnetic

scale. Pelagic organisms that live in the photic zone in the upper

part of the ocean are not depth-substrate-facies dependent like

benthic foraminifers. Their evolution and distribution are more

strongly controlled by temperature of the water mass and are most

abundant in the open ocean of the equatorial region (David Bukry,

personal communication, 1987)

Although the ocean was becoming cooler along coastal Oregon in

the middle and late Eocene (which impairs the resolution of zones due

to reduced abundance and diversity of calcareous nannoplankton),

effects of such water mass variations on the subzone assignments are

negligible because they are based on low latitude (warm water)

assemblages (David Bukry, personal communication, 1987). Calcareous

nannoplankton subzone CP 14a is older than 42 Na according to time

scales proposed by Berggren and others (1985) and Armentrout and

others (1983). This suggests that radiometric ages younger than 42 Ma

for the upper Tillamook Volcanics are too young.

However, a revised correlation of the radiometric time scale with

biostratigraphic zones for the upper Eocene and Oligocene has been

proposed by Montanan and others (1985). They determined K-Ar and

Rb/Sr dates for biotite flakes separated from bentonite beds in

carbonate rocks in Italy which have been biostratigraphically and

magnetostratigraphically dated and correlated. Their dates generally

move calcareous nannofossil subzones toward younger ages which are in

better agreement with radiometric ages of the upper Tillamook

Volcanics (fig. 12). Montanan and others (1985) do not specifically
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recalibrate calcareous nannofossil subzones older than the lower part

of CP 15a, but they dated the middle part of subzone CP 15a at 36.4

+1- 0.3 Ma. and the upper part of subzone CP 15a at 36.0 +1- 0.4.

This indicates a boundary between CP 15a and CP 14b at about 36.8 Ma.

This greatly attenuates the duration of subzone CP 15a (0.8 Ma versus

2.2 Ma. of Berggren and others, 1985). If the time scale of Montanan

and others (1985) is correct and the duration of subzone CP 14b is -

less than about 0.6 Ma., then the cluster of radiometnic ages for the

upper Tillamook Volcanics at about 37 Ma. could be consistent with

biostratigraphic data (e.g. nannofossils subzones CP 14a and CP 14b in

the overlying Hamlet formation; see fig. 12). In fact, the age

determinations could be used as evidence to support recalibration of

the relative late Hocene and Oligocene time scale and nannofossil

zones with the absolute time scale. It is important to note that such

recalibration would reduce the duration of the middle and late Eocene

to a point beyond the precision of current radiometric methods.

In conclusion, recent radiometric dates for the upper Tillamook

Volcanics and biostratigraphic age constraints of overlying marine

strata of the Hamlet formation are inconsistent with one another.

Currently accepted correlations of middle Eocene to early Oligocene

calcareous nannofossil zones with the absolute time scale indicate

that most recent radiometric ages for the upper Tillamook Volcanics

are three to four million years too young. Alternatively, recent

recalibration of worldwide biostratigraphic zones with the absolute

time scale of Berggren and others (1985), as suggested by Montanan

and others (1985), could bring radiometric ages of the Tillamook

Volcanics and biostratigraphic ages of theHamlet formation into

agreement. Resolution of this problem will require further

investigation and is beyond the scope of this study. One recommended

action is further 39Ar/4OAr radiometric dating of the upper Tillamook

Volcanics. This method yields more reliable age for rocks which have

suffered argon loss and provides information which can be used to

assess the reliability of the age determination (Duncan, 1982).



Regional Correlation

On a regional basis, several volcanic sequences including the

Yachats Basalt (central Oregon Coast) and Goble Volcanics of

southwestern Washington are correlative with the upper Tillamook

Volcanics in northwestern Oregon (Snavely and NacLeod, 1974;

Armentrout and others, 1983). These sequences are predominantly

composed of subaerial flows and represent local middle to upper Eocene

volcanic centers. On the basis of chemistry, petrography,

stratigraphic position, and biostratigraphic data Rarey (1986)

correlated the upper Tillamook Volcanics of northwestern Oregon with

Unit B basalt of Wolfe and McKee (1972) and Goble Volcanics of Wells

(1981), both in the Grays River area of southwestern Washington. The

name Goble Volcanics has apparently been given to two chemically,

petrographicafly, and stratigraphically separate volcanic units in

southwestern Washington (Rarey, 1986). Accurate correlation of the

upper Tillamook with other volcanic units is important for

constraining models of petrogenesis and tectonics (particularly models

of paleomagnetic rotation). In addition, it has importance for

hydrocarbon exploration in the region because the upper Tillamook

Volcanics-Grays River area Goble Volcanics represent economic

basement.

Lithology

General description

Based on the dip, average flow thickness, and outcrop area of the

Tillamook Volcanics (Plate I), I calculated that 100 to 150 flows are

present in the thesis area. The flows exhibit features of subaerial

origin and none show evidence for subaqueous eruption. The flows are

predominantly composed of basalt. Minor epiclastic volcanic breccias

(debris flows) and thin basaltic sandstone interbeds are also present

in the volcanic pile but are too thin and areally restricted to be

delineated on the geologic map. However, the locations of sedimentary

interbeds in the Tillamook Volcanics present in the thesis area are

56
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indicated on Plate I.

Flows typically have a thin but well developed basal breccia, a

thick jointed (irregular, blocky, or columnar) middle section and a

thin highly altered (weathered) vesicular or amygdaloidal to

scoriaceous upper zone. Presumably, the scoriaceous upper part of

many flows was weathered and eroded away prior to being covered by a

later flow. Most flows have 15 to 20 degree dips which suggests that

primary dips were very low.

Individual flows range in thickness from about 1 to 15 m and

average of about 5 m. Such thicknesses are comparable to flank flows

on shield volcanoes of the Hawaiian islands (NcBlrney, 1979). Flows

most commonly exhibit a tabular geometry; however, several distinctly

lenticular flows occur and demonstrate that channels or topographic

depressions occasionally guided the lava flows (e. g. localities 923

9, T. 3 N., R. 7 W., SE 1/4 sec. 4 and 919-9, T. 3 N., R. 7 W., SW 1/4

sec. 11).

Flows are commonly separated by a 10 cm. to 2 m- thick zones of

reddish gravelly to sandy clay-rich material composed of altered

volcanic rock fragments that are interpreted to represent paleosols

(fig. 15). Such paleosols were undoubtedly baked by overlying lava

flows, but their reddish color is probably due to relatively abundant

ferric (oxidized) iron (iron oxides/hydroxides).

These flows predominantly have physical and mineralogical

characteristics of basalt and basaltic andesites. Only a few have

characteristics (such as platy jointing) that are more commonly

associated with intermediate rocks such as andesites. This is also

supported by the major oxide values of analyzed samples. In the

classification or Irvine and Baragar (1971) only one sample classifies

as an andesite (see petrochemistry section).

Fresh basalt samples are typically dark gray (N 3) to medium dark

gray (N 4), fine-grained, and contain sparse (3 to 5%) plagioclase

phenocrysts and microphenocrysts. Plagioclase is the dominant

phenocryst of porphyritic flows, which are less common, and usually

have characteristically occurs as niedlum-gralned (2 mm) laths. Augite

phenocrysts are much less common. Aphanitic and porphyritic

phaneritic basalts are uncommon. No distinct physical or
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Figure 15. Reddish paleosol between subaerial flows of the upper
Tillamook Volcanics. Note rock fragments in paleosol.
Hammer for scale. Locality 731-3 CT. 4 N., R. 8 W., SW
1/4 sec. 35) along lower Nehalem River road.
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mineralogical trends or changes between the lower and upper parts of

the volcanic pile exposed in the thesis area were noted.

Plagioclase phenocrysts and microphenocrysts, which are the

usually identifiable with a lox hand lens, are present in most

samples. Abundances up to about 35% were observed at a few localities

(e.g. 731-7, T. 3 N., R., 8 W., NW 1/4 sec. 12), but this not

characteristic. Crystals are characteristically lath-shaped, range

from about 1 mm to about 2 cm in length, and average about 2 to 5 mm

in length. Flows with plagioclase phenocrysts longer than 5 mm are

uncommon and are generally highly porphyritic (e.g. localities 825-5,

T. 3 N., R. 8 W., SW 1/4 sec. 16; 828-6, T. 3 N., R. 7 W., SE 1/4

sec. 2; 922-3, T. 3 N., R. 8 W., SW 1/4 sec. 2, and 731-7, T. 3 N.,

R. 8 W., NW 1/4 sec 12).

Dark green clinopyroxene (augite) crystals commonly can be

identified in the groundmass with a lOX hand lens. Phenocrysts and

microphenocrysts larger than about 1 mm are not very common and are

usually intergrown with plagioclase in glomerocrysts.

Olivine is very rare and was identified in only two

closely-spaced exposures of the same flow in the middle part of the

volcanic pile exposed in the thesis area (locality 3721-i, T. 3. N.,

R. 7 W., NE 1/4 SE 1/4 sec. 3). The olivine occurs both as isolated

coarse-grained euhedral to subhehral phenocrysts as well as with

augite in glomerocrysts.

Exposed flow surfaces weather to brownish yellow colors ranging

from moderate brown (5 YR 3/4) to dark yellowish orange (10 YR 6/6),

presumably due to oxidation of ferro-magnesian minerals. Less

weathered surfaces are greenish in color. This is thought to result

from the development of chlorophaite and alteration of clinopyroxene

to dark green clay(s) (chlorite and nontronite). Plagioclase

phenocrysts are extensively altered by chemical weathering and alter

to grayish yellow (5 Y 8/4) colored clay(s) (kaolinite ?). Highly

vesicular and/or amygdaloidal flows and flow tops are particularly

susceptible to deep and thorough weathering. Some of these flows have

altered to a dark reddish brown earthy material which is most likely

composed of iron oxides/hydroxides and clays.

Amygdules minerals consist of a variety of secondary minerals,



60

including chloritic clays, calcite, zeolites, chalcedony and sparry

quartz. Some are filled with more than one mineral but most appear to

be monomineralic. Rims of dark green clay (chlorite ?) commonly line

vesicles or form the outer rind of amygdules and probably developed

through devitrification and alteration of glass. Calcite fillings

probably precipitated from meteoric water charged with calcium and

bicarbonate through chemical attack of calcic plagioclase and glass -

and possibly through dissolution of pianktonic foraminifera and

calcareous nannoplankton in overlying strata.

Whitish zeolite minerals with a fibrous radiating habit are quite

common in the amygdules. Rarey (1986) reported that X-ray diffraction

identified thompsonite and assumed it to be one of the more common

zeolites in amygdules of the upper Tillamook Volcanics. X-ray

diffraction of three zeolite samples for this study identified

analcime, thompsonite, and wairakite (fig. 16), demonstrating that a

variety of zeolite species are present.

Analcime is one of the most common zeolites and forms in a wide

spectrum of geologic settings, ranging from sedimentary, to low-grade

metamorphic, to magmatic, and is not constrained to specific zones in

hydrothermal systems (Gottardi and Galli, 1985). The geologic

occurrence of thompsonite is typically in low-temperature systems

(25-100° C) such as percolating groundwater (open-system hydrologic),

shallow burial diagenesis, and low-temperature hydrothermal (Rees,

1980). Wairakite, which forms a solid solution series with analcime,

may form under conditions of diagenesis, low metamorphism, and low- to

medium-grade hydrothermalism (Gottardi and Galli, 1985). Wairakite

has numerous reported occurrences from geothermal fields, where it has

formed at temperatures of 200-250°C (Gottardi and Galli, 1985).

However, evidence of high temperature hydrothermal alteration

associated with such a system is lacking at the sample locality where

wairakite was collected. It is most probable that most zeolite

precipitation occurred in a low-temperature hydrothermal system,

primarily after cessation of volcanic activity. The variety of

zeolite species, as well as other amygdule minerals present, indicates

variability in fluid chemistry and temperature during formation. The

progressive thickening of the volcanic pile would cause geotherms to
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rise, and at some level below the water table reaction between basalt

and ground water would take place, producing zeolites and other

secondary minerals. It is possible that different zeolite populations

form mappable zones in the upper Tillamook Volcanics which could be

used to more precisely constrain conditions of their formation. At

present, however, there is insufficient data to determine whether such

zonation exists.

Intrusions and Near-vent deposits

Only a few dikes have been recognized in the upper Tillamook

Volcanics in southcentral Clatsop and northern Tillamook counties

(e.g. Nelson, 1985; Rarey, 1986). No intrusions in the Tillamook

Volcanics were observed within the thesis area. Figure 17 shows a

thin (1 m), near-vertical, N4OW-trending dike which crops out along a

Southern Pacific Railroad cut approximately one-third mile west of the

thesis area (T. 3 N., R. 8 W., NE 1/4 sec. 16). Rarey (1986) reported

that this dike has normal polarity, intrudes reversely polarized flows

and flow breccias, and has major oxides values similar to the upper

Tillamook Volcanics which are distinct from other volcanic units in

the area. Other workers (e.g. Jackson, 1983; Nelson, 1985; Olbinski,

1983) have also described rare dikes in the upper Tillamook Volcanics,

some of which are likely to have fed the numerous flows of the

volcanic pile. Wells (1986) and Cameron (1980) have reported

northwest-trending dike systems in the lower part of the upper

Tillamook Volcanics in Tillamook County. Dikes should be more

abundant in the lower part of the upper Tillamook Volcanics than in

the upper part because they would represent feeders to the older as

well as the younger flows. Other basaltic to dacitic intrusions in

the Tillamook Volcanics have been described by Wells and others

(1983). Many dikes in the lower submarine part of the Tillamook

Volcanics have also been reported (Wells and others, 1984; Wells,

personal communication, 1985).

Other workers have reported rare near-vent deposits such as

possible eroded cinder cones (Olbinski, 1983), spatter cones (Rarey,

1986), and agglutinate (Jackson, 1983) in the upper Tillamook
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Figure 17. Thin dike cutting flow breccia in the upper Tillamook
Volcanics. Outcrop located along the Southern Pacific
Railroad track approximately one-third of a mile west of
the thesis area CT. 3 N., R. 8 W., NE 1/4 sec. 16).
Hammer for scale.
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Volcanics. However, no deposits of this character were observed in

the study area.

Clastic interbeds

Southeast of the thesis area in Washington County, Jackson (1983,

p. 16) reported that "basaltic cobble to boulder conglomerates and

pebbly and cobbly sandstones are interbedded with the subaerial basalt

flows and pyroclastic rocks" (of the upper Tillamook Volcanics).

These interbeds ranged from about one to 20 meters in thickness and

have characteristics of rapid, unorganized deposition of locally

derived clastic material in subaerial paleochannels (Jackson, 1983).

Olbinski (1983), Nelson (1985) and Rarey (1986) have also reported

scattered thin debris flow deposits in the uppermost part of the

Tillamook Volcanics.

Six outcrops of thin sedimentary volcaniclastic interbeds in the

Tillamook Volcanics are present in the thesis area. All the interbeds

consist of locally derived clastic material of basaltic composition.

None of the interbeds exceeds three meters in thickness, and all are

very restricted areally. In general, the interbeds do not appear to

be more prevalent at any stratigraphic level. However, two of the six

interbeds occur very near the top of the volcanic section.

The six interbeds can be lumped into two general types of

deposits. Type one are thin, very poorly sorted beds composed of

subangular to angular basaltic pebbles and/or cobbles in matrix

support. The matrix consists of basaltic sandstone and grits. These

beds with exhibit poorly defined stratification, lack ordered fabrics,

and may be reverse-to-normally graded. Such characteristics suggest

en masse deposition without significant reworking which is compatible

with deposition as debris flows. An interbed of this type is

well-exposed at locality 823-i (T. 4 N., R. 7 W., SW 1/4 sec.32).

Similar deposits crop out at localities 824-3 (T. 3 N.,R. 8 W., NW 1/4

sec. 12) and 719-5 (T. 4 N., R. 7 w., NW 1/4 sec. 28).

Interbeds of type two consist of pebble-bearing to pebbly medium-

to coarse-grained basaltic sandstone with minor siltstone. These

beds exhibit weak horizontally stratification and usually are normally
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graded (fig. 18). The horizontal stratification is defined by the

alternation of poorly sorted medium- to coarse-grained and well sorted

fine-grained strata a few millimeters to about 6 cm thick. The

presence or absence of angular pebbles and coarse sand is particularly

important in defining stratification because the finer grained

sediments are present in both the fine- and coarse-grained strata.

These characteristics suggest deposition as hyperconcentrated

flood-flow deposits, which "display features that suggest rapid

deposition from suspension and by traction to produce textures and

fabrics which are not characteristic of either debris-flow or

stream-flow deposits" (Smith, 1986, p.4). A likely depositional

environment would be in subaerial paleochannels which were

intermittently (catastrophically?) charged with water and large

volumes of locally derived clastic material. Interbeds of type two

are exposed at localities 824-2 and 824-4 (both T. 3 N., R. 8 W., NW

1/4 sec. 12), and 719-6 (T. 4 N., R. 7 W., SW 1/4 sec. 28).

Petrography

Thirty-one thin sections of upper Tillamook Volcanics were

prepared for petrographic analysis. Thin section samples were

collected from widely distributed exposures in the outcrop area of the

Tillamook Volcanics in an attempt to study variations within the

volcanic pile. More detailed sampling was conducted from a section

along logging road #101 in the southeastern part of the thesis area

(T. 3 N., R. 7 W., SE 1/4 sec. 3 and SW 1/4 sec. 2). Point counts for

modal analysis were generally made at 2/3 nun intervals in rows spaced

1 1/3 mm apart. Six hundred fifty points were counted for ten

samples, four hundred points for one sample, three hundred points for

eight samples, and a visual estimate was made of two others. Modal

analyses for selected samples are presented in Table 3. Plagioclase

compositions were determined by the Michel-Levy method (Kerr, 1977)

The upper Tillamook Volcanics in the thesis area are typically

holocrystalline to hypocrystalline with senate to porphyritic

plagioclase and/or augite phenocrysts or microphenocrysts set in a

pilotaxitic to intergranular groundmass (fig. 19). Primary groundmass
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Figure 18. Volcaniclastic sandstone interbed between flows of the
upper Tillamook Volcanics. Note stratification and
normal-grading (somewhat difficult to see) suggestive of
fluvial deposition and brecciated base of the overlying
flow. Hammer for scale. Locality 719-6 CT. 4 N., R. 7
W., NW 114 sec. 28) along logging road #100 (informally
known as the Pig Trail).



Phenocrysts and

microphenocrysts

products

1Visual estimate.

2May be pigeonite in part.

Sample

Table 3. Modal compostions of selected flows from the Tillamook
Volcanics.

67

plagioclase trace 20 26 27 trace

C linopyroxene 18 trace trace 4 2 1 trace

olivine 13

Groundmass

plagioclase 31 38 39 30 32 32 29 56

augite 27 32 31 382 27 25 25 21

opaques 8 21 19 31 11 10 14 6

hypersthene trace trace

green-brown

hornblende trace

biotite trace

apatite trace trace

glass trace 3

undifferentiated

alteration 4 8 11 1 6 5 3 13

3721-1-3 3 72 1-2 38 10-1 77-7-1 720_51 729-8-1 825-2 3721-4-1

ankaramite basalt basalt basalt porph. baa. porph. bas. porph. baa. andesite
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Figure 19. Photomicrographs of pilotaxitic intergranular basalt flow

from the upper Tillamook Volcanics. Microphenocrysts of

labradorite (AN53) and opaque minerals (magnetite--

ilmenite) are set in and intergranular groundniass

consisting of clinopyroxene (augite), labradorite, and

opaque minerals (magnetite-ilmenite). Dark reddish-brown

mineral is a secondary alteration product, possibly

psuedomorphous after olivine, suspected to be nontronite.

Note abundance and large size of opaque minerals. A:

plane polarized light. B: crossed polarized light.

Field of view approximately 3.3 mm. Sample from locality

75-6 CT. 4 N., R. 7 W, NW 1/4 sec. 18) along lower Nehalem

River Road.
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minerals consist of plagioclase microlites, clinopyroxene (augite and

pigeonite), opaque minerals (magnetite and ilmenite), and accessory

minerals (fig. 19). Glomerocrysts of plagioclase and augite are

e present in about 50% of the flows studied. Vesicles in samples from

the upper part of flows are commonly lined with radially arranged dark

green to yellow-brown clay. Amygdules are present in about half of

the examined samples and are composed of dark green to brown clays

(chlorophaeite), carbonate (calcite), and zeolites.

Plagioclase phenocrysts and microphenocrysts are present in over

75% of the samples and comprise about 15% (range 0-30%) of the overall

mineralogy. They range in length from 0.17-7.0 mm with an average of

1-2 mm. Most crystals are subhedral to euhedral and are

characteristically lath-shaped. Albite twinning is ubiquitous while

combined Carlsbad-albite twinning is common. Pericline twinning is

rare. Phenocrysts and microphenocrysts are labradorite, ranging in

composition from An53 to An61 (labradorite) and average An58

(labradorite). Continuous normal compositional zoning is common. One

properly oriented phenocryst had a core of An58 (labradorite) and a

rim of An48 (

oscillatory zoning are also present. Compositional zoning is

accentuated in some crystals by regularly arranged inclusions in the

compositional bands. Two samples contained phenocrysts with irregular

margins indicative of resorption. Inclusions of rod-shaped apatite

crystals were identified in two samples. Alteration products of

plagioclase phenocrysts include sericite and unidentified

yellowish-brown clays(?) which generally are more prevalent In the

calcium-rich cores (fig. 22). Selective clay alteration of specific

compositional bands within plagioclase crystals is common.

Albite-twinned plagioclase microlites form 29% to 56% of the

groundmass and are typically acicular to lath-shaped. Microlites are

weakly to strongly aligned and define a pilotaxitic flow texture

(figs. 19 and 22). They range in length from 0.01 mm to 0.8 mm and

average 0.02 mm. Compositionally, they range from An48 (calcic

andesine) to An62 (labradorite) with an average of An52 (sodic

labradorite). The angular interstices between the microlites are

usually occupied by smaller crystals of clinopyroxene and opaque

calcic andesine). Discontinuous normal zoning and
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minerals, defining and intergranular texture.

Clinopyroxene phenocrysts and microphenocrysts are far less

common than those of plagioclase. They range in abundance from trace

amounts to 5% in most samples and average 2-3%. However, one highly

unusual ankaramite sample contained 18% augite phenocrysts (fig. 20;

locality 3721-1, T. 4 N., R. 7 W., NE 114 sec. 3). Most are subhedral

to euhedral and range in size from 0.1 to 5 mm with an average of 0.3-

mm. Twinning of is not uncommon. Compositional zoning, and

particularly distinct marginal zoning at the rim, is visible in many

phenocrysts.

The clinopyroxene was identified as augite by the following

optical criteria: 1) color ranging from almost colorless to pale

green and pale brown; 2) extinction angles up to about 45 degrees; and

3) a 2V angle of about 55-60 degrees. Several thin sections contain

clinopyroxenes with brown tints and very faint pleochroism, a few of

which display sector zoning (e.g., fig. 20). Such features are

petrographic characteristics of titanium-rich augite or

titanaugite (Kerr, 1977; Moorhouse, 1959). It is likely that some

clinopyroxenes are indeed titanium-rich because major oxide analyses

of the upper Tillamook Volcanics are high in Tb2, ranging up to 3.9

weight per cent (see Petrochemistry section, Appendix VIII).

Clinopyroxene microphenocrysts in one thin section are suspected to be

pigeonite because a 2V angle of about 300 was measured.

Clinopyroxenes generally alter to dark green clay (chlorite) and/or

carbonate (calcite).

Typically, fourteen to thirty-five per cent (average 26%) of the

groundmass is composed of anhedral to subhedral clinopyroxene crystals

which range between 0.01 mm and 0.4 mm in size. The small size of the

crystals prohibited determination of detailed optical data and most of

the groundmass clinopyroxene is assumed to be augite because of its

pale green to brown tints. However, it is possible that pigeonite is

present in at least some of the samples.

Trace amounts of light brown hornblende and phlogopitic biotite

were identified in one thin section (fig. 21). These mineral occur in

association with one another and usually along the margins of

plagioclase phenocrysts. The author regards these minerals to be
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Figure 20. Photomicrographs of an ankaramite in the Tillamook

Volcanics. Large, euhedral phenocrysts of clinopyroxene

(augite, upper center) and olivine (Fo86, lower center and

lower left) are set in a groundmass of labradorite (AN53),

clinopyroxene (augite) and opaque oxides

(magnetite-ilmenite). Note pinkish tint and sector zoning

in clinopyroxene commonly associated with titanaugite and

chioritic secondary alteration products in the

characteristic cracks of olivine phenocrysts. A: plane

polarized light. B: crossed polarized light. Field of

view approximately 6.7 mm. Sample from locality 3721-1

(T. 4. N., R. 7 W., NE 1/4 sec. 3) along logging road

#116).
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Figure 21. Primary hornblende and phlogopitic biotite (left center)

in plagioclase porphyritic flow in the Tillamook

Volcanics. Note distinct marginal zoning of labradorite

(An58) phenocrysts. A: plane polarized light.

B: crossed polarized light. Field of view approximately

1.3 mm. Sample from locality 825-2 (T. 3 N., R. 7 W., NE

1/4 sec. 6) along logging road #116.
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FIgure 22. Photomicrograph of a flow in the upper Tillamook Volcanics

which chemically classifies as an andesite. Labradorite

(AN53) phenocrysts are set in a pilotaxitic groundmass of

labradorite microlites and intergranular clinopyroxene

(augite) and opaque minerals (magnetite-ilmenite). Note

abundant orange-brown secondary alteration mineral between

crystals and selectively replacing the core of the

labradorite phenocryst at lower right. Such secondary

alteration is suspected to have resulted in spurious

chemical classification because such rocks are otherwise

mineralogically and petrographically similar to rocks

which classify as basalts and basaltic andesites. A:

plane polarized light. B: crossed polarized light.

Field of view approximately 3.3 mm. Sample from locality

3721-4 (T. 3 N., R. 7 W., NW 1/4 sec. 3) along logging

road #116.
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primary and late magmatic. It is likely that higher concentrations of

potassium along the rim of plagioclase phenocrysts provided potassium

for biotite.

Opaque microphenocrysts occur in most samples but generally do

not compose more than one percent of the rock. They are about 0.3 mm

in size and most often associate with plagioclase-augite glomerocrysts

in porphyritic rocks but also occur as discrete crystals (fig. 20).

Many opaque microphenocrysts are probably ilmenite because they are

associated with leucoxene (an alteration product of ilmenite).

Titania contents of many chemically analyzed samples are quite high

(up to 3.9 weight per cent Ti02), which would promote crystallization

of ilmenite. Other opaque microphenocrysts are probably magnetite.

Smaller opaque minerals are very abundant, constituting 6% to 21%

(average 13%) of the groundmass. They are generally subhedral and

range in size from less than 0.01 mm to about 0.3 mm. Based on

alteration products (leucoxene and iron oxide/hydroxide) associated

with opaque microphenocrysts, it is likely that the smaller opaque

groundmass minerals are also ilmenite and magnetite.

Olivine is present in only one thin section of an ankaramite

(locality 3721-1, T. 3 N., R. 7 W., SW 1/4 sec. 3). It occurs as

colorless euhedral to subhedral phenocrysts and microphenocrysts that

have a size range of 0.3 to 5 mm and average about 1 mm (fig. 20).

The characteristic cracks and crystal faces are altered to a

fine-grained yellowish-green alteration product (chlorophaite 7). Two

samples contain dark-reddish brown secondary alteration minerals

(iddingsite) which have the crystal outlines, pseudomorphically

replaced fractures, and textural relationships suggestive of

replacement of primary olivine (localities 75-6, T. 4 N., R. 7 W., NW

1/4 sec 18 and 731-3, T. 4 N., R. 8 w., SW 1/4 sec. 35).

Trace amounts of hypersthene are present in one sample from

locality 3810-1 (T. 4 N., R. 7 W., NW 1/4 sec. 3). The crystals

average about 0.1 mm size, are stubby to columnar, display parallel

extinction and faint pinkish pleochroism, and are optically negative

with a relatively large 2V angle. Hypersthene is also suspected to be

present in trace amounts in another sample (locality 826-1, T. 3 N.,

R. 7 W., NE 1/4 sec. 2), but this could not be petrographically
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confirmed.

Trace amounts of small euhedral to subhedral rod-shaped apatite

crystals present in several samples (Table 3).

Dark brown to black glass (tachylite) is quite rare in samples

taken from flow interiors and no thin sections contained more than 3%

glass by volume. However, an interstitial yellowish-brown alteration

mineral (nontronite ?) is present in most samples and may have replace

devitrified glass.

Chemically analyzed samples from all localities except one

classify as basalts (classification of Irvine and Baragar, 1971; see

Petrochemistry section). Duplicate samples from locality 3721-4 (T. 3

N., R. 7 W., SE 1/4 sec. 3) have Si02 contents of 58% and classify as

andesites (classification of Irvine and Baragar, 1971).

Petrographically, this andesite is not very different from the basalts

(compare figs. 20 and 23). The most striking differences are that

plagioclase microlites form 56% of the rock and that opaque minerals

constitute only 6% of the rock, which are the highest and lowest modes

for these constituents, respectively. In addition, it is

hypocrystalline, containing 3% by volume primary glass. A

yellow-orange alteration product forms about 13% of the rock and is

suspected to be nontronite, an alteration product of basaltic glass

developed through weathering. Although these samples had the highest

Na2 (4.30% and 4.50%) and 1(20 (1.92% and 1.93%) contents of all

analyzed samples, the plagioclase is only slightly more sodic than

average (sodic labradorite, An53, versus labradorite, An58). This

indicates that alteration of primary glass and plagioclase changed the

bulk major oxide values of the sample enough to result in chemical

classification as an andesite.

The petrographic descriptions of upper Tillamook Volcanics by

Jackson (1983) and Rarey (1986), immediately southeast and west of the

study area, respectively, are similar to those in this thesis. These

studies indicate a rather monotonous basaltic character for the upper

Tillamook Volcanics.

Northeast of the thesis area, in the vicinity of Green Mountain,

Olbinski (1983) and Nelson (1985) mapped a small structural outlier of

upper Tillamook Volcanics and reported that the flows are dominantly
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basaltic andesites, andesites, and epiclastic breccias. Although

petrographic descriptions of these rocks are generally similar to

those of the main mass of Tillamook Volcanics to the south (Jackson,

1983; Rarey, 1986; Safley, in prep.; this study), modal analyses have

less clinopyroxene and opaque minerals, and plagioclase determinations

are more sodic (Olbinski, 1983; Nelson, 1985, Safley, in prep.). This

demonstrates some petrographic variability and suggests local

development of a more siliceous and differentiated cap in the upper

Tillamook Volcanics.

Petrochemistry

Eighteen samples (including two duplicate samples) from 16 widely

distributed localities in the Tillamook Volcanics were analyzed for

major oxides by X-ray fluorescence at Washington State University.

under the direction of Dr. Peter Hooper. The International Basalt

standard was used. Approximately ten grams (0.3 oz.) of sample chips

were ultrasonically cleaned and visually screened for alteration prior

to shipment for analysis. Major oxide values are presented in

Appendix VIII and normative minerals are given in Appendix IX. Ranges

and means of major oxides from this study, from that of Rarey (1986),

and from that of Jackson (1983) are presented in Table 4. Sample

locations are shown on Plate I and are listed in Appendix I. An

effort was made to sample representative flows as well as those

exhibiting more unusual features from all parts of the volcanic

section in order to study possible variations and trends in chemical

composition with stratigraphic level.

Major Oxides

In the thesis area the Tillamook Volcanics vary in Si02 content

from 48.7% to 58.4% and the mean for all samples is 51.39%. The mean

for all samples less duplicate samples is 51.09% (two duplicate

samples have unusually high Si02 contents). Various 8102 ranges have

been proposed for basalt, basaltic andesite, and andesite. In a



1Two duplicate samples omitted from mean.

2lncludes one clast of Tillamook Volcanics from Roy Creek member of the Hamlet formation.
3
All Fe recalculated as FeO.
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Table 4. Major oxide means and ranges of the Tillamook Volcanics in
Clatsop, northern Tillamook, and northwestern Washington
Counties, Oregon.

This Study Rarey (1986) Jackson (1983)

Element Mean Range Mean Range N Mean Range N

Si02 51.09 48.70-58.42 18 50.48 48.48-53.54 19 52.56 49.92-59.75 16

Al203 14.81 10.07-18.33 18 14.96 14.06-16.79 19 13.76 13.05-14.62 16

Ti02 3.10 1.67- 3.78 18 3.28 2.35- 3.86 19 2.98 1.67- 3.55 16

FeO*3 11.80 8.91-13.58 18 11.98 10.35-13.80 19 11.93 9.91-13.95 16

MnO 0.21 0.17- 0.28 18 0.21 0.15- 0.29 19 0.24 0.16- 0.41 16

CaO 9.23 5.58-11.49 18 9.31 6.30-10.40 19 8.39 5.45-10.45 16

MgO 4.47 2.01-13.81 18 4.55 2.73- 6.71 19 3.32 1.61- 4.37 16

1(20 0.93 0.42-1.93 18 0.94 0.61- 1.76 19 1.40 0.89- 2.18 16

Na20 3.23 2.99- 4.50 18 3.11 2.50- 4.14 19 3.94 3.30- 5.02 16

P205 0.54 0.23- 0.87 18 0.59 0.38- 1.19 19 0.85 0.49- 1.25 16
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petrochemical study of mafic rocks from western and central Oregon,

Priest and others (1983) utilized the following Si02 ranges to name

volcanic rocks: basalt >53%, basaltic andesite >53% and <57%, and

andesite >57% and < 63%. In this nomenclature 13 samples from the

thesis area are basalts (two duplicate samples), one is a basaltic

andesite, and two (duplicate samples) are andesites. Best (1981)

expands the Si02 range for basalt up to 54% and restricts the upper

SiO2 boundary of basaltic andesite to 56% . In this classification 16

samples are basalts and 2 are andesites.

Approximate ranges of other major oxides are: Al23 10-18%, FeO*

(all Fe expressed as FeO) 9-14%, TiC2 1.7-3.9%, CaO 5.6-11.5%, NgO

2-14%, Na 20 1.6-4.5%, K20 0.4-2.0%, and P205 0.2-0.9%. Only three

samples, two of which are duplicates, have major oxide values outside

ranges for basaltic rocks according to the chemical screen developed

by Manson (1967).

Two samples (duplicates from locality 3721-4, T. 4 N., R. 7 W.,

SW 1/4 sec. 2) of a flow from the middle part of the upper Tillamook

Volcanics have strikingly different major oxide values in comparison

with other basalts in the area. The SiC2 values (about 58%) of these

two samples are distinctly higher (by about 5%) and are greater than

the maximum values (56%) for basalts. In addition, these sample have

TiO2 values that are about half that of other samples (1.6% vs. about

3.0%) and contain less than the minimum amount of MgO for basalts (3%

MgO for FeO* > 10%). These two samples also fail to pass other

aspects of the chemical screen for basaltic rocks used by Manson

(1967) (i.e. one contains excess normative quartz and both have low

crystallization indices). In short, major oxide values indicate that

this flow is an andesite rather than a basalt. However, the analyses

are suspect because the samples contain a high percentage (13%) of

secondary clays (nontronite 7) which is thought to have changed the

primary chemical composition of the rock (fig. 22). This "andesite"

flow is also petrographically similar to other basalts in the thesis

area except for a lower abundance of opaque minerals (6%; Table 3).

It does not exhibit the petrographic characteristics of a typical

andesite and it is more probable that the flow is a basaltic andesite.

Nevertheless, this does indicate differentiation which is interpreted
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to be the result of shallow-level fractional crystallization.

Sample 3721-1-3 contains approximately 10% Al203 which is less

than that of basaltic rocks (10.5% minimum according to Manson,

1967). This sample was collected from an unusual outcrop containing

abundant augite and olivine phenocrysts (18% and 13% respectively)

that classify it as an ankaramite (fig. 20). The aberrant geochemical

values (13.81% MgO) are probably due to the unusually high phenocryst

content.

No distinct chemical variations with respect to stratigraphic

position in the upper Tillamook Volcanics were observed in the thesis

area. Samples from the lowest (e.g. 824-7) and highest (e.g. 75-6)

part of the section are quite similar chemically (Appendix VIII).

Most samples are quartz tholeiites (fig. 24), which indicates a rather

homogeneous composition for the upper Tillamook Volcanics. More

detailed sampling of four successive flows in the central part of the

upper Tillamook Volcanics, however, resulted in Si02 values ranging

from 48 to 58% (the extremes for all samples) and compositional

variation from ankaramite to andesite. It is important to qualify

this variance by stating that the sample which chemically classifies

as an andesite is altered and has the petrographic characteristics of

basaltic andesite, and that the ankaramite was the only of its kind

found in the entire outcrop area of the Tillamook Volcanics in the

thesis area. However, this does demonstrate at least moderate

chemical variation in the volcanic pile. More definitive statements

regarding chemical trends and variations with stratigraphic level in

the thesis area is not possible with the limited number of analyses

(18 including 2 duplicates). Additional difficulties are posed by

faulting (potentially repeated sections) and considerable forest

cover.

The unusually high FeO* (ay. 11.8 wt.%) and Ti02 (ay. 3.1 wt %)

values of the Tillamook Volcanics in the thesis area warrants

designation as Fe-Ti (feetee) basalts. Strict FeO* and Ti02 values

have not been set to designate Fe-Ti basalt in other places. For

example Fe-Ti basalts of the Galapagos Islands, which have extremely

high FeO* and Ti02 contents, are defined by FeO* values above 12% and

Tb2 values above 2% (Perfit and others, 1983). In contrast, Juan de
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Fuca Fe-Ti basalts have FeO* values above 10% and Ti02 values above

1.5% (Howard, in prep.). Extreme fractional crystallization in small,

high level magma chambers is thought to the prime cause of iron and

titanium enrichment in tholelitic basalts (Perfit and others, 1983;

Howard, in prep.).

Binary plots of two major oxides or oxide ratios are commonly

used to show differentiation trends and several fractionation Indices

have been developed as well. Harker diagrams (5102 on the x-axis) are

commonly used to illustrate differentiation by fractional

crystallization. However, in basaltic rocks the usefulness of Harker

diagrams can be limited by the small change In Sb 2 content during

early stages of fractional crystallization (Wright and Fiske, 1971).

Sixteen basalt samples from the Tillamook Volcanics in the thesis area

have Si02 values between 48% and 54% and two duplicate analyses of an

"andesite" have Si02 values of about 58% (Appendix VIII). This

results in about a 10 wt% S102 range (with a gap between 54% and 58%

S102) that can be used to suggest fractional crystallization trends.

However, the trends discussed in the following paragraphs only imply

evolution by fractional crystallization because volcanic stratigraphy

of the Tillamook Volcanics is not detailed enough. In order to

substantiate differentiation and a liquid line of descent one would

need to show increasing fractionation effects in successively younger

flows.

Ti02 content can be used to indicate the degree of

differentiation because titanium, like iron, tends to be concentrated

in the residual melt during crystal fractionation, especially In

tholeiitic magmas (Hughes, 1976). With increasing degrees of

differentiation Ti02 contents will drop as iron-titanium oxides move

onto the liquidus. Figure 23a shows a decreasing trend from high Ti02

values at low Si02 values to lower Ti02 values at higher Si02 values.

This can be interpreted to represent an advanced degree of

differentiation resulting in TiO2 enrichment that declines due to

fractionation of iron-titanium oxides. This interpretation is

supported by the observation of abundant opaque iron oxide phenocrysts

and microphenocrysts in thin section (Table 3, fig. 19).

Fractionation of plagioclase should be expressed as a decreasing
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CaO/FeO* ratio with increasing Si02 because plagioclase has a very

high CaO/FeO* ratio. Figure 23b shows a relatively flat CaO/FeO*

ratio with increasing Si02, suggesting that significant plagioclase

fractionation has not occurred. This is also suggested by the lack of

a europium anomaly in the rare earth pattern of the upper Tillamook

Volcanics (McElwee, in prep.)

The variation of CaO/Al2O3 is a good indicator of clinopyroxene

fractionation because clinopyroxene contains a significant amount of

CaO but very little Al203 Figure 23c shows a strong decrease in the

Ca0IAl23 ratio with increasing Si02, indicating crystal fractionation

of clinopyroxene. Fractionation of calcic plagioclase would have

little affect on the CaO/Al2O3 ratio and it cannot be ruled out by

this diagram alone. However, as mentioned earlier, plagioclase

fractionation is not indicated by CaO/FeO* variation or rare earth

patterns.

Table 5 shows major oxide averages for the upper Tillamook

Volcanics from the thesis area and other basaltic volcanic rocks from

several known tectonic settings. Averages from this study are closest

to tholeiitic rocks, particulary continental and Icelandic

tholelites. The unusually high Ti02 (3.24 wt. %), Na20 (3.16 wt. %),

and P205 (0.54 wt. %) contents and unusually low MgO (4.62 wt. %)

contents of the Tillamook Volcanics are closest to Icelandic

tholeiites. The upper Tillamook Volcanics are also unusually high

with regard to 1(20 (0.87 wt. %) but compare most closely with

continental tholeiites with regard to this oxide. Averages from the

study area do not compare favorably with those of oceanic alkalic

basalts or arc (calc-alkaline) basalts.

Normative (c.I.P.w) minerals calculated from major oxides values

of the upper Tillamook Volcanics are presented in Appendix IX.

Sixteen analyses have normative quartz (range 0.1-9.5%, mean 1.44%),

two have normative olivine (3721-1 and 3721-2), and none contain

normative nepheline. All contain normative diopside (range 5-32%,

mean 17.4%) and normative hypersthene (range 5-9.7%, mean 9.2%). On

the Ol-Di--Hy-Qz quadrilateral (fig. 24) two samples plot in the

olivine tholeiite field and all others plot in the quartz tholeiite

field.
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Table 5. Average major oxide chemical compositions of the upper
Tillamook Volcanics from the thesis area in comparison to
basaltic volcanic rocks from different tectonic settings.

-Fe203 calculated as 0.2 FeO* (total FeO)

2FeO calculated as 0.8 FeO* (total FeO)

3Two duplicate samples (3721-4-2 and 3721-4-4) of andesite
omitted.

4Manson, V., 1967, Table III.

5Hyndrnan, D. W., 1985, Table 6-9.

6Hyndman, D. W., 1985, DSDP core samples Table 6-10

7Manson, V., 1967, Table III.

8Hyndman, D. W., 1985, Table 6-9.

9Hughes, C. J., 1982, column 1 Table 9.2.

-0Hughes, C. J., 1982, column 2 Table 9.4.

11 Hughes, C. J., 1982 column 9 Table 9.4.

2Manson, V., 1967, Table V.

13Hyndman, D. W., 1985, Table 7-4.
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This study,

all samples

(N=18)

Si02

51.39

Al203

14.84

Ti02

3.07

Fe203

2.351

FeO

9.382

MnO

0.21

CaO

9.02

MgO

4.33

Na20

3.30

K20

0.98

P205

0.55

This study,

all basalts

(N=l6)3

50.53 14.72 3.24 2.421 9.662 0.22 9.45 4.62 3.16 0.87 0.54

Av. Oceanic

tholei jte

(N=282)4

49.3 14.6 2.4 3.2 8.5 0.17 10.6 7.4 2.2 0.53 0.26

Av. Oceanic

tholeiite

(N=341)5

49.3 15.2 1.8 2.4 8.0 0.17 10.8 8.3 2.6 0.24 0.21

Av. Ocean

basalt (N=61)6

49.36 14.73 1.63 3.18 7.40 0.19 10.83 7.24 2.41 0.21 0.17

Av. Cant.

tholeiite

(N=946)7

51.5 16.3 1.2 2.8 7,9 0.17 9.8 5.9 2.5 0.86 0.21

Av. Cont.

tholeiite

(N'144)8

50.7 14.4 2.0 3.2 9.8 0.2 9.4 6.2 2.6 1.0 --

Av. Hawaiian

tholeiitjc

basalt9

49.36 13.94 2.50 1.91 9.49 0.17 8.95 12.96 2.13 0.38 0.26

Av. Iceland

tholeiite,

(N-7)10

49.31 12.67 3.13 4.75 10.31 0.26 9.10 4.69 3.01 0.56 0.57

Av. Quartz 50.26

tholeiite,

Iceland (N=12)1'

13.52 2.47 3.52 11.87 0.24 9.18 5.58 2.48 0.56 0.23

Av. Oceanic

alkalic basalt

(N178)12

46.9 15.5 3.0 3.1 8.6 0.16 10.4 8.6 3.0 1.3 0.39

Av. Arc

basalt13

51.7 17.41 0.98 3.34 5.88 0.16 9.70 6.02 2.85 0.92 0.22
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Figure 24. Samples of the Tillamook Volcanics from the thesis area
plotted on the normative Ol-Di-Hy-Q quadrilateral. Most
samples plot in the quartz tholeiite field.
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Major oxide values are reflected in petrography of flows from the

upper Tillamook Volcanics. Samples with low modal augite have low MgO

(e.g. sample 3721-4) and those with high modal augite have high MgO

values (e.g. sample 3721-1-3). Increased amounts of FeO* and Ti02 are

reflected in greater modal magnetite and ilmenite. Higher amounts of

modal plagioclase are reflected in higher Al203 values

(e.g. sample 826-1-2) and samples with more calcic plagioclase

compositions have higher CaO values as well. Petrographically

determined plagioclase compositions (range AN42 to AN62) generally

agree with normative plagioclase compositions (average AN47) but are

more calcic in some instances. One sample (3721-1-3) contains

significant normative olivine (12%) which agrees well with modal

olivine (13%). Although all samples contain normative hypersthene and

quartz, only one sample is known to contain a trace amount of modal

hypersthene and quartz was not identified in any samples. This Is

because normative minerals are calculated from equilibrium assemblages

which are not always present or preserved in nature.

Chemical Classification

The guide for chemical classification of common volcanic rocks

proposed by Irvine and Baragar (1971) is used in this study (figs. 25,

26, and 28). None of the samples from the thesis area contain

normative acmite (Ac) which is Indicative of peralkaline rocks, and

therefore, they are either alkaline or subalkaline. Classification as

alkaline or subalkaline is determined on the basis of plots of

normative composition or major oxide chemistry (e.g. Na20 + K20

against SiO2). Figure 25 shows that the upper Tillamook Volcanics

from the thesis area are subalkaline in character. On a simple weight

per cent plot of total alkalies (Na2O + K20) against S102 (fig. 25a)

all samples plot in the subalkaline field. All samples also plot in

the subalkaline field on a projection of the contents of a normative

Di-Ol-Ne-Qz tetrahedron from the Di apex onto the basal Ol-Ne-Qz

triangle (fig. 25b). Subalkaline rocks are classified as

calc-alkaline or tholeiitic. Irvine and Baragar (1971) utilized plots

on a ternary AFM (Na20 + 1(20 - FeO + 0.8998 Fe203 - MgO) diagram (fig.
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Figure 25. Irvine and Baragar (1971) alkaline/subalkaline

classification of samples of the Tillamook volcanics from

the thesis area. All samples are subalkaline. A: total

alkalies (Na20+K20) versus Si02. B: contents of normative

Di-Ol-Ne-Q tetrahedron projected from Di apex onto basal

Ol-Ne-Q triangle.
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26a, best for andesites and dacites) and/or weight per cent Al203

versus normative plagioclase composition (fig. 26b, best for basalts)

to distinguish between the two suites. All samples from the upper

Tillamook Volcanics plot in the tholeiitic field on the AFM diagram

(fig. 26a). Two samples (720-5-2 and 826-1-2) plot in the

caic-alkaline field and 14 plot in the tholeiltic field on the weight

per cent Al203 versus normative plagioclase composition (fig. 26b).

Two duplicate samples (3721-4-2 and 37-4-4) of andesite (Si02 values

above 58%) do not have valid An contents (above An35) for this type of

discriminant diagram. Samples 720-5-2 and 826-1-2 probably plot in

the calc-alkaline field because they contain abundant (17% and 20%)

and unusually large (up to 2.8 mm) plagioclase phenocrysts. This

would explain the substantially higher Al203 values of these samples

(18.3% and 16.6%) compared with other samples from the upper Tillamook

Volcanics. Miyashiro (1974) used a plot of FeO*/MgO against Si02 to

distinguish between the caic-alkaline and tholeiitic suites. All.

samples of the upper Tillamook Volcanics plot well within the

tholeiitic field of this diagram (fig. 27). In conclusion, the

Tillamook Volcanics are dominantly, if not entirely, tholeiitic in

composition.

In the chemical classification of Irvine and Baragar (1971) rock

names are assigned to subalkaline rocks according to plots of

normative color index versus normative plagioclase composition (fig.

28). According to this classification sixteen samples from the thesis

area are basalts. Two duplicate samples (3721-4-2 and 3721-4-4) plot

in the andesite field and pass the stipulation of containing at least

5-10% normative quartz (9% and 10%) to be defined as andesites (fig.

28; Appendix Ix).

Tectonic Setting and Petrogenesis

Overview

The Tillamook Volcanics formed in a complicated and incompletely

understood plate tectonic setting. Several plate and ridge

reorganizations that occurred in the early to mid Tertiary resulted in
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Figure 26. Irvine and Baragar (1971) tholeiitic/calc-alkaline

classification of samples of the Tiflamook Volcanics from

the thesis area. A: all samples classify as tholeiitic on

weight per cent total alkalies (Na20+K20)_FeO*_(total)_MgO

plot. B: most samples plot in tholeiitic field of weight

per cent Al203 versus normative plagioclase compositions

diagram.
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Figure 27. Miyashiro (1974) tholeiitic/calcalkaline classification
of samples of the Tillamook Volcanics from the thesis
area. Most samples plot in tholeiitic field. Oxides in
weight per cent.
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Figure 28. Classification of samples from the Tillamook Volcanics
from the thesis area based on color index versus normative
plagioclase composition (classification of Irvine and
Baragar, 1971). Sixteen samples (including two duplicate
samples) classify as basalts and two duplicate samples
classify as andesites.
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a complex distribution of eruptive products (Valuer and Brooks, 1987;

Wells and others, 1984). Accretion of lower to middle Eocene oceanic

crust, with local seamounts (Siletz River Volcanics and Crescent

Formation), to the North American Continent is postulated to have

occurred in the middle Eocene at about 50 Ma (Magill and others, 1981;

Wells and others, 1984). This was followed by a seaward jump of the

middle Eocene subduction zone to the present outer Oregon continental

shelf and subsidence of the accreted oceanic crust to form a forearc

basic. Tyee Formation deltaic and turbidite fan strata filled the

south and central ends of the basin (Heller and Ryberg, 1983)

concomitant with eruption and intrusion of unnamed middle Eocene

basaltic volcanics and accumulation of bathyal mudstones (in part

Yamhill Formation) in the northern part of the basin (Parke Snavely,

U.S. Geological Survey, personal communication, 1987; Ray Wells, U.S.

Geological Survey, personal communication, 1987; Cameron, 1980; Baker,

1988). Eruption of the middle Eocene Tillamook Volcanics and

correlative volcanic units in northwestern Oregon and southwestern

Washington is coincident with abrupt retardation of Farallon-North

America plate convergence at about 43 Ma, the demise of the

Kula-Pacific spreading ridge, and westward migration of the arc front

from the Challis axis to a Cascade position at about 42 Ma (Wells and

others, 1984; Vallier and Brooks, in press).

Setting

The areal distribution, thickness, composition, and facies

relationships of the Tillamook Volcanics are consistent with an

oceanic island setting (Snavely and others, 1970; Cameron, 1980,

Jackson, 1983; Wells and others, 1983; Niem and Niem, 1985; Rarey,

1986). An outer continental shelf to upper slope or bathyal forearc

environment is indicated by the interfingering relationship of the

lower submarine pillow basalt facies of the Tillamook Volcanics with

bathyal micaceous mudstones and arkoses of the Yamhill Formation and

by the highly micaceous arkosic shelf sandstones in the Hamlet

Formation, which presumably reflect a continental source, that overlie

the upper subaerial facies of the Tillamook Volcanics (Olbinski, 1983;
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Jackson, 1983; Bruer and others, 1984; Nelson, 1985; Wells and others,

1983; Niem and Niem, 1985; 1985; Rarey, 1986). The dimensions of the

"Tillamook island" are comparable to moderately large shield volcanoes

and suggest that the island consists of several coalesced shields

formed over local eruptive centers (see regional distribution and

physical setting; Rarey, 1986; Wells, personal communication to

Dr. A. R. Niem, 1987). The predominant quartz tholeiite composition

(fig. 24; Appendix IX) and physical characteristics (thin with low

initial dips) of the Tillamook Volcanics are also consistent with

eruption in such a setting.

Two modern examples of tholeiitic oceanic islands are the large

islands of Iceland and the Hawaiian archipelago (Hughes, 1982).

Iceland straddles a mid-ocean ridge and is situated above a hotspot

(Williams and McBirney, 1979; Hughes, 1982). The Hawaiian islands are

situated above a hotspot and have no association with a mid-ocean

ridge (Wilson, 1973; Williams and McBirney, 1979; Hughes, 1982;

Hyndman, 1985). Despite the apparent difference in tectonic setting,

both islands are predominantly composed of tholeiitic basalts which

are compositionally similar to one another and distinct from mid-ocean

ridge basalts (MORB) (Hughes, 1982). Major oxide averages of the

Tillamook Volcanics in the thesis area have closer affinity with

oceanic island tholeiites (particulary Icelandic tholeiites) than

ocean floor tholeiites (MORB) which supports the oceanic island

setting (Table 5). Some major oxide averages of the TiUamook

Volcanics are closest to continental tholeiites (Table 5) although

geologic relationships of the Tillamook Volcanics are incompatible

with that of typical continental tholeiites.

Discriminant Diagrams

Figure 29 shows plots of major oxide analyses of the Tiflamook

Volcanics from the thesis area on three tectonic discriminant diagrams

which utilize major oxides. Only samples which satisfy compositional

parameters for each diagram have been plotted. Because the geologic

and tectonic setting of the Tillamook Volcanics has been established,

valid analyses from the unit can be used to check the validity of
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these diagrams. Pearce and others (1975) utilized a ternary

Ti02O_K2O..p2OS diagram to differentiate ocean floor basalts from

non-oceanic rocks. Samples plotted on this diagram are required to

have less than 20% Na2O+K2O in a (Fe203+FeO)-MgO-(Na20-I-K20) diagram.

Pearce and others (1975) reported that the line shown on the diagram

discriminated 93% of representative ocean floor and mid-ocean ridge

basalts and over 80% of non-oceanic basalts (predominantly continental

but includes rocks from island arcs and other volcanic rocks erupted

through continental crust). All samples from the thesis area

fulfilling the compositional restrictions plot in the ocean floor

basalt field (fig. 29a). This is consistent an oceanic island setting

because different types of island settings are not differentiated

within this diagram.

Only subalkaline rocks which plot in the tholeiitic field defined

by MacDonald and Katsura (1964) for Hawaiian rocks and which have

51-56 weight per cent Si02 are valid for plotting on the

Mg0_Fe0*_Ai23 discriminant diagram of Pearce and others (1977). Five

samples from the thesis area, which is fewer than the minimum of 12

needed to characterize a discriminant field, fulfill these

requirements. Figure 29b shows that all valid samples plot near the

dividing line between the spreading center island (two samples) and

continental fields (three samples). Difficulty in discriminating

between oceanic island and continental basalts on the basis of major

oxides as well as trace elements has been noted by other workers

(Pearce, 1976; Floyd and Winchester, 1975). None of the samples from

this study or from Rarey (1986) plot in the ocean island field which

was mainly defined by samples from the Hawaiian islands. This is

particularly interesting in light of the fact that only one of ninety

samples used by Pearce and others (1977) to define the ocean island

field plotted in the spreading center island field. The spreading

center island field, which was primarily defined by basalt samples

from Iceland and the Galapagos Islands, is not well established

because, although 8,400 analyses were used to develop the diagram,

only 22 samples from this tectonic setting passed the chemical screen

and could be used to define the field (Pearce and others, 1977). Both

Iceland and the Galapagos Islands have formed through ridge-centered
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hot spot volcanism (Hughes, 1982; Geist and others, 1986). Therefore,

this field represent a different setting than average spreading

centers (e.g. a combination of spreading ridge and hot spot). In any

case, this diagram indicates that the Tillamook Volcanics have closer

affinity with ridge-hotspot oceanic islands such as Iceland than

strictly hotspot oceanic islands such as those of the Hawaiian

archipelago. This suggests that a spreading ridge or rift component

was present during the formation of the Tillamook Volcanics.

The MnO-Ti02-p205 discriminant diagram of Mullen (1983) can be

used for oceanic basaltic rock having 45 to 54 weight per cent Si02.

All valid samples from the thesis area plot in the oceanic island

field of this diagram (fig. 29c). The oceanic island is subdivided

into tholeiitic and alkalic types and most samples from the thesis

area plot in the alkalic subfield (one should be careful not to

confuse the alkalic rocks of the tholeiitic series with the caic-

alkaline trend). The fact that samples plot in the alkalic field can

be interpreted to support the contention of this report that the upper

Tillamook Volcanics in the thesis area are highly fractionated,

resulting in enrichment of alkalies, iron, and titanium (see major

oxides section). Note that different oceanic island settings

(i.e. spreading center versus hotspot) are not distinguished from

other oceanic island settings with this diagram.

In summary, major and minor element discriminant diagrams are

consistent with an oceanic island setting for the Tillamook

Volcanics. Furthermore, the Tillamook Volcanics appear to have closer

petrogenetic affiliation with spreading center islands such as Iceland

(ridge-hotspot setting) than hotspot islands and island chains that

are not associated with spreading ridges, such as the Hawaiian

archipelago.

Volcano-Tectonic Models

Duncan (1982) proposed that Eocene volcanic basement units (e.g.

Siletz River Volcanics, Roseburg Volcanics, Crescent Formation) of the

Oregon and Washington Coast Range were generated by the Yellowstone

hot spot positioned under the Kula-Farallon spreading ridge and
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accreted to the North American Continent in the middle Eocene (fig.

30). Although the position of the Yellowstone hot spot during the

Paleocene and early Eocene and age relations of the volcanic units

oldest on the north and south ends and youngest at the middle) are

consistent with the "captured island chain" model, Wells and others

(1984) reported that revised plate motion geometries of pre-middle

Eocene units are incompatible with this model. The age distribution

of volcanism may also reflect an incomplete sampling distribution

problem with the oldest stratigraphic level exposed in the thrust-

faulted and partly subducted oceanic crust at the northern and

southern ends of the province.

McElwee and Duncan (1984) proposed a slightly modified model of

Duncan (1982). In this model Paleocene and early Eocene volcanic

units of western Oregon and Washington (Siletz River Volcanics and

Crescent Formation) were generated by the Yellowstone hot spot and

then accreted to the North American Continent. Continued hot spot

volcanism after accretion produced the middle and late Eocene volcanic

units (Tillamook Volcanics and correlative units).

Wells and others (1984) and Snavely (1984) proposed a continental

rifting model for generation of the Paleocene and early Eocene basalts

of the Coast Range basement (fig. 31). In this model rifting of the

continental margin beginning about 6 1-56 Ma. was initiated when North

America overrode the Kula-Farallon ridge and the Yellowstone hot spot.

Basement rocks of the Coast Range basement were generated by the hot

spot in the extensional (rift) basin (Wells and others, 1984). This

model postulates that highly oblique convergence between the Kula and

North American plates resulted in northward transport of the Prince

William-Chugach and older Peninsular terranes (now in southeastern

Alaska) away from the zone of rifting. This model is compatible with

paleomagnetic, radiometric, and geologic evidence suggesting

considerable northward translation of some northern Cordilleran

terranes in the late Cretaceous and early Tertiary and does not have

many of the geometric problems associated with the "captured island

chain" of Duncan (1982) (Wells and others, 1984). This model suggests

large-scale northward transport of terranes from Oregon to Alaska,

however, only about 200 km of strike-slip movement is indicated by
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Figure 31. Continental rifting model for generation of the Paleocene
and early Eocene volcanic basement of the Coast Range
(from Wells and others, 1984). Oblique rifling of the
continental margin occurs after North America overrides
the Yellowstone hot spot. Terranes of the northern
Cordillera are transported northward on the Kula plate.
Lower to middle Eocene Coast Range basalts are erupted in
a marginal rift basin created by dextral shear. Note that
tectonic rotations indicated by paleomagnetic studies
(e.g. Wells and Coe, 1985) could be driven by dextral
shear caused by oblique convergence. Middle and late
Eocene basalts (e.g. Tillamook Volcanics, Goble Volcanics
of Oregon) may also have been generated in a similar
tectonic setting by a remanent hot spot and spreading
ridge.



99

offset of Eocene arkosic wackes along offshore Oregon (Snavely

andothers, 1982). Although Wells and others (1984) did not propose

that the younger (middle and late Eocene volcanic rocks in

northwestern Oregon and southwestern Washington were formed in the

continental margin rift setting, it is possible that these younger

volcanic units were generated in a similar rifting of a marginal

forearc basin (Snavely and others, 1982).

Wells and others (1984) proposed that Tillamook Volcanics and

correlative volcanic units were erupted after accretion of the Coast

Range basement from regionally extensive east-northeast-trending

(before tectonic rotation) dike swarms during a period of

north-northwest extension (fig. 32). Extension may have been related

to dextral shear driven by oblique convergence of the Farallon plate

along the continental margin (Wells and others, 1984; fig. 32). An

attractive aspect of this model is that it provides an explanation for

the presence of volcanics in the forearc, which is highly unusual

(Gill, 1981). Rigidity of subducted slab material decreases with the

decreasing age and convergence rate (Furlong and others, 1982 in Wells

and others, 1984). As a result, the radius in the zone of slab

curvature is reduced, resulting in lessened horizontal compressive

stress, which in turn leads to enhanced magma injection into the

overlying and extended crust (forearc volcanism) (Furlong and others,

1982 in Wells and others, 1984; Wells and others, 1984). This model

is also compatible with presence of the Yellowstone hot spot in the

middle to late Eocene which would tend to enhance magmatic activity

(McElwee, 1987, personal communication).

Well and others also proposed generation of the pre-middle Eocene

volcanic basement (e.g. Siletz River Volcanics, Crescent Formation) by

volcanism along leaky transform faults, perhaps enhanced by proximity

of the Yellowstone hot spot, during spreading ridge and plate

reorganizations and accretion (fig. 33). However, these workers did

not address the formation of middle and late Eocene volcanic units in

this model.

The geochemistry of the Tillamook Volcanics is closest in

affinity to oceanic islands and, in particular, a ridge-hot spot

island setting such as Iceland. Hot spots are presumably the surface
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Figure 32. Wells and others (1984) model for eruption of the middle

to late Eocene Tillamook Volcanics (T), Goble Volcanics

(G), and Yachats Basalt (Y). Northeast-oriented feeder

dikes indicate north-northwest extension that may be

related to dextral shear along the coast driven by oblique

convergence of the Farallon and North American plates.
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Figure 33. Leaky fracture (transform) model for genesis of the

Paleocene and early Eocene Coast Range volcanic basement

(from Wells and others, 1984). Kula-Farallon ridge

reorganizations result in the development of fracture

zones that act as conduits for basaltic magmas. Volcanism

may have been enhanced by presence of Yellowstone hot spot

(+).

61 Ma 58 Ma 48Ma
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expression of deep-seated plumes rising in the mantle (Hughes, 1982).

Such plumes are relatively undepleted by previous melting events and,

consequently, have higher contents of Ti02, P205, and

incompatible elements (Hughes, 1982). The Tillainook Volcanics have

high K20, Ti02, and P205 contents (Jackson, 1983; Rarey, 1986; this

study). Initial strontium ratios (87Sr/865r) from eruptive centers in

western Oregon and southwestern Washington are consistent with

ridge-centered hot spot volcanism and are similar to those measured in

Iceland (Duncan, 1982; Hart and others, 1973 in Duncan, 1982). Rare

earth element patterns of the Tillamook Volcanics show mildly to

strongly enriched light rare earth profiles (Duncan, 1982; Jackson,

1983; Rarey, 1986) that are generally characteristic of hot

spot-sourced oceanic islands (Hughes, 1982). These geochemical

characteristics indicated that the Tillamook Volcanics were sourced in

relatively undepleted mantle material. Tectonic models must be

compatible with generation of the Tillamook Volcanics from such a

source.

The tectonic model of McElwee and Duncan (1984) is compatible

with the geochemical characteristics of the Tillamook Volcanics

because the postulated hot spot plume would tap relatively undepleted

mantle. However, this model does not incorporate a component of

dextral shear which has been proposed as a mechanism to account for

clockwise tectonic rotation of the Oregon-Washington Coast Range

indicated by paleomagnetic studies (Cox and Magill, 1977; Magill and

others, 1981; Globerman and others, 1982).

Deep extensional fractures, perhaps related to dextral shear

caused by oblique convergence of the Farallon plate with the leading

edge of the North American plate as proposed by Wells and others

(1984), could act as conduits for the emplacement of magmas from

relatively undepleted mantle into the forearc. Dextral shear along

the coast could also drive clockwise tectonic rotation. This model

require westward shift of the subduction zone prior to about 44 Ma..

Vallier and Brooks (1987) propose westward shift of the subduction

zone after 37 Ma., which would render the model untenable because the

extensional fractures would have formed under a compressive stress

regime.
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Generation of the Tillamook Volcanics and correlative volcanic

units during rifling of the continental margin as it overrode the

Kula-Farallon ridge-centered Yellowstone hot spot (fig. 32) is

compatible with the geochemical characteristics of these units. In

addition, the model includes dextral shear related to oblique Kula-

North American convergence that could drive tectonic rotation. A

somewhat similar modern analogy may be represented by the western

Aleutian Island arc where highly oblique plate convergence results in

strike-slip faulting, dismemberment of the arc, and creation of rift

basins that undergo clockwise rotation. This model only differs from

that proposed by Wells and others (1984) in that both the Paleocene

and early Eocene volcanic basement as well as the middle to late

Eocene volcanic units are generated by ridge-centered hot spot

volcanism. It is also very similar to the hot spot model proposed by

McElwee and Duncan (1984) except that these workers did not address

rifting and tectonic rotation of the continental margin by the ridge-

centered hot spot.

Since it is not unlikely that the Yellowstone hot spot would

remain in the same relative position during accretion and basin

rifting of the Siletz River Volcanics and lower Tillamook Volcanics

(approximately 62 to 53 Ma) a modification of this model is warranted.

Perhaps the youngest crust and seamounts of the Siletz River Volcanics

(lower submarine facies of the Tillamook Volcanics of Snavely and

others (1972); 53 Na age of Duncan (1982) in fig. 31) represent the

end of ridge-centered hot spot volcanism. This was followed by

subsidence and forearc sedimentation (i.e. Tyee-Flournoy and Yamhill

formations). Hypothetically, residual magma from late Siletz River

time may have ponded at the base of the lower crust and risen to

smaller shallow-level magma chambers along extensional north-

northwest-trending faults during oblique subduction of the Farallon

plate beneath the newly accreted crust of the Siletz River Volcanics.

These small chambers were not significantly replenished with magma,

leading to extreme differentiation due to fractional crystallization

and the generation of Fe-Ti basalts. A high degree of differentiation

is also indicated by the alkalic nature of the cap rocks as well as

the occurrence of dacites and Ignimbrites in the uppermost part of the
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Tillamook Volcanics (Wells and others, 1983; Parke Snavely, U.S.

Geological Survey, personal conununication, 1987; Jackson, 1983).



HAMLET FOR}LkTION

Nomenclature

The Hamlet formation (informal) is a newly proposed informal unit

of late Narizian (late middle and late Eocene) strata in the northern

Oregon Coast Range (Niem and Niem, 1985; Rarey, 1986; Peterson and

others, 1987; this study). The unit is well-exposed along several

unnamed logging roads in the N 1/2 section 16, T. 4 N., R. 8 W. near

the community of Hamlet (T. 4 N., R. 8 W., SW 1/4 sec. 5). The Hamlet

formation constitutes a 200 m to 900 m- thick shallow to deep marine

sequence that has been informally divided by Rarey (1986) into three

mappable members: the Roy Creek member, the Sunset Highway member,

and the Sweet Home Creek member. The basal Roy Creek member consists

of a shallow marine basaltic cobble-pebble-boulder conglomerate

(generally 2-5 m thick) and overlying basaltic sandstone (generally 3-

30 m thick). The overlying Sunset Highway member is an approximately

100 m thick sequence of micaceous lithic to arkosic sandstone and

subordinate basaltic sandstone, pebbly grits, and submarine debris

flows. The Sweet Home Creek member consists of 120-400 m of deep

marine bioturbated, micromicaceous and carbonaceous mudstone and

siltstone with a few thin basaltic to arkosic graded turbidite

sandstone interbeds. Surface and subsurface stratigraphic

relationships of the Hamlet formation are illustrated on Plates I and

II, and by Niem and Niem (1985).

The basal Roy Creek member disconformably overlies the Tillamook

Volcanics (Plates I and II; figs. 50 and 53). It is overlain the

Sunset Highway member in eastern Clatsop county and by the Sweet Home

Creek member in western Clatsop county (fig. 34). The Sunset Highway

member pinches out to the west at about the longitude of the Nehalem

River in southern Clatsop County (plates I, and II; fig. 34; Niem and

Niem, 1985). The Sweet Home Creek member is overlain by the late

Narizian Cowlitz Formation (sandstone and upper "shale" members of

Warren and Norbisrath, 1946) in eastern Clatsop county and by the

latest Narizian and early Refugian Keasey formation in western Clatsop

county.
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Strata assigned to the Hamlet formation in this study have

previously been referred to the both the Cowlitz Formation

(e. g. Warren and others, 1945; Warren and Norbisrath, 1946; Wells and

Peck, 1961; Van Atta, 1971; Newton and Van Atta, 1976; Jackson, 1983;

Olbinski, 1983; Wells and others, 1983; Bruer and others, 1984;

Nelson, 1985; Shaw, 1986) and in part to the Yamhill Formation (Bruer

and others, 1984). Niem and Niem (1985) informally revised the

stratigraphic nomenclature of many units in Clatsop County, including

the previously described Hamlet formation. Reasons for referring the

previously described strata to the newly proposed Hamlet formation

rather than to the Cowlitz Formation or Yamhill Formation are

discussed below.

Type Cowlitz Formation of southwestern Washington

Weaver (1912) originally proposed the name Cowlitz Formation for

60 m of Eocene (late Narizian) sandstone and siltstone exposed at the

"Big Bend locality" of the Cowlitz River 2.4 km east of Vader in Lewis

County, southwestern Washington. Weaver (1937) later appended 1,300 m

of late Narizian and predominantly shallow marine sandstone exposed in

Olequa Creek in southwestern Washington to the Cowlitz Formation.

Henriksen (1956) added 1,600 in of Ulatisian and Narizian bathyal

mudstones (Stillwater Creek member) to the base of the type Cowlitz

Formation of Weaver (1937) in southwestern Washington. In the Willapa

Hills area of southwestern Washington, Wells (1981) assigned the

Stillwater Creek member to the McIntosh Formation and restricted the

Cowlitz Formation to upper Narizian sandstonerich strata (Olequa

Creek Member) and pointed out that it underlies the Goble Volcanics

(of southwestern Washington). The Cowlitz Formation in northwestern

Oregon (mainly Columbia County) overlies the Tillamook Volcanics,

which Rarey (1986) correlated to the Goble Volcanics in the Grays

River area of southwestern Washington. This creates a stratigraphic

problem which needs to be resolved. Restriction of the Cowlitz

Formation to the lithologically distinct sandstone unit is preferred

because it can be readily mapped, is in agreement with the original

definition of the Cowlitz Formation by Weaver (1937).



Cowlitz Formation of northwestern Oregon

The Cowlitz Formation was extended into northwestern Oregon by

Warren and others (1945) and Warren and Norbisrath (1946), who divided

the unit into four late Narizian members consisting of 1) a basal

basalt conglomerate; 2) a lower "shale" member; 3) a sandstone

member; and 4) and upper "shale" member.

Deacon (1953) informally proposed the name Rocky Point formation

for these late Narizian strata in northwestern Oregon because he

believed the rocks were lithologically distinct from the type section

in southwestern Washington. This proposed name change was not

published and, therefore, has either gone unrecognized or has not been

accepted because workers in northwest Oregon have continued, until

recently, to refer these late Narizian rocks to the either the Cowlitz

Formation (e.g. Van Atta, 1973; Newton and Van Atta, 1976; Timmons,

1981; Jackson, 1983; Olbinski, 1983; Wells and others, 1983; Bruer and

others, 1984; Nelson, 1985; Shaw, 1986) or Yamhill Formation (Bruer

and others, 1984).

In the subsurface of Columbia and Clatsop counties, Bruer and

others (1984) showed a regional unconformity at the base of the

Cowlitz Formation sandstone member of Warren and Norbisrath (1946) and

they redefined the Cowlitz Formation (in northwestern Oregon) to

include the sandstone member and overlying "shale" member of Warren

and Norbisrath (1946) above this unconformity. Bruer and others

(1984) correlated Narizian rocks below the unconformity, including the

basal conglomerate and lower "shale" members of Warren and Norbisrath

(1946), with the Yamhill Formation of Baldwin (1981) in the

subsurface.

Hamlet formation
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In this study, the Hamlet formation includes the basal

conglomerate and "shale" members of Warren and Norbisrath (1946) as

well as other upper Narizian sandstone strata in the thesis area and

in southern Clat sop County. The Hamlet formation was proposed by

Rarey (1986) for late Narizian strata which disconformably overlie the
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Tillamook Volcanics and are unconformably overlain by the Cowlitz

Formation. Such a revision restricts the Cowlitz Formation in

northwestern Oregon to a lithologically distinct and mappable unit

that primarily consists of shallow marine, micaceous, arkosic

sandstone (Niem and Niem, 1985) that is lithologically similar to the

type Cowlitz Formation in southwestern Washington as defined by Weaver

(1937) and Wells (1981). Such restricted usage is also consistent

with the prevailing concept of the Cowlitz Formation in the subsurface

of northwestern Oregon as the highly permeable sandstone-rich target

unit of the Mist gas field (Bruer and others, 1984).

Use of the Cowlitz Formation nomenclature for strata in

northwestern Oregon could be completely dropped by assigning the

sandstone and upper mudstone members of Warren and Norbisrath (1946)

to the stratigraphically, lithologically, and age equivalent Spencer

Formation that has been mapped in the Wiliamette Valley (Vokes and

others, 1954; Vokes and others, 1951; Beaulieu, 1971; Armentrout and

others, 1983; Dr. A. R. Niem, personal communication, 1987). The

benefits of such revision would be consolidation of the stratigraphic

nomenclature so that two formation names (Spencer and Cowlitz) would

not be used for the same strata in Oregon and that appropriate

nomenclature would be defined geographically. Drawbacks of such

revision include the following: 1) the boundary between the Spencer

Formation and Cowlitz Formation would be politically defined by the

Washington-Oregon state line, 2) the Cowlitz Formation nomenclature

has historical precedent in northwestern Oregon and is ingrained in

the literature, and 3) the reservoir in the Mist gas field is widely

known as the Cowlitz Formation. For these reasons it is felt that

reassignment of the sandstone member and upper shale (sic) member of

the Cowlitz Formation as defined by Warren and Norbisrath (1946) to

the Spencer Formation would result in more confusion than

clarification of the stratigraphy.

In the Tualatin Valley area "lower" Narizian Yamhill Formation

has been mapped below the upper (Narizian) Spencer Formation and on

top of the "Tillamook Volcanics" (e.g. Schlicker and Deacon, 1967; Al-

Azzaby, 1980). Bruer and others (1984) may have been used this as

evidence for subsurface correlation of the type Yamhill Formation with
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conglomerate and 'shale' members of Warren and Norbisrath (1946).

Rarey pointed out that the "Tillamook Volcanics" mapped by Schlicker

and Deacon (1967) are lithologically and compositionally identical to

nearby outcrops of the Siletz River Volcanics which suggests that

these surface and subsurface assignments are incorrect. In any case,

this nomenclature is not used for the following reasons: 1) it

requires the Yamhill Formation to underlie and overlie a thick

sequence (>2,000 m) of subaerial basalt flows (Tillamook Volcanics)

and cross an unconformity at the top of the volcanic pile; 2) the

Yainhill Formation is Ulatisian to "upper" Narizian in age (Gaston,

1974), whereas strata directly overlying the Tillamook Volcanics are

late Narizian in age (Nelson, 1985; Niem and Niem, 1985; Rarey, 1986;

this study); and 3) it would append new lithologies (e.g. boulder

conglomerate), depositional environments, and faunal assemblages to

the Yamhill Formation, despite the fact that they are not present in

the type section of the Yamhill Formation along Mill Creek.

In their regional compilation maps of the western Oregon Coast

Range, Wells and others (1983) and Niem and Niem (1985) restrict the

Yamhill Formation to a mudstone-dominated unit that overlies the

Siletz River Volcanics and underlies and interfingers with the lower

submarine fades of the Tillamook Volcanics. This stratigraphic

position and definition is favored in this study. In conjunction with

the (restricted) definition of the Yamhill Formation (Wells and

others, 1983), the Hamlet formation nomenclature separates

lithologically and depositionally distinct sedimentary rocks that

disconformably overlie the Tillamook Volcanics from older sedimentary

rocks (Yamhill Formation) which underlie and interfinger with the

lower submarine facies of the Tillamook Volcanics.

A potential shortcoming of this nomenclature is that mudstones of

the Hamlet formation and Yamhill Formation are lithologically similar.

(Martin and others in Niem and Niem, 1985). This could be a problem

in the field if stratigraphic position is unknown and the intervening

Tillamook Volcanics are not present because it would be impossible to

differentiate between the two units, particularly in deeply weathered

outcrops. However, the Yamhill Formation tends to be massive, whereas

the Sweet Home Creek member of the Hamlet formation tends to be well-
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bedded (Rarey, 1986) The units are also characterized by different

microfossil faunas, however, and can generally be distinguished on

this basis (Weldon Rau, Washington Dept. of Natural Resources, and

Kristin McDougall, U.S. Geological Survey, written communication,

1984) so that this mapping problem could be overcome by generating

additional biostratigraphic data. In the subsurface this problem

could also be accommodated by referring lower Ulatisian to lower

Narizian strata to the McIntosh Formation of Wells (1981) in areas

where the Tillamook Volcanics are not present. New mapping by Ray

Wells and Parke Snavely of the U.S. Geological Survey in the type

section of the Yamhill Formation will hopefully define its

relationship with the Hamlet, Nestucca, Cowlitz, and Spencer

formations (Alan Niem, OSU Dept. of Geology, personal communication,

1987).



Roy Creek Member

Rarey (1986) informally proposed that exposures along the

Southern Pacific Railroad near Roy Creek (T. 3 N., R. 9 W., NW 1/4

sec. 31) be used for the type section of the Roy Creek member. This

proposed type section is located about 15 km southwest of the thesis

area. The basal contact of the 100 rn-thick Roy Creek member is an

unconformity that truncates subaerial flows of the Tillamook

Volcanics. The top of the Roy Creek member is a gradational

lithologic change over about a 5 to 10 m interval from basaltic

sandstone and conglomerate to mudstone (Sweet Home Creek member of the

Hamlet formation) or mica-bearing to highly micaceous arkosic

sandstone (Sunset Highway member of the Hamlet formation). The best

exposures of the Roy Creek member within the thesis area occur at the

following locations : 1) the junction of the Pig Trail road and

Spruce Run road (localities 719-3, 719-4, and 720-1, T. 4 N., R. 7 W.,

SE 1/4 sec. 29); 2) in the roadbed of Spruce Run road (localities

729-7 and 729-8, T. 4 N., R. 7 W., S 1/2 sec. 19 and localities 729-3,

729-4, 729-5, and 729-6, T. 4 N., R. 7 W., N 1/2 sec. 30); 3) along

the banks of an unnamed drainage below the August Fire road

(localities 3623-4 and 3812-1, T. 4 N., R. 7 W., NE 1/4 sec. 16; fig.

53); and 4) along the banks of Cow Creek (localities 3810-1 and

3810-2, T. 4 N., R. 7 W., NE 1/4 sec. 3; Appendix XII). The Roy Creek

member is also exposed about one km east of the study area in road

cuts along US 26 (Sunset Highway) immediately west of the Quartz Creek

bridge (T. 4 N., R. 7 W., NE 1/4 sec. 11; fig. 50).

Lithology

The Roy Creek member consists of three lithofacies in the study

area: 1) a basal fossil-bearing to fossiliferous (mainly molluscs)

poorly sorted basaltic boulder to pebble conglomerate; 2) a middle

interval of weakly bedded moderately sorted coarse- to very

coarse-grained basaltic sandstone; and 3) an upper medium to very

fine-grained moderately well sorted basaltic sandstone. These three

lithofacies represent an fining upward sequence. The thickness of
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these lithologies is variable, and in particular, the middle and upper

basaltic sandstone lithofacies which may be highly attenuated or

absent. In places the basal conglomerate lithofacies is directly

overlain by Sweet Home Creek member mudstone (e.g. locality 820-2, T.

4 N., R. 7 W., SW 1/4 sec. 27) or the lower very coarse-grained

basaltic sandstones are overlain by Sunset Highway member arkosic

sandstone.

The basal conglomerate of the Roy Creek member in usually only

three to five meters thick but it is a very distinctive unit which has

been mapped over a large area in an around the outcrop belt of the

Tillamook Volcanics (Wells and others, 1983; Niem and Niem, 1985). It

is composed of rounded to angular, moderately to very poorly sorted,

basaltic boulders, cobbles, and pebbles that generally have spheroidal

to oblate shapes. These framework supported clasts may show very weak

imbrication and occur in a poorly sorted basaltic sand to silt matrix

which apparently infiltrated into the conglomerate after deposition of

the gravels (fig. 35; e.g. localities 7201, T. 4 N., R. 7 W., and

3812-1, T. 4 N., R. 7 W., NE 1/4 sec. 16). This suggests that the

conglomerate fades represents basal beach gravel developed around a

subsiding "Tillamook Island". The conglomerate is generally massive

and unsorted, especially in the lower part, although it may have a

faint aspect of horizontal stratification imparted by better sorting

of pebbles and cobbles. Locally, the conglomerate is completely

massive and consists of highly angular basaltic boulder-cobble-pebble

clasts in matrix support of basaltic sand (fig. 36; e.g. locality

812-4; T. 4 N., R. 8 W., NW 1/4 sec. 26). These textural

characteristics suggest the rapid, unorganized deposition of debris

flow deposits (Smith, 1986). Clasts are dark gray (N 3) to pale

yellowish brown (1OYR 6/2). Cobble counts show a predominance of

nonvesicular aphyric to sparsely plagioclase porphyritic basalt (65%

to 90%), with subordinate nonvesicular highly porphyritic basalt (0%

to 5%), and vesicular basalt (5% to 15%). Conglomerate clasts in the

basal Roy Creek member have textural, petrographic, and chemical

characteristics which are essentially identical to subaerial flows of

the Tillamook Volcanics exposed in the thesis area. This implies that

the conglomerate clasts in the basal Roy Creek member were derived



Figure 35. Typical exposure of the basal Roy Creek member
pebble-cobble-boulder conglomerate. Note massive and very
poorly sorted appearance, rounding of clasts, and slight
imbrication of framework supported clasts. Locality
720-i, T. 4 N., R. 7 W., SE 1/4 sec. 29.
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Figure 36. Outcrop of basal Roy Creek member conglomerate consisting
of angular cobbles, pebbles, and boulders. Note massive,
unstratified, very poorly sorted character and matrix
support suggesting a debris flow deposit. Exposure along
the Nehalem River bank. Locality 812-4, T. 4 N. R. 8 W.,

NW 1/4 sec. 26.
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from the underlying volcanic pile and are intrabasinal in origin. A

one to 15 m-thick locally fossiliferous basaltic pebble-bearing very

coarse- to coarse-grained basaltic sandstone commonly overlies the

basal conglomerate. The change from conglomerate to sandstone is

gradational over a stratigraphic interval of three meters or less but

can also be quite abrupt. The sandstone is thick-bedded to

flaggy-bedded with one-half to two meter-thick units of pebble-

bearing, very coarse- to coarse-grained sandstone alternating with

thinner beds of medium- and fine-grained basaltic sandstone. The

pebble-bearing, very coarse-grained sandstones are very poorly to

poorly sorted and the finer grained sandstones are moderately to

poorly sorted. At most localities the sand sized basaltic framework

grains are subrounded to rounded and commonly are discoidal in shape.

Fresh exposures of the sandstone are olive (1OYR 4/2) to dark greenish

gray (5GY 4/1) due to abundant chiorite-smectite clay matrix. The

more common weathered (oxidized) outcrops display a moderate yellowish

brown (10 YR 4/2) color. Scattered broken and disarticulated fossil

molluscan shells are locally abundant in the coarse- to very

coarse-grained sandstones, particulary near the top of the basal

conglomerate. Common fossils include gastropods (e. g. Crepidula and

Calyptraea ?) and pelecypods (Brachidontes, unidentified oysters, and

Chlamys?) that are characteristic of rocky, high energy, shallow

marine environments (Dr. Ellen Moore, U.S. Geological Survey, written

communication, 1984). Fossils from the Roy Creek member identified by

Dr. Ellen Moore (now retired from the U.S. Geological Survey) are

listed in Appendix VII and representative fossils from the unit are

shown in figure 37. Large fragments (up to 10 cm in length) of

carbonized woody plant material are also locally abundant on bedding

planes in this lithofacies, particularly near the base. The

lithology, stratigraphy, and faunal assemblage of the Roy Creek member

are consistent with deposition of beach gravels around rocky basaltic

headlands during transgression of the sea over the Tillamook

Volcanics.

The upper part of the coarse- and very coarse-grained sandstones

interfingers with and is overlain by about 20 m of generally massive

fine-grained basaltic sandstone (fig. 53). This part
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Figure 37. Common molluscan and gastropod fossils from the Hamlet
formation.

Roy Creek member
Specimens 1, 6, 8, and 12: Ostrea griesensis Ef finger.

Specimens 4 and 5: Brachidontes weaveri Fleming n. sp..
Specimen 7: Cidarid spine (genus and species
indeterminate).
Specimen 9: Acmaea sp. A..
Specimen 10: Chiamys landesi (Arnold).
Specimen 13: Acmaea sp. B. Specimen 15: Calyptraea
diegoana (Conrad).

Sunset Highway member
Specimens 2 and 3: Raninoides fulgidus Rathburn

Sweet Home Creek member
Specimen 14: Balanophylia ? sp.

Locations:
Specimens 2 and 3 from locality 715-4, T. 4 N., R. 7 W.,
NE 1/4 sec. 10.
Specimens 4, 5, 9, 10, 13, and 15 from locality 719-4,
T. 4 N., R. 7 W., NW 1/4 sec. 28.
Specimens 1, 6, and 8 from locality 728-6, T. 4 N., R. 7
W., SE 1/4 sec. 29.
Specimen 12 from locality 729-8, SW 1/4 sec. 19.

Specimen 14 from locality 627-2, T. 4 N., R. 7 W., NE 1/4
sec. 4.
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of the Roy Creek member is generally unfossiliferous but trace fossils

(burrows) are present locally. Fresh exposures are grayish olive

(1OYR 5/2) to dark greenish gray (5GY 4/1). Upon weathering it

acquires a moderate yellowish brown color (1OYR 4/2) and develops

large (one meter/3 ft. diameter) spheroidal to ellipsoidal patterns.

The sandstone is moderately to moderately well sorted and grains are

subrounded to subangular.

Depositional Environment

The basalt conglomerate, with well rounded to subangular clasts,

may represent a high energy or storm dominated beach gravels derived

from seas cliff of basaltic headlands and sea stacks ("Tillaniook

Island") similar to parts of the modern Oregon and northern California

coast. Miller and Orr (1986) made a similar facies interpretation of

basal basaltic conglomerate and sandstone (Marquam Member of the

Oligocene Scotts Mills Formation) deposited on the Little Butte

Volcanics. It is possible, however, that some rounding of

conglomerate clasts took place in fluvial systems discharging clastic

material to the paleoshoreline. Locally, subaerial debris flows were

shed into the marine environment from the headlands. With

transgression and subsidence of the "Tillamook Island" better sorted

beach to inner shelf sands were deposited in pocket beaches and

protected bays over the gravels. Broken and disarticulated shells of

barnacles, mussels, gastropods, urchins, and oysters testify to the

high energy of these wave dominated deposits. The alternating thin,

flaggy layers of pebble-bearing grits and coarse- to very coarse-

grained sand are interpreted to represent the deposits in the surf

zone (Reineck and Singh, 1980). The upper fine-grained sandstone and

siltstone is interpreted to represent lower energy deposition on the

inner shelf. Rapid subsidence in places, perhaps related to faulting

resulted in mudstone deposition directly on a thin conglomerate layer.

Alternatively, these finer grained sediments may have been deposited

in an area of low relief and lower energy environment on the protected

leeward side of the "Tillamook Island". In any case, the lithofacies

sequence documents a transgressive sequence over the Tillamook



Volcanics.

Pe trography

Seven thin sections of Roy Creek member sandstones and one thin

section of a basaltic cobble from the basal conglomerate were examined

with a petrographic microscope. Most modal analyses of framework

minerals and cements were made by counting 650 points. The

classification scheme of Folk (1974) was used (fig. 41).

The thin-sectioned volcanic cobble from the basal conglomerate

contains very sparse labradorite microphenocrysts set in a pilotaxitic

groundmass consisting of labradorite microlites with intergranular

augite and opaque minerals. Identical mineralogical and textural

features occur in the underlying Tillamook Volcanics and indicates

that basalt clasts (pebbles, cobbles, and boulders) in the basal

conglomerate were locally derived from the volcanic island complex.

Seven conglomerate clasts from two localities of the Roy Creek

member were analyzed for major oxides by X-ray fluorescence under the

direction of Dr. Peter Hooper at Washington State University (Table 6,

Appendix VIII). Sample locations are shown on Plate I and listed in

Appendix I. Approximately ten grams (0.3 oz.) of sample chips were

ultrasonically cleaned and visually screened for alteration with a

binocular microscope prior to shipment for analysis. Although the

freshest chips were picked, most exhibited slight visible alteration

due to weathering. Table 6 presents major oxide ranges and means of

conglomerate clasts from the Roy Creek member and major oxide means of

the Tillamook Volcanics in the thesis area for comparison. The major

oxide chemical compositions of conglomerate clasts are very similar to

subaerial flows of the underlying Tiflamook Volcanics, which is

consistent with local derivation of the clasts from the volcanic

pile. Nelson (1985) reported an unusual analysis (268G) of a highly

silicic (70.5% Si02) and potassic (4.36% K20) clast from the basal

conglomerate (Tc1 of Nelson) in the Green Mountain area (west Buster

Creek quarry). The Tillamook Volcanics in the Green Mountain area

tend to have more differentiated compositions, however, and the
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(5=16)

1Fe203 calculated as 0.2 FeO*

2FeO calculated as 0.8 FeO*

Major Oxide

Table 6. Major oxide values of basaltic clasts from the basal
conglomerate of the Roy Creek member.

120

Sample Si02 Al203 Ti02 Fe203' Fe02 Mn0 CaO MgO Na20 1(20 P205

3720-2-1 48.52 16.00 4.43 2.37 9.49 0.23 9.10 4.08 3.27 1.02 0.92

3720-2-2 51.08 17.65 3.41 2.16 9.44 0.16 7.06 3.21 3.57 1.24 1.29

3720-2-3 51.72 16.96 4.05 2.13 8.50 0.24 6.67 2.19 4.01 2.39 0.62

3723-1-1 53.30 15.59 2.56 2.19 8.75 0.27 7.59 2.85 3.83 1.44 1.08

3723-1-2 50.33 16.31 3.67 2.10 8.38 0.22 8.48 2.88 3.81 1.27 2.03

3723-1-3 52.21 16.06 2.73 2.23 8.91 0.23 7.55 2.95 3.93 1.52 1.14

3723-1-4 51.96 16.13 3.54 2.01 8.02 0.22 8.77 3.19 3.80 1.17 0.69

Mean (N7) 51.30 16.39 3.48 2.17 8.78 0.22 7.89 3.05 3.75 1.44 1.11

Tillamook

Voic anica 51.09 14.81 3.10 2.36 9.44 0.21 9.23 4.47 3.23 0.93 0.54

Mean, this

study less

duplicates.
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occurrence of such clasts in the Roy Creek member does not require

derivation from a different provenance (Olbinski, 1983; Nelson,

1985). Dacites and other silicic lithologies, including a possible

ash flow, have been mapped in the Tillamook Volcanics (Wells and

others, 1983; Parke Snavely, Jr., U.S. Geological Survey, personal

communication, 1987) and represent other sources for the rare silicic

clasts in the Roy Creek member.

Three granule-pebble conglomerates from the Roy Creek member were

thin-sectioned. Framework grains are predominantly subrounded to

subangular basaltic rock fragments (91% to 98%) and subordinate

angular crystal of labradorite (2% to 8%), augite (1%), and opaque

minerals (trace). Locally, a molluscan shell hash may constitute up

to 2% of the rock (e.g. locality 720-1; T. 4 N., R. 7 W., SE 1/4

sec. 29; fig. 38). The population of basaltic rock fragments can be

texturally subdivided into pilotaxitic intergranular (42% to 49%),

plagioclase porphyritic (4% to 25%), medium-grained intersertal (10%

to 12%), and vesicular (4% to 6%). Rock fragments are commonly

partially altered to orange-brown clays (nontronite) and locally are

locally replaced with and surrounded by poikilotropic calcite. Some

plagioclase grains are also altered to calcite at some localities.

Other cements include well crystallized pore-filling authigenic

chlorite (figs. 44 and 45), iron-rich smectite (nontronite),

authigenic clinoptilolite-heulandite (fig. 46), and pyrite. These

granule-pebble conglomerates appear to lack detrital clay matrix, are

poorly sorted (average diameter ratio 5 to 6 mm), and, therefore, are

texturally submature. The volcanic rock fragments are subrounded to

rounded whereas framework minerals are angular. Compositionafly,

these granule conglomerates are immature because they are

predominantly composed of volcanic rock fragments (Folk, 1974).

Four thin sections of medium to very coarse-grained basaltic

sandstones from the lower part of the Roy Creek member were analyzed

with the petrographic microscope. Framework grains in these volcanic

litharenites are predominantly basaltic rock fragments (66% to 98%),

with subordinate amounts of plagioclase feldspar

(andesine-labradorite) (2% to 32%), potassium feldspar (0 to 2%),

augite (trace to 3%), opaque minerals (trace), muscovite (trace
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Figure 38. Photomicrographs of Roy Creek member granule-pebble
conglomerate. Note molluscan shell fragment and
poikilotopic calcite cement. Framework grains are almost

entirely basaltic rock fragments. A: plane polarized

light. B: crossed polars. Field of view approximately
3.3 mm. Locality 720-1, T. 4 N., R. 7 W., SE 1/4 sec. 29.
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amounts locality CS-2, T. 4 N., R. 7 W., NW 1/4 sec. 11), and

monocrystalline unstrained quartz (trace amounts in one sample)

(fig. 39). The basaltic rock fragment population has the following

textual subdivisions: pilotaxitic intergranular (24% to 52%),

intergranular (10%), plagioclase porphyritic (6% to 8% ), and

vesicular (7% to 16%). Calcite and authigenic iron-rich smectite

(nontronite) (figs. 40 and 43) cement these sandstones. A late stage

sparry calcite cement is present at least in trace amounts in all

samples and constitutes 7% and 23% of two samples (CS-3 and CS-5).

Calcite replacement of rock fragments constitutes approximately 13% of

sample CS-3. Two samples (CS-3 and CS-4, both T. 4 N., R. 7 W., NW 1/4

sec. 11) have diagenetic pore-filling smectite cement which

constitutes 22% to 26% of the rock. Petrographically, the

pore-filling smectite has a well-developed radiating crystal habit in

sample CS-4 (fig. 40, but this is not visible in CS-3 (fig. 39),

probably because of smaller pores and weathering effects. The

radiating habit is not visible under high magnification with the

scanning electron microscope (fig. 43). Porosity is extremely low

(probably less than 1%) in these sandstones because of pervasive

cementation (clay and calcite in pore throats and mega intergranular

pores) and a lack of secondary porosity. Basaltic rock fragments are

subrounded to rounded whereas other framework minerals are

subangular. In thin section these sandstones are moderately sorted

and lack detrital clay matrix. Therefore, they are texturally

submature (Folk, 1974). These sandstones are compositionally immature

because they contain abundant unstable volcanic rock fragments.

In conclusion, the Roy Creek member is predominantly composed of

basaltic rock fragments and minor labradorite grains which were

derived from the underlying Tillamook Volcanics. Compositionally, the

coarse- to very coarse--grained basaltic sandstones have a lower

abundance of basaltic rock fragments, and a greater abundance of

plagioclase (labradorite) than the underlying granule-pebble

conglomerates. This is consistent with production of plagioclase

fragments through mechanical abrasion of larger porphyritic basaltic

rock fragments. Folk (1980) showed that plagioclase grains are

typically most abundant in medium- to coarse-grained sandstones
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Figure 39. Photomicrograph of Roy Creek member basaltic litharenite.
Note abundant subrounded basaltic rock fragments with thin
clay coats (hard to see), albite twinned plagioclase, and
extensive yellow-green birefringent clay (chorite)
cement. A: plane polarized light. B: crossed polars.
Field of view approximately 3.3 mm. Locality CS-3, T. 4
N., R. 7 W., NW 1/4 sec. 11.
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Figure 40. Photomicrographs of Roy Creek member basaltic litharenite.
Diagenetic radially arranged yellow-green clay
(nontronite) acts as a pore-filling cement. Note that
basaltic rock fragments, which constitute almost 100% of
the framework grains, have isopachous clay coats. A:

plane polarized light. B: crossed polars. Field of view
approximately 1.3 mm. Locality CS-4, T. 4 N., R. 7 W., NW
1/4 sec. 11.
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because rock fragments (from which the crystals are derived) are most

abundant in the coarse-grained sandstones and conglomerates as a

result of weathering processes in the source area. Calcite cement is

common in both the sandstones and granule-pebble conglomerates. Well

crystallized, pore-clogging chioritic cement is more abundant in the

granule-pebble conglomerates than in the coarse-grained basaltic

sandstones. Iron-rich smectite (nontronite) clay rim cement is more

common in the coarse-grained sandstones than the granule-pebble

conglomerates. Zeolite cement (clinoptilolite-heulandite) appears to

be more restricted because it was observed in only one sample from the

basal conglomerate lithofacies. However, this is based on

examination of a limited number of samples.

Samples from the Roy Creek member classify as litharenites (six

of seven samples) and feldspathic litharenites (one of seven samples)

according to Folk's 1966 sandstone classification scheme (fig. 41).

Although diagenetic clays commonly constitute more than 1OZ of these

sandstones, would renders a wacke designation in the classification

scheme of Williams and others (1954), it is important to bear in mind

that these rocks were originally deposited as clay-free arenites.

This is better reflected in the classification scheme of Folk (1974).

The lithic fragments are entirely or nearly entirely basaltic in

character, and therefore, these rocks are predominantly volcanic

arenites. The volcanic detritus has been shown to be mineralogically

and texturally similar to basaltic subaerial flows of the Tillainook

Volcanics (Rarey, 1986; this study) and is felt that basaltic arenite

and basaltic pebble-granule conglomerate are more precise and

informative names for these rocks.

Provenance

Framework grains in the Roy Creek member predominantly consist of

basaltic rock fragments, with subordinate amounts of plagioclase

feldspar (calcic andesine and labradorite), augite, opaque minerals

(magnetite and ilmenite) and very rare quartz, potassium feldspar,

muscovite, and biotite. Rarey (1986) reported very minor amounts

(1/2%) of hornblende, epidote, zircon, garnet, tourmaline, and
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Figure 41. Sandstone samples from the thesis area plotted on Folks
(1974) sandstone classification diagram. Q is quartz, F
is feldspar, R is rock fragments. All Roy Creek member
samples contain abundant volcanic (basaltic) rock
fragments and classsify as volcanic litharenites and
feldspathic litharentite. Sunset Highway member samples
classify as arkoses and lithic arkoses. Sweet Home Creek
member samples classify as arkoses and volcanic
litharenite.
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apatite heavy mineral assemblages in samples from the upper part of

the Roy Creek member. The overwhelming abundance of basaltic rock

fragments in the Roy Creek member is indicative of a basic volcanic

source area. Specifically, the Tillamook Volcanics appear to have

been the primary source of detrital materials of the Roy Creek member

for the following reasons: 1.) conglomerate clasts from the basal

part of the Roy Creek member are texturally and geochemically

identical to the underlying Tillamook Volcanics; 2.) "pebble" counts

in the basal conglomerate at a given locality generally show a

predominance of one basaltic lithology (e.g. aphanitic, plagioclase

porphyritic, vesicular, etc.) which suggests local derivation and

deposition; 3.) some boulders in the basal conglomerate are quite

large (>1.5 m at locality 720-5, T. 4 N., R. 7 W., SW 1/4 sec. 20),

and locally conglomerate clasts are angular (e.g. locality 812-4, T. 4

N., R. 8 W., NW 1/4 sec. 26; fig. 38), indicating a proximal source

with little transport or reworking; 4.) basaltic rock fragments in

the Roy Creek member are petrographically similar to the Tillamook

Volcanics. In short, the directly underlying Tillamook Volcanics are

the most likely primary source of clastic material in the Roy Creek

member.

Detrital grains in the Roy Creek member that cannot be ascribed

to a source in the Tillamook Volcanics (e.g. muscovite, biotite,

zircon, apatite, tourmaline, garnet) are not very abundant (total §1%)

and are more common in the upper part of the unit (Rarey, 1986).

These minerals are also found in the overlying Sunset Highway member,

which is composed of arkose and lithic arkosic sandstones (fig. 41).

Van Atta (1971) reported detailed petrographic information of middle

to late Eocene arkosic sandstones in northwest Oregon (e.g. Cowlitz

Formation). He suggested that these rocks were sourced in the

Mesozoic Idaho and Wallowa batholiths and that the ancestral Columbia

River delivered the non-volcanic detritus to the late Eocene

coastline. It is probable that non-volcanic components in the Roy

Creek member have a similar source and indicates eruption of the

Tillamook Volcanics near the late Eocene continental margin.

Figure 42 shows modal analyses of Roy Creek member sandstones and

granule-pebble conglomerates plotted on two of the tectonic provenance



129

Figure 42. Sandstone samples of the late Eocene Hamlet formation
potted on tectonic provenance differentiation diagrams of
Dickinson and Suczek (1979). A: Q-F-L (quartz-feldspar-

lithic) diagram. B: Qm-F-Lt (monocrystalline quartz-

feldspar-total lithics) diagram. On diagram A one Roy

Creek member sample plots in the magmatic arc provenance
and all other Roy Creek member samples plot in an
undefined field near the L pole. On diagram B most Roy

Creek member samples plot in the recycled orogen and one

plots in an undefined field. Sunset Highway member
samples mainly plot in an undefined area near the
continental block and magmatic arc provenances on both
diagrams A and B; one sample plots in the magmatic arc
provenance on both diagrams. One Sweet Home Creek member

sample plots in the continental block provenance on both

diagrams while two others plot in undefined fields on both

diagrams.



Figure 42.

Continental Block
Provenance8

Continental Block
Provenances

0

-e I

Gm

I,
I,
II

/ \
/ \

/tfr
t / ..-.. \

Magm'atic $, -
Arc \'

Provenance ' R

Roy Creek member
Sunset Highway member.
Sweet Home Creek member

Recycled Orogen

Recycled Orogen
Provenances

Lt

l29a



130

differentiation diagrams of Dickinson and Suczek (1979). In these

ternary diagrams fields outlining different plate tectonic settings

and provenances are defined by framework proportions of quartz,

feldspar, and lithic fragments. On fig. 42a only one Roy Creek

member sample plots in the magmatic arc provenance field and all

others plot in an undefined area near the lithic apex. On fig. 42b

one Roy Creek member sample plots in the volcanic subdivision of the

magmatic arc provenance, one plots in an undefined area while all

others (5 samples) plot in the recycled orogen provenance field.

Recycled orogen provenances are characterized by abundant

sedimentary and metasedimentary rock fragments eroded from uplifted

and deformed strata. However, such a provenance is incompatible with

the known Tertiary geologic history and tectonic settings of the

northern Oregon Coast Range (Snavely and Wagner, 1964; Niem and Van

Atta, 1973; Snavely and others, 1980; Wells and others, 1984; Niem and

Niem, 1985). It has been shown that the Tillamook Volcanics, which

were erupted in a forearc setting, were the primary detrital source of

the Roy Creek member (Rarey, 1986; this study). The magmatic arc and

recycled orogen provenance fields of Dickinson and Suczek (1979) are

largely differentiated by the ratio of feldspar to total unstable

lithic fragments. For sediments derived from volcanic rocks this

ratio is dependent on the mineralogical and textural character of the

source rock. Specifically, greater proportions of sand-sized

plagioclase feldspar fragments can be derived from plagioclase

porphyritic basalts than aphanitic to sparsely phyric microcrystalline

basalts. Flows of the upper Tillamook Volcanics are commonly

fine-grained and, therefore, produce very little sand-sized

plagioclase feldspar when eroded. Because of the lithologic control

on the feldspar to lithic ratio it appears that the magmatic arc field

of Dickinson and Suczek (1979) should be extended to include the

region of 85% to 100% volcanic lithics. Although this would create

some overlap of the magmatic arc and recycled orogen fields it should

be possible to distinguish between the two provenances on the basis of

the kinds of lithic fragments (i.e. abundant volcanic/plutonic rock

fragments in the magmatic arc provenance and abundant sedimentary and

metasedimentary rock fragments in the recycled orogen provenance).



Diagenes is

The following diagenetic sequence for the Roy Creek member is a

composite of paragenetic relationships observed in thin section and

with the scanning electron microscope. Examined samples consist of

poorly sorted basaltic pebble-granule conglomerates and moderately to

very poorly sorted coarse- to very coarse-grained basaltic

litharenites from the lower part of the Roy Creek member. The

composite diagenetic sequence consists of six stages (fig. 48). Stage

1 is represented by development of thin clay coats or clay rim cement

on framework grains, especially basaltic rock fragments. Stage 2 is

locally developed and consists of pore-filling sparry calcite. Stage

3 is represented by compaction features. Stage 4 is the most

extensive phase of diagenesis and consists of pore-filling cements and

alteration of basaltic rock fragments. The most abundant Stage 4

pore-filling cements are radially arranged phyllosilicates and clay

minerals (chlorite and iron-rich smectite or nontronite), with less

abundant bladed crystals of zeolites (clinoptiloliteheulandite), and

very minor quartz precipitated in pore centers. Stage 5 is

represented by spotty replacement of feldspar and basaltic rock

fragments with sparry calcite. Stage 6 consists of telogenetic

oxidation of iron-bearing minerals and basaltic rock fragments.

Clay coats are present on all basaltic rock fragments and in pore

throats in all studied samples from the Roy Creek member (figs. 38,

39, 40, 44, and 45) and represent the earliest phase (stage 1) of

diagenesis (fig. 48). When viewed with the scanning electron

microscope the clay coats have a webby morphology that is a common

crystal habit of smectite (Welton, 1984). EDX analysis of the

morphologically similar pore-filling clay (stage 4) shows that they

are iron-rich (fig. 43), indicating that the clay coats are probably

nontronite. Burns and Ethridge (1979) reported development of early

clay coats on Eocene volcaniclastic sediments at depths of several

meters below the water-sediment interface soon after burial, and it

appears likely that similar diagenetic reactions occurred in the Roy

Creek member sediments.

Local early sparry calcite cementation (stage 2) occurred after
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Figure 43. Scanning electron photograph (A) and EDX analysis (B) of
pore-filling clay cement in Roy Creek member basaltic
litharenite. A: Well-developed, highly crenulated
authigenic smectite in pore space. The webby morphology
is a common crystal habit of smectite and is similar to
stage 1 clay coats (Welton, 1984). B: EDX analysis

compares favorably with smectite and shows strong iron

peaks indicative of nontronite (Welton, 1984). Locality

CS-4, T. 4 N., R. 7 W., NW 1/4 sec. Ii.
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development of clay coats and, where present, has completely infifled

remaining intergranular porosity which has prevented significant

compaction of framework grains and largely insulated the framework

rock fragments from further diagenetic reactions and pore fluids

(fig. 38). Galloway (1979), in his diagenetic study of forearc

volcaniclastics from western Oregon, Washington, and Alaska reported

that early calcite pore-filling cements reduce primary porosities from

up to 40% to about 10% and that development of this diagenetic stage

is dependent on depositional environment, and therefore, only affects

a small part of the total stratigraphic section. Development of

poikilotropic calcite cement is associated with the presence of

molluscan fossil shell debris (fig. 38) because this material is

composed of soluble aragonite which is easily dissolved by meteoric

waters and reprecipitated in adjacent intergranular pores as calcite.

Abundant molds of molluscan fossil shells at locality 720-1 (T. 4 N.,

R. 7 W., SE 1/4 sec. 29) attest to this process of dissolution and

precipitation.

Features of compaction and mechanical crushing (stage 3) are not

prevalent, but are present in most samples, particularly those that do

not have early calcite cement. In general, clay coats are compacted

between framework grains and pore-filling chioritic and smectitic

cements fill the remaining post-compaction intergranular pore spaces.

Compaction due to burial beneath up to 3,000 m of overlying strata

(Niem and Niem, 1985) causes some plastic deformation and long

grain-grain contacts of basaltic rock fragments and brittle breakage

of plagioclase grains. Compaction processes in Roy Creek member

sandstones probably results in at least 10% reduction of primary

porosity.

Pore-filling cements (stage 4) are ubiquitous in the Roy Creek

member. Galloway (1979) suggested that pore-filling cements,

specifically laumontite and well-crystallized phyllosilicates

(chlorite), form at intermediate burial depths of 1,000 to 3,000 m and

markedly reduce intergranular porosity to less than 17 percent. The

earlier (stage 1) thin and nearly opaque clay coats around framework

grains are not replaced and separate framework clasts from these later

pore-filling minerals. Radially arranged, greenish to orange-brown,
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smectite (nontronite?) and chlorite cements are very common in the Roy

Creek member (figs. 40, 44, and 45). These diagenetic products were

studied in detail with a scanning electron microscope and were

identified on the basis of morphology and EDX analysis. Figure 44

illustrates complete filling of remaining pore space with books of

well crystallized, radially arranged ragged edge chlorite. Figure 45

shows very large euhedral edge plates of chlorite occupying a pore

center. Abundant bladed crystals of clinoptilolite-heulandite as

intergranular pore fill are present in a sample from locality 720-1

(T. 4 N., R. 7 W., SE 1/4 sec. 29) (figs. 46 and 47). In this sample

it is associated with pore-filling chlorite, calcite, and quartz,

which is considered to be very unusual by Galloway (1974) and Burns

and Ethridge (1979). At this locality early stage 2 sparry calcite

locally precipitated around molluscan shell fragments and insulated

these areas from further diagenetic reactions. Later stage

pore-filling chlorite and clinoptilolite-heulandite appear to have

formed at about the same time. Stage 4 diagenesis results in the most

pronounced loss of porosity (primary porosity reduced to nearly zero)

and renders the Roy Creek member an untenable reservoir.

Features of stage 5 diagenesis, consisting of scattered

replacement of feldspars, basaltic rock fragments, and authigenic clay

matrix with sparry calcite, is relatively common. Replacive calcite

constitutes about 13% of sample CS-3 (T. 4 N., R. 7 W., NE 1/4

sec. 11). Calcic plagioclase feldspars are more readily replaced than

basaltic rock fragments and are initially attacked. This could occur

by the following reactions:

CaAl2Si2O3 + 3H20 + 2CO2 Al2Si205(OH)4 + CA+2 + 2HCO3- and

Ca2 + 2HCO3- CaCO3 + H20 (Land, 1984).
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Figure 44. Scanning electron photograph (A) and EDX analysis (B) of
pore-filling chlorite in Roy Creek member granule-pebble
conglomerate. A. Scanning electron photograph shows
epitaxial books of ragged edge chlorite filling
intergranular pore space. Note medial suture and smectite
clay coats on basaltic rock fragments. B. EDX analysis
of chlorite in A yields a typical spectrum for iron-rich
chlorite (subequal Fe and Si peaks) (Welton, 1984).
Locality 720-1, T. 4 N., R. 7 W., SE 114 sec. 29.
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Figure 45. Scanning electron photograph of pore-filling chioritic
cement in Roy Creek member granule-pebble conglomerate.
Note thin smectite (probable) clay coat on rounded
basaltic rock fragment on left, epitaxial books of ragged
edge chlorite (upper center and lower right), and large,
euhedral edge plates of chlorite filling the central pore
space. Locality 720-1, T. 4 N., R. 7 W., SE 1/4 sec. 29.
Bar in A is 100 microns.
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Figure 46. Photomicrograph of Roy Creek member granule-pebble
conglomerate showing pore-filling clinoptilolite-
heulandite cement. Note pilotaxitic texture of rounded
basaltic rock fragments (left) with nearly isopachous clay
coats (opaque). Field of view approximately 1.3 mm
across. Plane polarized light. Locality 720-i, T. 4 N.,

R. 7 W., SE 1/4 sec. 29.
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Figure 47. Scanning electron photograph (A) and EDX analysis (B) of

clinoptilolite-heulandite cement in Roy Creek member

granule-pebble conglomerate. A. Tabular crystal

morphology is characteristic of clinoptilolite--

heulandite. (Lighter shaded square shows area of EDX

analysis in B.) Note books of ragged edge chlorite at

lower center and on zeolite crystal. B. EDX analysis

contains all the major elements of clinoptilolite--

heulandite (except Na, which occurs at the limits of

detection) with more abundant Ca than K. This indicates

Ca-rich clinoptilolite or heulandite. Locality 720-1,

T. 4 N., R. 7 W., SE 1/4 sec. 29.
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According to Galloway (1979) spotty calcite replacement indicates

deeper burial, probably more than 3,000 in. The present Tertiary fill

above the Roy Creek conglomerate in the Patton 32-9 well is about

3,000 in (Niem and Niem, 1985) but younger late Niocene and Pliocene

strata could have been removed by erosion.

Minor amounts of quartz occur in the granule-pebble conglomerates

in the lower part of the Roy Creek member. At locality 3810-1 (T. 4

N., R. 7 W., NE 1/4 sec. 3) euhedral quartz occurs in pore centers,

indicating that it is a late stage pore-filling mineral. However, the

diagenetic history rocks in this area was modified by hydrothermal

fluids which mineralized (pyrite, calcite and quartz), and probably

permeated outward from, nearby faults (Plate I). At locality 720-1

(T. 4 N., R. 7 W., SE 1/4 sec. 29) quartz occurs both in pore space

interiors and on the margins of basaltic rock fragments where it

appears to have replaced radially arranged chioritic clays. Because

of this replacive paragenetic relationship it is felt that the pore

filling quartz is associated with stage 5 diagenetic processes rather

than the authigenic pore-filling minerals of stage 4. Quartz

precipitation associated with replacive calcite has been reported for

deeply buried volcaniclastic sandstones in the Pacific Northwest

(Galloway, 1979).

Stage 6 diagenesis is related to telogenetic oxidation of

iron-bearing minerals by surface weathering and groundwater. The

development of iron oxides result in a color change or Roy Creek

member basaltic sandstones from olive green to brown. Such surficial

weathering and alteration results in complete overprinting and

obliteration of diagenetic events so that it is not possible to

recognize the primary nature of pore-filling clays. Therefore, it is

best to use fresh samples from stream exposures or new road cuts.

Rarey (1986) reported limited telogenetic dissolution of sparry

calcite and the development of secondary porosity but this was not

observed in any of the analyzed samples.

The diagenetic history documented for the Roy Creek member is

similar to that of volcaniclas tic sandstones of the Paleocene to

Eocene Umpqua Group in southwest Oregon described by Burns and

Ethridge (1979) and other volcaniclastic sandstones in the
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northeastern Pacific Rim described by Galloway (1979) (fig. 48). The

only significant difference is that authigenic feldspar was not

observed in the Roy Creek member. It does occur as potassium feldspar

overgrowths in the overlying Sunset Highway member arkosic sandstones.

This is probably due to a different pore fluid chemistry in the Roy

Creek member because it is usually rich in basaltic rock fragments and

poor in quartz and feldspar relative to the volcaniclastic sandstones

studied by Galloway (1979) and Burns and Ethridge (1979). The

presence of authigenic feldspar overgrowths in the overlying Sunset

Highway member also suggests that its absence in the Roy Creek member

is more related to differing pore fluid chemistry than depth of

burial. Figure 50 compares the sequence of diagenetic events and

porosity reduction of the Roy Creek member with those of other

volcaniclastic sandstones in the northeastern Pacific Rim documented

by Galloway (1979).

Contact Relationships

The lower contact of the Roy Creek member is an erosional

unconformity developed on the upper Tillamook Volcanics. The actual

contact is not exposed in the thesis area but its position can be

constrained to a few about one meter at localities 729-8 (T. 4 N., R.

7 W., SE 1/4 sec. 19), 720-1 (T. 4 N., R. 7 W., NE 1/4 sec. 29), 719-

4 (T. 4 N., R. 7 W., NW 1/4 sec. 28) and 720-5 (T. 4 N., R. 7 W., SW

1/4 sec. 20). The erosional nature of the contact is evident at the

Buster Creek quarry (T. 5 N., R. 6 W., NW 1/4 sec. 22) in the Green

Nountain area where Nelson (1985) showed dikes and flows of the

Tillamook Volcanics truncated by basal Roy Creek member cobble and

pebble conglomerate (Tc1 of Nelson, 1985). Additional evidence for

the unconformity is the development of a conglomeratic lag deposit in

a shallow marine environment on subaerial flows of the Tillamook

Volcanics without any interfingering relationships. A slight angular

unconformity is suggested by the generally shallower dips of the Roy

Creek member and overlying marine strata (lOto 15°) compared with

those of the Tillamook Volcanics (15°to 20°) (Plate I). The upper

contact of the Roy Creek member is gradational and comformable with
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Figure 48. Comparison of diagenetic events in the Roy Creek member
(thick lines) with the sequence developed by Galloway
(1979) for volcaniclastic sandstones of the Pacific Rim

(thin lines). Vertical bars represent interpreted
depth-temperature ranges of major diagenetic events, which
are sequentially numbered. Telogenetic oxidation (stage

6) of this study not shown. Curve on right hand side

shows porosity reduction associated with successive
diagenetic stages. Figure modified from Galloway, 1979.
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both the Sunset Highway member (e. g. August Fire Road measured

section, fig. 53) and Sweet Home Creek member (Rarey, 1986).

Age and Correlation

Fossils collected from the Roy Creek member at several localities

(Plate I) are correlative with the middle Eocene Cowlitz-Coaledo fauna

but are not age diagnostic (Dr. Ellen Moore, U.S. Geological Survey,

written communication, 1984; fig. 7). However, the Brachidontes in

these sandstones is a new species that is not the typical Brachidontes

found in the type Cowlitz Formation (Ellen Moore, U.S. Geological

Survey, written communication, 1984). This supports the contention

that these rocks should not be referred to the type Cowlitz Formation

of southwest Washington and the proposed revision of the stratigraphic

nomenclature (see nomenclature section). Tim Fleming, University of

Montana graduate student, has described this new species and plans to

name it Brachidontes weaveri Fleming. He hopes to submit specimens

collected from the thesis area to the Smithsonian Institution in

Washington, D. C. for their reference collections. Late Narizian

foraminiferal assemblages (Dr. Kristin McDougall, U.S. Geological

Survey, written communication, 1984) and late middle Eocene to late

Eocene calcareous nannofossil assemblages (Dr. David Bukry, U.S.

Geological Survey, written communication, 1984) were collected from

the Sweet Home Creek member which directly overlies the Roy Creek

member in the study area, in nearby areas (Rarey, 1986), and in

exploratory wells (Niem and Niem, 1985; Rarey, 1986). The underlying

Tillamook Volcanics are probably no younger than 41 to 42 Ma (see age

section of Tillamook Volcanics). This constrains the Roy Creek member

in the study area to a late middle Eocene to late Eocene (late

Narizian) age.

Rarey (1986) reported that the Roy Creek member is correlative to

and may include part of the upper Narizian Unit B sandstones in

southwest Washington described by Wolfe and McKee (1972). Wells and

others (1983) mapped widespread unnamed upper Eocene basaltic

sandstones and conglomerate overlying the Tillamook Volcanics

southwest of the thesis area which can be considered equivalent to the
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Roy Creek member. On a regional basis the Roy Creek member is

correlative to the lower parts of the Nestucca and Coaledo formations

in western Oregon and the lower part of the Skookumchuck Formation in

southwestern Washington (Arinentrout and others, 1983; fig. 5).



Sunset Highway Member

The Sunset Highway member is an approximately 50 m.-thick arkosic

and lithic arkosic sandstone and siltstone-dominated unit of the late

Narizian Hamlet formation (Niem and Niem, 1985; Rarey, 1986). The

Hamlet formation and Sunset Highway member are informal units. This

member overlies the Roy Creek member (basaltic conglomerates and

lithic sandstones) and underlies the Sweet Home Creek member

(mudstones and thin interbedded turbidite sandstones) (plates I, and

II ; figs. 50 and 54; Niem and Niem, 1985; Rarey, 1986).

A proposed type section of the Sunset Highway member is located

in T. 4 N., R. 7 W., NW 1/4 sec. 11 and NE 1/4 sec. 10 immediately

west of the Quartz Creek bridge along Sunset Highway (U.S. 26)

(figs. 49 and 50; plate I). This location is easily accessible and

provides semi-continuous road-cut exposure of Sunset Highway member

lithologies for approximately one km along the highway to a covered

interval south of a stabilized slump in T.4 N., R. 7 W. SE 1/4 sec. 4.

Thin-bedded arkosic turbidite sandstones and mudstones of the

overlying Sweet Home Creek member are exposed in the stabilized slump.

The section begins in basaltic conglomerates and sandstones of the Roy

Creek member (lower 12 in.) which unconformably overlie the Tillamook

Volcanics. Nicaceous arkosic and lithic arkosic sandstones and

basaltic grits of the Sunset Highway member form the middle and upper

parts of the section. The 12 to 42 meter interval above the

unconformity at the top of the Tillamook Volcanics predominantly

consists of friable, very thinly interstratified fine-grained lithic

to micaceous arkosic sandstone and muddy siltstone to silty mudstone

with a few thick beds of well-sorted micaceous medium- to

coarse-grained arkosic sandstone. The upper part of the section (42

to 53 m interval) consists of low angle trough cross-bedded micaceous

arkosic sandstones with numerous thin to thick beds volcaniclastic

interbeds and lenses of massive to cross-bedded pebble-bearing very

coarse-grained basaltic litharenites and grits (figs. 51 and 52.)

Basaltic interbeds and lenses increase in thickness and abundance

up-section and commonly have erosive contacts into the arkosic

sandstones and siltstones.
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Figure 49. Location map of the proposed type section of the Sunset
Highway member of the Hamlet formation. Also shown are
the locations of the August Fire road and Cow Creek
reference sections, and the location of the Sweet Home
Creek measured section (Slump section). Base map from

U.S.G.S. 7.5 minute Elsie quadrangle (1986).
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Massive, basaltic pebble-bearing very coarse-grained sandstone with subrounded grains.

Burrows in lower foot of bed.
Wall-sorted basaltic pebble conglomerate with subangular to angular cleats. Clay and

calcite cemented. Photograph of fig. 53.
Massive, well-sorted, vary coarsegrained basaltic sandstone.

Very friable, highly micaceous and carbonaceous finsgrained arkosic sandstone. Thin

parallel and cross-laminations and sparse calcite-cemented concretions. Locally

bioturbated.
Massive, very coarse-grained subangular basaltic grits in micaceous, arkosic siltstofle.
Poorly sorted, pebble-bearing, matrix supported very coarse-grained basaltic sandstone and

grits. Subangular pebbles and grits with silt matrix. Probable debris flow. Macrofossil

sample 715-4-2 (Raninoides f. R. fuiRidus - an arthropod)
Highly micac.ou very fine-grained erkosic sandstone and eiltstone.

Friable, highly micaceous fine- to medium-grained low angle arkosic sandstone with low

angle trough cross-bedding. Thin interbeds and lenses of cross-bedded pebble-bearing to
pebbly coarse- to very coarse grained basaltic sandstone and grits. Photographs of fig.

52.

Massive, friable, highly micaceous medium-grained arkosic sandstone with molluscan shell
fragments (unidentified oyster). Sample CS-B

Parallel and micro cross-laminated, fine- to very fine-grained micaceous arkosic sandstone
thinly interlaminated with micaceous and carbonaceous ro.iddy siltstone. Thin beds of
medium-grained arkosic sandstone with very abundant large micas. Generally friable but
locally calcite cemented. Samples 715-2-2 and 715-2-3.

Massive, poorly sorted bed of coarse- to vary coaree-grained basaltic litharenite with
Solen fossil casts.
Friable, parallel- and cross-laminated, highly micaceous fine- to very fine-grained
plagioclase arkose thinly interlaminated with micaceous and carbonaceous silty mudstone.

Trace amounts of pyritized ccazoinuted carbonaceous matter. Sparse unidentified molluscan

(7) shell fragments. Sample CS7.
Moderately sorted, friable, parallel-laminated, highly micaceous fine- to medium-grained

plagioclase subarkose with coasainuted carbonaceous debris. Sample CS-S.

Poorly sorted faintly cross-bedded dark-brownish black pebble- end granule-bearing very

coarse-grained basaltic litharenhte. Sparse unidentified weathered molluscan (7) shell
fragments. Weakly calcite-cemented to very friable. Samples CS-4 and CS-S.

(Weak calcite-cemented, moderately sorted coarsegrsined basaltic litharenits with 7 to 30
/ cm-thick calcite-cemented lenses of parallel and cross-laminated medium- to fine-grained

Jbasaltic litharenite and feldspathic litharenite with modstone flasers. undant mica and

carbonaceous debris on bedding planes. Sample CS-3.
Poorly sorted basaltic pebble-bearing very coarse-grained basaltic arenite with trace
amounts of siltone rock fragments normally graded to well-sorted basaltic coarse-grained

litharenite. Calcite-cemented. Sample CS-2.
aintly reverse-graded and poorly sorted basaltic cobble-boulder conglomerate in matrix

support of basaltic pebbles and very coarse-grained basaltic grits. Rounded to aubangular
clasts.
Begioning of measured section at pullout imoediately west of Quartz Creek bridge.

Aphyric to microphyric subaerial basalt flows exposed below bridge to Quartz Creek.

Figure 50: Proposed type section of the Sunset Highway member of the
Hamlet Formation along Sunset Highway (U.S. 26). The
section begins immediately west of the Quartz Creek bridge

(T. 4 N., R. 7 W., NW 1/4 sec. 11 and NE 1/4 sec. 10).
Also shown is the the underlying Roy Creek member of the
Hamlet formation.
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Figure 51 Low angle trough cross-laminated arkosic sandstone in the
upper Sunset Highway member exposed near the top of the
Sunset Highway type section (35 m). The bedding style is
reminiscent of storm-wave generated hummocky swale cross-
bedding of Dott and Bourgeouis (1982) A: Looking east
approximately perpendicular to strike, Tom Berkman for
scale. B: Looking north along strike. Locality 715-3,
T. 4 N., R. 7 W., NE 1/4 sec. 10.
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Figure 52: Photographs of upper Sunset Highway lithologies at the top

of the Sunset Highway type section. A: Resistant

greenish-gray pebbly basaltic sandstones and grits (scabby

outcrops at level of road sign and in upper right)

interstratified with poorly exposed light brown to gray

thinly laminated arkosic sandstones (mostly covered with

grass). The calcite-cemented basaltic sandstones and

grits are more erosionally-resistant that the thinly

laminated arkosic sandstones and form small ledges.

B: Close-up of ledge-forming basaltic interbed showing

poor sorting of angular basaltic pebbles and cobbles in

very coarse-grained basaltic sandstone with clay-rich

matrix. These matrix-supported and mostly unstratified

basaltic grits and sandstones are reminiscent of debris

flow deposits. The handle of the trenching tool is 43 cm

long. Locality 715-4, T. 4 N., R. 7 W., NE 1/4 sec. 10.
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Arkosic sandstones in the section are mostly fine-grained and

moderately to well sorted whereas basaltic sandstones are mostly

coarse- to very coarse-grained, pebble-bearing to pebbly, and poorly

to very poorly sorted.

The type section ends at a thick covered interval separating an

outcrop of 6 m of Sweet Home Creek member turbidite sandstone and

mudstone and the underlying Sunset Highway member. The contact

between the two units is not exposed, but it is thought to be a fault.

However, arkosic sandstones in the Sunset Highway member become finer

grained and siltier upward, indicating progressively deeper

environments of deposition.

A reference section of the Sunset Highway member was measured in

an unnamed drainage below the August Fire road (built to combat the

1945 fires of the Tillamook Burn) approximately 2.5 km southwest of

the Sunset Highway measured section in T. 4 N., R. 7 W., NE 1/4

sec. 16. (fig. 53, plate I). Although thicker covered intervals are

present in this section, it is very similar to the Sunset Highway type

section. The lower 12 meters of sedimentary rocks in the reference

section consist of basaltic conglomerate, grits, and basaltic arenite

(Roy Creek member) unconformably overlying subaerial flows of the

Tillamook Volcanics. Basaltic sandstones in the upper part of this

interval are interbedded with subarkosic sandstones and demonstrate a

gradational lithologic contact between the Roy Creek member and Sunset

Highway member. Arkosic sandstones of the Sunset Highway member

comprise approximately 18 meters of section above the Roy Creek

member. As in the Sunset Highway type section, these sandstones are

friable, micaceous, carbonaceous, and arkosic in composition. They

display discontinuous parallel and micro-scale cross-laminations to

low angle "hummocky" cross-laminations, and are locally bioturbated

(fig. 54). The upper part of this measured section differs from the

Sunset Highway measured section in that arkosic sandstones and

siltstones are not interbedded with basaltic sandstones and pebbly

grits. Only one bed of basaltic sandstone is present in the upper part

of this section (just above the August Fire road).

The gradational top of the section consists of very thin-bedded
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Very thin-bedded to laminated micromicaceous olive-gray (5Y 6/I) mudetone and siltston..
Contains thin laminae end discontinuous wisps of unjotomicaceous very fine-graifled arkosic

sandstone.
Mediwo-grainad micaceous subarkose containS some carbonized plant debris, and in the upper

part, basaltic pebbles and lenses of very coarse-grained basaltic sandstone.

_llassive, mediunr to finrgrained well-sorted arkosic sandstone containing very coarse sand
size mica flakes. Friable, bioturbated, light gray to buff, and weakly cemented with
ferruginous material.

Alt.rnating light to dark grey very thinly and discontinuously interstrstifi.d parallel to
,oicrocrosa-laminated carbonaceous and micaceous muddy very fine-grained arkosic sandatone

and lighter gray low angle cross-bedded carbonaceous and micaceous very fine-trained

arkosic sandstone (fig. 55). Intensely bioturbated in places. Some calcareous lances and

thin beds. Medium bluish gray (SB 5/4) on fresh surfaces.

- Moderately well-sorted fine- to oediou-grained subarkosic and basaltic sandstone. Thin-

bedded. Locally calcite-cemented. Orange to olive-gray weathered color. Extanaively
weathered and poorly exposed.

Thin, faintly bedded sequence of pebble-bearing very coarse-trained basaltic grits and

sandstone. Flaggy badded with alternating fine and coarse layers showing faint parallel

lamination (hyperconeentrated flood flow?). Discoidal pebbles, moderately indurated,

orange-brown weathered color.
ular basaltic cobble and pebble conglomerate in framework support grading upward to

pebble-bearing subengular very coarsa-grained basaltic grits and sandstone. Faintly

thick-bedded.
Boulder-cobble conglomerate in framework support with pebble-bearing very coarse-trained

basaltic sandstone matrix. Boulders and cobbles are rounded and generally nonvesicular;

aphyric and plsgioclase-phYric (typical of Tillemook Volcanics).

Sparsely vesicular and plagioclase phyric basalt and flow top breccia. Shear mineralized
with calcite, quartz and pyrita. Geochemical sample 3812-1-3.

i Vesiculated flow top breccia.
Tillamook volcanics. Aphyric and plsgioclsse microphyric subaerial basalt flows. Reddieh

basalt bake zones and flow top brecciaa. Zeolitic. quartz, and clay amygdules.

Waterfall

Figure 53. August Fire road measured section. Located in T. 4 N., R.
7 W., NE 1/4 sec. 16 and NW 1/4 sec. 15 (see fig. 49).
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Figure 54: Photograph showing thin, low angle trough
cross-laminations in fine-grained arkosic Sunset Highway
member sandstone near the top of the August Fire road
measured section. Laminations are defined by fine-grained
micas and comininuted carbonaceous matter. Rock hammer is
33 cm long. Locality 3812-1, T. 4 N., R. 7 W., NW 1/4
sec. 15.
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to laminated mudstone and siltstone with thin wisps of very

finegrained sandstone and has been assigned to the Sweet Home Creek

member.

An attempt was made to establish a second reference section of

the Sunset Highway member in the Cow Creek drainage approximately 1.5

km north of the Sunset Highway measured section (T. 4 N., R. 7 W., NE

1/4 sec. 3 and T. 5 N., R. 7 W., SE 1/4 sec. 34; Plate I). However,

the combination of thick covered intervals, known or suspected faults,

and variable bedding attitudes (Plate I) result in a tenuous measured

stratigraphic section (Appendix XII). The Sunset Highway member is

not very well exposed in the Cow Creek drainage, but outcrops display

lithologies, bedding styles, and stratigraphic sequences that

fundamentally mimic those along Sunset Highway and below the August

Fire road. The Cow Creek measured section is more similar to the

Sunset Highway measured section than the August Fire road measured

section in that it contains a significant component of basaltic

sandstones and pebbly grits. This section differs from the others in

that the basaltic sandstones and pebbly grits contain unusually

abundant amounts (3 to 5%) of pyrite in the matrix.

The Sunset Highway member is also exposed approximately 3.5 km

northeast of the thesis area along Fisbhawk Falls Highway and in the

adjacent Nehalem River bed during summer low water. Nelson (1985)

measured and described 135 m of epiclastic breccias and basaltic

sandstones (Tc1 of Nelson = Roy Creek member), approximately 70 m of

interbedded micaceous arkosic and basaltic sandstone (Tc2 and Tc3 of

Nelson = Sunset Highway member), and approximately 95 m of mudstone

(Tc4 of Nelson = Sweet Home Creek member) at this locality. He

utilized the nomenclature of Warren and Norbisrath (1946) and included

all of these lithologies in the lower sandstone member of the Cowlitz

Formation. This stratigraphic section is another good reference

section for the Sunset Highway member.

Distribution

Distribution of the Sunset Highway member is restricted to

eastern Clatsop County and western Columbia County, although it is
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better known in the former than the latter (plate III; Niem and Niem,

1985; Rarey, 1986; Safley, in prep.). Detailed geologic mapping,

measured stratigraphic sections, and correlation of exploratory wells

in the area show that Sunset Highway member sandstones and siltstones

pinch out to the west into Sweet Home Creek member mudstones at about

the longitude of the Nehalem River in Clatsop County (Niem and Niem,

1985; Martin and others in Niem and Niem, 1985). The Sunset Highway

member is generally thicker north and east of the thesis area toward

the depocenter of the Nehalem basin (Martin and others, 1985, in Niem

and Niem, 1985; Safley, in prep., Berkman, in prep.).

Van Atta (1971), Timmons (1980), Jackson (1983), and Shaw (1986)

have studied lithologies equivalent to the Sunset Highway member east

of this study area, but they utilized Cowlitz Formation nomenclature.

In particular, the Sunset Highway member of the Hamlet formation in

the thesis area is very similar to the heterolithic lithofacies

identified and described by Jackson (1983) in northwestern Washington

and northeastern Tiflamook Counties. Currently, Tom Berkman of 0.S.U.

and Leonard Farr of P.S.U. are extending the Hamlet formation

nomenclature into Columbia County (personal communication, 1988).

The Sunset Highway member crops out only in the northeastern

quarter of the thesis area. The best outcrops are located at the

measured sections discussed above and in the stream bed and stream-cut

banks of Quartz Creek (T. 4 N., R. 7 W., NW 1/4 sec. 10), in the Lost

Lake Creek drainage (T. 4 N., R. 7 W., NW 1/4 sec. 18), and in the

Nehalem River bed in the vicinity of Lukarilla (T. 4 N., R. 7 W., NW

1/4 sec. 18) during summer low water levels. In general, the friable

character of the arkosic sandstones results in rapid erosion and poor

exposure.

Li thology

In the thesis area the Sunset Highway member is predominantly

composed of interstratified fine-grained micaceous arkosic sandstone

and muddy siltstone to silty mudstone. Minor basaltic grits and

pebble conglomerates also occur. Bedding ranges from thin laminae (1

mm) to thin discontinuous beds up to 10 cm thick. These sandstones
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are characteristically very fine- to medium-grained, highly micaceous

and locally carbonaceous with common fine parallel laminations and

cross laminations. The sandstones are usually poorly indurated, being

only loosely cemented by secondary clays and iron oxides and are

therefore moderately friable. Locally, calcite tightly cements the

sandstone and forms concretions. The silty mudstones and muddy

siltstones are medium (N 3) to dark gray (N 4) in color and contain

abundant mica and carbonaceous matter. The arkosic sandstones are

light gray to dusky blue in color, micaceous, and carbonaceous.

Weathering causes a color change to dark yellowish orange (1OYR 6/6).

Outcrops commonly have a mottled or streaked appearance due to

bioturbation. In places burrowing has completely homogenized the

massive sandstones and obliterated primary sedimentary structures.

Where undisturbed by bioturbation, arkosic sandstones usually

have very thin parallel laminations or micro-cross-laminations

characteristic unidirectional ripples. Also present are truncated

beds or lenses of micro-cross-laminated arkosic sandstone average

about three to four cm in height and 20 to 30 cm in length. These are

draped with muddy siltstone and silty mudstone and are interpreted s

micro-scale hummocky cross-stratification as described by Harms and

others (1975) and Dott and Bourgeouis (1982).

Larger truncated low angle (<100) trough cross-laminated beds

having dimensions of about 1 m in height by 3 m in length are also

common in Sunset Highway arkosic sandstones (fig. 51). Concentrations

of mica, carbonaceous matter, and mudstone along laminae define larger

hummocks as described by Harms and others (1975) and Dott and

Bourgeois (1982).

Tabular beds of fine- to medium-grained micaceous arkosic

sandstone up to 2.5 m thick are present in the middle and upper parts

of the Sunset Highway member (e.g. 32 to 34 m interval in fig. 50 and

38 to 40 m interval in fig. 53). These sandstones are light gray to

buff in color, very friable, well-sorted, massive, bioturbated, and

sometimes contain molluscan shell fragments. In the Sunset Highway

reference section a sandstone of this character grades upward into a

10 to 15 m-thick section of low angle trough cross-laminated sandstone

(fig. 51).
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The Sunset Highway member also contains subordinate interbeds and

lenses of indurated basaltic litharenite, pebbly volcanic grits, and

unorganized, clay-rich matrix-supported basaltic conglomerates or

breccias with angular basaltic and andesitic clasts (figs. 51 and 52;

Niem and Niem, 1985; Safley, in prep.). These basaltic interbeds

appear to be thicker and more numerous in the upper part of the member

in eastern Clatsop County (Safley, in prep.). Basaltic sandstones and

conglomerates in the upper part of the Sunset Highway measured section

have a clay-rich matrix containing rip-up clasts of fine-grained

arkosic sandstone and siltstone, are very poorly sorted (fig. 52), and

show scour and fill structures cut into underlying strata. The bases

of some volcaniclastic interbeds in the Sunset Highway measured

section have distinct channel shapes. These features suggest rapid,

deposition of unorganized coarse volcaniclastic detritus from high

energy currents which swept along the channels. A few thick

structureless sandstones in the upper part of the Sunset Highway

measured section are massive mixtures of basaltic pebbles and grits in

fine-grained micaceous arkosic sandstone. Cylindrical vertical to

subvertical burrows are present in some of the basaltic interbeds,

suggesting that burrowing may have resulted in homogenization of

basaltic and arkosic sands.

Contacts

The base of the unit is defined by a relatively abrupt and

distinct lithologic change from basaltic litharenite (Roy Creek

member) to mica-bearing or micaceous arkose and lithic arkose (figs.

50 and 53). The contact between the two members is conformable.

Basaltic interbeds in the Sunset Highway member differ from basaltic

sandstones of the Roy Creek member in that they tend to be more poorly

sorted, contain angular clasts of basaltic and basaltic andesitic

rocks, and have channelized scour and filled bases in underlying

fine-grained arkosic sandstones.

The upper contact of the Sunset Highway member with the Sweet

Home Creek member is not exposed in the proposed Sunset Highway type

section. At this location a thick covered interval separates the
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Sunset Highway member and the Sweet Home Creek member (top of

fig. 50). Bedding attitudes differ between the two members on either

side of the covered interval, indicating possible juxtaposition due to

faulting or slumping (Plate I). However, bedding attitudes in the

Sweet Home Creek member are suspect because the covered interval marks

the eastern margin of a large, active slump.

Better exposures near the top of the unit in other places

(e.g. August Fire Road reference section, fig. 53; outcrops in Lost

Lake Creek) show the upper contact to be a gradational lithologic

change from microcross-laminated very-fine grained carbonaceous and

micaceous arkosic sandstone to more abundant and thicker massive

mica-bearing mudstone of the Sweet Home Creek member over an interval

of 3 to 5 m.

My study and that of Rarey (1986) and that of Safley (in prep.)

have shown that the Sunset Highway member rapidly thins to the west in

the thesis area and pinches out into Sweet Home Creek mudstones in the

eastern half of R. 8 W (at about the Nehalem River). For example,

only several about 100 m of mudstone occurs above the basaltic

sandstone and conglomerate of the Roy Creek member in Sweet Home Creek

(Rarey, 1986)

Petrography

Ten thin sections of arkosic sandstones were examined with a

petrographic microscope and modal analyses were performed on five of

these. The samples classify as arkoses and lithic arkoses (fig. 48).

These rocks are more accurately called plagioclase arkoses and lithic

plagioclase arkoses because plagioclase, rather than potassium

feldspar, is the dominant feldspar.

The samples examined in thin section range from sandy siltstone

to fine-grained sandstone that are poorly to well-sorted with less

than 5% detrital clay. One sample exhibits a textural inversion

defined by very coarse-grained silty mudstone rip-ups in well sorted

sandy siltstone. Framework grains are subrounded to subangular.

These parameters indicate submature to mature textural maturity (Folk,

1974). However, attempts to make thin sections of clay-rich samples



Table 7: Modal abundances of Sunset Highway member arkosic
sandstones. 1300 counts. 2500 counts. 3Visual
estimate. 65O counts. 4OO counts. 6Mainly pyrite.
7Clinoptilolite.
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Mineral

7l5-2-3 72-2-la

I

Sample Number

CS-7 38l2-l-7

27 I 24 I 40 24
I

33Quartz

Plagioclase I

feldspar 31 21 I all
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I I

I trace I

I

I 24 2
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all I all I
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all

micas
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all
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I

Biotite I
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I 5

Chlorite I

1

I 2

Augite I trace I 2 * * 2

Epidote * I * 12 2

other heavy I

minerals I
* 2 Itrace6 trace

carbonaceous

debris * 3 6 6 I 3

Rock franents I

12 5 *basaltic I

sedimentary I 4 I 2 I
* * *

metamorphic I
*

I 3 I
*

I
*

I
*

Cents

*

I

I trace I
* 1 *calcite

iron oxide I
*

I 10 I 2 I 1 I 3

clays trace I 5 trace I 5 I 4

zeolite3 *
I

*
I 2 I trace?I

*

Porespace
I

1 * * *
I

6

Ilnknmn 6
I

10
I

5
I 1

I

*
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were unsuccessful. (Both the author and commercial laboratories

experienced problems because the smectite clays impede epoxy

impregnation and swell upon contact with water, causing spontaneous

disaggregation of the sample.) Such clay-rich sandstones would be

texturally immature wackes (Folk, 1974).

Modal abundances of Sunset Highway member sandstones are given in

Table 7. Dominant clastic constituents are quartz (24-40%),

plagioclase feldspar (19-38%), potassium feldspar (trace to 24%), and

micas (8-20%) (fig. 55). Other framework grains include small amounts

of augite (trace to 2%), epidote (0-2%), other heavy minerals (trace

amounts of zircon, tourmaline, and opaque oxides), carbonaceous matter

(0-6%), and rock fragments (0-12% basaltic, 0-2% sedimentary, and 0-3%

metamorphic) (fig. 55). Thus, Sunset Highway member arkosic

sandstones are compositionally mature overall (Folk, 1974). Samples

with basaltic rock fragments, which were almost certainly locally

derived, are compositionally immature as are interbedded basaltic

sandstones and debris flows.

Quartz is almost entirely unstrained and monocrystalline. A

small amount (<2%) of unstrained polycrystalline quartz is present in

some samples.

Feldspar is dominantly albite-twinned plagioclase and ranges in

composition from oligoclase to labradorite (An25 to An55). A few

grains are Carlsbad or combined Carisbad-albite twinned; some

plagioclase is not twinned and can be confused with quartz. However,

plagioclase is commonly partially clouded by alteration minerals and

takes on a grape-red color when stained with Alizarin red (fig. 56).

Potassium feldspar is usually less abundant than plagioclase and is

mostly orthoclase. Microcline is less common.

Micas include muscovite, biotite, chlorite and chloritized

biotite; muscovite is the most common. Larger plates of mica (1 to 2

mm) typically show crenulation due to compaction. Micas and

carbonaceous matter are aligned parallel to subparallel with one

another and define lamination commonly seen in these rocks (fig. 55).

Rock fragments are not very common. Basaltic rock fragments are

present in two analyzed samples, sedimentary rock fragments in two

thin sections, and metamorphic fragments in one sample. Basaltic rock



I 1 mm I

A.

159

Figure 55. Photomicrographs of very fine-grained micaceous arkose
from the Sunset Highway measured section. Clastic
constituents predominantly consists of subangular quartz
(Q), plagioclase (P), potassium feispar (K), muscovite
(M), biotite (B), and carbonaceous matter (C). Note

parallelism of micas and epidote grain in lower right.
The sample is texturally and compostionally submature.
The field of view is 1.31 mm. A: plane polarized light.

B: cross-polarized light. Sample locality CS-7, T. 4 N.,

R. 7 W., NW 1/4 sec. 11)

B.
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Figure 56. Photomicrographs of poorly sorted medium-grained lithic
plagioclase arkose of the Sunset Highway member.
Subrounded plagioclase grains and basaltic rock fragments
are stained grape-red. Other constituents are rounded to

subrounded quartz grains and micas. Most of the
intergranular black material is diagenetic iron oxide.
Note very coarse-grained basaltic rock fragment in lower
center. The rock is texturally submature and
compositionally immature. The field of view is 6.7 mm.
A: plane polarized light. B: cross polarized light.
Sample locality 72-2, T. 4 N. R. 7 W., SE 114 sec. 5.
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fragments are usually strongly weathered and stained with iron oxides

and are generally easily recognized by a pilotaxitic texture. Rip-ups

of micaceous siltstone are present in two thin-sections. Metamorphic

rock fragments of fine-grained quartzite are present in one sample.

Heavy Minerals

Eighteen grain mounts of heavy minerals of Sunset Highway member

sandstones were examined with the petrographic microscope. A total

of twenty different heavy minerals (S.G. > 2.85) and mineral varieties

were identified and abundances of each were estimated for the 3 phi

and 4 phi size fractions of each sample (Appendix III).

Augite, zircon, and opaque minerals are present in all Sunset

Highway member samples, and epidote is present in all arkosic

sandstone samples (figs. 57 and 58). Augite is usually subangular and

light green in color. The most common variety of zircon is subrounded

and colorless. Colorless euhedral and subhedral zircons are much less

common, and rounded amber-colored zircon grains are present in only

trace amounts. Most epidote is the common yellowish-green variety and

has the characteristic hackly "broken glass" habit (Milner, 1962). A

small amount (fl% of total heavy minerals) of colorless to pale green

zoisite, which has an anomalous "Berlin blue" color under crossed

polars, is present in one sample. Opaque minerals include pyrite,

hematite, magnetite, ilmenite, and leucoxene. Pyrite is a secondary

mineral associated with carbonaceous debris. Hematite and leucoxene

are probably diagenetic products after magnetite and ilmenite,

respectively.

Very rare (<1%) to common (10-15%) heavy minerals include

muscovite, biotite, chlorite, hornblende, lamprobolite, actinolite,

tremolite, diopside, hypersthene, zoisite, monazite, garnet,

tourmaline, olivine, staurolite, and rutile (fig. 58). These minerals

were not recovered in all samples, but this may be due to small sample

size.

Epidote is a major constituent of the heavy mineral assemblage in

all Sunset Highway member arkosic sandstones (figs. 57 and 58).

Zircon is also present in all samples, but is more abundant in two
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Figure 57: Photomicrograph of heavy mineral assemblage from the lower
to middle part of the Sunset Highway member. The 4 0
assemblage from sample locality CS-6 (T. 4 N., R. 7 W.,
NW 1/4 sec II) contains abundant epidote (E), and less
abundant subrounded to subangular zircon (z), and a few
flakes of biotite.
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Figure 58: Photomicrograph of the heavy mineral assemblage from the
upper part of the Sunset Highway member. The 4 0
assemblage from the August Fire road measured section
contains abundant epidote (E), zircon (z), and opaque
minerals. Note euhedral zircon in upper right and
rounded zircon in lower left. The field of view is 1.31
mm. Locality 3812-1 (T. 4 N., R. 7 W., NW 1/4 sec. 15).
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samples collected from different localities (3624-5-1 and 3812-1-7)
near the top of the member (5-15% vs. <1-5%). These samples also

contain a distinctly greater abundance of euhedral to subhedral

zircons (10-20% vs <5% of total zircons). This suggests sandstones in

the lower to middle part of the Sunset Highway member are relatively

"epidote-rich" while sandstones in the upper part are relatively

"zircon-rich".

Correlation of Heavy Minerals

Olbinski (1983) and Nelson (1985) reported an "epidote-rich"

sandstone overlying a "zircon-rich" sandstone in the Upper Sandstone

member (Tc5) of the Cowlitz Formation. These workers correlated the

upper sandstone member of the Cowlitz Formation (Tc5) in their field

areas with the "Clark and Wilson sand" of the Mist gas field. This

sandstone is not exposed in the thesis area. Olbinski (1983) and

Nelson (1985) also noted an unusual abundance of epidote in the Lower

Sandstone member (Tc2 and Tc3 = Sunset Highway member) but did not

designate it as "epidote-rich".

The epidote- and zircon-rich sandstones of the Sunset Highway

member cannot be correlated with the "epidote-rich" and "zircon-rich"

sandstones of the upper sandstone member of the Cowlitz Formation

(Tc5 of Olbinski, 1983 and Nelson, 1985) because this unit is not

present in the thesis area (due to stratigraphic pinch out or

truncation by an unconformity at the base of the Keasey Formation, or

both) (Niem and Niem, 1985; Rarey, 1986). In addition, the

stratigraphic succession of heavy mineral suites are opposite in the

two units. Furthermore, the Sunset Highway member is positioned below

Sweet Home Creek turbidites (Tc4 of Olbinski, 1983 and Nelson, 1985),
whereas the upper sandstone member (Tc5) is positioned above the

turbidite unit.

Based on the limited data available, the preferred interpretation

of the heavy mineral assemblages is that there are zircon-rich beds in

the upper part of the Sunset Highway member that were not sampled or

noted by Nelson (1983) or Olbinski (1983). These beds can be

distinguished from the zircon-rich part of the upper sandstone member
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of the Cowlitz Formation by stratigraphic position (e.g. Sunset

Highway member arkosic sandstones are about 15 to 40 m above the

unconformity on the Tillamook Volcanics and below turbidites and

mudstones). In any case, it is felt that the Sunset Highway member is

best correlated with the lower sandstone member (Tc2 and Tc3) of the

Cowlitz Formation described by Olbinski (1983) and Nelson (1985).

Provenance

Petrographic, heavy mineral, and field studies indicate a mixed

provenance for the Sunset Highway member. Basaltic sandstone and

conglomerate interbeds and debris flows in the arkosic sandstones

represent a local basaltic volcanic source terrain similar to that of

the Roy Creek member. This volcanic terrain is also manifested in

basaltic lithic fragments and labradorite plagioclase grains present

in some thin sections and a heavy mineral assemblage consisting of

abundant augite and opaque minerals, and rare to very rare

hypersthene, lamprobolite, olivine, and hornblende (Mimer, 1940).

The coarse size of basaltic clasts in debris flows (i.e. boulders) and

local abundance of basaltic interbeds in the arkosic sandstones

suggest that emergent volcanic edifices, and perhaps active volcanoes,

were present during the late Narizian (Sunset Highway member time) in

the Astoria basin. The pilotaxitic flow texture of basaltic clasts is

identical to the Tillamook Volcanics and suggest that they are a

probable source area (see figs. 56 and 19).

The micaceous arkosic sandstones of the Sunset Highway member

reflect a completely different source terrain composed of high rank

metamorphic and granitic plutonic rocks. A siliceous plutonic source

is indicated by the monocrystalline unstrained quartz, microcline,

muscovite, biotite, and the heavy mineral assemblage consisting of

euhedral zircon, tourmaline (shorlite), rutile, and monazite (Mimer,

1940). High rank metamorphic rocks in the source terrain are

reflected by abundant biotite, muscovite, chlorite and epidote,

almandine garnet, staurolite, tremolite, and actinolite in the heavy

mineral assemblage (Mimer, 1940). Fine-grained quartzite fragments

in one sample also indicate a metamorphic source. Most zircon grains
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are rounded to subrounded and are probably recycled, possibly from

high-rank metamorphic rocks formed from sedimentary protoliths.

Several Jurassic to Cretaceous batholiths and granitic masses

including the Wallowa Batholith and Bald Mountain stock of

northeastern Oregon, the Idaho Batholith, and the Spirit pluton of

northeastern Washington are possible source areas for the siliceous

plutonic heavy mineral assemblage. Possible source for the heavy

mineral assemblage ascribed to a high-rank metamorphic terrain include

the pre-Tertiary rocks of central and northeastern Oregon (e.g., Burnt

River schist), Precambrian metamorphic rocks of the Okanogan highlands

in north-central Washington, and the north-central Cascades of

northwestern Washington.

The abundance of epidote in Sunset Highway member sandstones

seems incongruous with abundances of other heavy minerals and

indicates a rather proximal source of greenschist-to amphibolite-grade

metamorphic rocks or contact metamorphosed calcareous rocks.

Potential sources for the epidote are the pre-Tertiary rocks of

central and northeastern Oregon, including the Canyon Mountain Complex

(greenschist to amphibolite facies ultramafic rocks) and the late

Triassic Martin Bridge Formation (limestone) which has been

metamorphosed to marble along the intrusive margin with the Wallowa

Batholith (Baldwin, 1976).

Grain Size Analysis

Grain size analysis was performed on five arkosic sandstone

samples and one basaltic sandstone sample from the Sunset Highway

member to aid in the interpretation of depositional environment(s).

Because the samples contain small (1.52%) to significant (16.9%)

amounts of fine silt and possibly diagenetic or detrital clay,

cumulative frequency curves were created using the raw data (fig. 59)

and data recalculated without the >4.5$ size fraction (fig. 60). For

most samples, there is very little difference between the two

cumulative frequency curves. The median, inclusive graphic skewness,

graphic standard deviation, graphic mean, and graphic kurtosis

statistical parameters of Folk and Ward (1957) were calculated from




