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Eight Tertiary sedimentary and volcanic units crop out in the

thesis area. From oldest to youngest they are the: Sager Creek

formation (informal); Pittsburg Bluff Formation; Northrup Creek

formation (informal); Smuggler Cove formation (informal); Wickiup

Mountain and Cannon Beach members (both informal) of the Astoria

Formation; the Grande Ronde Basalt, and Frenchman Springs Member of

the Wanapum Basalt, both of the Columbia River Basalt Group. Also,

areally limited, unnamed sedimentary strata interbedded between flows

of the Columbia River Basalt Group crop out in the study area.

Quaternary deposits consist of alluvium, colluvium, and landslide

debris.

Rhythmically-bedded, foram-bearing, carbonaceous to micaceous

mudstone and graded, fine-grained, feldspathic turbidite sandstone

are the dominant lithologies of the upper Eocene (Refugian) Sager

Creek formation. Plane-laminae and climbing ripple-laminae typical

of Bouma b,c, and d intervals are common in the thin turbidite sand-

stone beds. Contemporaneous, rare, thick, sandstones may represent

submarine feeder channels that supplied the more widespread, thinly-

bedded overbank turbidite sandstones. Foraminiferal paleobathymetry

indicates that deposition was in bathyal water depths.



Sager Creek deposition was followed by a regression or offlap of

the late Eocene to early Oligocene (Refugian) sea as indicated by the

molluscan fossils and thick, bioturbated sandstone of the predomi-

nantly shallow-marine Pittsburg Bluff Formation. The lower part of

the formation consists of outer shelf, glauconitic, fossiliferous

sandstone and subordinate mudstone. Higher in the section are

middle-shelf, fine-grained, bioturbated, tuffaceous, arkosic

sandstones. These sandstones contain minor glauconite, wave- and

storm-generated molluscan shell hash beds, carbonized wood fragments,

and calcareous concretions. Deposition occurred in 20 - 50 m open-

marine shelf water depths; however, the depositional environment may

have shallowed to a bay-like setting (Moore, 1982, written

communication). The upper part of the unit consists of thin- to

medium-bedded, carbonaceous siltstone and mudstone with minor ashfall

tuffs. Therefore, deposition of the Pittsburg Bluff Formation

occurred as a shallowing-upward, then deepening depositional episode,

punctuated by contemporaneous, intermittent eruption of nearby

calc-alkaline western Cascade volcanoes.

The deep-marine Oligocene to lower Miocene (Zemorrian to

Saucesian) Northrup Creek formation is predominantly composed of

thinly-laminated mudstone interbedded with thin, very fine-grained,

graded, micaceous arkosic sandstone. Bouma c-d-e and a-b-e sequences

are common in the turbidite sandstone; Bouma a-e intervals occur

locally in sandstone/mudstone couplets. Paleocurrent indicators

suggest that the predominant transport direction of these turbidite

deposits was northeast to southwest. Abraded, carbonaceous plant

debris and mica are abundant in the sandstone laminations. The upper



part of the formation consists of thick, mollusk-bearing, moderately-

to well-sorted, arkosic sandstone and minor polymict grit beds. A

shallowing-upward, high-energy, shallow-marine shelf environment of

deposition is indicated for the upper part of the formation.

Contemporaneous with shelf and slope deposition of the Sager

Creek, Pittsburg Bluff and Northrup Creek formations, the deep-water

late Eocene to early Miocene Smuggler Cove formation was deposited as

a distal or lateral correlative in a low-energy, outer shelf to slope

setting. This foram-bearing unit consists of thick, bioturbated,

bathyal, tuffaceous mudstone and siltstone with minor thin- to

thick-bedded ashfall and current-reworked tuff. A marine onlap is

indicated by the conformable relationship between the upper sandstone

unit of the Northrup Creek formation and the overlying Smuggler Cove

formation in the eastern part of the thesis area.

The overlying lower to middle Miocene Astoria Formation contains

two members in the thesis area: a high-energy, shallow shelf, fine-

to medium-grained, fossiliferous, micaceous arkosic sandstone

(Wickiup Mountain member), and an overlying, thinly-laminated, deep-

marine mudstone (Cannon Beach member). Diatom floras indicate that a

thermal "oceanographic irregularity" (water warmer than normal) may

have occurred during deposition of the Cannon Beach member.

At least six, and possibly eight, flows of the middle Miocene

Grande Ronde Basalt (Columbia River Basalt Group) are present in the

thesis area. Individual flows have been ascribed to the (N1?),

R2, and N2 magnetozones. Geochemically, the flows consist of low

MgO high Ti02, low MgO low Ti02, and high MgO subtypes. These

subaerial to submarine flows are correlated to Mangan and others



(1986) chemical subtypes 2D, 5C, 5A, and 4A of the Columbia

Plateau-derived Grande Ronde Basalt of eastern Washington and eastern

Oregon. The correlations are based on similarity of age, major

element chemistry, stratigraphic position, and magnetic polarity.

Field evidence suggests that thick, submarine pillow and breccia

complexes generated sufficient pressure to autoinvasively inject into

the Eocene to middle Miocene sedimentary strata of the Plympton/

Porter ridge and Elk Mountain areas. This process apparently formed

many randomly-oriented dike- and sill-like intrusions in the western

part of the thesis area. However, in the eastern and central parts

of the thesis area, three sub-parallel dikes (the Northrup, Beneke,

and Fishhawk Falls dikes) extend along linear trends for tens of

kilometers. This suggests that their emplacement was, in part,

influenced by earlier or contemporaneous regional tectonism.

At least two, and as many as five, flows of the Frenchman

Springs Member of the Wanapum Basalt occur in the thesis area: one

to two abundantly plagioclase-phyric Basalt of Ginkgo flow(s), and

one to three Basalt of Sand Hollow flows (terminology after Beeson

and Tolan, 1985). These flows consist of subaqueous pillow

palagonite breccia and vesicular, columnar-jointed, subaerial basalt.

No Frenchman Springs flows are invasive in the thesis area.

Local middle Miocene sedimentary interbeds between flows of

Grande Ronde and Frenchman Springs Basalt are lithologically and

sedimentologically diverse. Common lithologies are fine- to medium-

grained, arkosic sandstone, coarse-grained basaltic sandstone, and

structureless mudstone. Depositional environments represented by

these strata are fluvial, marginal-marine, and shallow-marine.



Thicknesses of individual interbeds range from 0.2 to 50 m.

The thesis area is located on the northwest flank of the Oregon

Coast Range anticline, adjacent to the Nehalem Arch. Large-scale

northeast-trending oblique to strike-slip left-lateral faults coupled

with northwest-trending oblique to strike-slip right-lateral faults

dominate the structure of the area. These faults may have formed as

conjugate shears (Riedel shear) caused by north-south compressive

stress related to the oblique subduction of the Juan de Fuca Plate

beneath the North American Plate. Five episodes of deformation are

suggested by faults, dike orientations, unconformities, and other

geological relationships within the thesis area: a late Eocene

north-south compressional episode, an early Oligocene to early

Miocene uplift, a middle Miocene northwest-southeast extensional

episode, a post-middle Miocene to Pliocene (?) north-south

compressional episode, and a north-south extensional event that

occurred between the post-middle Miocene and Recent.

Although crushed rock (for road and revetment construction) is

currently the primary mineral resource within the thesis area,

several potential fault traps on this northwest flank of the Nehalem

Arch may contain significant reserves of natural gas. This

conclusion is based upon field, laboratory, and subsurface (well)

data. The Clark and Wilson sandstone of the middle to late Eocene

Cowlitz Formation, the producing unit at the nearby Mist gas field,

represents the most attractive target horizon. Additionally, the

porous and permeable upper sandstone unit of the Northrup Creek

formation could contain shallow hydrocarbon reserves beneath the

northern part of the area.
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PREFACE

"We come now to the geological part. This is the one where the
evidence is not all in, yet. It is coming in, hourly, daily, coming
in all the time, but naturally it comes with geological carefulness
and deliberation, and we must not be impatient, we must not get
excited, we must be calm, and wait. To lose our tranquility will not
hurry geology; nothing hurries geology."

Samuel Langhorne Clemens (a.k.a. Mark Twain)
Letters from the Earth pg. 166 - The Damned Human Race



GEOLOGY OF THE ELK MOUNTAIN-PORTER RIDGE AREA,
CLATSOP COUNTY, NORTHWEST OREGON

INTRODUCTION

Purpose of Investigation

Until recently, the geology of northwest Oregon has been

understood only on a regional scale. With the discovery of natural

gas at Mist in 1979, added emphasis was placed on completion of

detailed geologic studies of the surrounding areas. Since 1973,

graduate students at Oregon State University working under the

guidance of Dr. Alan Niem of the Department of Geology have been

mapping the Clatsop County area in appreciable detail. More

recently, students at Portland State University, Oregon State

University, and the University of California at Santa Barbara

(Kienle, 1971) have applied geophysical techniques and geochemical

approaches to the search for solutions to geologic problems in

Clatsop and Columbia Counties. The application of geophysics to the

area has solved some problems but raised still others. It is the

intent of this research to apply both geological and geophysical

techniques to aid in the partial solution of some of the problems

encountered within the Elk Mountain-Porter Ridge area. More

specifically, the aims of this research were:

1. to map (scale 1:32,000) and describe the Tertiary

sedimentary and volcanic rocks of the area;

2. to determine the stratigraphic and petrogenic relations

between the "local" eruptive middle Miocene Coast Range
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basalts and the plateau-derived middle Miocene Columbia River

Basalt Group flows within the area;

3. to interpret the depositional environment, stratigraphic

relations, age, and provenance of each of the sedimentary

units in the area;

4. to reconstruct the sedimentary, volcanic, and tectonic history

of the area; and,

5. to evaluate the petroleum sources, maturation, and reservoir

potential of the sedimentary rocks within the area using

surface, subsurface, laboratory, and geophysical (e.g., well

log) data.

Location and Accessibility

The heavily forested thesis area is located approximately 75 km

northwest of Portland, 20 km southeast of Astoria, and 4 km due west

of the Mist gas field. The study area covers 148 square km and is

roughly rectangular in shape (Figure 1). The eastern boundary of the

thesis area is demarcated by the Clatsop-Columbia County line. The

southern boundary runs very near, but north of, the 46th parallel.

Although there are no named settlements within the thesis area, the

towns of Jewell, Birkenfeld, Knappa, and Svensen, Oregon, are located

nearby. The only currently occupied residences within the thesis

area are in the eastern part of the area, clustered around the shores

of Fishhawk Reservoir (Figure 2 and Plate I).

The western part of the thesis area is dominated by Elk Mountain

(Figure 3). This rugged group of peaks (maximum elevation 847 m)
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Figure 1: Index map showing location of thesis area.
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Figure 2. Scenic view of Fishhawk Falls Reservoir in the eastern
part of the thesis area near the town of Birkenfeld,
Oregon. Note cliff exposures of the lower part of the
Pittsburg Bluff Formation, the heavily forested
terrain, and the homes of an idyllic retirement
community situated along the shores of the reservoir.
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Figure 3. Distant scenic view of Elk Mountain as it appears from
the east. Elk Mountain is in the center of the photo
at the skyline. Dark green ridge in midground is
topographically high terrain supported by the Beneke
dike. The arrow marks an exposure of the dike along
the ridge. The tiny light colored area associated
with the dike is an outcrop of the upper member of the
Smuggler Cove formation.
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forms a rough horseshoe shape, the open end of which faces northeast

(Plate I). The mountain is nearly bisected by a deep, linear

northeast-trending valley. This interior valley is almost

impenetrable; only one unmaintained logging road was ever built.

However, Jeep trails provide access to most of the peaks that

surround the valley. In this area, most surface mapping must be

done on foot while contending with heavy vegetative cover and

precipitous terrain. In contrast, the eastern part of the area

displays much more subtle, hilly landforms: to the southeast, a

dendritic stream-dissected sedimentary topography, to the northeast

(Porter Ridge), a layered volcanic terrane cut by deeply entrenched

gorges. Middle Miocene basalt dikes crosscut the central part of the

thesis area and form steep, elongate ridges that stand above the

gentler, less-resistant sedimentary terrane (Plate I).

Although no major highways run through the thesis area, Highway

202 to the south and west and Highway 30 to the north along the

Columbia River provide primary access to the area. An extensive

system of logging roads maintained by the State of Oregon Forestry

Department, Boise Cascade Corporation, and Cavenham Forest Industries

(formerly Crown Zellerbach Corporation) provide access throughout the

area. Steep gradient streams and creeks (e.g., Northrup Creek,

Beneke Creek, Walker Creek, and Elk Creek) provide exposures and

useful corridors in order to visit more remote parts of the area.

Future workers should be advised that several lumber companies

control large tracts of timberland within and adjacent to the thesis

area. They are understandably protective of their assets in the area

and care should be taken to alert them of your presence and



7

intentions. Access into the Big Creek drainage is restricted at the

mouth of the canyon by a locked gate which is controlled by Boise

Cascade Corporation; while travel into the upper reaches of the

Beneke and Walker Creek drainages is restricted by a locked gate

controlled by Longview Fibre Corporation. Additionally, many roads

within the thesis area are passable only by four-wheel-drive vehicles

and are so designated on Plate I.

Relatively fresh outcrops of volcanic and sedimentary rock can

be studied in a number of quarries within the thesis area (Plate I).

Additional exposures are provided by roadcuts, streams, and landslide

scarps. All outcrop locations are shown on Plate I.

Previous Work

The first geologist to explore northwest Oregon was J. D. Dana.

In 1840, Dana accompanied the Wilkes oceanographic expedition which

briefly explored the lower Columbia River, progressing as far

upstream as the Portland, Oregon area.

In 1896, J. S. Diller conducted reconnaissance mapping in

northwest Oregon, but apparently did not enter the Elk Mountain-

Porter Ridge area. He did, however, characterize the volcanic peaks

of the Clatsop County area including Elk Mountain as "forming a ridge

transverse to the general trend of the Coast Range." He also noted

that "rugged volcanic peaks rise abrubtly from the tablelands below."

Diller then, would be the first to recognize two important geologic

and physiographic facts pertinent to geologic reconstructions of the

area. First, the Miocene basalts of the northern Oregon Coast Range
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form a roughly ENE to SSW outcrop pattern; and second, the

distribution manifests itself as a string of relatively isolated,

rugged volcanic peaks rather than as a layered volcanic terrane.

Washburne (1914) conducted geologic reconnaissance and assessed

the prospects for oil in northwest Oregon. He investigated

previously reported hydrocarbon occurrences and found that most did

not relate to large recoverable petroleum reserves. He attributed

most of these sitings to biogenic marsh gas. Washburne may have

entered the thesis area when he observed and described a sandstone

sequence overlain by basaltic lavas south of Westport, Oregon. He

also alluded to the geologic structure of the area when he wrote,

"As far as can be determined from reconnaissance of a few
outcrops of deeply weathered rocks, Clatsop County is underlain
by gently folded and much faulted Tertiary shales, sandstones,
and igneous rocks."

Although Washburne did not produce a geologic map, he did note that

the Astoria "shale" covers the greater part of the northeastern half

of Clatsop County, and Eocene strata are exposed in the southern

parts of the county.

Warren, Norbisrath, and Grivetti (1945) published the first

regional geologic map of the area, and in 1946, Warren and Norbisrath

described the regional stratigraphy of the nearby upper Nehalem River

valley. They mapped the Pittsburg Bluff Formation, the Astoria

Formation, Columbia River Basalt flows, Miocene dikes, and undiffer-

entiated Oligocene to Miocene rocks in the thesis area. Wells and

Peck (1961) updated previous maps when they compiled their Geologic

Map of Oregon West of the 121st Meridian (Figure 4). They mapped the

Astoria Formation overlain by the middle Miocene extrusives of Elk

Mountain in the western part of the thesis area and undifferentiated
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Oligocene to Miocene sedimentary rocks (including the Pittsburg Bluff

Formation) in the eastern part of the thesis area. They also

depicted the Oligocene to Miocene section as being cut by Miocene

dikes in the central part of the thesis area and overlain by middle

Miocene flows in the northeastern part of the area (Porter and

Plympton Ridges). Van Atta (1971) and Van Atta and Kelty (1985)

supplemented Warren and Norbisrath's mapping and added detailed

descriptions of the petrography. They also revised the stratigraphy

of several Tertiary formations, most notably the Cowlitz, Pittsburg

Bluff, and Scappoose formations in nearby Columbia County.

Schlicker and others (1972) described the environmental geology

of Tillamook and Clatsop counties. They produced geologic and

geologic hazard maps (scale 1:62,500) of regions to the south and

west of the thesis area. Beaulieu (1973), in a continuation of

Schlicker's study, produced a generalized reconnaissance map (scale

1:62,500) of the geology of the thesis area as well as adjacent areas

to the north. He mapped undifferentiated Oligocene to Miocene

sedimentary rocks throughout most of the thesis area capped by an

upper Miocene sandstone in the Porter Ridge and Elk Mountain areas.

He also recognized middle Miocene basalt flows as the cap rock of the

area and mapped the correlative middle Miocene dikes (e.g., Beneke

and Northrup dikes) that intrude the older parts of the section.

Snavely and others (1963, 1964, 1973, 1980a, 1980b, 1980e) have

mapped regionally, constructed cross sections, correlated volcanic

units, discussed the petroleum potential, and outlined the geologic

history of the entire Oregon Coast Range including Clatsop County.

Hill (1975) substantiated Snavely and others (1973) basalt
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correlations when he studied the chemical compositions of several

Miocene intrusives along the Oregon coast and determined little

petrologic difference between Columbia River Basalt and the "locally"

derived basalt.

One Ph.D. student and a series of Master's students at Oregon

State University have mapped most of Clatsop County in detail (scale

1:15,000 to 1:32,000). These studies have been conducted by: Cressy

(1974), Smith (1975), Neel (1976), Tolson (1976), Penoyer (1977),

Nelson (1978), Coryell (1978), Cooper (1981), Murphy (1981), Olbinski

(1983), Peterson (1984), Nelson (1985), Rarey (1986), Mumford (in

prep.), Safley (in prep.) and this author. These studies include

detailed field, age, petrographic, geochemical, and in some cases,

geophysical (e.g., Nelson, Rarey) description and analysis of the

stratigraphy of the Eocene to Miocene volcanic and sedimentary units

of Clatsop County. Theses by Murphy (1981), Peterson (1984), Nelson

(1985), and Olbinski (1983) border the thesis area to the north,

west, southwest, and south respectively. In 1985, Niem and Niem

published an oil and gas investigation of the Astoria basin of

northwest Oregon which includes a geologic map complied from these

studies and from their own field work, as well as a cross section

based on wells drilled in Clatsop County.

Students from other universities have also been active in the

area. Pfaff (1981) and Pfaff and Beeson (1987) of Portland State

University modelled the gravity and magnetic intensity over some

Miocene dikes, including the Beneke dike of the study area. They

concluded that these intrusions lack local "roots" or a local magma

source, and were derived from invasive Columbia River Basalt Group
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flows. Pfaff (1981) also reported on the trace element composition

of three of these Miocene intrusions. Ketrenos (1986) recently

completed an M.S. mapping thesis at Portland State University in

northwest Columbia County that borders the eastern boundary of this

study area. She differentiated Frenchman Springs and Grande Ronde

flows, and outlined middle Miocene Scappoose basalt conglomerates as

well as an arkosic sandstone interbed. Kadri (1982) mapped a

conjugate fault pattern that cuts the Pittsburg Bluff and Keasey

formations near the Mist gas field. His study area is located

approximately 4 to 20 km to the southeast of the thesis area in

western Columbia County. Kienle (1971) conducted a paleomagnetic

study of several Columbia River Basalt Group sections, the

westernmost of his correlated sections being at Nicolai Mountain,

just north of the study area.

R. Simpson (U.S.G.S., Menlo Park, California), drilled some of

the Miocene intrusions of Clatsop County in order to determine their

paleomagnetic character (Simpson and Pfaff, 1981, written

communication to Shaul Levi, Oregon State University College of

Oceanography). Bruer and others (1984) published a cross-section

which extended from the Mist gas field on the east to the Big Creek

and Astoria areas on the west, thereby transecting the thesis area.

Definitive paleontological studies in the area have been

conducted by several workers: Moore (1963) described mollusks from

the middle Miocene Astoria Formation. Addicott (1976) placed stage

boundaries on Neogene molluscan faunas of Oregon and Washington.

Moore (1976) described the molluscan assemblages characteristic of

the Pittsburg Bluff Formation. McDougall (1981) defined the
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foraminiferal faunas of the late Eocene formations of northwest

Oregon. Armentrout (1981) correlated megafaunal, microfaunal,

floral, and absolute age scales for western Oregon and Washington.

His correlations are adhered to in this study although modified with

changes proposed by Armentrout and others (1983, 1984), Prothero and

Armentrout (1985), and Niem and Niem (1985).

Methods of Investigation

Field Methods

Field work consisted of geologic mapping and lithologic

description conducted over a three-month period in the summer of

1980, and intermittently thereafter through August, 1982. Field

mapping was conducted at a scale of approximately 1:32,000 using

photographically enlarged portions of the Cathlamet (1953) and

Svensen (1955) U.S.G.S. 15 minute quadrangle maps. Three sets of

aerial photos at scales of 1:12,000, 1:31,000, and 1:63,000 were

purchased from the Oregon State Forestry Department, and were

utilized for location and structural interpretation. More than 500

representative rock and fossil samples were collected from lithologic

units within the area.

Attitudes of rock strata and directional features were measured

with a Brunton compass. Several stratigraphic sections were measured

with the aid of a Jacob's staff and Abney level (Plate III), although

most were too discontinuous for inclusion in this work. The

Geological Society of America rock color chart was used to determine
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fresh and weathered color of the rocks. Stratification, cross-

stratification, bed thickness, and grain size terminology used in the

field descriptions is that of Reineck and Singh (1975) and Wentworth

(1922), respectively.

Columbia River Basalt Group flows in the area were subdivided

according to the paleomagnetic and geochemical stratigraphy of

Swanson and others (1979), Mangan and others (1986), and Beeson and

others (1985), and supplemented with the local stratigraphy developed

by Murphy (1981) and this author (Figure 38). Fifty samples for

major element oxide geochemistry were taken from the internal,

unweathered parts of intrusive bodies and from the entablature, if

present, of flows (Appendix VII).

Oriented samples for fluxgate polarity determinations were taken

from the chilled margins of volcanic bodies as outlined by Beeson

(1981, personal communication; Appendix IX). Seven magnetic profiles

across Miocene dikes in the area were measured with the aid of a

Unimag II proton precession magnetometer (Appendix XII).

Laboratory Methods

Laboratory studies were divided into three major phases:

sedimentary rock analyses, igneous rock analyses, and fossil

preparation.

Sedimentary rock analyses included thin section petrography of

25 samples representative of the various formations present in the

area. Modal analysis was performed on 12 of these samples; the

results are tabulated in Appendix II. Granules and pebbles from
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conglomeratic strata throughout the thesis area were classified into

major lithologic groups. The results of these pebble counts are

listed in Appendix III. Heavy mineral separates from seven samples

were examined petrographically in order to determine provenance of

the sandstones (Appendix IV). Heavy minerals were separated from the

light mineral fraction in tetrabromoethane (Sp. G. 2.94) following

the methods outlined by Royse (1970). Amoco Production Company

performed source rock analysis on seven samples and porosity/

permeability analysis on four samples (Appendix V).

The polarity of 137 basalt samples from the area was determined

using a fluxgate magnetometer and procedures outlined by Doell and

Cox (1964) and Shaul Levi (1981, personal communication). The

results are listed in Appendix IX.

In 1981 and 1982, fifteen sites within the middle Miocene

volcanic units of Clatsop County, including five within the thesis

area, were drilled with a diamond-tipped corer attached to a modified

chain saw. This study was conducted by James Olbinski, Shaul Levi,

Dennis Schultz, Alan Niem, Bob Bentley, Dave Nelson, and this author.

The cores were subsequently demagnetized with a Schonstedtsmodel

GSD-1 AC Geophysical Specimen Demagnetizer and spun in a Schonstedt

Model DSM-1 Spinner Magnetometer by Dave Nelson, James Olbinski, and

this author. This procedure allowed determination of the stable.

thermal remanent magnetization vectors. Data were processed using a

Digital pdp 1104 microprocessor coupled to a Digital rx01 disk

drive. Results were edited and printed out using a Digital Decwriter

III line printer/terminal. All equipment is located at the

Paleomagnetics lab, College of Oceanography, Oregon State University.
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Results of these analyses are tabulated in Appendix X; sample

locations are described in Appendix XI and shown on Plate I. Results

are further discussed by Nelson (1985).

Major oxide geochemistry on representative basalt samples from

the study area was run by Dr. Peter Hooper, Washington State

University, according to procedures outlined by Hooper and Reidel

(1976). The only significant change in procedure from the

metholology of the publication is that beads were fused twice to

increase homogenization. Initially, 51 samples were analyzed for ten

major element oxides against international standards. Subsequently,

ten of these samples were rerun against the Columbia River Basalt

standard (BCR-1) order to allow for a more efficient correlation to

the geochemical results of Columbia River Basalt workers outside the

area. In addition, a basalt correction factor which simulates direct

conversion of results from the International standard to the Columbia

River Basalt standard or vice versa was calculated by R. Senechal,

Department of Geology, Oregon State University; H. Demarest, formerly

of Department of Geology, Oregon State University; and this author.

The procedure used to derive the correction factor is outlined in

Appendix VIII.

Seventeen basalt thin sections from representative outcrops of

all major geochemical subtypes of the middle Miocene Columbia River

Basalt Group that occur in the thesis area were examined. The thin

sections studied included both intrusive and extrusive basalts.

Fourteen of these samples underwent modal analysis; the results are

listed in Appendix VI.
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Representative fossil samples were sent to the following

individuals for paleoenvironmental and age determinations:

Sixty molluscan faunas (from sixty localities) to Dr. Ellen

Moore, recently retired from U.S.G.S., Menlo Park, California.

Twenty-four ichnofossil faunas to Dr. C. K. Chamberlain,

formerly of Valero Producing Company, Denver, Colorado.

Thirty-five diatom floras to Dr. John Barron and Mr. Jack Baldauf,

U.S.G.S., Menlo Park, California.

Eleven diatom floras to Dr. Hans Schrader, formerly of the

College of Oceanography, Oregon State University.

Six foraminiferal faunas to Dr. Kristin McDougall, U.S.G.S., Menlo

Park, California.

The results of their analyses are listed in Appendix I and are

discussed within the text.
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REGIONAL STRATIGRAPHY

The northern Oregon Coast Range is composed of twelve forma-

tional or higher units. From oldest to youngest, they are the:

Tillamook Volcanics, Hamlet formation, Cole Mountain basalt, Cowlitz

Formation, Keasey Formation, Sager Creek formation, Pittsburg Bluff

Formation, Northrup Creek formation, Smuggler Cove formation, Astoria

Formation, Columbia River Basalt Group, and Gnat Creek formation. The

objective of this section is to introduce the reader to the more

salient characteristics of each of these units.

The oldest geologic unit exposed in the core of the northern

Oregon Coast Range anticline is the 3,000+ m thick, tholeiitic
Tillamook Volcanic Series. Originally, the Tillamook Volcanics were

subdivided into three informal parts (Snavely and others, 1970). As

first developed, the lower unit was equivalent, in part, to the lower

to middle Eocene tholeiitic to alkalic Siletz River Volcanics of the

central Oregon Coast Range, the Crescent Volcanics of southwestern

Washington, the Metchosin Volcanics of Vancouver Island, and the

Roseburg Volcanics of southern Oregon (Snavely and Baldwin, 1948;

Snavely and others, 1968; Armentrout and others, 1980). The lower

Tillamook Volcanics, as well as the other lower to middle Eocene

basaltic formations of the Oregon Coast Range, are thought to be

accreted oceanic crust originally formed at a hot spot on a spreading

ridge along a rifted continental margin (Snavely and others, 1968;

Wells and others, 1984; and Duncan, 1982).

More recently, however, Wells and others (1983) and Magill and

others (1982) reassigned the lower part of the Tillamook Volcanics to

the Siletz River Volcanics. They also placed the middle part of the
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unit, which consists of mudstones, breccias, and intrusions, in the

Yamhill Formation (plus unnamed units). Only the middle to late

Eocene upper 3,000 m thick part of the unit retains the name

Tillamook Volcanics (Figure 5).

The revised Tillamook Volcanics consists of a 3,000 m thick

sequence of submarine basalt flows, pillow lavas and minor water-laid

tuffaceous sedimentary rocks overlain by a sequence of subaerial

basalt to basaltic andesite flows. These were erupted onto the sea

floor in a fore-arc basin setting as flows or extrusive breccias.

These volcanics extruded from either fissures or vents and built

volcanic oceanic islands in what is now northern Oregon (Wells, 1984;

Rarey, 1986; Mumford, in prep.; Jackson, 1983). The revised Tillamook

Volcanics equate to Goble Volcanics of Wells (1981) in southwestern

Washington (Rarey, 1986) and range in age from 44.3 to 40.1 Ma

(Rarey, 1986; Niem and Niem, 1985; Mumford, in prep).

The Tertiary sedimentary strata that overly the Tillamook

Volcanics in Columbia County informally have been called the Nehalem

Group (Van Atta, 1971). As previously used, the Nehalem Group

includes the lower to middle Tertiary Cowlitz, Keasey, Pittsburg

Bluff, and Scappoose formations. Due to facies changes from Columbia

to Clatsop counties, the stratigraphic sequence of Van Atta (1971)

was modified and further developed by Niem and Niem (1985) and Rarey

(1986) whose equivalent terminologies are adhered to in this report.

In Clatsop County, the Hamlet formation (informal) is newly

proposed terminology and is used to subdivide a group of strata

previously mapped as undifferentiated Oligocene to Eocene strata by

Wells and Peck (1961), and as the lower part of the Cowlitz Formation
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by Wells and others (1983), Olbinski (1983), and Nelson (1985). The

formation is approximately 200 meters thick, and is largely composed

of carbonaceous and mica-bearing bathyal mudstone with subordinate

interbeds of basaltic or arkosic sandstone and conglomerate (Rarey,

1986; Niem and Niem, 1985). Internally, the pervasive mudstone-

dominated part of the formation has been informally called the Sweet

Home member (Rarey, 1986). It unconformably overlies the Tillamook

Volcanics and is upper Eocene in age (upper Narizian). As defined by

Niem and Niem (1985), the formation contains only two members, those

being subordinate to, and distinctive from, the mudstone-dominated

parts of the unit. The lower of these two, the Roy Creek member, is

five to thirty-five meters thick, and consists of a lower

unstratified, shallow-marine basalt conglomerate which is commonly

overlain by a well bedded, pebbly, very coarse- to fine-grained

basaltic sandstone (Niem and Niem, 1985). Stratigraphically higher

in the formation, another sandy unit is informally called the Sunset

Highway member (Mumford, in prep.). This member is composed of

shallow-marine, lithic to arkosic sandstones with minor interbeds of

pebbly grit, coarse-grained basaltic sandstones, and chaotic

debris-flow deposits (Rarey, 1986; Mumford, in prep.; Safley, in

prep.). This late Narizian formation is chronologically correlative

to the Nestucca Formation of the central Oregon Coast Range and the

upper part of the Yamhill Formation of the central Oregon Coast Range

(Bruer and others, 1984).

The Cole Mountain basalt (informal) includes upper Eocene

plagioclase- and clinopyroxene-phyric basalts (Rarey, 1986). The

Cole Mountain basalt commonly occurs as dikes and sills which intrude
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the Hamlet and overlying Cowlitz formations. However, the unit also

may contain some rare submarine pillow basalts and hyaloclastite

material. Radiometric dating techniques yield ages of approximately

35 Ma (Niem and Niem, 1985). The formation correlates chronologically

to a period of increased igneous activity in western Oregon. The

unit correlates to the type Goble Volcanics of southwestern

Washington and the northeastern Oregon Coast Ranges (Rarey, 1986) and

to the Little Butte Volcanics of the Eugene and Oregon City areas

(Baldwin and others in Armentrout and others, 1983; Beeson and Orr in

Armentrout, 1983).

The late Eocene (upper Narizian) Cowlitz Formation was

previously described as unconformably overlying the Tillamook

Volcanic Series in northern Oregon Coast Range (Warren and

Norbisrath, 1946; Van Atta, 1971; Niem and Van Atta, 1973; Timmons,

1981; Olbinski, 1983; Jackson, 1983; Nelson, 1985). With the

addition of the Hamlet formation to the stratigraphy, the Cowlitz

Formation becomes a more restricted lithostratigraphic unit, thereby

more closely conforming with usage as applied by Bruer (1980) and

Bruer and others (1984) at the Mist gas field, and by Wells (1981)

and Weaver (1937) at the type section of the Cowlitz in southwest

Washington. Lithologically, the Cowlitz Formation is composed of

friable, micaceous, arkosic sandstone locally overlain by laminated,

micaceous siltstone (Warren and Norbisrath, 1946; Niem and Van Atta,

1973; Niem and Niem, 1985; Rarey, 1986). The depositional

environment is interpreted as storm-dominated littoral to sublittoral

marine (Newton, 1976; Timmons, 1981; Jackson, 1983; Alger, 1985),

although Bruer (1980) interpreted it as deep-marine in the subsurface



23

at Mist. The sandstone-dominated formation is approximately 230

meters thick in the subsurface at the Mist gas field, but thins

rapidly and pinches out to the west into the Hamlet mudstones in

central Clatsop County (Bruer, 1980; Bruer and others, 1984; Rarey,

1986; Nelson, 1985; Olbinski, 1983; Niem and Niem, 1985).

The upper Eocene (upper Narizian - Refugian) Keasey Formation

overlies the Cowlitz Formation with probable angular unconformity

(Niem and Van Atta, 1973; Bruer, 1980; McDougall, 1980). Warren and

Norbisrath (1946) originally divided the formation into three members

in Columbia County: the lower member consists of 200 meters of

thin-bedded volcanic sandstones which interfinger with thicker beds

of glauconitic tuffaceous mudstone; the middle member, thought to be

550 meters thick, is a massive tuffaceous fossiliferous siltstone;

and the upper member is a 100-meter thick sequence of concretionary

tuffaceous siltstone and mudstone which interfingers with thin

pumiceous, tuffaceous siltstone (Niem and Van Atta, 1973). Only one

member has been recognized in Clatsop County. This member,

informally designated the Jewell member, consists predominantly of

nonmicaceous, light-medium gray bedded mudstone and minor interbedded

siltstones cut by scattered arkosic sandstone dikes. Near its base,

the unit becomes more glauconitic and tuffaceous (Nelson, 1985;

Olbinski, 1983; Rarey, 1986). In the subsurface, the lower part of

the formation also locally contains a basaltic conglomerate interbed

that is approximately 33 meters thick (Martin and others, 1985). The

member averages 460 meters in thickness as documented by the

subsurface control in Clatsop County, but is greater than 920 meters

thick in the Crown-Zellerbach 31-17 well (Martin and others, 1985).
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The Sager Creek formation (informal) is a thick, channelized

sequence of upper Eocene (Refugian) thin-bedded, arkosic, micaceous

turbidite sandstone and mudstone. The Sager Creek formation overlies

the massive to thin-bedded tuffaceous Keasey mudstones and underlies

the thick-bedded, bioturbated tuffaceous arkosic sandstones of the

Pittsburg Bluff Formation. Olbinski (1983) and Nelson (1985) had

informally called these turbidites the Vesper Church formation and

the Vesper Church member of the Keasey Formation, respectively. Kadri

(1982) and Warren and Norbisrath (1946) had referred to this unit as

the lower Pittsburg Bluff Formation in Columbia County. The strata

of the Sager Creek formation were probably deposited in a nested-

channel submarine slope facies (Nelson, 1985). This unit crops out in

the southeastern part of the thesis area and is the oldest unit

exposed in the thesis area.

The upper Eocene to Oligocene Pittsburg Bluff Formation

disconformably overlies the Sager Creek formation in eastern Clatsop

County (Niem and Niem, 1985). Warren and Norbisrath (1946)

attributed a thickness of 260 meters to the Pittsburg Bluff and

divided it into a basal 150-meter thick member of moderately

indurated, highly fossiliferous, massive, finely-laminated,

fine-grained, quartzose sandstones and siltstones overlain by an

upper 110-meter thick member composed of highly tuffaceous, massive,

sandy mudstones (Niem and Van Atta, 1973). Moore (1976) interpreted

the depositional environment of the basal member of the Pittsburg

Bluff Formation in Columbia County as a shallow protected marine bay

with sand or mud flats and the upper part of the formation as

shallow-marine, bioturbated, shelf sands. Warren and Norbisrath
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(1946) believed that the upper Pittsburg Bluff represented a brackish

water environment of deposition. The sandstones of the Pittsburg

Bluff Formation become progessively finer grained and thinner towards

the west, eventually pinching out into the bathyal mudstones of the

Smuggler Cove formation (informal) in western Clatsop County (Niem

and Niem, 1985; Rarey, 1986). The Pittsburg Bluff Formation crops

out in the southeastern and south-central parts of the thesis area

(Plate V.

The Northrup Creek formation (informal) unconformably overlies

the Pittsburg Bluff Formation in Clatsop County. Sedimentary strata

now assigned to the Northrup Creek formation (Niem and Niem, 1985)

have previously been ascribed to the upper member of the Pittsburg

Bluff Formation (Nelson, 1985) and the Scappoose Formation as

originally described by Van Atta (1971). The lower part of the

Northrup Creek formation is dominated by well-bedded, laminated,

highly micaceous mudstones which commonly bear carbonized plant

material on laminae faces. Rhythmically interbedded with the

mudstones are laminae and thin beds of fine-grained micaceous and

arkosic turbiditic sandstone. The upper part of the unit is

comprised of thick-bedded arkosic sandstone with minor interbedded

grit, siltstone and mudstone beds. The Northrup Creek formation is

upper Oligocene to lower Miocene in age (Niem and Niem, 1985). With

re-assignment of the Scappoose Formation to lateral equivalency with

the Columbia River Basalt Group, the Northrup Creek and Scappoose

formations are no longer correlative (Van Atta and Kelty, 1985). The

Northrup Creek formation is the most widespread unit in the thesis
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area and outcrops throughout the central and western parts of the

study area (Plate V.

Interfingering with, and laterally distal to the Sager Creek,

Pittsburg Bluff and Northrup Creek formations in western Clatsop

County, is the upper Eocene to lower Miocene Smuggler Cove formation

(informal; previously called the Oswald West mudstone, Niem and Van

Atta, 1973; Cressy, 1974; Smith, 1975; Penoyer, 1977). The unit is

particularly well exposed at Short Sands Beach in Oswald West State

Park (Cressy, 1974). As currently pictured, the unit is a

time-transgressive sequence of deep water, bioturbated, tuffaceous

mudstones, siltstones, and a few glauconitic sandstones that is

laterally distal to the shallow water units of the Keasey, Sager

Creek, Pittsburg Bluff, and Northrup Creek formations. The Smuggler

Cove formation crops out across the north-central part of the thesis

area (Plate I).

The Smuggler Cove mudstone and the Northrup Creek formation are

overlain with angular unconformity by the 1,300-meter thick lower to

middle Miocene Astoria Formation. Howe (1926) divided the Astoria

Formation at the type area in the city of Astoria into three

members: a 45-meter thick basal sandstone, a 300-meter thick middle

"shale" unit, and an upper sandstone. Unfortunately, the original

exposures at Astoria have been buried during development of the

waterfront and growth of the city. Consequently, no type section for

the Astoria Formation is currently exposed. Lithologically disparate

facies within the Astoria Formation have been mapped as separate

informal members by graduate students at Oregon State University.

These workers have recognized the Astoria Formation facies as:
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fluvial-deltaic conglomeratic sandstone (Angora Peak member, Cressy,

1974; Cooper, 1981); deep-water, thinly-bedded turbidite sandstone

and mudstone and overlying thick hemipelagic mudstone (Cannon Beach

member of Niem and Niem, 1985, formerly called Silver Point member,

Smith, 1975; Neel, 1976; Penoyer, 1977; Cooper, 1981); deep-water,

thickly-bedded, channelized arkosic sandstone and mudstone (Youngs

Bay member of Niem and Niem, 1985, formerly known as the Pipeline

member or the deep-marine Big Creek member, Nelson, 1978; Coryell,

1978); and shallow-marine, beach to shelf sandstone (Wickiup Mountain

member of Niem and Niem, 1985, formerly known as the shallow-marine

Big Creek member, Nelson, 1978; Coryell, 1978; Murphy, 1981). Only

the Cannon Beach and Wickiup Mountain members are present in the

thesis area.

Subaerial flows and submarine lava deltas of the Columbia River

Basalt Group (e.g., Pomona, Frenchman Springs, and Grande Ronde

Basalts) are exposed discontinuously around the northern end of the

Oregon Coast Range anticline (Figure 4). A dramatic unconformity is

present at the base of the Columbia River Basalt flows in western

Oregon as these middle Miocene basalt flows unconformably overlie the

Keasey, Pittsburg Bluff, Smuggler Cove, and Astoria formations (Van

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

to this erosional surface as the Scofield surface. As currently

envisioned, these basalts were sourced from eastern Oregon, eastern

Washington, and western Idaho and flowed down an ancestral Columbia

River drainage system through the Cascades to the Oregon and

Washington Coast Ranges (Swanson and others, 1979; Beeson and others,

1979; Mangan and others, 1986; Snavely and Wagner, 1963; Murphy,
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1981; Niem and Niem, 1985; this study). However, Snavely and others

(1973) recognized "locally derived" middle Miocene dikes, sills,
pillow breccias, and close-packed pillows of the Depoe Bay, Cape

Foulweather, and Pack Sack Basalts exposed along the Oregon and

southwestern Washington coasts as being consanguineous to these

plateau-derived Columbia River Basalt Group flows of the Grande Ronde

and Frenchman Springs Basalts and the Pomona member of the Saddle

Mountains Basalt, respectively. Paleomagnetically, petrologically,

and geochemically, the "local" and plateau-derived tholeiitic basalts

are indistinguishable (this study; Beeson and others, 1979; Niem and

Niem, 1985; Nelson, 1985; Wells and Coe, 1985; Wells and Niem, 1987;

Pfaff and Beeson, 1987). Murphy and Niem (1982) presented field and

geochemical evidence that the extrusive submarine basalts of northern

Clatsop County are lava deltas which formed where Columbia River

Basalt Group flows entered the middle Miocene marine environment.

Beeson and others (1979) proposed that surface accumulations of

Columbia River Basalt in northwest Oregon could have "autoinvasively"

injected themselves into the subsurface of the area, thereby forming

invasive flows. These basalts crop out as subaerial flows in the

northeastern part of the thesis area, as submarine isolated pillow

palagonite breccias and close packed pillow sequences in the western

part of the thesis area, and as intrusives throughout the entire

thesis area (Plate I).

Murphy (1981) described a 200-meter thick section of middle

Miocene sedimentary rocks exposed between the Frenchman Springs flows

and the Pomona flow on Nicolai Mountain. This unit is called the

Gnat Creek formation (informal) by Niem and Niem (1985) and has been
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previously called the Clifton formation (Murphy, 1981) and non-marine

Pliocene sedimentary rocks (Wells and Peck, 1961). The name Clifton

formation has been replaced in the geologic literature (Niem and

Niem, 1985). Murphy (1981) and Murphy and Niem (1980) subdivided the

unit into three facies: an arkosic, fine-grained river mouth to

shallow-marine bar sequence; a shelf/slope siltstone with thin,

interbedded, graded turbidite sandstone; and a channelized siltstone

breccia and associated lithologies which represent the canyon head

facies and slump deposits of a submarine channel. This unit does not

occur in the thesis area.

Recently, Van Atta and Kelty (1985), Ketrenos (1986), and Kadri

(1982), geochemically recognized Columbia River Basalt clasts in the

basalt conglomerates of the Scappoose Formation in nearby Columbia

County. Originally, the Scappoose Formation was defined as being

Oligocene in age (Warren and others, 1945; Warren and Norbisrath,

1946), but Van Atta and Kelty (1985) formally redefined the unit and

restricted it to refer to the fluvial to brackish sandstone,

siltstone, basalt conglomerate interbeds within the middle Miocene

Columbia River Basalt Group.

Deposits which overlie the Columbia River Basalt in western

Oregon are rare. Schlicker and others (1972) described a 15-meter to

275-meter thick basaltic and quartzitic gravel in the Astoria and

Clatskanie areas which they correlated to the early Pliocene

Troutdale Formation of the Portland area. These gravels were

probably deposited by the ancestral Columbia River (Niem and Van

Atta, 1973).
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Pleistocene and Recent sediments in the northern Oregon Coast

Range are principally alluvial terrace, colluvium, beach, dune,

estuarine, fluvial deposits and landslide debris (Schlicker and

others, 1972; Niem and Niem, 1985).
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DESCRIPTIVE GEOLOGY

The Sager Creek Formation

Nomenclature

The strata ascribed to the Sager Creek formation were only

recently subdivided as a separate informal formational unit (Niem and

Niem, 1985; Vesper formation of Olbinski, 1983). Prior to this time,

the strata were incorporated into either the Keasey or lower

Pittsburg Bluff formations of nearby Columbia County (Kadri, 1982;

Warren and Norbisrath, 1946; Van Atta, 1971; Van Atta, 1976 in Newton

and Van Atta, 1976). To provide the reader with a history of the

previous work and development of geologic thought associated with

these strata, the history of previous work on the Keasey and lower

Pittsburg Bluff formations is discussed here.

The sedimentary strata that comprise the Keasey Formation were

first described by J. S. Diller (1896) in Columbia County as

follows:

"Some of the best exposures of the Eocene shales observed,
are upon Rock Creek from six to ten miles from Vernonia in
Columbia County. At several points there are cliffs of shale
containing large concretions and thin sandy layers; the latter
under microscopic examination prove to be composed almost wholly
of material derived either directly from a volcano or by erosion
from igneous rocks. The shales weather gray, but on fresh
fracture are dark, containing much vegetal matter."

The Keasey Formation was formally defined in Columbia County by

Schenck (1927b) as a sandy, tuffaceous, bluish, fossiliferous

"shale." He described the type section from exposures on the banks

of Rock Creek, approximately 2.5 km northeast of Keasey, Oregon. In
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1928, Schenck further elucidated typical exposures of the Keasey

Formation between the hamlets of Keasey and Tara as being a "shale,"

generally black in color, compact, sandy, and fractured.

In 1937, Weaver reviewed previous work on the Keasey and

subdivided the formation into two members: a lower dark colored sandy

"shale" member and an upper "shaley" sandstone member. He placed a

thickness of 365 meters on the Keasey Formation from exposures measured

in Rock Creek.

Warren and Norbisrath (1946) divided the Keasey Formation into

three members. The lower member is variable in both composition and

thickness. In the type area, this member consists of 152 meters of

dark gray, well stratified, fossiliferous glauconitic siltstone and

claystone. This lower member encompassed all of Schenck's (1927b)

Keasey Formation and with the addition of Warren and Norbisrath's

middle member, all of Weaver's (1937) Keasey as well. The relatively

uniform middle member consists of 518 meters of massive, silty,

tuffaceous shale with interbedded calcareous layers. This member is

exposed both in Rock Creek and along the Sunset Highway (U.S. 26).

The upper member of the Keasey consists of stratified, tuffaceous,

sandy shales and ranges from 30 to 61 meters in thickness. It was

described by Warren and Norbisrath (1946) from exposures east of the

Sunset tunnel on the Sunset Highway. Warren and Norbisrath (1946)

placed a cumulative thickness of 548 meters on the Keasey from

exposures along the Sunset Highway, although addition of the three

above members results in a formational thickness of 731 meters.

Warren and Norbisrath (1946) supported their three-fold

lithostratigraphic subdivision of the Keasey members with a
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concomittant three-fold biostratigraphic zonation derived from the

molluscan faunas.

Deacon (1953) produced twelve detailed but partial stratigraphic

sections of the Keasey. These sections were measured along Rock

Creek in the same area as Schenck's type section and along the Sunset

Highway, the site of Warren and Norbisrath's middle member. Deacon

felt that the lower member of the Keasey Formation is lithologically

separable from both the underlying Cowlitz Formation and the middle

and upper members of the Keasey Formation as defined by Warren and

Norbisrath. He surmised that the strata of the lower Keasey should

be raised to formational status and informally proposed the name

"Nehalem formation" for the 70-meter thick sequence of compact,

stratified, dark gray mudstone with "a few thin glauconitic sandstone

interbeds" exposed in Rock Creek.

Van Atta (1971) reviewed Deacon's changes and found "little

justification" for his proposed changes. Consequently, Van Atta

utilized and further delineated Warren and Norbisrath's (1946)

stratigraphy for the Keasey Formation.

Nelson (1985) recognized three informal members within the

Keasey Formation in Clatsop County which he informally named the

Jewell member, the Vesper member, and the upper mudstone member.

Nelson (1985) correlated the lower shale member of the type Keasey of

Warren and Norbisrath (1946) in Columbia County to his Jewell member,

the middle tuffaceous shale member of Warren and Norbisrath (1946) to

his Vesper member (now Sager Creek formation of Niem and Niem, 1985),

and the upper claystone and stratified sandy shale member of Warren

and Norbisrath (1946) to his upper mudstone member.
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However, Warren and Norbisrath (1946), Van Atta (1971), and

Kadri (1982) originally placed Vesper member (now Sager Creek

formation) correlative strata in nearby Columbia County and in

eastern Clatsop County in the lower part of the Pittsburg Bluff

Formation (Olbinski, 1983). Warren and Norbisrath (1946) described

"well stratified alternating gray shale and fine-grained shaley

sandstones (which) contain abundant plant remains," west of

Birkenfeld, Oregon as being one of several typical lower Pittsburg

Bluff lithotypes. They found no fossils in this lithofacies and

therefore attributed its deposition to "a brackish water environment

in which mollusks did not thrive."

Olbinski (1983) observed that the strata of the Sager Creek

formation (his informal Vesper Church formation) of eastern Clatsop

County were sufficiently distinctive to be mapped as a separate

formation apart from both the Keasey and Pittsburg Bluff formations.

That is the convention ascribed to in this report and by Niem and

Niem (1985). In the thesis area, the Sager Creek formation (Plate I)

consists of strata directly correlative to the informal Vesper member

of the Keasey formation of Nelson (1985) and the Vesper formation of

Olbinski (1983) in eastern Clatsop County. The Sager Creek formation

is informally named by Niem and Niem (1985) from exposures in Sager

Creek (Sec 26 T6N R6W) in extreme eastern Clatsop County. They

replaced the name Vesper Church formation (Olbinski, 1983) because

the town of Vesper has been abandoned. Hence, the Sager Creek

formation is named from exposures along Sager Creek following the

preference of the U.S. Geological Survey Geologic names committee

(Niem, 1986, personal communication).
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Distribution

The Sager Creek formation crops out in an arcuate pattern on

Niem and Niem's (1985) geologic map of the Astoria basin. The

pattern is controlled by the morphology of the Coast Range

"anticline" (Figure 4). The strata of the Sager Creek formation as

well as the underlying Cowlitz, Hamlet, and Keasey formations, and

the overlying Pittsburg Bluff Formation, crop out in successively

younger layers outward from the core of the antiform (Figure 4,

Figure 6). Regionally, attitudes of these strata generally dip away

from the northward-plunging anticlinal axis; however, the effects of

local faulting and channeling are commonly more important in the

control of local bedding.

Only the upper part of the Sager Creek formation crops out in

the southeast part of the thesis area (Plate V. It covers an area

of approximately 6 km2. Bedding generally dips to the north

because the thesis area is situated near the nose of the Coast Range

anticline (Wells and Peck, 1961). Approximately 300 meters of the

upper part of the Sager Creek formation are exposed in Cow Creek

(Section 9, T6N R6W), and a highly weathered, possibly thicker

section crops out in the Lousignot Creek drainage (Sections 2, 3, 9,

and 10, T6N R6W) west of Fishhawk Falls Reservoir (Plate V. These

thicknesses compare with a total formational thickness of 1,160

meters estimated from outcrop and well data (Nelson, 1985; Niem and

Niem, 1985; Olbinski, 1983). The formation is thickest near the

Clatsop County-Columbia County line in the area mapped by Olbinski
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(1983) and progressively thins towards the west (Nelson, 1985; Niem

and Niem, 1985).

Areas underlain by the Sager Creek formation are topographically

subdued. Deeply weathered outcrops of the formation tend to form

chippy weathering talus slopes, the freshest outcrops of the forma-

tion are exposed in the stream cuts of Cow Creek (Section 9, T6N R6W).

Lithology

Thin- to very thin- bedded sandstone with interbedded thin- to

very thin-laminated mudstone and siltstone are the characteristic

Sager Creek lithologies in the study area. Typically, the sandstones

are laminated to normally graded, fine- to very fine- grained,

micaceous and arkosic. The thin- to very thin- bedded (0.1- 10 cm)

sandstone beds are commonly light gray (N7) to medium light gray (N6)

when fresh and weather grayish yellow (5Y8/4). Sedimentary

structures in the sandstone beds are primarily parallel laminations

with subordinate climbing ripple laminations typical of Bouma b, c,

and d intervals (Bouma, 1962); however, Bouma a and e intervals also

occur locally (outcrop 10-7-1; Section 9, T6N R6W). The base of each

bed is generally sharp to undulating. They crosscut or truncate

laminations and bedding planes of underlying strata. Subaqueous

scour and fill or thin-bedded channelized sequences which crosscut

pre-existing thin-bedded sandstone and mudstone beds are common in

the Sager Creek formation (Figure 7). These have been called nested

channels in similar late Eocene sequences in the southern Oregon

Coast Range by Dott and Bird (1979).



Figure 7. Outcrop of the Sager Creek formation located in the
southwest quarter of Section 9, T6N R6W. Grayish
yellow fine-grained sandstone is interbedded with
dark bluish gray siltstone and mudstone. Note that
dipping thick sandstone bed in lower part of photo
has been truncated by later channelization of
thinner bedded laminated sandstone and mudstone.
Hammer head is approximately 20 cm in length.
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Locally, thick amalgamated sandstones (up to 9 m in thickness),

occur within the unit to the south in the thesis areas of Nelson

(1985) and Olbinski (1983). These channelized sandstones are thought

to represent feeder channels to the more abundant thin-bedded

overbank turbidite deposits recognized in this thesis area. Olbinski

(1983) documented that the channel axes trend N450W, which projects

the channels into the subsurface of this thesis area.

The thin-bedded feldspathic sandstone commonly fines upward into

(microcross-laminated) carbonaceous and micaceous siltstone and

mudstone up to 10 cm in thickness. Laminations consist of

concentrations of large (up to 5 mm) flakes of mica, carbonized wood

fragments, and shards of devitrified glass. The sand:silt/mud ratio

observed in outcrops in Cow Creek (Section 9, T6N R6W) is

approximately 1:2. The laminated siltstone and mudstone is dark gray

(N3) to medium bluish gray (5B5/1) when fresh, and weather to dark

yellowish orange (10YR6/6) or pale yellowish brown (10YR6/2).

Talus of these outcrops are weathered platy chips and small

lath-shaped fragments. Upon extreme weathering, outcrops of the

Sager Creek formation form light gray to pale orange, banded, gumbo

to mud outcrops.

Fossils

Fossils recovered from the limited outcrop area of the Sager

Creek formation in the thesis area were rare and in general,

poorly preserved. Helminthoida burrows range from rare to common on

bedding planes of the intervening siltstones . However,



40

Helminthoida burrows are not diagnostic of paleoenvironment or age as

they cross both facies boundaries and time-stratigraphic intervals,

but they are most common in offshore to bathyal environments

(Chamberlain, 1982, written communication).

An outcrop in Section 10, T6N R6W contained a pelecypod, Acila

(Truncacila) sp. cf. A. (T.) nehalemensis which was identified by

Moore (1982, written communication) who assigned it to the Keasey

Formation. Acila prefers a cool temperate habitat, does not live

intertidally, and the living species of the genus Acila

castrensis lives at depths between 5 and 200 meters (Moore, 1982,

written communication). Forams collected from this unit include:

Pseudonodosaria infata

Cyclammina pacifica

These species are middle Tertiary in age, probably late Eocene.

They also represent species that are resistant to weathering

(McDougall, 1982, written communication). Nelson (1985) lists more

extensive species of foraminifera from nearby outcrops of Sager Creek

(his Vesper Church) that indicate bathyal depositional depths.

Chamberlain (1982, written communication) tentatively identified an

escape burrow from a turbidite sandstone in this unit; if true, a

high sedimentation rate is indicated.

Additionally, a highly abraded mammalian femur was collected

from the unit (Section 12, T6N R6W). The bone measured 8 cm in

length and appeared similar to femurs belonging to large, modern

terrestrial rodents (tentatively identified by A. Blaustein,

Assistant Professor of Zoology, Oregon State University). The femur

was recovered from a lamination plane buried in the outcrop;
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therefore, it is probably not a modern specimen. The deteriorated

condition of the bone precluded classification past the rodent

level.

Petrography

Two thin sections of Sager Creek sandstone were examined

(outcrop numbers 3 and 294, Plate I). Sample 294 eventually proved

unsatisfactory for modal analysis, but tentatively supported the

conclusions drawn from sample 3. Petrographically, the sandstone

classifies as an arkosic wacke (Figure 8) on Williams, Turner, and

Gilbert's (1954) classification scheme and as a lithic arkose

according to Folk's (1968) classification (Figure 9).

The framework grains range from very fine- to fine-grained sand

and are dominantly quartz (28%), feldspar (11%), and micas (33%).

The clay matrix (16%) is both primary and diagenetic in origin; the

high percentage of matrix classifies the sand as immature. The sand

grains are subangular to subrounded, moderately to well sorted, and

in framework support. These observations support a turbidite mode of

deposition from slumping of upslope sands and muds. Nelson (1985)

and Olbinski (1983) noted similarities between the petrology of the

Sager Creek sandstones and the sandstones of the Cowlitz Formation.

A heavy mineral sample (sample 47) from the Sager Creek

sandstone indicates a mixed provenance for the formation (Appendix

IV). A proximal source for basic igneous minerals is indicated by

the presence of augite and lamprobolite in the assemblage. Van Atta
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(1971) related mafic minerals of the underlying Keasey Formation to

source areas in the Tillamook and Goble highlands.

A high percentage of subrounded zircon in the sample indicates

possible reworking of the underlying Cowlitz sandstone. Olbinski

(1983) and Nelson (1985) suggest the Sager Creek is channelized into

the underlying Keasey and Cowlitz formation. Acid igneous and

metamorphic sources also contributed micaceous and feldspathic

detritus to the basin; the potential source areas for these minerals

were far removed from the basin of deposition. Olbinski (1983) and

Nelson (1985) related the presence of these extrabasinal minerals to

source rocks in the Rocky Mountains and Okanogan highlands, and

invoked a paleo-Columbia River system as a transport mechanism.

Contact Relations

The lower contact of the Sager Creek formation with the

underlying Keasey Formation is not exposed at the surface in the

thesis area. Niem and Niem (1985) cited well data (e.g. Boise

Cascade 11-14, Clatsop County 33-11, and the Watzek and others 30-1)

that suggest that the relationship is unconformable. Subsurface data

also indicate that the Sager Creek formation interfingers to the west

with its lateral equivalent, the Smuggler Cove formation, in the

subsurface of the thesis area (Niem and Niem, 1985).

The contact between the Sager Creek formation and the overlying

Pittsburg Bluff Formation is at the surface within the thesis area,

but is nowhere clearly exposed. The contact is inferred to have a

generally east-west trend through the southeastern part of the thesis
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area (Plate I). The nature of the contact is thought to be

unconformable based on changes in strike and dip observed in the

southern part of the thesis area. Attitudes taken from the Sager

Creek formation in Cow Creek (Section 9, T6N R6W) show that the

turbiditic strata of the Sager Creek dip to the north or northwest in

the range of 18 to 25 degrees. These dips are 8 to 10 degrees

steeper than those of the overlying Pittsburg Bluff Formation.

Although the strata of the two formations can be traced to within one

hundred meters of each other, they are not exposed in the same

outcrop. Therefore, an angular unconformity may be inferred from

these relationships, but cannot be verified from the observed

exposures. In addition, Olbinski (1983) and Nelson (1985) show the

Sager Creek locally has steep dips and anomalous strikes in nested

channel facies.

Age and Correlation

Few age diagnostic fossils were found in the Sager Creek

formation of the thesis area. Foraminifera collected from the area

can be restricted to the late Eocene (McDougall, 1982, written

communication).

A molluscan fossil was collected from the upper part of the

Sager Creek formation in the thesis area. The pelecypod was

identified as Acila nehalemensis, which is considered by Moore

(1982, written communication) to be compatible with a Sager Creek

(Keasey) assignment. Moore (1976) reported A. nehalemensis in the

Keasey type area about 2 meters below the top of the formation.
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Age diagnostic foraminiferal assemblages collected by Nelson

(1985) and Olbinski (1983) indicate that the upper mudstone member is

equivalent to the late Refugian bathyal biofacies of McDougall (1981)

and the California Uvigerina vicksburgensis Zone of Donnelly (1976).

Coccoliths from the unit were identified and placed within the NP

19 - 21 calcareous nannoplankton zone (Dr. David Bukry, written

communication to Olbinski, 1983; Niem and Niem, 1985).

Temporally correlative formations to the Sager Creek formation

include: the upper part of the Eugene Formation, the Bastendorff

Formation of the southern Oregon Coast, and the Lincoln Creek

Formation of Washington.

Depositional Environment

The depositional setting of the Sager Creek formation coupled

with that of the overlying Pittsburg Bluff Formation indicate a late

Refugian deepening, then shallowing upward sequence. Paleoecological

data derived from foraminifers indicate that Sager Creek deposition

occurred at depths up to 2,000 m (upper to middle bathyal) and that

the environment later shallowed to depths of 200 - 600 m (upper

bathyal) during deposition of upper parts of the formation (Vesper

and upper mudstone members of the Keasey Formation, Nelson, 1985;

Martin and others, in Niem and Niem, 1985). The overlying shallow

marine (20 - 200 m) sandstone of the Pittsburg Bluff Formation

complete the late Eocene shallowing trend. The charts of Vail and

Mitchum (1979) indicate that relative sea level was generally rising

over this time period. This regional shallowing, therefore, must be
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attributed either to rapid sediment infilling of the basin and/or to

local tectonic uplift. Sedimentary detritus and rock fragments were

supplied from proximal sedimentary, basic igneous, and distal acid

igneous sources.

Both foraminiferal and molluscan data indicate that the water

temperatures were cool, but not cold; salinities were normal marine

(McDougall, 1982, written communication; Moore, 1982, written

communication). The Sager Creek formation (Vesper member of Keasey

Formation) contains some shallow water benthic forams that were

transported from the neritic zone (McDougall, 1982, written

communication to D. Nelson).

The transported forams and the sedimentary structures of the

formation indicate that sedimentary detritus was being supplied from

shallower water, probably by turbidity currents. The sedimentary

structures observed in the formation are most like Bouma a-e

sequences (e.g., grading, microcross lamination, and parallel

laminations) and are thought to have been deposited by low-density

turbidity currents. The rhythmically bedded sections probably

represent overbank deposits which breeched or overtopped submarine

channel levees. A few channel axes measured by Olbinski (1983)

indicate that transport was from west to northwest. Because of the

proximity of the strata in the thesis area to possible feeder

channels and amalgamated beds in southern Clatsop County reported by

Olbinski (1983), deposition of the facies was probably distal or

outer fan. Alternatively, the nested channel facies associated

with the overlying shallow marine Pittsburg Bluff Formation suggests

that the Sager Creek formation may be a channelized slope facies that
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was a precursor to the prograting deltaic Pittsburg Bluff Formation.

Dott and Bird (1979) reported a similar progradational sequence in

the middle to late Eocene deep marine Elkton Formation and the

overlying deltaic Coaledo Formation of the southwest Oregon Coast

Range.
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The Pittsburg Bluff Formation

Nomenclature

Historically, Diller (1896) first described the strata of the

Pittsburg Bluff Formation as: "a soft gray sandstone that is very

fossiliferous in places." Fossils collected by Diller were dated as

Oligocene by Dall, but later Dall (1909) placed the formation in the

Eocene.

The term "Pittsburg Bluffs" was first informally used by

Hertlein and Crickmay (1925) to describe the bluff-forming sandstones

near Pittsburg, Columbia County, Oregon. Schenck (1928) described

the Pittsburg Bluff as overlying the Keasey "shale" on the basis of

field relationships. Weaver (1937) suggested that the term Pittsburg

Bluff Formation be expanded to apply to the entire 1,220 m thick

middle Oligocene sequence of Columbia County. He placed the type

area between Pittsburg and Mist with the best exposures being located

along the banks of the Nehalem River. He also suggested that the

Pittsburg Bluff fauna is restricted to the Molopophorus gabbi Zone of

the Acila shumardi biozone.

Warren and others (1945) mapped the areal extent of the

Pittsburg Bluff Formation in northwest Oregon, and in 1946, Warren

and Norbisrath described the formations of the upper Nehalem River

basin, which includes the Pittsburg Bluff Formation. They subdivided

the 213 - 260 m thick formation into two parts, a lower massive

marine sandstone and an upper "brackish water" tuffaceous sandstone

and "shale." The lower sandstone consists of "massive, loosely



50

consolidated brown weathering sandstones with pillow-like limestone

concretions." This sandstone correlates stratigraphically,

lithologically, and biostratigraphically with the Pittsburg Bluff

Formation of the thesis area. In contrast, they described the upper

part of the formation as consisting of "firmly compacted, sandy shale

and sandstone with bands of white, fine-textured tuff."

Van Atta (1971) described the petrology of the formation as

characteristically concretionary, clayey, tuffaceous, fine-grained

arkosic to lithic-arkosic sandstones. Kadri (1982), working with

other Master's students at Portland State University, mapped a lower

member of the Pittsburg Bluff Formation approximately six km

southeast of this thesis area in western Columbia County. Kadri's

lower member is correlative to the Sager Creek formation of Niem and

Niem (1985) and this report, and the Vesper Church formation of

Olbinski (1983). Kadri's upper member is correlative to the basal

glauconitic part of the Pittsburg Bluff Formation of this report and

the Pittsburg Bluff Formation (in part) of Niem and Niem (1985)

and Olbinski (1983).

Olbinski (1983) correlated a tuffaceous sequence of thickly- to

thinly-interbedded sandstone, siltstone and mudstone to the upper

part of the Pittsburg Bluff Formation of Warren and Norbisrath

(1946). As both units are upper Eocene, they are temporal and

lithologic correlatives. Niem and Niem (1985) combined the upper and

lower members of Olbinski's (1983) Pittsburg Bluff Formation into a

single undivided formational unit. That terminology is adhered to in

this report.
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Moore (1976) wrote the definitive paper to date on the molluscan

fauna of the Pittsburg Bluff Formation; she described 48 molluscan

species collected from the formation and noted a definite break in the

gastropod faunal assemblages between the lower and upper parts of the

formation. She also estimated the thickness of the formation at not

more than 200 meters and placed its age as Oligocene. With the

revision of the Oregon-Washington time scale by Armentrout (1981),

the Refugian (and possibly Zemorrian) faunas (Moore, 1976) of the

Pittsburg Bluff Formation were ascribed to the late Eocene.

However, later work by Armentrout and Prothero (1985) and data

referred to by Niem and Niem have suggested that the formation

is late Eocene to Oligocene in age. That age assignment is adhered

to in this report.

Distribution

The Pittsburg Bluff Formation crops out in a concentric pattern

that is controlled by the structure of the northern Oregon Coast

Range anticline (Figure 4). The type locality and type section of

the formation are located near the hamlet of Pittsburg on the east

flank of the anticline approximately 25 km southeast of the study

area. Stratal attitudes in the type area generally dip to the east

(Moore, 1976); whereas in the thesis area, strata generally dip to

the north and northwest at 5 - 150 (Plate V. Locally, some

attitudes diverge from the regional pattern due to the effects of

nearby faults. The Pittsburg Bluff Formation crops out in a

well-defined band that trends northeast-southwest through the thesis
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area (Plate I). The formation covers approximately 30 km2 within

the thesis area, mostly in the southeast and south-central parts of

the area (Plate V. In the thesis area, the freshest outcrops of the

formation are located along Greasy Spoon Road, Section 2, T6N R6W;

along the shoreline of Fishhawk Falls Reservoir, Section 1, T6N R6W;

and in the stream cuts along Beneke Creek, Section 11, T6N R7W.

A calculated formational thickness of 280 m was derived via

trigonometric solution from the formation's outcrop extent in the Cow

Creek drainage area (Section 33, T7N R6W, Sections 4 and 9, T6N R6W;

Plate V. A mathematical solution to this problem is necessary because

even the freshest roadcuts and stream banks rarely provide more than 40

meters of continuous exposure. Although the calculation requires major

assumptions related to constancy of dip and the presence of a

stratigraphically continuous section, the calculated figure is verified

by a formational thickess of approximately 275 m obtained by Niem and

Niem (1985) and Olbinski (1983) from local and regional outcrop

patterns. A formational thickness of approximately 60 meters was

drilled in the Boise Cascade 11-14 well located 3 km from the northern

border of the thesis area and approximately 10 km downdip from the

nearest surficial exposures of the formation in the study area. The

wellbore penetrated a late Eocene (Refugian) Pittsburg Bluff sequence

of silty sandstone which contained rare flakes of mica and finely

dispersed carbonaceous material (Martin and others in Niem and Niem,

1985). The decrease in formational thickness between the wellbore

and outcrops of the formation is attributable to downdip pinchout of

the formation. The formation also pinches out to the west and

southwest into the deep-water mudstone of the Smuggler Cove formation
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as shown by surficial mapping and subsurface well control (Nelson,

1985; Peterson, 1984; Rarey, 1986; Niem and Niem, 1985). Within the

thesis area, the formation thickens towards the eastern part of the

area in the vicinity of the Clatsop County-Columbia County line.

Areas underlain by the Pittsburg Bluff Formation generally show

pronounced relief (ridge-forming topography) relative to the less

resistant mudstones of the underlying Sager Creek and overlying

Northrup Creek formations, hence the applicability of the term "bluff"

to the formational name. The cliffs and ridges near the northern and

northwestern shorelines of Fishhawk Falls Reservoir present a well

exposed and easily accessible example of the pronounced relief and

slope stability that these sandstones maintain when undercut by streams

(in this case by Fishhawk Creek). Relatively resistant, well-cemented

quartz and feldspar grains in framework support and the patchy

occurrence of interstitial limonite, clay and carbonate cements are

thought to contribute to the increased resistance to weathering and

erosion displayed by these sandstones.

Lithology and Sedimentary Structures

Generally speaking, the Pittsburg Bluff Formation (Tpb) in the

thesis area is a thick (280 m) sequence of silty, fine-grained,

arkosic sandstone with subordinate beds of glauconitic and tuffaceous

sandstone. As such, the Pittsburg Bluff Formation of the thesis area

is lithologically correlative with the 152-meter thick basal part of

the Pittsburg Bluff Formation of Warren and Norbisrath (1946). They

described this part of the formation as "thick, structureless,
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massive, loosely consolidated, brown weathering, medium-grained,

micaceous, concretionary sandstone and gray, fine-grained fossil-

iferous sandstone with calcareous beds."

In the thesis area, the unit typically consists of very thick-

bedded to bioturbated, very fine-grained, fossiliferous

shallow-marine sandstone with rare interbedded medium-bedded

siltstone and mudstone. It is medium bluish gray (5 B 5/1) when

fresh, but weathers to medium light gray (N7) and eventually to

moderate brown (5 YR 4/4) or grayish orange (10 YR 4/4). Richly

fossiliferous, discontinuous lenses of ferroan dolomite or ferroan

calcite (determined by carbonate staining) occur in the formation.

They are present as prominent, resistant ellipsoidal masses up to 0.5

meters in length that are oriented subparallel to bedding (Figure

10), or as spherical concretions up to 10 cm in diameter.

The lower part of the formation, exposed in the Fishhawk Falls

Reservoir area and the Lousignot Creek drainage area (Plate I), is

characterized by very thick-bedded, glauconitic and tuffaceous, very

fine- to fine-grained sandstone interbedded with thick, sandy

siltstone and silty mudstone. Glauconite comprises up to 67% of

these strata (Appendix II). In the stream and roadcuts along the

northern and northwestern shores of Fishhawk Falls Reservoir (Section

1, T6N R6W), thick-bedded glauconitic and tuffaceous mudstone, sandy

siltstone, and sandstone contain well-rounded very coarse-grained

sand-sized to granule-sized glauconitic pellets which are often

concentrated in vertical to horizontal infaunal burrows (identified

as backfilled structures and spreiten structures by Chamberlain,

1982, written communication). The burrows also contain well-rounded
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Figure 10. Outcrop of the slightly glauconitic, arkosic very
fine-grained sandstone of the Pittsburg Bluff
Formation. Roadcut exposure along Greasy Spoon Road in
Section 2, T6N R6W. Note thick, structureless
character of sandstone, interbedded darker colored 0.5
m thick siltstone, and prominent resistant calcareous
concretions oriented subparallel to bedding. A minor
normal fault (displacement 0.25 m) can be observed in
the center of the photo, where it displaces the darker
colored siltstone bed. The fault zone is partly
obscured by leaves. Cute, athletic spouse is 1.7 m in
height.
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clasts of mudstone and siltstone in a clay matrix that is lighter in

color and presumably more tuffaceous than the surrounding strata.

The highly glauconitic beds show increased resistance to weathering

and erosion typified by near vertical road and cliff exposures. This

consolidation is partly attributable to the presence of limonite

cement altering from the iron-rich glauconite and is evidenced by

limonitic staining of outcrop faces. The strata along Fishhawk Falls

Reservoir are richly fossiliferous; however, near-surface weathering

processes have leached much of the original carbonate from the

molluscan fossils, leaving external molds.

Higher in the section, exposures of thick, bioturbated, glaucon-

itic and tuffaceous, fine-grained, arkosic sandstone with subordinate

siltstone and mudstone are exposed in roadeuts and streamcuts along

Greasy Spoon Road (Section 2, T6N R6W), along Northrup Road and

Northrup Creek (Sections 4 and 9, T6N R6W) and in Beneke Creek

(Section 11, T7N R6W). Sandstone characteristically dominates the

section (estimated at over 90%); the interbedded tuffaceous siltstone

and mudstone are generally less than 1 m in thickness (Figure 10).

These sandstones contain less than 10% glauconite and also contain

less interbedded tuffaceous material than the lower part of the

section. Carbonized plant and woody debris are locally abundant on

bedding planes and lamination planes, especially in the interbedded

siltstone and mudstone. A carbonized tree limb 1.5 m in length was

collected near outcrop number 64 in Section 2, T6N R6W (Plate V.

Randomly oriented, extremely well preserved, disarticulated molluscan

valves and shells (such as Perse pittsburgensis, and Pitar dalli)

along with abraded shell fragments, were collected from fossil hash
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zones and concretions in the formation. The fossil hash zones are

interpreted as storm lag deposits. Some of the fossil shell material

retains its original coloration and shiny nacreous shell layer.

This part of the formation also contains Solen sp. pelecypods in

growth position (Moore, 1982, written communication) a phenomenon

that is rare in the Pittsburg Bluff faunas (Moore, 1976).

The uppermost part of the section is finer-grained, more

tuffaceous, and less fossiliferous than the concretionary, glaucon-

itic sandstone that underlies it. The upper part of the Pittsburg

Bluff Formation along Greasy Spoon Road (NE 1/4 of the NW 1/4,

Section 3, T6N R6W) consists of thin- to medium-bedded, highly

carbonaceous siltstone and claystone interbedded with thin,

continuous, parallel, and even beds of tuffaceous material. The

laminated carbonaceous mudstone layers are typically grayish black

(N2) when fresh and commonly contain dispersed, lighter colored

siltstone containing faint microcross-laminations which are

highlighted by interspersed mica, carbonized plant detritus, and

tuffaceous material. The interbedded tuffaceous layers are typically

light gray (N7) in color and homogeneous in character. Exposures

show sharp, parallel, even and continuous bedding across the face of

the outcrop indicating rapid sedimentation punctuated by frequent

ashfall deposits.

Overall, however, sedimentary structures in the formation are

rarely present due to the high rate of bioturbation. Occasionally,

faint planar, discontinuous, subparallel laminae highlighted by

carbonaceous detritus are observed at restricted locales.

Accumulations of grit are present near the base of the formation on
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the north shore of Fishhawk Reservoir (Section 1, T6N R6W). either as

thin beds or as backfilled infaunal burrows.

Petrography and Provenance

Four samples from the Pittsburg Bluff Formation were examined

petrographically (8, 59, 64, 435; Appendix II). Sample numbers 8 and

59 are from the lower part of the formation; their composition is

dominated by well rounded medium-grained to granule sized glauconite

grains. Thin section analysis indicates the percentage of glauconite

in the two samples at 67% and 33%, respectively. Quantitatively,

clay matrix was the second most important component followed by

quartz/feldspar, sedimentary/volcanic rock fragments, and opaques/

limonite.

Sample numbers 64 and 435 were collected from the upper arkosic

part of the formation and consequently, display somewhat different

composition. Glauconite is a less important constituent (ave. 7%),

feldspar and quartz are more important (ave. 30% and 14% respectively).

Micas are also more important (ave 4%), as is cement (8%), but matrix

remains constant at about 25% (Appendix IV).

Petrographically, the arkosic sandstone of the formation is very

fine- to fine-grained, poorly sorted, and subangular although a few

grains are subrounded (Figure 11). Clay matrix content classifies

these sandstones as wackes which is in part due to the in-situ

diagenetic disintegration of unstable rock fragments and in part to

thorough bioturbation of sand, silt and mud layers during deposition.

On Williams, Turner, and Gilbert's (1954) ternary classification
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Figure 11. Photomicrograph of a very fine-grained slightly
micaceous glauconitic arkosic sandstone of the
Pittsburg Bluff Formation. Note sub-angular nature of
quartz and feldspar grains in a clay rich matrix.
Horizontal field of view is 1.04 mm. Uncrossed
polars.
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diagram, the sandstones plot as arkosic wackes or lithic wackes (Figure

8); on Folk's (1968) ternary diagram (Figure 9) they plot as arkoses

with one feldspathic litharenite (sample 53) which represents a

glauconitic sandstone enriched in sedimentary and volcanic rock

fragments. These samples are compositionally immature due to

inclusion of rock fragments, and texturally immature due to the amount

of matrix. An extensive study of the petrography of the Pittsburg

Bluff Formation by Van Atta (1971) indicates that the composition of

the formation is largely arkosic and tuffaceous sandstone.

Four heavy mineral samples from the Pittsburg Bluff Formation

suggest a western Cascades source for the mafic minerals of the unit,

as indicated by an abundance of hornblende (Appendix IV). Both brown

and green hornblende are common in the samples. There are a number

of potential sources for the hornblende: the Little Butte Volcanics

of the western Oregon Cascades, the Ohanapecosh Formation of the

western Washington Cascades (Hammond, 1979), or the Eocene Clarno

Formation of central Oregon (Oles and Enlows, 1971). The source of

the large component of chloritic clay debris in the samples is

probably due to alteration of mafic minerals and volcanic rock

fragments.

An acidic to intermediate plutonic source is indicated by zircon,

rutile, and apatite in the heavy mineral assemblage (Appendix IV).

This may indicate erosion and transport of source material from the

western Cascades or the andesitic tuffs of the Clarno Formation of

eastern Oregon (Oles and Enlows, 1971; Murphy, 1981; Van Atta, 1971).

A minor metamorphic component is indicated by staurolite and

sillimanite in the samples. The metamorphic and acid igneous minerals
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may have been derived from erosion of northern Rocky Mountain source

rocks (e. g., Okanogan highland of northeastern Washington, Idaho

Batholith) with subsequent transport of those sediments through a

paleo-Columbia River drainage system (Van Atta, 1971).

Fossils

Within the thesis area, only the glauconitic and arkosic

sandstone units of the Pittsburg Bluff Formation are fossiliferous.

No diagnostic fossils were collected from the upper tuffaceous part

of the formation. Paleontologically, the richly fossiliferous parts

of the formation contain the following pelecypod species (see also

Appendix I and Plate I):

Acila shumardi (Dall)
Callista pittsburgensis Dall
Cochlodesma bainbridgensis Clark
Crenella porterensis Weaver
Litorhadia washingtonensis (Weaver)
Lucinoma columbiana (Clark and Arnold)
Nemocardium lorenzanum (Arnold)
Pitar dalli (Weaver)
Spisula pittsburgensis Clark
Tellina pittsburgensis Clark

Additionally, species tentatively belonging to the genera

Cyclocardia, Delectopecten, Macoma, Solen, and Thracia were

identified (Moore, 1982, written communication). Gastropod species

collected from the formation include:

Eosiphonalia oregonensis (Dall)
Perse pittsburgensis Durham
Priscofusus chehalisensis (Weaver)
Priscofusus stewarti (Tegland)

Additionally, gastropods tentatively identified to the generic

level include: Calyptraea, Molopophorus, Scaphander (Moore, 1982,
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written communication).

A scaphopod species, Dentalium laneensis Hickman, was also

identified (Moore, 1982, written communication).

Foraminifera from the formation identified by McDougall (1982,

written communication) include:

Cyclammina pacifica
Elphidium californicum
Quinqueloculina imperalis

Ichnofossils from the formation identified by C. K. Chamberlain

(1982, written communication) include:

Asterosoma - Teichichnus
Helminthoida
Ophiomorpha - Halymenites
Planolites
Thalassinoides
backfilled structures
spreiten structure

Contact Relations

The contact between the Pittsburg Bluff Formation and the

underlying Keasey Formation was described by Warren and Norbisrath

(1946) as a slight angular unconformity from exposures in the Oak Ranch

Creek area in nearby Columbia County. However, Moore (1976) described

the contact as conformable. Olbinski (1983) introduced a lateral

correlative of the Keasey Formation, which he mapped as the Vesper

formation (herein referred to as the Sager Creek formation).

Olbinski described this contact as conformable and gradational based

on outcrops along Beneke Road (Section 17, T6N R7W). With the recent

addition of the Sager Creek and Smuggler Cove formations to the

stratigraphy of northwest Oregon by Niem and Niem (1985), the basal
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contact relations of the Pittsburg Bluff Formation have become more

complex.

The Sager Creek formation consists of channelized turbidite slope

strata deposited on an erosional surface on the bathyal hemipelagic

mudstone of the Keasey Formation (Olbinski, 1983; Niem and Niem,

1985). The lateral correlative of the Sager Creek, Pittburg Bluff and

Northrup Creek formations is the hemipelagic Smuggler Cove formation

(Niem and Niem, 1985). As such, the Pittsburg Bluff overlies both the

turbidite facies of the Sager Creek formation and the hemipelagic

tuffaceous facies of the lower Smuggler Cove formation (Niem and Niem,

1985). The Pittsburg Bluff represents a marine offlap sequence with

shallow marine strata overlying deep water strata of the underlying

formations. Given these circumstances, it is unlikely that subaerial

erosion or exposure would have occurred in the time interval between

Sager Creek-Smuggler Cove deposition and Pittsburg Bluff deposition.

However,'a submarine hiatus or submarine erosion could have preceded

deposition of Pittsburg Bluff sediments. Outcrops in the Cow Creek

area (Section 9, T6N R6W) indicate that the Sager Creek formation has a

slightly steeper local dip (approximately 220 as opposed to 5 to

150 for the Pittsburg Bluff Formation). This relationship suggests

the presence of an angular unconformity, but this hypothesis cannot be

verified from surficial exposures in the thesis area as the contact is

nowhere clearly exposed. Niem and Niem (1985) and Martin and others

(1985) in Niem and Niem (1985) depict the relationship as unconformable

based on subsurface well data and regional mapping.

Given the possible time break between deposition of the shallow

marine upper Eocene to Oligocene Pittsburg Bluff Formation and the
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overlying Oligocene (?) to early Miocene Northrup Creek formation, a

regional unconformity is possible at this contact as well (see

further discussion in Northrup Creek section). Attitudes taken from

the upper part of the Pittsburg Bluff Formation are 7 to 100

steeper than those measured from the overlying Northrup Creek

formation (Plate I, Sections 26 and 34, T7N R6W) and may indicate a

slight angular unconformity (see also, Age and Correlation section).

Age and Correlation

Previous workers have placed deposition of the Pittsburg Bluff

Formation in significantly different ages (Moore, 1976). The

concensus now appears to be that the formation is dominantly Refugian

in age with the last age of deposition being less certain due to the

lack of fossils in the upper part of the formation. Moore (1976)

depicts the uppermost Pittsburg Bluff depostion as preceding the end

of the Refugian or lowermost Zemorrian, but McDougall (1980) depicts

the formation as continuing into the lower Zemorrian. Moore (1976)

places the Refugian almost entirely in the Oligocene. However, based

upon worldwide correlations, Armentrout (1981) recently placed the

Refugian in the latest Eocene, but Armentrout and Prothero (1985)

placed the Refugian in both late Eocene and Oligocene. The large

number of molluscan faunas (38) collected from outcrops of the

Pittsburg Bluff Formation in the thesis area are typical of the

Galvinian stage (Moore, 1982, written communication).

In terms of biostratigraphic correlation to the type section, a

comparison with Moore's (1976) molluscan fauna list reveals that two
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species, Crenella porterensis and Priscofusus stewarti, a pelecypod

and a gastropod respectively, were described only in the lowest 100

meters of the type section. These species were also identified by

Moore (1982, written communication) in Pittsburg Bluff faunas

collected from the thesis area in the Beneke Creek area, Section 11,

T6N R7W, in an area that is probably in the lowest 100 meters of the

formation (Appendix I, Plate I). Several molluscan species that are

typical of the entire Pittsburg Bluff Formation (Moore, 1976) were

also identified in the collected faunas: Eosiphonalia oregonensis

and Perse pittsburgensis. The presence of these species further

supports a biostratigraphic correlation between the basal part of the

formation as described by Warren and Norbisrath (1946) and Moore

(1976) in the type area and sedimentary strata mappped as the

Pittsburg Bluff Formation in the thesis area.

The Pittsburg Bluff of the thesis area is lithologically,

stratigraphically, and biostratigraphicallly (Moore, 1982, written

communication) correlative to the basal member (Warren and

Norbisrath, 1946) of the formation at the type section at Pittsburg,

20 km to the southeast in Columbia County. The formation can be

mapped continuously from the thesis area to the type section in

Columbia County (A. Niem, 1987, written communication). The upper

member of Warren and Norbisrath (1946) is lithologically and

stratigraphically similar to the upper part of the Pittsburg Bluff

Formation of the thesis area. However, none of the species Moore

(1976) described as characteristic of the upper part of the formation

in the type area were collected from the Pittsburg Bluff Formation of

the thesis area. Therefore, the Pittsburg Bluff Formation has been
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mapped as an undifferentiated formational unit within the thesis

area.

The Pittsburg Bluff Formation is correlative to the Eugene

Formation (in part) of western Oregon and the Alsea Formation of the

Newport, Oregon area (Snavely and others, 1980). It is also

correlative to the lower part of the Little Butte Volcanics of the

Oregon Cascades, and the Tunnel Point sandstone of the Coos Bay,

Oregon area (Armentrout and others, 1983).

Depositional Environment

The overall trend of shallowing depositional environments that

began during deposition of the bathyal Sager Creek formation

continued into the depositional time-frame of the shallow-marine

Pittsburg Bluff Formation. Molluscan faunas and regional mapping

indicate the overall depositional environment of the Pittsburg Bluff

was an open-marine, shallow shelf which possibly shallowed to a

normal salinity, protected bay or shelf with a relatively flat

substrate composed of both sand and mud (Moore, 1982, written

communication). The basal strata of the formation in the thesis

area, thick beds of glauconitic sandstone, were deposited at depths

ranging from 50 to 100 meters, in water with an Eh that was neither

strongly oxidizing or reducing (Selley, 1976). Similar glauconitic

sands are found on the present day outer continental shelf off Oregon

and California (Kulm and others, 1975). Shallowing of the

depositional environment continued after deposition of the outer

shelf glauconite beds because strata higher in the section contain
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molluscan fossils typical of water depths which range from 20 to 50

meters (i.e., shallow protected bay or shallow-marine middle shelf;

Moore, 1982, written communication). Bioturbated, structureless

fine-grained silty sands are common on the present day middle

continental shelf off Oregon (Kulm and others, 1975). Water depths

associated with microfossils obtained from the Diamond Shamrock Boise

Cascade 11-14 well (Section 14, T7N R7W) and identified by McKeel

(in Niem and Niem, 1985) indicate that deposition of the Pittsburg

Bluff occured in upper to middle bathyal water depths at the well

location. The well is located approximately 10 km basinward from

shallower water correlatives of the formation in the thesis area,

thus documenting the relationship between shelf and slope

depositional environments.

Intermittent, high-energy depositional pulses, probably related

to storms, are indicated by abraded fossil hash zones. Microfossil

and molluscan faunas indicate temperatures were probably cool, but

warmer than present day (Moore, 1976; McDougall, 1982, written

communication). The ichnofauna collected in the thesis area indicate

that shallow water fodichnia dominate the ichnofossil assemblage (C.

K. Chamberlain, 1982, written communication). Thalassinoides and

Asterosoma range from intertidal to abyssal water depths, but are

common in the nearshore. Ophiomorpha has a similar occurrence but

classic forms typify beaches. Near the top of the formation Solen

sp. pelecypods in life position and a lack of primary sedimentary

structures indicate that bioturbation was extensive during this time

and that sedimentation rates were slow and below wave base most of

the time.
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The fine-grained, laminated, carbonaceous, muddy siltstones and

mudstones of the uppermost part of the formation indicate a deepening

of the environment of deposition. The fine-grain sizes, continuous

bedding, relative lack of bioturbation, and the interbedded tuffs

suggest that deposition occurred in a quiet water, deep-marine

environment proximal to calc-alkaline volcanic centers.
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The Northrup Creek Formation

Nomenclature

Strata ascribed to the Northrup Creek formation were only

recently recognized as a separate formation (Niem and Niem, 1985).

Previously, these strata were called the Oligocene to early Miocene

upper sandstone member of the informal Oswald West formation

(Coryell, 1978), and the early to middle Miocene lower Silver Point

member (informal) of the Astoria Formation (Nelson, 1985; Peterson,

1984; Cooper, 1981). With the recent revision of the stratigraphy of

northwest Oregon, these strata were combined into a single formation.

This reassignment is based on age, field mapping, and subsurface

data. The new unit has been defined as the Northrup Creek formation;

thus previous terminologies have been abandoned (Niem and Niem,

1985). The formation was defined by Niem and Niem (1985) as a

500-meter thick sequence of Oligocene to lower Miocene strata

dominantly composed of well-bedded, carbonaceous and micaceous,

laminated mudstone and subordinate, thin, fine- to very fine-grained,

feldspathic sandstone.

Coryell (1978) mapped a sequence of thin- to thick-bedded,

structureless, burrowed, tuffaceous, olive-gray shelf siltstone and

silty mudstone with subordinate, structureless, silty, arkosic

sandstone in the Big Creek area of northern Clatsop County as the

informal Oswald West formation (now Smuggler Cove formation). Later

mapping by Niem and Niem (1985) ascribed part of the unit, an arkosic

sandy interval that is present at the top of the unit in the Boise
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Cascade 11-14 well and outcrops in the upper Big Creek drainage

(Sections 23 and 24, T7N R7W), to the upper arkosic sandstone subunit

in the Northrup Creek formation.

Nelson (1985), Peterson (1984), and Cooper (1981) mapped strata

now ascribed to the Northrup Creek formation as the early to middle

Miocene lower Silver Point member (informal) of the Astoria

Formation. Nelson (1985) described the unit as 365 m thick and

composed of deep-marine, laminated to thin-bedded, very fine-grained,

micaceous arkosic sandstone, siltstone and mudstone. With revision of

the stratigraphy of northwestern Oregon, the Northrup Creek formation

(informal) supercedes Coryell's (1978) informal usage of Oswald West

formation, and all of Peterson's (1984), Cooper's (1981) and Nelson's

(1985) usage of the lower Silver Point member of the Astoria

formation (Niem and Niem, 1985).

The formation was named from exposures located along the banks

and in the bed of Northrup Creek in the thesis area (Section 5, T6N

R6W; and Sections 28, 29, and 32, T7N R7W). In the study area, the

formation consists of approximately 1,000 meters of well laminated,

micaceous and carbonaceous, light to dark gray (N7 to N3) and some

olive gray (5 Y 4/1) mudstone. The mudstone is interstratified with

abundant laminae to thin- to medium-thick beds (up to 6 cm thick) of

feldspathic, very fine- to fine-grained, silty sandstone. The

sandstones are commonly graded, contain microcross laminations and

laminations, and are highly micaceous and carbonaceous. The unit

typically contains large concretions. Minor light gray (N7)

interbedded tuffaceous layers up to 1.5 m thick are present in the

upper parts of the section as are thick-bedded, well sorted, fine- to
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medium-grained arkosic concretionary sandstones. These thick bedded,

mollusk-bearing sandstones contain some thin- to thick- interbeds of

tuffaceous mudstone, siltstone, and polymict pebble conglomerate.

Calcareous concretions in this sandstone are up to 0.7 meters in

diameter.

Distribution

The Northrup Creek formation is exposed in the east-central,

west- central, and south-central parts of the thesis area and crops

out over an area of approximately 55 km2 (Plate V. The

large-scale curvilinear outcrop pattern is restricted to the west

flank of the northern Oregon Coast Range anticline (Plate I; see also

Niem and Niem, 1985 ). In the thesis area, formational dips are

generally northwestward; the majority of observed strata dip north to

northwest at 5 to 20° (Plate I). In the thesis area, local

variations from regional patterns are generally related to faulting

or proximity to basalt intrusions. Specifically, several

right-lateral northwest-trending faults are associated with dip

reversals in the Northrup Creek area, most notably in the center of

Section 7, T6N R6W; the SW 1/4 of Section 5, T6N R6W; and the eastern

1/2 of Section 32, T7N R6W (Plate I). Also, Northrup Creek strata

beneath a Grande Ronde sill (low MgO high Ti02 flow #2 correlative)

in Section 7, T6N R7W dip steeply (approximately 20°) to the west,

whereas strata that overlie the same intrusion dip to the north at
0about 20
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Based on outcrop patterns, the Northrup Creek formation is

thickest at the western boundary of the thesis area where it projects

downdip into the area mapped by Peterson (1984). Determination of

the thickness of the unit in the western part of the thesis area is

complicated by the presence of several faults of unknown displacement

and by juxtaposition of fault blocks with divergent internal

structural attitudes (Plate V. However, a relatively unfaulted

section of Northrup Creek strata is exposed on the southeastern side

of Elk Mountain (Sections 4, 8, and 9, T6N R7W). That section has a

calculated thickness of at least 750 meters. This thickness is

assumed to be less than the true formational thickness because the

unit is bounded near the lower contact by faulting and the upper

contact by an erosional unconformity. Nevertheless, these exposures

represent the thickest known unfaulted section of Northrup Creek

formation in the area. Somewhat tenuous estimates of the amount of

erosion that has occurred at the upper boundary of the formation and

of the unexposed thickness at the base of the unit adds another 250

meters to the formational thickness. Thus, the thickest known

stratigraphic section of the formation is estimated to be 1,000

meters. Niem and Niem (1985) depict a formational thickness of

approximately 2600 feet (800 m) in the Boise Cascade 11-14 well in

northern Clatsop County (Section 14, T7N R7W). The well is

positioned about 2 km downdip from outcrops of the formation in the

upper Big Creek drainage (Niem and Niem, 1985) and approximately 5 km

downdip from the broad outcrop band that trends through the center of

the thesis area (Plate V. In the eastern part of the thesis area,

just south of Porter Ridge in Section 26 T7N R6W, the formation thins
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to approximately 100 meters. Much of this thinning is attributed to

the depositional configuration of the basin rather than to erosional

thinning; the depositional basin is thought to have shallowed toward

the east, a configuration which resulted in areas of sedimentary

bypass and non-depostion in what is now the eastern part of the

thesis area.

The thick upper sandstone unit of the Northrup Creek formation

consists of distinctively coarser grained material (fine- to coarse

grained arkosic sandstone with rare grit beds) is present near the

stratigraphic top of the formation and can be mapped across the

eastern, central and western parts of the thesis area (Plate I). The

unit provides a convenient marker bed within the stratigraphy of the

Northrup Creek formation. This marker horizon is also present near

the top of the formation in subsurface samples retrieved from the

Boise Cascade 11-14 well (Niem and Niem, 1985).

Exposures of the Northrup Creek formation are discontinuous and

poorly resistant to erosion. On topographic maps, the tortuosity of

contours indicates that areas underlain by the mudstone-rich

formation show less resistance to headward eroding streams than the

underlying thick-bedded, bluff forming sandstones of the Pittsburg

Bluff Formation. "Fresh" outcrops of the unit display blocky or

spherical (Liesegang rings) weathering patterns. However, the

even-bedded or laminated appearance of the unit can usually be seen

even in the most weathered exposures.

The weakly resistant Northrup Creek formation is well exposed

locally throughout the thesis area, where good exposures are

generally related to stream cutting, slumping, and man-made (road
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building) processes. Some of the best exposures are protected or

supported by more resistant rocks (e.g., strata baked and overlain by

Grande Ronde sills in the western part of the thesis area - quarries

and roadcuts in Sections 6, 7, 8, and 9, T6N R7W; strata overlain by

the subaqueous Grande Ronde pillow palagonite and breccia complexes

of Elk Mountain - roadcuts in Section 32, T7N R7W and Sections 4 and

5, T6N R7W; and strata baked and supported by Grande Ronde and

Frenchman Springs dikes - roadcuts and streamcuts, particularly along

Northrup Creek in Section 9, T6N R6W, Section 3, T7N R6W, Sections 2

and 11, T6N R7W). Overlying subaerial flows of the Grande Ronde and

Frenchman Springs Basalts have also protected the Northrup Creek

formation in the eastern part of the thesis area where a steep,

currently unused, logging road in the northern 1/2 of Section 26, T7N

R6W transects the formation perpendicular to strike, and exposes a

nearly continuous stratigraphic section. Other roadcuts in the

thesis area also show fresh outcrops of the formation, especially

where the logging roads were cut deeply into the slopes of fluvial

valleys in an attempt to avoid slope stability problems that are

associated with the formation (e.g., Northrup Creek Road, which

parallels Northrup Creek in the east central part of thesis area; and

the Beneke Road, which parallels Walker Creek in the central part of

thesis area).

Lithology, Sedimentary Structures, and Provenance

The Northrup Creek formation is predominantly composed of dark

bluish-gray (5 B 3/1), dark gray (N3), and light gray (N7), thinly-
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laminated mudstone interbedded with thin, even light gray (N7) to

very light gray (N8), very fine-grained, arkosic sandstone (Figure 12).

The formation weathers to shades of very pale orange (10 YR 8/2) or

dark yellowish orange (10 YR 6/6), and disintegrates upon weathering

to chippy or platey fragments.

Typically, the mudstone beds, which are quantitatively more

important than the interbedded sandstone, are finely parallel-

laminated. The laminae are defined by abraded dusky brown (5 YR 2/2)

to black (N1) carbonaceous debris that consists of fragments

generally less than one cm in length and by micas that are 1-4 mm in

diameter. The bulk of the rock is composed of clay minerals and

minor silt-size grains of quartz, feldspar and mica. Impressions of

fragmented deciduous leaves are abundant on laminae planes at an

outcrop near the intersection between the Northrup Creek dike and

Greasy Spoon Road (Section 3, T6N R6W).

A thick section of the typical arkosic tuffaceous turbiditic

deposits characteristic of the formation is located on Greasy Spoon

Road. Multiple Bouma sequences (a-e) and graded bedding are exposed

at outcrop 75 (SE 1/4, Section 34, T7N R6W; Figure 13). Laminae

within the sequence are highlighted by 2 - 3 mm micas and carbonized

plant detritus. The sandstones show sharp basal contacts and

gradational upper contacts. Laminae and bed thicknesses ranging from

1 mm to 5 cm are common (Figure 14); although thicker, lenticular,

arkosic sandstone beds up to 1 m do occur.

These turbidite sequences are overlain by an additional

lithotype in the Greasy Spoon Road section, a thick section of

thin-bedded sandstone, siltstone, and mudstone. Several flame
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Figure 12. Outcrop of the Northrup Creek formation. Note thick
arkosic sandstone units of turbiditic origin. Geology
hammer is resting on a peperite dike sourced from the
nearby Beneke dike.



Figure 13. Example of Bouma sequence in the thinly laminated
sandstone of the Northrup Creek formation. Climbing
ripple laminations (interval c) indicate that flow
was towards the southwest. Hammer is approximately
0.3 meters in length.
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Figure 14. Planar, even, continuous, parallel laminations in
Northrup Creek siltstone. Compass is resting on a
lamina of micaceous, tuffaceous, arkosic very fine
grained sandstone.
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structures and foreset directions were measured from this lithotype;

the mean paleocurrent direction was N50°W, although data were

insufficient to justify a Rose diagram. Several clastic dikes were

also noted in this part of the section (Figure 12). In some areas,

the interbedded sandstone is absent from the unit. An example of

this lithotype is exposed in the upper reaches of Beneke Creek,

approximately 1 km north of the Music logging road in the NE1/4 of

Section 11, T6N R7W. In this area, the formation is best

characterized as a sequence of thinly-bedded dark gray (N3)

carbonaceous, tuffaceous, sandy mudstone interlaminated with light

gray (N7) 2 mm thick microcross-laminations of fine-grained sand

sized quartz and feldspar, silt, mica, and carbonized wood (Figure

15).

Typically, the interbedded turbidite sandstones are very

fine-grained, subangular, moderately sorted, and arkosic. Normally

graded bedding is apparent both in outcrop and thin sections. Grain

sizes range from very fine-grained sandstone (at the base of the bed)

through silt to a silt/clay mixture. A high degree of textural

immaturity is indicated by the abundance of clay matrix (approximately

15%), and by the lack of roundness of the sand grains.

Compositionally, the sandstones are arkosic wackes in Williams,

Turner and Gilbert's (1954) classification (Figure 8), and arkoses or

lithic arkoses in Folk's (1968) classification (Figure 9). Some of

the sandstones are rich (5.0 to 22.5%) in glass shards and carbon-

aceous material (up to 28.0%; Figure 16). The high percentages of

these components indicate that the strata of the Northrup Creek

formation are compositionally immature.



Figure 15. Microcross-laminations in Northrup Creek graded

sandstones. Darker colored fine-grained laminae are
defined by abraded carbonaceous material and micas.
Hammer head is approximately 20 cm in length.
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Figure 16. Photomicrograph of dirty, micaceous, very fine-
grained arkosic turbidite sandstone of the Northrup
Creek formation. Note angularity of glass shards,
large component of carbonized plant material and clay
matrix which appears brown to black in photo. Field
of view is 1.04 mm. Uncrossed polars.
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Geochemistry of relatively "fresh" mudstone samples indicates

that the unit contains an abundance of carbonaceous material. Total

organic carbon values range from 0.8 to 2.3%; hydrocarbon generation

potential ranges from fair to very good (Terry Mitchell, 1982,

written communication). The vitrinite reflectance values ranged from

0.43 to 0.44 (i.e., thermally immature) and were obtained from mixed

kerogen material (i.e., non-marine terrestrial woody and marine

organic; Appendix V).

The heavy mineral assemblage indicates that the predominant source

was an intermediate to basic igneous terrane (Appendix IV). Micas

(biotite and muscovite) and iron oxides dominate the observed

assemblage (sample 382, NW 1/4 of Section 8, T6N R7W). Amphiboles

(green hornblende) were quantitatively less important. An acid

igneous source is indicated by the presence of recycled zircon

in the sample.

The Upper Sandstone Unit of the Northrup Creek Formation

The upper sandstone unit of the Northrup Creek formation is

thickest in the eastern part of the thesis area where it crops out as

thick-bedded, well sorted, fine- to coarse-grained arkosic sandstone

with subordinate mudstone, siltstone, and thin polymict grit beds.

The unit forms topographically subdued exposures that overlie the

predominantly turbidite sandstone and mudstone deposits of the lower,

thinner-bedded part of the formation. In outcrop, the upper

sandstone of the Northrup Creek formation is highly friable and a

geologic hammer can be easily embedded into the formation. Locally,
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the friability has been reduced by scattered, large, 0.3 - 2 m

diameter calcareous concretions that are characteristic of the unit.

The thickest continuous exposures are approximately 20 m in

thickness; however, the unit is thought to be over 100 meters thick

in Sections 15 and 22, T7N R6W. In the Boise Cascade 11-14 well, the

unit is 350 feet (110 m) thick and caps the formational section (Niem

and Niem, 1985).

The thinly-laminated to thickly-bedded sandstone, siltstone, and

grit beds of the Northrup Creek sandstone are variably iron stained

in outcrop which results in elaborate swirled patterns of iron oxides

(Leisegang rings). Fresh exposures are medium gray (N5) to light

olive gray (5 Y 6/1) in color; weathered outcrops are yellowish-gray

(5 Y 7/2) to dark yellowish-orange (10 YR 6/6). Exposures tend to

form chippy to sandy talus slopes (Figure 17).

The upper sandstone of the Northrup Creek formation in the

thesis area is typified by individual beds of well-sorted, very fine-

to coarse-grained, subangular to subrounded, micaceous, lithic and

arkosic sandstone. Lithologically, the sandstones are feldspathic

litharenites in Folk's (1968) classification (Figure 9) and lithic

wackes in Williams, Turner, and Gilbert's (1954) classification

(Figure 8). Petrographically, the sandstone examined from this part

of the unit (sample 78, NE 1/4 of Section 34, T7N R6W) consists of

approximately 30% quartz, 15% feldspar, and 15% rock fragments

(sedimentary, plutonic, volcanic, and metamorphic in decreasing order

of importance), 15% clay matrix, and 8% muscovite (Appendix II;

Figure 18). The abundance of clay matrix and the subangular rounding

of composite grains classifies the sandstone as texturally immature.
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Figure 17. Contact between the upper sandstone unit of the
Northrup Creek formation and the conformably overlying
tuffaceous mudstone of the Smuggler Cove formation.
Note thickly interbedded nature of fine-grained
arkosic sandstone (hammer is embedded in it), pebbly
mudstone with 6" diameter andesite cobble, and even,
continuous contact with overlying tuffaceous
mudstone. Hammer is approximately 0.3 m in length.
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Figure 18. Photomicrograph of the very fine- to medium-grained
upper sandstone of the Northrup Creek formation. Note
subangular rounding of monocrystalline quartz and
feldspar clasts, moderate sorting, and presence of
lithic fragments. Field of view is 1.04 mm. Uncrossed
nicols.
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Some the matrix is depositional and can be attributed to

incorporation of interlaminated finer grained elastics through

bioturbation by pelecypods, gastropods, and scaphopods. Primary

sedimentary structures within the sandstones are rare due to

bioturbation, but when present consist of faint parallel cross-

laminations formed by micas and comminuted carbonaceous material.

Some clay matrix may be diagenetic due to the breakdown of chemically

unstable lithic rock fragments by pore water solutions. This matrix

forms clay rim cement. The high proportions of unstable rock

fragments and feldspar classifies the rock as compositionally

immature (Folk, 1974).

Polymict grit to pebble conglomerate are also present locally

within the upper sandstone subunit (Figure 17, Appendix III). The

transport mechanism that deposited the polymict conglomerates was

occasionally very high energy as evidenced by the presence of a six

inch diameter andesite cobble (Figure 17). Two pebble counts of grit

to fine-pebble sized material collected approximately 13 km apart in

the eastern (Sample 82, NW 1/4 of Section 35, T7N R6W) and the

western (Sample 526, SW 1/4 of Section 32, T7N R7W) parts of the

thesis area, show some overall compositional similarities: reworked

mudstone clasts (25.8% and 36.0%, respectively), silicic volcanics

(e.g., eroded tuffs, 9.3 and 30.0%, respectively), quartzites and

chert amygdules (31.5 and 10.0%, respectively), and mafic to

intermediate volcanics (7.5 and 10.0%, respectively) were

quantitatively most important in the samples. The sample collected

in the eastern part of the thesis area showed greater lithologic

diversity and better sorting. It contained some pumice, reworked
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sandstone, reworked shale and reworked aggregates of iron oxides.

The presence of these unstable components requires a minimum of

transport and limited exposure to the final relatively high energy

depositional environment. The sample collected from the western part

of the area consisted of highly rounded imbricated pebbles that

indicated a sediment dispersal pattern of S50°W.

The upper sandstone unit of the formation contains a rich

molluscan fauna that consists of abraded and disarticulated shells

(e.g., Mytilus, Spisula). The forms collected from the unit are

listed in Appendix I and are discussed further in the Age and

Correlation and Environment of Deposition sections of this

subchapter.

Contact Relations

The Northrup Creek formation overlies the Pittsburg Bluff

Formation with apparent unconformity in the southeastern and the

south-central parts of the thesis area (Plate V. The units have

similar outcrop trends and structural attitudes (strikes and dips).

However, in the eastern part of the thesis area, attitudes taken from

the upper part of the Pittsburg Bluff Formation (Sections 26 and 34,

T7N R6W) are approximately 100 steeper than the overlying Northrup

Creek formation. This discrepancy indicates the presence of a slight

angular unconformity between the two units. The dipmeter log for the

Boise Cascade 11-14 well indicates an unconformity between the

Pittsburg Bluff Formation and the Northrup Creek formation at

approximately 845 m below sea level (Niem and Niem, 1985).
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The contact between the Northrup Creek formation and the

Pittsburg Bluff Formation is well exposed in a basalt quarry along

the Northrup Creek dike in the NE 1/4 of Section 9, T6N R6W. Up to

1.3 m of channelized, carbonaceous and micaceous, feldspathic

turbidite sandstone and interbedded mudstone unconformably overlie a

thick (1.6 m) glauconitic sandstone and a thin (0.7 m) tuff bed

typical of the Pittsburg Bluff Formation (Figure 12). This contact

is slightly obscured along Greasy Spoon Road in the SE 1/4 of Section

34, T7N R6W where again, channelized, thin-bedded, carbonaceous and

micaceous turbidite sandstone and dark gray mudstone overlie massive,

very fine-grained siltstones of the Pittsburg Bluff Formation.

The Northrup Creek formation is overlain by several younger

formations including the conformable Smuggler Cove formation in the

northern and western parts of the area, the unconformable Wickiup

Mountain member of the Astoria Formation in the eastern and western

parts of the thesis area, and by unconformable flows of the Columbia

River Basalt Group in the northeastern and western parts of the area

(Plate V. Regionally, the Northrup Creek formation is most commonly

overlain by the Smuggler Cove formation. The two formations can also

be shown to interfinger in the subsurface of Clatsop County (Niem and

Niem, 1985). The contact between the upper Northrup Creek sandstone

(arkosic sandstone and pebbly grit) and the overlying thick-bedded,

bioturbated, tuffaceous silty mudstone of the Smuggler Cove formation

is clearly exposed at outcrop 80 (NE 1/4 of Section 32, T7N R6W) in

the thesis area. At this locality, the contact is sharp, apparently

non-erosive, and conformable (Figure 17). Distally, however,

an additional sequence of Northrup Creek mudstone overlies the upper
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Northrup Creek sandstone (Plate I). As this sequence is not present

at the apparently conformable contact, an episode of non-deposition

is indicated. Based on regional mapping, however, Niem and Niem

(1985) prefer an interpretation of conformity between the two units.

The paleogeographic relationship of these units is probably

similar to the underlying Keasey and Sager Creek formations described

earlier. The predominantly hemipelagic mudstones of the Smuggler

Cove formation represent an abyssal to bathyal correlative to the

turbidite fan or channel deposits of the Northrup Creek formation. As

currently envisioned, the interfingering Smuggler Cove strata are

older, contemporaneous and younger than Northrup Creek strata (Niem

and Niem, 1985). Well data shows that the Smuggler Cove formation

overlies the Northrup Creek formation with apparent conformity in the

subsurface of Clatsop County (Niem and Niem, 1985). At the surface,

strike and dips are generally concordant, and ages of the two

formations as indicated by fossils are not widely disparate (Plate I;

Murphy, 1981). However, in areas where the Northrup Creek formation

is overlain by the early to middle Miocene Astoria Formation or by

middle Miocene Grande Ronde or Frenchman Springs flows, a slight

angular unconformity is present (Plate I; Niem and Niem, 1985).

Age and Correlation

The lower, thin-bedded, turbiditic part of the Northrup Creek

formation is poorly fossiliferous, consequently its age not well

known. The underlying Pittsburg Bluff Formation is Refugian to late

Zemorrian in age. By stratigraphic position, the Northrup Creek
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formation can be no older than Refugian. Microfossil data from the

Boise Cascade 11-14 and the Johnson 33-33 wells in northern Clatsop

County indicate that the formation is primarily Zemorrian to early

Saucesian in age (Niem and Niem, 1985). However, a 40 m thick

section at the base of the unit in the Boise Cascade 11-14 well was

considered by McKeel (1985, in Niem and Niem) to be Refugian in age.

If this age is substantiated by further work, the base of the

formation could be, in part, a temporal correlative to the Pittsburg

Bluff and Sager Creek formations of eastern Clatsop and Columbia

counties.

In the thesis area, the lower turbidite part of the Northrup

Creek formation characteristically lacks megafossils. Only one

poorly preserved pelecypod, Cochlodesma? sp. (Moore, 1982, written

communication) was recovered from the unit. The diatom flora of the

mudstone interbeds in the formation proved slightly more diagnostic:

Coscinodiscus marginatus
Melosira clavigera
Melosira granulata
Melosira islandica
Melosira sulcata
Stephanopyxis spp.

Coscinodiscus marginatus is a long-ranging species and is not

useful stratigraphically. Melosira clavigera is common in marine

shelf environments; Melosira granulata is a fresh water species

commonly found mixed in marine environments and is found in Oligocene

or Miocene to Recent sediments (Bauldauf, 1982, written

communication). It is possible that these forms indicate shelf

deposition of Oligocene to Recent age (Bauldauf, 1982, written

communication) but because of the cosmopolitan nature of these forms
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and their long-ranging occurrences, the assemblage could also

represent recent contamination (Schrader, 1982, oral communication).

In a related study, Niem and Niem (1985) collected a diatom-rich

sample from the Northrup Creek formation (NE 1/4 Section 32, T7N

R6W). The diatoms were identified by John Barron (U.S.G.S., 1985,

written communication to Wendy Niem) and the following forms were

identified:

Melosira granulata
M. aff. islandica
M. sulcata
Stephanopyxis
S. superba var. trispinosa
S. aff. eocenica
S. cf. grunowi
Arachnoidiscus
Dip lone is

Coscinodiscus
Navicula

The above forms are most likely Oligocene in age as both Eocene

to lowermost Oligocene and Miocene forms are absent. Also, S.

superba var. trispinosa is characteristic of the Oligocene (Barron,

1985, written communication to Wendy Niem).

The age of the upper part of the formation is better known from

molluscan faunas collected in the Porter Ridge area. Warren and

others (1945) collected an assemblage of Blakely (Oligocene to early

Miocene) age molluscs from an outcrop in T7N R6W. From their

geologic map it is apparent that this sample was collected from the

uppper sand unit of the Northrup Creek formation in Section 15 or 22,

T7N R6W. Their collected forms included:

Anadara aff A. montereyana (Osm.)
Clinocardium scappoosensis (Clark)
Natica cf. N. teglandae Hanna and Hertlein
Spisula albaria scappoosensis Clark
Tellina oregonensis Conrad
Thracia aff. T. trapezoides Conrad
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A further biostratigraphic correlation is substantiated by a

molluscan assemblage collected by Murphy (1981) and identified by

Moore (1980, written communication to Murphy) as Juanian (Oligocene)

in age. The assemblage is from an exposure located in the SE 1/4

of Section 15, T7N R6W and consists of:

Lucinoma sp. cf. L. hannibali (Clark)
Nuculana (Succella?) sp. cf. N. (S.) washingtonensis (Weaver)
Panopea generosa (Gould)

Molluscan assemblages collected from an additional sample

locality give an early Miocene (Pillarian ?) age date to the upper

part of the formation (Dr. Ellen Moore, 1984, written communication

to Dr. A. Niem). The sample locality is in the SW 1/4 of Section 28,

T7N R6W (locality N 84-74) and contains the following fossils:

Aforia(?) sp. cf. A. clallamensis (Weaver)
Cyclocardia sp.
Macoma sp.
Saccella? sp. cf. S. calkinsi Moore

Therefore, three separate fossil assemblages support an

Oligocene to early Miocene age for the upper part of the formation.

The Northrup Creek formation is correlative to the Lincoln Creek

Formation of southwestern Washington, the Ohanapecosh Formation of

west-central Washington, and the Alsea, Yaquina, and Nye formations

of the central Oregon Coast Range (Armentrout and others, 1983).

Depositional Environment

The depositional environment of the Northrup Creek formation is

postulated to have occurred at shelf to upper slope depths, in an

open marine environment much like that off the present Oregon Coast.
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Foraminiferal assemblages collected from the interbedded mudstone

part of the formation (upper Silver Point member [informal] of the

Astoria Formation of Cooper, 1981; Neel, 1976; and Peterson, 1984)

indicate that deposition of the unit to the west of the thesis area

occurred in water depths of 60 to 300 m (sublittoral to bathyal).

Foram assemblages recovered from the Boise Cascade 11-14 well (Niem

and Niem, 1985) indicate deposition in paleowater depths which ranged

from inner neritic to middle bathyal. Diatom data suggests that

deposition of the unit in the thesis area may have occured in shelf

water depths (Baldauf, 1982, written communication). Because rapid

sea level fluctuations of this magnitude are not indicated by the

world-wide curve published by Vail and Mitchum (1979), it is probable

that some of the shallow water forms represent varieties that were

transported downslope from the inner shelf into upper or middle

bathyal depths. The lack of bioturbation in the formation indicates

low biologic activity due to either a rapid sedimentation rate

(Howard, 1978) or anoxic conditions associated with an oxygen minimum

zone.

Sedimentary structures in the formation (e.g., graded bedding,

Bouma sequence b-c-d) indicate that the predominant transport

mechanism was distal turbidity currents. These flows may have been

funneled seaward in intra-shelf submarine channels such as those

envisioned by Murphy (1981) in the overlying middle Miocene Clifton

formation. Imbricated well-rounded pebbles and arkosic fine-grained

sandstones indicative of submarine channel intra-canyon fill are

associated with thick sections of repetitive Bouma sequences (a-e

occasionally, a-b-e and c-d-e more commonly). The Bouma turbidite
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sequences indicate deposition in a distal fan (Mutti and Richi

Lucchi, 1978) or as an overbank deposit of a submarine channel

(Figure 13).

Turbidity flows transporting reworked and freshly supplied

arkosic, micaceous, carbonaceous, terrigenous debris were extremely

active during Northrup Creek formation deposition. The turbidity

currents that formed the formation probably originated from

resuspension of inner shelf sediments during storm wave activity

similar to that postulated by Dott and Bourgeois (1984) for the late

Eocene Coaledo Formation of southwestern Oregon. Alternatively, the

sediments could have been resuspended during submarine mass wasting

originating from a contemporaneous delta front associated with a

major fluvial system (e.g., similar to the present day Columbia

River). In this scenario, the interbedded sandstone could have been

funneled down incised submarine channels on the continental slope

(e.g., sea gullies of Dott and Bird, 1979).

A shallow-marine depositional environment is indicated for the

upper sandstone of the Northrup Creek formation. The thick, arkosic

sandstone of this interval is laminated to bioturbated, and locally

contains faint, large-scale planar cross-laminations. Rapid changes

of depositional energy are manifested by thinly- to thickly-

interbedded tuffaceous mudstone and well-rounded polymict grit beds.

The abraded disarticulated molluscan fossil genera also typify

shallow water deposition. According to Keen and Coan (1974), the

preferred habitats of the molluscan genera collected from the upper

sandstone are:

Anadara Intertidal to 130 m
Clinocardium Intertidal to 135 m
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Lucinoma Intertidal to 550 m
Nucula 10 to 2,000 m
Panopea Intertidal to 20 m; infaunal 1 m in silt or

sand substrates
Mytilus Intertidal to 40 m; attached to rocks by

byssus threads
Tellina Intertidal to 440 m in silt or sand
Thracia Intertidal to 135 m; nestling

Although some of these genera are highly cosmopolitan, the

common environment is shallow-marine (e.g., inner to middle shelf).

Coupled with shallow-marine depositional features such as plane

laminations, grit beds, and moderately to well-sorted sandstones, a

shallow-marine, high energy shelf environment of deposition is

indicated for the upper part of the Northrup Creek formation.

Similar well sorted, laminated to bioturbated fine-grained sands

occur on the inner to middle Oregon shelf today (Kulm and others,

1975). The grit beds may reflect storm wave deposition. Hence, an

overall shallowing upward sequence is indicated for the Northrup

Creek formation from bathyal, channelized slope turbidites to

thick-bedded, shelf sandstones.



96

The Smuggler Cove Formation

Nomenclature

The informal name, Smuggler Cove formation, was recently applied

by Niem and Niem (1985) to strata previously referred to as the

Oswald West mudstone (Niem and Van Atta, 1973; Cressy, 1974) in

northwestern Oregon. The name Smuggler Cove has been reserved with

the USGS Geologic Names Committee and the unit awaits formal

definition.

The Smuggler Cove formation (informal) is named from a sequence

of tuffaceous, clayey siltstone that is exposed in the sea cliffs of

Smuggler Cove along Short Sand Beach in Oswald E. West State Park,

Tillamook County, northwest Oregon (Cressy, 1974). The type section

of the unit ranges from Zemorrian (Oligocene) to Saucesian (lower to

middle Miocene) in age (Niem and Van Atta, 1973; Cressy, 1974).

Warren and others (1945) originally referred to these strata as beds

of Blakely age. The age and stratigraphic boundaries of the

lithologic unit were progressively expanded by Oregon State

University graduate students working in Clatsop County in the late

1970's and early 1980's (Neel, 1976; Tolson, 1976; Nelson, 1978;

Penoyer, 1977; Murphy, 1981; Peterson, 1984; Nelson, 1985; Rarey,

1986). These investigators noted that no widespread lithostrati-

graphic horizon could be recognized in order to define the base of

the unit or separate it into members, but they did observe local

marker beds and a lithologic coarsening of the upper part of the unit

relative to the lower part. As a consequence, the age of the
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Smuggler Cove formation was expanded to include unnamed strata that

range from Narizian (middle to late Eocene) to Saucesian (middle

Miocene).

With redefinition of northwest Oregon stratigraphy (Niem and

Niem, 1985), Narizian micaceous mudstones previously within the

Oswald West formation (now Smuggler Cove formation), in part, are

informally called the Hamlet formation (Rarey, 1986; Mumford, in

prep.). Late Narizian to early Refugian deep-water mudstones in the

Oswald West formation are ascribed to the Keasey Formation (Niem and

Niem, 1985; Nelson, 1985; Olbinski, 1983). These changes restricted

the newly defined Smuggler Cove formation to an age range of Refugian

to early Saucesian (Niem and Niem, 1985). As such, the unit is a

deep-water correlative to the Sager Creek, Pittsburg Bluff, and

Northrup Creek formations (Figure 6).

The Smuggler Cove formation (Tsc) has been subdivided into two

members by Niem and Niem (1985) and a few locally mappable sub-units

have been defined based on the work of previous authors (Cressy,

1974; Neel, 1976; Rarey, 1985; Penoyer, 1977; Nelson, 1978). The

lower member (Tsc1) is early to late Refugian in age and is

characterized as a dominantly thick-bedded bioturbated tuffaceous

silty claystone. The upper member (Tsc2) is Zemorrian to early

Saucesian in age and consists of predominantly structureless

tuffaceous siltstone and sandy siltstone. Locally, a 10- to 15-m

thick glauconitic sandstone and/or a well-laminated carbonaceous and

micaceous bedded mudstone and fine-grained sandstone (ballpark

subunit of Rarey, 1986) separate the two members (Niem and Niem,
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1985). Only the upper member of the Smuggler Cove formation (Tsc2)

is present at the surface in the thesis area.

Distribution

The Smuggler Cove formation crops out in a pattern that is

loosely controlled by the northern Oregon Coast Range anticline and

by regional facies changes (Figure 4); Niem and Niem, 1985, Wells and

Peck, 1961). The outcrops form an arcuate band that has a roughly

east-west trend in the northeast part of Clatsop County; farther

west, the formation strikes roughly northeast-southwest through the

central and western parts of the county (Niem and Niem, 1985). In

addition, a northeast-southwest trending sliver of the lower member

of the formation (Tsc1) is interposed between the Sager Creek and

Pittsburg Bluff formations in central Clatsop County (see Plate 1 of

Niem and Niem, 1985). This unit pinches out towards the northeast

and was mapped as the upper mudstone member of the Keasey Formation

by Nelson (1985) and Olbinski (1983). The formation also crops out

over a large area of the northwest corner of Clatsop County

approximately 5 to 12 km south of Astoria (Nelson, 1978; Tolson,

1976; Peterson, 1984).

Well logs and cuttings show that the Smuggler Cove formation

interfingers with the Sager Creek, Pittsburg Bluff, and Northrup

Creek formations in the subsurface of Clatsop County (see

relationships between the Boise Cascade 11-14 well and the Johnson

33-33 well in Martin and others, 1985). Subsurface control and

surface mapping show that the formation attains a thickness of
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approximately 1,300 m (4,300 ft) in the Johnson 33-33 well, but thins

towards the east and is largely replaced in the Boise Cascade 11-14

well by laterally correlative and shallower-water deposits (e.g.,

Pittsburg Bluff Formation).

In the thesis area, the formation crops out in a discontinuous

pattern over an area of approximately 8.5 km2 in the northeast,

north-central and northwest parts of the thesis area (Plate V. Areas

underlain by the formation are topographically subdued and form low

lying, highly dissected hills. The formation weathers quickly to

low-relief exposures of chippy, tuffaceous, structureless mudstone

except where baked, protected, or supported by middle Miocene basalt

intrusions or flows. The formation is best exposed in Section 29,

T7N R6W adjacent to the northern end of the Beneke dike trend and

also 0.5 to 2 km north of the thesis area in Sections 1 and 2, T7N

R6W in steep terrain that is partially protected by the Columbia

River Basalt Group flows exposed on Plympton and Porter ridges.

Additional exposures of the formation can be observed in the

southwestern part of the Big Creek drainage east of Elk Mountain in

Sections 25 and 26, T7N R7W.

Within the thesis area, the formation generally dips to the

north or northwest at 3
0

to 20°. A few significantly disparate

attitudes were recorded at different locales (Plate I). These points

can be attributed to proximity to a fault or intrusion and/or to

slumping. The regional dip is postulated to be approximately 10°

to the north-northwest based on observed structural attitudes and the

regional mappable strike of the formation.
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Approximately 300 meters of the upper member of the Smuggler

Cove formation (Tsc2 of Niem and Niem, 1985) is exposed in the

upper reaches of Big Creek in the north-central part of the thesis

area (Plate V. Although additional exposures of the unit are

present to the north of the thesis area in the Big Creek drainage

area (Coryell, 1978), these exposures have not been included in the

local formational thickness calculations because they probably

represent repeated section. The formation pinches out towards the

eastern part of the thesis area (Sections 26 and 27, T7N R6W) where

it is unconformably overlain by the Astoria Formation and flows of

the Columbia River Basalt Group. The formation also underlies part

of the northwest corner of the thesis area where it is associated

with widespread landslides (Plate V.

Lithology

Unweathered mudstone outcrops of the upper member of the

Smuggler Cove formation (Tsc2) are grayish black (N2) in color;

subordinate interbedded silty sandstones are dark gray (N3), and

minor interbedded tuffs are light gray (N7) in color (Figure 19).

Weathered outcrops are grayish yellow (5Y 8/4) or very pale orange

(10 YR 8/2) in color. Leisegang rings are a common weathering

feature. Parting surfaces develop parallel to Leisegang rings,

parallel to rare bedding or lamination surfaces, or cross-cut bedding

at steep angles. Separation along these surfaces results in

spherical, blocky and platey weathering patterns of the mudstones.
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In any case, the tuffaceous mudstones decompose rapidly to form

chippy talus slopes (Figure 19).

The strata range from silty claystone to silty very fine-grained

sandstone; thick, structureless sandy and tuffaceous siltstone

coupled with sandy mudstone quantitatively dominate the section.

Well sorted siltstone or claystone is rare. This phenomenon is at

least partly attributable to extensive bioturbation with probable

homogenization of originally distinct sand/silt/clay layers. Faint

mottling of silt and clay due to burrowing is common.

Lithologically, the mudstones are composed of hemipelagic clay

interspersed with weathered forams, vitreous and devitrified glass

shards, ash, and rare silt sized quartz and feldspar (Cressy, 1974;

Niem and Van Atta, 1973; Peterson, 1984). Abraded carbonaceous plant

detritus and micas less than 2mm in diameter are minor but ubiquitous

components on rare discontinuous, planar lamination planes. Slightly

darker colored, sickle-shaped Scalarituba and Helminthoida burrows

were identified by C. Kent Chamberlain (1982, written communication)

and are locally common on some surfaces. Coryell (1978) and Nelson

(1978) identified smectite and chlorite from x-ray defraction

analysis. Chloritic intergrades (?) form much of the Smuggler Cove

mudstone (A. Niem, 1987, written communication).

The minor thin- to thick-bedded silty sandstones of the

formation appear to be arkosic in hand sample; subordinate sandstones

are glauconitic in composition. At some localities, subordinate

thinly- to thickly-interbedded, laterally continuous tuffs are

present in the unit (Section 29, T7N R6W).



Figure 19. Outcrop of the upper part of the Oligocene Smuggler
Cove formation (Tsc2) of Niem and Niem (1985).

Note fresh, thick-bedded grayish black, slightly
carbonaceous, tuffaceous silty mudstone and
scattered, thin bedded, light gray, tuffaceous
layers. The thick-bedded, structureless, silty
mudstone typically weathers to a light grayish
yellow. Mudstones are cut by the low MgO high
Ti02 Beneke dike. The dike displays horizontal
cooling joints and is fractured due to nearby
faulting. The dike trends towards the northeast
(Plate I), and is roughly parallel to the plane of
the photo.
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Contact Relations

The upper Smuggler Cove formation (Oswald West formation) was

mapped by Murphy (1981) as unconformably overlying the Pittsburg

Bluff Formation in Section 36, T8N R6W in his thesis area adjacent to

the Columbia River. The interpretation of unconformable relationship

was based on structural disparities and age differences between the

formations. However, in southwest Clatsop County, recent regional

mapping shows that the Smuggler Cove formation conformably overlies

and interfingers with the Pittsburg Bluff Formation (Niem and Niem,

1985, Plate 1). In that area, the shallow-marine Pittsburg Bluff

Formation generally pinches out into glauconitic sandstone and

tuffaceous mudstone of the deep-marine Smuggler Cove formation

(Rarey, 1986; Niem and Niem, 1985). Between the two areas, in

central Clatsop County, the Smuggler Cove formation overlies and

interfingers with turbidite strata of the Northrup Creek formation

(Niem and Niem, 1985). Also, the units are shown to interfinger

between exploration wells throughout Clatsop County (Martin and

others in Niem and Niem, 1985, Plate 2). Models have been proposed

in which the occurrences of tongues of the Smuggler Cove formation

between the Sager Creek and Pittsburg Bluff formations in central

Clatsop County and between the Northrup Creek and Astoria formations

in eastern Clatsop County represent onlap episodes of the Eocene to

early Miocene sea (Peterson, 1984; Nelson, 1985). As such, the unit

is essentially conformable with the deep-marine turbidite deposits of

the Sager Creek and Northrup Creek formations in the deep-water parts

of the basin, yet partly unconformable with the shallow-water
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sandstones of the Pittsburg Bluff Formation in eastern Clatsop

County. The sharp contact between the tuffaceous mudstones of the

Smuggler Cove overlying the concretionary arkosic sandstone and

pebbly volcanic grit of the upper sandstone unit of the Northrup

Creek formation (further discussion in Northrup Creek section), is

exposed in NE 1/4 Section 34, T7N R6W, along a logging spur road.

The Smuggler Cove formation in the thesis area is unconformably

overlain by several lithologic units: most commonly by the Wickiup

Mountain member (informal) of the Astoria Formation, but also by

several different flows of the Columbia River Basalt Group (e.g.,

Grande Ronde and Frenchman Springs flows). Many logging roads

crosscut the upper contact of the formation in the Porter and

Plympton Ridge areas of eastern Clatsop County. The contact between

the Astoria Formation and the Smuggler Cove formation trends

approximately east-west through the junction of Greasy Spoon Road,

Northrup Road, and Nicolai Mountain Mainline in the NE 1/4 Section

34, T7N R6W (Plate I). The sharp contact is well exposed along a

northwest- southeast trending spur road in the same section where

interbedded thick-bedded tuffaceous sandy siltstones and silty

sandstones of the Smuggler Cove formation are incorporated as pebble

to cobble sized rip-ups into the overlying fine-grained arkosic

sandstone of the Wickiup Mountain member of the Astoria Formation.

One exposure of the contact provides evidence for interpretation

of a marine diastem between the units. Murphy (1981) described a

well-exposed gradational contact between an upper glauconitic

sandstone of the Smuggler Cove formation and a basal arkosic

sandstone of the Astoria Formation from exposures in Section 2, T7N
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R6W. Krumbein and Sloss (1963) recognize a glauconitic zone as one

of many indicators of possible unconformity.

Unconformable contacts between the tuffaceous mudstones of the

Oligocene to early Miocene Smuggler Cove Formation and basal breccias

of different flows of the middle Columbia River Basalt Group are

exposed along logging roads in the northeast corner of the thesis

area in Sections 1, 2, and 3 of T7N R6W, and in exposures in the

streambed and streambanks of Plympton and West creeks (Plate V.

Age and Correlation

The age of the Smuggler Cove formation was recently defined as

late Eocene to early Miocene. This age assignment is based on

collected assemblages of Galvinian, Matlockian, Juanian, and

Pillarian age mollusks and Refugian, Zemorrian, and early Saucesian

age forams (Niem and Niem, 1985).

The type section of the formation consists of 550 meters of

Zemorrian strata exposed at Short Sands Beach in Smuggler Cove along

the northern Oregon Coast. Warren and others (1945) referred to

these strata as being of Blakely age. Cressy (1974) collected

Zemorrian forams from this section, and designated it the type

section for the Oswald West (Smuggler Cove) formation. Subsequent

workers expanded the age range of the unit into the Narizian,

Refugian, and Saucesian (Penoyer, 1977; Peterson, 1984; Murphy, 1981;

Tolson, 1976; Niem and Van Atta, 1973). Niem and Niem (1985)

restricted the unit from Refugian to Saucesian ages. Murphy (1981)

collected Zemorrian or Saucesian age fossils from an outcrop of the
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Smuggler Cove formation approximately 2 km north of the thesis area.

Murphy (1981) also collected molluscan fossils assignable to the

Juanian Stage from the same area. Foraminifera samples collected

from the Johnson 33-33 and the Patton 32-9 wells, 8 to 10 km north

northwest of the northwest corner of the thesis area, are Refugian,

Zemorrian and Saucesian in age. No age diagnostic foraminifera were

recovered from the thesis area. Cyclammina pacifica, a planktonic

foram, was recovered in many of the samples but is not diagnostic of

age or paleoenvironment (McDougall, 1982, written communication).

The formation is correlative to the Lincoln Creek Formation of

south-central Washington, the Makah and Pysht formations of

northwestern Washington (Snavely and others, 1978), and the Alsea and

Yaquina Formations of the central part of the Oregon Coast Range

(Wells, Rau, Armentrout, Snavely, and Lander in Armentrout and

others, 1983). With the recent revision of Columbia County

stratigraphy by Van Atta and Kelty (1985), the Smuggler Cove

formation (Oswald West fm.) is no longer correlative to the Scappoose

Formation (Oligocene according to Warren and others, 1945) of the

northeastern Oregon Coast Range, but now thought to be middle Miocene

(Kelty and Van Atta).

Depositional Environment

Several lines of evidence suggest that depostion of the

Smuggler Cove formation occurred in a low-energy, normal salinity,

outer marine shelf to upper slope depositional environment with the

fore-arc basin axis located adjacent to an active region of
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continental calc-alkaline volcanism (western Cascades):

1. Tuffaceous fine-grained silt to clay grain sizes are

predominant in the unit; sand size grains of quartz,

feldspar and glauconitic pellets are quantitatively minor.
2. Generally thick, structureless, bioturbated character of the

strata.

3. Thin- to thick-bedded, widespread tuff interbeds.
4. Bathyal foraminiferal paleoecology and bathymetry in

adjacent areas that indicate bathyal, open marine, cool

water depositional conditions (Murphy, 1981; Penoyer,

1977).

5. Scattered, articulated, unbroken, unabraded, thin-shelled

molluscan shells in growth position (Penoyer, 1977; Nelson,

1985).

6. Glauconitic sandstone interbeds.

7. Trace fossil bathymetry in the study area - Helminthoida and

Scalarituba ichnogenera; represent Zoophycos to Nereites

ichnofacies.

These characteristics are indicative of marine shelf to slope,
open water, slightly cool, slightly reducing, quiet hemipelagic

sedimentation interrupted by periodic water-laid ashfall and
epiclastic deposition. As muddy sandstones higher in the section are

clay-rich, poorly sorted, and bioturbated, a lack of winnowing

currents is suggested, even as the depositional environment

shallowed. These sedimentary characteristics are similar to the
bioturbated shelf silty mud facies which is forming on the outer to

middle Oregon Coast continental shelf (Kulm and others, 1975).
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Glauconitic sands occur on the outer continental shelf and are formed

under slightly reducing conditions. This model is probably

applicable for the upper part of the formation in the eastern part of

Clatsop County, but farther west of the thesis area, in central and

western Clatsop County, foram paleoecology conducted on subsurface

samples indicates a deeper water lower and middle bathyal continental

slope deposition (McKeel in Martin and others, 1985, Plate II of Niem

and Niem, 1985).
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The Astoria Formation

Nomenclature

Early workers in northwestern Oregon such as Dana (1849),

Conrad (1849), and Dall (1909) were the first to collect molluscan

faunas from the richly fossiliferous Astoria Formation exposed in the

city of Astoria. Many of these early to middle Miocene fossils were

subsequently catalogued into the collections of the U. S. National

Museum (Moore, 1963). Although the fossils remain, the outcrops from

which they were collected are no longer exposed for further study.

Howe (1926) defined an informal lower sandstone member, a

middle "shale" member, and an upper sandstone member as a three-fold

lithostratigraphic subdivision of the Astoria Formation. Subsequent

to Howe's work, significant expansion of the city of Astoria buried

or obliterated the entire type area (Moore, 1963; Carter, 1976;

Cooper, 1981). At present, there is no defined type section in the

type area with which to compare and to extend lithostratigraphic

correlations. However, the middle Miocene fossils from the type area

remain, and they have provided the basis for extensive biostrati-

graphic correlations. Consequently, the Astoria Formation has

commonly been used in a biostratigraphic sense in reference to marine

early to middle Miocene faunas collected from a variety of marine

sedimentary rocks in western Oregon and Washington (Moore, 1963;

Cooper, 1981). As such, the term Astoria Formation has most commonly

been applied in a biostratigraphic rather than lithostratigraphic

sense.
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In recent years, lithostratigraphic definition of the formation

has been materially advanced by a succession of Oregon State

University M.S. and doctoral thesis students working in western

Oregon (Cooper, 1981; Cressy, 1974; Smith, 1975; Tolson, 1976; Neel,

1976; Carter, 1976; Penoyer, 1977; Nelson, 1978; Coryell, 1978;

and Murphy, 1981). They have recognized and separately mapped a

variety of shallow-marine sandstones, deep-marine hemipelagic

mudstones, and thinly interbedded deep-marine turbidite sandstones

and mudstones as laterally interfingering, temporally equivalent

facies within the formation. These facies were delineated and

ascribed informal member status within the Astoria Formation by the

above workers. With the revision of northwest Oregon stratigraphic

nomenclature, many of these members underwent name changes because

names used informally in northwest Oregon had been previously applied

formally to geologic units elsewhere (Niem and Niem, 1985). The

current and (past) nomenclature of each member, their characteristic

lithologies, and generalized depositional environments are:

Angora Peak member - (no name change, Cressy, 1974; Cooper,
1981); conglomerates, coals, and arkosic, cross-bedded
sandstones, fluvial-deltaic facies.

Cannon Beach member - (Silver Point member of Niem and
Van Atta, 1973; Smith, 1975; Neel, 1976; Penoyer, 1977; Cooper,
1981; Wells and others, 1983; Niem and Niem, 1984; and J-unit
of Tolson, 1976); thinly-bedded, graded, feldspathic sandstones
and mudstones, turbiditic facies; overlain by bedded mudstones,
hemipelagic facies.

Young's Bay member - (upper sandstone of Astoria Formation by
Howe, 1926; Carter, 1976; deep-marine Big Creek member of
Cooper, 1981; Pipeline member of Nelson, 1978 and Coryell,
1978); thickly-bedded, channelized, coarse-grained, arkosic
sandstones and minor bathyal mudstones, deep-marine canyon
facies.

Wickiup Mountain member - (Big Creek member of Nelson, 1978;

Coryell, 1978; Murphy, 1981; Cooper, 1981; and Tucker Creek
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sandstone of Nelson, 1978); fine-grained, mollusk-bearing,
cross-bedded, arkosic sandstones, beach to shallow shelf
facies.

Newport member - (No change; Cooper, 1981); fine-grained,
feldspathic sandstones and tuff beds; shelf facies (Newport,
Oregon area).

Molluscan, foraminiferal, and diatom age dates, as well as

bounding stratigraphic relationships, have restricted these units to

a lower to middle Miocene position (Cooper, 1981; Niem and Niem,

1985).

Distribution

The outcrop pattern of the Astoria Formation is influenced by

the northern Oregon Coast Range anticline (Figure 4; Wells and Peck,

1961; Niem and Niem, 1985). The early to middle Miocene formation

crops out in the northern and western parts of Clatsop County in the

Astoria basin, where it overlies the Smuggler Cove formation and is

locally overlain by submarine and subaerial flows of the Columbia

River Basalt Group.

The formation dips homoclinally to the north in northern Clatsop

County. The general seaward dip of the unit in the western part of

the county is complicated by faulting and numerous invasive

intrusions of Columbia River Basalt (Niem and Niem, 1985). Within

the thesis area, the regional outcrop pattern and local bedding

surfaces in the Plympton and Porter Ridge areas, the Big Creek area,

and the Elk Mountain area, support interpretation of a northward to

northwestward dipping homocline. However, local attitudes may
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diverge from the expected due to the effects of local faulting,

intrusions, or mass wasting processes.

The formation is also present in two of the exploration wells

located near the thesis area: the Patton 32-9 well (approximately 6

km northwest of the thesis area) penetrated 163 m of the Wickiup

Mountain member; and the Johnson 33-33 well (approximately 8 km

northwest of the thesis area) encountered 415 m of the Wickiup

Mountain member overlain by 283 m of the Youngs Bay member (Niem and

Niem, 1985). Other exploration wells in the area (e.g., Boise

Cascade 11-14, Diamond Shamrock Clatsop County 33-11) spudded in

strata older than the Astoria Formation.

The Cannon Beach member is the most widespread of the Astoria

Formation members in Clatsop County. It crops out over large areas

of northern, central and western Clatsop County. The Wickiup

Mountain member crops out in the northern and central parts of the

county; the Young's Bay member is restricted to northwest Clatsop

County, and the Angora Peak member is restricted to the southwestern

part of Clatsop County (Niem and Niem, 1985). The Newport member

crops out only in the Newport, Oregon area (Cooper, 1981).

Two of the above members are exposed within the thesis area

(Plate I):

1. The Wickiup Mountain member crops out in the eastern

part of the study area where it underlies a large part of Plympton

and Porter Ridges. It also crops out in the western part of the area

where it underlies a large part of Elk Mountain. The outcrop area is

approximately 5.5 km2 (Plate I).
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A calculated thickness of 200 m is present in the western side

of the thesis area. Due to lower middle Miocene uplift and erosion,

the member is approximately 50 m thick in the eastern side of the

area (immediately south of Porter and Plympton Ridges) where it is

unconformably overlain by Columbia River Basalt. Murphy (1981) also

reported a similar thickness of between 50 and 100 m for the member

north of Plympton and Porter Ridges. Cooper (1981) and Coryell

(1978) measured a thickness of 460 m for the unit at the type section

of the member in Big Creek near Wickiup Mountain, 6 km to the north

of the study area.

As a general rule, the highly friable arkosic sandstone of the

Wickiup Mountain member is best exposed where the unit is overlain by

highly resistant flows of Columbia River Basalt (Section 27, T7N R6W;

Section 28, T7N R7W). Where resistant basalt, breccia, or subaerial

flows cap the unit, the sandstone typically forms steep forested

slopes, ridges and cliffs. Outcrops not protected by basalt are

rapidly eroded and are topographically more subdued. The friability

of the sandstones is reduced locally by variable percentages of iron

oxide and carbonate cement.

2. The Cannon Beach member crops out on the western side of the

area where it underlies a small part of Elk Mountain (Section 32, T7N

R7W). Total outcrop area is approximately 0.2 km2 (Plate V. Total

thickness of the Cannon Beach member at this locality is probably

less than 100 m. The uncertainty of a unit thickness is attributed

to the geographic restriction of the member, poor exposure due to

dense vegetation, and thick colluvium in the Elk Mountain area.
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Lithology, Sedimentary Structures, and Provenance

The Wickiup Mountain member

Early to middle Miocene sandstones of the Wickiup Mountain

member are generally light bluish gray (5 B 5/1) to light gray (N7)

when fresh; and very pale yellow orange (10 YR 8/2) to grayish yellow

(5 Y 8/4) when weathered (Figure 20). The friable sandstone is

generally poorly cemented and weathers rapidly.

In outcrop, the arkosic sandstones are thick-bedded, structure-

less, and bioturbated; some exposures display faint planar- or cross-

laminations. Micas up to 3 mm in diameter and disseminated

carbonaceous plant debris are common on lamination planes. Thin beds

of tuffaceous siltstone with sharp, continuous, parallel contacts are

locally interbedded within the thick-bedded, friable sandstone beds.

Texturally, the sandstones are submature due to the amount of

diagenetic clay matrix (8.8%, Appendix II). However, the constit-

uent framework grains are well to moderately sorted, subrounded,

medium- to fine-sand sized grains of quartz and feldspar (Figure 21).

The texture of the framework grains indicates deposition in a

moderately high-energy environment. Part of the clay matrix was

derived through diagenetic alteration of original lithic framework

and mafic mineral grains. Support for interpretation of a high-

energy environment of deposition may be drawn from the presence of

plane laminated, fine- to medium-grained sands which are common in

shallow-marine environments (Reineck and Singh, 1975).



Figure 20. Typical exposure of the highly friable arkosic
sandstone of the Wickiup Mountain member of the
Astoria Formation. Note that the sandstone in the
lower part of the photo has disintegrated to
unconsolidated sand. Outcrop is located in the

S 1/2 of Section 27, T7N R6W.
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Figure 21. Photomicrograph of a fine- to medium-grained sandstone
of the Wickiup Mountain member. Note subparallel
compaction and broken micas, volcanic, lithic
fragments, and abundant feldspar and quartz. A thin
smectite (?) clay rim coats all framework grains and
acts as a cement. Field of view 1.04 mm. Uncrossed
nicols.
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Petrographically, one sample of the sandstone is a lithic

arenite according to Williams, Turner, and Gilbert's (1954)

classification (Figure 8) and a feldspathic litharenite according to

Folk's (1968) classification (Figure 9). However, the rock fragment

component (35% of the sample) was dominated by several mudstone

rip-ups. These mudstone clasts cause the rock to be classified as

lithic, but the origin of these lithic clasts should be taken into

account when drawing conclusions about the provenance of the

sandstone. Murphy (1981) documented that the Wickiup Mountain member

also contains lithic arkoses as defined by Folk (1968). Hand

specimen identification suggests that micaceous lithic arkoses are

the more predominant.

Several samples from the unit were submitted for porosity and

permeability analysis but disintegrated upon measurement (Terry

Mitchell formerly of Amoco Production Co., 1982, written

communication). Field studies suggest that the friable, arkosic

sandstones of the Wickiup Mountain member have high porosities

because a rock hammer can be easily inserted into the strata; in most

cases, care must be taken in order to obtain a consolidated sample.

The heavy mineral assemblage of a Wickiup Mountain sandstone

(sample 212; SE 1/4 of Section 2, T7N R6W) indicates a continuing

source of mafic to intermediate volcanic minerals. Amphiboles,

pyroxenes, and chloritic minerals point to a proximal basic igneous

terrane, perhaps the Tillamook Volcanics of Tillamook County and

southeast Clatsop County (Rarey, 1986; Nelson, 1985) and/or the

Little Butte Volcanics of the western Cascades (Peck and others,

1964). The remaining heavy mineral assemblage indicates acid igneous
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and metamorphic source terranes as indicated by garnet and zircon.

The arkosic sandstone that forms the Wickiup Mountain member of

the Astoria Formation contains abraded, disarticulated molluscan

shells. The unit also contains some poorly preserved molds. The

following species from the area have been identified by Ellen Moore,

1982, written communication (Appendix I):

Cyclocardia sp. cf. C. subtenta (Conrad)
Katherinella? sp. cf. K. augustifrons (Conrad)
Macoma indentata flagleri (Etherington)
Nucula washingtonensis (Weaver)
Panope abrupta (Conrad)
Spirotropis washingtonensis Etherington

In addition, the species Bruclarkia oregonensis and Nuculana

chehalisensis and the genera Crenella and Sacella have been

tentatively identified from the formation (Appendix I). A trace

fossil identified as belonging to the Planolites ichnogenera was also

recovered from the member (C. K. Chamberlain, 1982, written

communication; Appendix I). A. Niem (1987, written communication)

has found carbonized big leaf maple leaves up to six inches in

length associated with shallow-marine molluscan fossils in Plympton

Creek.

The Cannon Beach member

The Cannon Beach member of the Astoria Formation has a limited

outcrop extent within the thesis area (Plate I; Sections 29 and 32,

T7N R7W). It is present on the western face of Elk Mountain where it

directly underlies the subaqueous Grande Ronde low MgO high Ti02

flow #2.
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The early to middle Miocene unit is dark bluish gray (5 B 3/1)

when fresh and weathers to dark yellowish orange (10 YR 6/6). The

member consists of thinly-laminated mudstone; micaceous and

carbonaceous material commonly forms laminae. Rare, thin, tuffaceous

layers (1 - 2 mm in thickness) are also present. Even laminations

are typically parallel and continuous across exposures.

A few poorly-preserved molluscan fossils were recovered from the

unit, but were not identifiable (Moore, 1982, written communication).

The member is rich in forams; but most of the forams collected were

arenaceous and non-diagnostic of age or environment (McDougall, 1982,

written communication). However, the Cannon Beach member is rich in

diatom floras. A list of forms identified by Schrader and Baldauf

(1982, written communications) is provided in Appendix I.

Contact Relations

Regionally, both the Wickiup Mountain and the Cannon Beach

members of the Astoria Formation unconformably overlie older strata,

most commonly, the Smuggler Cove and the Northrup Creek formations

(Niem and Niem, 1985). In northern Clatsop County, the Wickiup

Mountain member unconformably overlies the Smuggler Cove formation

and in turn is overlain or interfingers with the Cannon Beach or

Young's Bay members (Coryell, 1978; Nelson, 1978). In southern

Clatsop County, the Wickiup Mountain member pinches out; in this area

the Cannon Beach member unconformably overlies the Smuggler Cove

formation (Neel, 1976; Cooper, 1981; Niem and Niem, 1985).



120

Coryell (1978) suggested that the Wickiup Mountain member (Big

Creek) represents a marine onlap at the onset of Astoria deposition.

As such, the sandstones of the Wickiup Mountain member represent the

advancement of the early to middle Miocene sea. As the marine onlap

continued, this lithologic package was overlain by the younger or

laterally-interfingering turbiditic or hemipelagic strata of the

Cannon Beach member.

Within the thesis area, mudstone rip-ups in the basal sandstone

beds of the Wickiup Mountain member are thought to have originated

from the Smuggler Cove formation. This also indicates that an

unconformity may be present between the two units (Krumbein and

Sloss, 1963). Also, strikes and dips measured from Wickiup Mountain

member exposures indicate a regional dip that is less inclined than

those of the underlying Smuggler Cove formation. Regionally, the

Cannon Beach member conformably overlies the lower to middle Miocene

Wickiup Mountain member of the Astoria Formation (Smith, 1975; Neel,

1976; Niem and Niem, 1985). The basal contacts of both the Wickiup

Mountain member and the Cannon Beach member are nowhere clearly

exposed in the thesis area.

Both members are disconformably overlain by subaerial to

subaqueous lava flows of the Columbia River Basalt Group. The

contact between the Wickiup Mountain member and flows of the Grande

Ronde Basalt is exposed in a roadcut in the SW 1/4 of Section 2, T7N

R6W (Plympton Ridge Section) and in roadcuts in Sections 26 and 27,

T7N R6W. Wherever exposed, the contact is marked by peperites and

small (meters) to large (tens of meters) invasive sill-like bodies.

This indicates a high amount of interaction and steam blasting
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between the semi-consolidated, soft, water-saturated sediments of the

Astoria Formation and the higher-density basalt flows.

The Cannon Beach member is overlain by submarine flow lobes of

Grande Ronde low MgO high Ti02 flow #2 correlative basalt in the

Elk Mountain area (NE 1/4 of Sectin 32, T7N R7W; Plate I). The

contact shows examples of a unconformable relationship in which the

bathyal marine mudstones are overlain by inclined pillow basalts and

breccias. The pillow basalts form foresets of a lava delta similar

to those noted by Murphy (1981) in the Nicolai Mountain area. The

interaction between the underlying mudstones and the overlying basalt

has formed local peperitic intrusions.

Age and Correlation

The Wickiup Mountain member of the Astoria Formation overlies

the Oligocene to lower Miocene Smuggler Cove and the Oligocene to

lower Miocene Northrup Creek formations. It underlies the middle

Miocene Columbia River Basalt Group. The age of the unit can

therefore be defined by mapping relationships as early to middle

Miocene. Molluscan faunas collected from Wickiup Mountain strata are

typical of fossils in the Astoria Formation, e.g., Cyclocardia

subtenta, Katherinella angustifrons, and Panope abrupta (early to

middle Miocene; Moore, 1982, written communication). As such, the

Wickiup Mountain member in the thesis area can be correlated bio-

stratigraphically to the type section faunas of the Astoria area.

The Wickiup Mountain member is also lithologically similar to the

shallow-marine sandstones of the type section at Big Creek as de-
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scribed by Coryell (1978) and Cooper (1981). It can also be mapped

continuously in outcrop to the type section of the Wickiup Mountain

member (Niem and Niem, 1985; this study; and Coryell, 1978).

In the thesis area (NE 1/4 of Section 32, T7N R7W) the Cannon

Beach member of the Astoria Formation contains diatom floras that are

middle to late Miocene in age (Schrader, 1982, written communication;

Baldauf, 1982, written communication; see Appendix V. Because the

unit is overlain by Columbia River Basalts that are middle Miocene in

age (Grande Ronde low MgO high Ti02 flow #2), the unit is

constrained to a middle Miocene age in the thesis area.

The Astoria Formation of the thesis area is correlated to the

type section at Astoria, the Clallam Formation (in part) of the

Olympic Peninsula of northwestern Washington, the Astoria Formation

of southwestern Washington, and the Astoria and Nye formations of the

Newport area of western Oregon (Snavely and others in Armentrout and

others, 1983).

Depositional Environment

Molluscan fossil assemblages indicate that the depositional

environment of the Wickiup Mountain member of the thesis area was

open, shallow-marine, warm to temperate water at sublittoral to

inner-shelf depths (Moore, 1982, written communication). Murphy

(1981), Coryell (1978), and Nelson (1978), concluded similar results

in adjacent thesis areas. The high degree of sorting of the sand-

stones, parallel- to cross-laminations, slightly abraded to broken,

disarticulated molluscan shells and preponderance of bioturbation
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suggest shallow-water deposition in a high-energy, wave dominated to

low-energy environment (Reineck and Singh, 1975). Kulm and others

(1975) also reported similar laminated fine-grained sands on the

high-energy, wave dominated, inner continental Oregon shelf with more

bioturbated sands on the middle to outer continental shelf below

normal wave base. The paleobathymetry of the mollusks collected from

the unit is also diagnostic. Extant species of represented genera

have the following paleobathymetric ranges (Keen, 1963):

Crenella 5 to 455 m
Cyclocardia Intertidal to 1,830 m
Nucula 10 to 2,000 m
Panope Intertidal to 20 m

The restricted paleobathymetric range of Panope suggests that

the depositional environment of the Wickiup Mountain member was

shallow marine. The trace fossil, Planolites, ranges from

intertidal to abyssal, but is common in nearshore environments (C. K.

Chamberlain, 1982, written communication). Microfossil assemblages

examined by McKeel from the Johnson 33-33 and the Patton 32-9 wells,

8 and 7 km northwest of the thesis area, respectively, indicate that

deposition of the Wickiup Mountain member occurred at inner- to

outer-neritic water depths (Niem and Niem, 1985).

Diatom floras examined by Schrader (1982, written communication)

indicate that the Cannon Beach member was deposited in slope to

abyssal depths. A slightly anomalous set of oceanographic conditions

probably prevailed during deposition of the unit. This is evidenced

by lack of the expected genus Denticula in the diatom flora

(Schrader, 1982, oral communication). This "oceanographic

irregularity" may have been a thermal anomaly (water warmer than

normal); although diatom assemblages indicate that primary
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productivity remained high (Schrader, 1982, written communication).

The well-laminated mudstone composition of the member suggests

deposition in a partially restricted, deep-water environment

dominated by quiet-marine hemipelagic processes. Poorly oxygenated,

water limited bioturbation by benthonic infauna. The content of

unaltered glass indicates that a significant portion of sediment

was supplied by continental volcanism.
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The Columbia River Basalt Group Interbeds

Nomenclature and Distribution

The term "Columbia River Basalt interbed" is applied to

lithologically diverse, sedimentary strata that are interbedded and

contemporaneous with subaerial or subaqueous flows of the Columbia

River Basalt Group. Recent work has contributed greatly to our

understanding of the stratigraphic and genetic relationships of

Columbia River Basalt Group flows in western Oregon (Snavely and

others, 1973; Beeson and others, 1979; Murphy, 1981; Nelson, 1985;

Wells and Niem, 1987; this paper). It is therefore possible to

construct a relatively complete stratigraphy of flows and interbeds

in northeastern Clatsop County within the framework established by

regional studies. A preliminary stratigraphy (Figure 38) was derived

from geologic mapping by Murphy (1981) and this writer, and supple-

mented with observations by Snavely and others (1973), Penoyer (1977)

and Coryell (1978). Where possible, this stratigraphy also incor-

porates nomenclature utilized by Swanson and others (1979) to refer

to specific interbed horizons recognized and mapped in eastern Oregon

and Washington.

Development of an accurate interbed stratigraphy is dependent

upon a reliable stratigraphy of the corresponding basalt flows. As

additional flows could conceivably be added to the current basalt

stratigraphy (see Basalt Section), the composite flow/interbed

stratigraphy may undergo slight modification by future workers.

Correlation of interbeds based on sedimentary lithologic criteria is

complicated because a single basalt flow may overlie diverse
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sedimentary lithologies which, prior to extrusion of the basalt,

represented diverse sedimentary facies. In an area such as north-

west Oregon where low viscosity basalt flows moved downslope,

progressively inundating, continental, transitional, and finally

marine depositional environments (Van Atta and Kelty, 1985; Murphy,

1981; Anderson, 1978; Snavely and others, 1973), it is probable that

many of these depositional environments were reestablished between

eruptive episodes. A single sedimentary unit could also be overlain

by several different flows in areas where the flows were channelized

or areally restricted. The mapping of individual interbeds is also

complicated both by vegetative and colluvial cover, as well as by the

tectonic complexity of the area. As such, it is premature to refer

to individual interbeds with specific nomenclature unless usage has

been previously established in the literature. With a few

exceptions, noted below, the majority of the interbeds appear on

Plate I as undifferentiated strata (Tcri).

Regionally, interbeds in the Columbia River Basalt Group on the

Columbia Plateau have been included in the Ellensburg Formation

(Swanson and others, 1979), a sedimentary unit that contains a mix-

ture of non-marine lithologic facies. This unit is defined primarily

upon the presence of bounding basalt flows. To this point, there has

been little formal application of nomenclature to the unit past the

formational level (Swanson and others, 1979). Strata in the thesis

area that occupy a similar stratigraphic position are considered

correlative to this middle to upper Miocene sedimentary unit.

One interbed exposed in the thesis area (Plympton Ridge) lies

between the Frenchman Springs and Grande Ronde Basalt and may



127

correlate to the Vantage Member of the Ellensburg Formation of

eastern Washington. The Vantage Member is a lithostratigraphically

defined interbed that may be discontinuously traced from the western

Columbia Plateau to the Oregon Coast Range (Swanson and others, 1979;

Beeson and Moran, 1979; Murphy, 1981). The Vantage Sandstone Member

was defined as a part of the Yakima Basalt by Bingham and Grolier

(1966). They defined the Vantage Sandstone Member as a sedimentary

unit that overlies the Grande Ronde Basalts, yet underlies the

Wanapum Basalts. Schmincke (1966) later recognized that the strata

defined as the Vantage Sandstone Member are in contact with strata

defined elsewhere as the Ellensburg Formation. Swanson and others

(1979) followed the recommendation of Schmincke and redefined the

Vantage Sandstone Member as a part of the Ellensburg Formation. They

also shortened the name of the unit to the Vantage Member because of

its lithologic heterogeneity. Although Swanson and others (1979)

made no provisions for Columbia River Basalt Group interbeds outside

the Columbia Plateau or Willamette Valley, Murphy (1981) recognized a

sedimentary unit that is underlain by flows of the Grande Ronde

Basalt (high MgO geochemical type) and overlain by flows of the

Frenchman Springs Member of the Wanapum Basalt. He called this

sedimentary unit the Vantage Member or Vantage equivalent. Recently,

however, Ketrenos (1986), working in nearby Columbia County,

suggested that the interbed that Murphy called the Vantage equivalent

is not correlative to the Vantage Member of the Columbia Plateau

because Murphy's interbed lies between the Sand hollow flow(s) of the

Wanapum Basalt and the high MgO flow of the Grande Ronde Basalt
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rather than the Ginkgo flow(s) of the Wanapum Basalt and the high MgO

flow(s) of the Grande Ronde Basalt.

It is the opinion of this writer that usage of the term

"Vantage" should be applied as a horizonal term rather than as a

highly defined lithostratigraphic term dependent on the presence or

absence of individual flow(s) of bounding basalt. It is also the

interpretation of this author that the intent of the redefinition of

the Vantage Member by Swanson and others (1979) was to separate flows

of the Grande Ronde Basalt from flows of the Wanapum Basalt. As

such, the term is useful in a regional sense. If, however, the term

is further restricted to apply to only to the interbed between the

youngest known Grande Ronde flow and the oldest known Wanapum Basalt

flow, then the term loses all applicability in regional usage. In

this study area, no interbeds meet the criteria of interposition

between flows of Ginkgo affinities and flows of high MgO Grande Ronde

Basalt. Therefore, no interbeds fit the most restrictive application

of the term Vantage Member. However, in the northwestern part of the

thesis area, an interbed that lies between a flow with Ginkgo

chemistry and lithology and undifferentiated Grande Ronde Basalt

flows does serve to separate basalts of the two formations.

An additional interbed informally called Clifton formation by

Murphy (1981), and Gnat Creek formation by Niem and Niem (1985) also

crops out in the Clatsop County area. Murphy delineated four facies

within the unit which is bounded basally by the Frenchman Springs

member of the Wanapum Basalts and suprally by the Pomona flow of the

Saddle Mountain Basalt (Figure 38). As this unit does not crop out
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in the Elk Mountain - Porter Ridge area, readers are referred to

Murphy (1981) for a thorough description of this interbed.

Van Atta and Kelty (1985) recently redefined the stratigraphic

position of the Seappoose Formation as including all the Columbia

River Basalt sedimentary interbeds in nearby Columbia County.

Originally, the name Scappoose referred to Oligocene to early Miocene

sedimentary strata below the Columbia River Basalt (Warren and

others, 1945). However, gravels and conglomerates were collected

from the Scappoose Formation of Warren and others (1945), analyzed

geochemically, and found to be of Columbia River Basalt derivation

(Kelty, 1983). This indicates that the unit is middle Miocene in age

and interbedded with the Columbia River Basalt. If this nomenclature

is adopted, then the sedimentary interbeds within the Columbia River

Basalt Group of the thesis area could be ascribed to the Scappoose

Formation.

The interbeds of the thesis area are exposed in discontinuous

outcrop patterns closely associated with the outcrop pattern of

Columbia River Basalt Group flows (Plate I). Individual interbeds

are generally friable; however, some of the finer grained and bas-

altic lithologies show consolidation attributed to heat transfer and

baking from the overlying flow. (However, consolidation is also

affected by clay and calcite diagenesis of the chemically unstable

basaltic rock fragments). The lack of cementation in arkosic sand-

stone interbeds results in strata that are generally unconsolidated

weather rapidly. Where arkosic sandstones are mixed with weathering

basalt, they jointly produce a dark reddish brown colluvial mixture

of oxidized basalt blocks and cobbles in a sandy, soily matrix.
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The interbeds crop out over an area not larger than 1.5 km2 in

the northeast quarter of the thesis area (Plate I; Plympton and

Porter Ridge areas). Individual interbeds tend to be discontinuous,

variable in thickness, and difficult to trace laterally. Observed

thicknesses range from 0.2 m to over 50 m (canyon walls of Plympton

Creek, Sections 10 and 11, T7N R6W) within the thesis area.

Lithologies by Stratigraphic Position

Sedimentary interbeds in the thesis area range from thin, baked

claystone and mudstone to basaltic and micaceous arkosic arenite, to

polymict grit beds and basalt cobble conglomerate. Friable feld-

spathic to arkosic arenite and subordinate, better indurated basaltic

arenite are characteristic of most interbed exposures. Volumetric-

ally, the most common lithology is fine- to medium-grained, well-

sorted, micaceous, feldspathic to arkosic sandstone. The framework

grains are subangular to subrounded. The sandstones are generally

interbedded with minor thin-bedded tuffaceous mudstone and siltstone,

and locally with polymict grit beds.

Grande Ronde Low MgO High TiO2 Flow Interbeds

No interbed is clearly exposed in the stratigraphic position

between the oldest flow known in the area (the R2? low MgO high

Ti02 #1) and the overlying (R2 low MgO high Ti02 #2) flow.

However, in the Plympton Ridge area, this stratigraphic position is

concealed by soil and colluvium that shows evidence of small-scale
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slumping. It is possible that a thin interbed may be concealed.

Elsewhere on Plympton Ridge, the low MgO high TiO
2

#1 flow is

overlain by a sequence of thin-bedded, fine-grained arkosic

sandstone, interbedded tuffaceous mudstone, and polymict grit beds.

This sequence is over 50 m in thickness and is well exposed in a

roadcut in the NE 1/4 of the NE 1/4, Section 11, T7N R6W. However,

this particular sequence is overlain by the Ginkgo flow (informal) of

the Frenchman Springs member of the Wanapum Basalt. Therefore, it

cannot be restricted to a stratigraphic position between the two low

MgO high TiO 2 flows.

The fine-grained, micaceous, arkosic sandstone at some local-

ities (most notably in the section described above) is lithologically

similar to the underlying Wickiup Mountain member of the Astoria

Formation. It is possible that these sandstones may represent a

laterally continuous lithosome locally interrupted by the arrival of

channelized or overbank flood basalts of the Columbia River Basalt

Group. Alternatively, some of the interbeds may represent eroded and

reworked Astoria Formation sediments and Columbia River Basalt flows

(Murphy, 1981; Van Atta and Kelty, 1985; Ketrenos, 1986).

A sandstone interbed recognized by Murphy (1981) between two

pillow palagonite sequences exposed in a quarry located on the

southern tip of Nicolai Mountain (Section 21, T7N R6W) is pertinent

to the flow/interbed stratigraphy of the R2 low MgO high Ti02

section. Murphy (1981) described the sandstone interbed as 5 - 10 m

thick, fine-grained and arkosic in composition, and diagnostic of a

time break between otherwise inseparable R2 closely-packed pillow

palagonite sequences. Field correlation conducted between the
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Plympton Ridge section and the Nicolai Mountain quarry suggests that

the basal sequence exposed in the quarry (Paleomagnetic site MM3;

Murphy sample 300) correlates with low MgO high Ti02 flow #2 of the

Plympton Ridge section (Plate III). This correlation is based on

major element geochemistry, magnetic polarity, and hand sample

similarity. The high degree of lithologic similarity between the two

flows was also observed and supported by Dr R. D. Bentley of Central

Washington University (personal communication, 1982). If this

correlation is correct, the pillow palagonite complex that overlies

the interbed indicates that there is a third R2 low MgO high TiO
2

flow in the northern Clatsop County area. If the correlation is

incorrect, the flows in the Nicolai quarry could correlate directly

to the two flows of the Plympton Ridge section.

Interbed Between Low MgO Grande Ronde High and Low TiO2 Flows

Another interbed exposed in the thesis area is a coarse-grained

basaltic sandstone between Grande Ronde R2 low MgO high TiO 2 flow

#2 and R2 low MgO low Ti02 flow #1 in the Plympton Ridge section

(SE 1/4 Section 2, T7N R6W). The basaltic sandstone interbed is also

exposed in a roadcut in the NE 1/4 Section 13, T7N R6W, where it

attains a maximum thickness of approximately 10 m. In the Plympton

Ridge Section, the overlying Grande Ronde flow invasively intrudes

the upper 0.5 meter of the interbed which is 4.6 m thick at this

location.

This highly distinctive basaltic interbed was studied petro-

graphically (Appendix II; samples 178 and 243). The yellowish gray
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(5 Y 8/1) sandstone classifies as a volcanic arenite in Williams,

Turner, and Gilbert's (1954) classification (Figure 8) and as a

litharenite to feldspathic litharenite in Folk's (1968) classifica-

tion (Figure 9). The medium- to coarse-grained, sub- to well-

rounded, moderately-sorted arenite is composed of 64% - 73% basaltic

lava fragments (Figure 22) with subordinate amounts of subangular

plagioclase (10% - 24%) and quartz (1% - 2%). The clay size matrix

ranges from less than 1% to 13%; the variation in abundance of matrix

depends upon the amount of finely-reworked palagonitic debris washed

into pore spaces. Most basalt clasts appear to be eroded and

reworked older R2 Columbia River Basalt flows. The basaltic sand-

stone pinches out towards the south; Grande Ronde low MgO high Ti02

flow #2 at the southern end of Porter Ridge directly overlies arkosic

sandstone (Wickiup Mountain member) of the Astoria Formation.

Also in the southern Porter and Plympton Ridge areas, the low

MgO high Ti02 #2 flow is overlain locally by a fine- to medium-

grained, micaceous, arkosic sandstone that is thinly interbedded with

tuffaceous mudstone. The absence of an overlying flow restricts

further stratigraphic placement.

Grande Ronde Low MgO Low TiO^ Flow Interbeds

The subaerial low MgO low TiO
2

Grande Ronde Basalt section in

Clatsop County generally lacks sedimentary interbeds. A notable

exception is a 0.2 m thick, highly-baked mudstone that separates the

low MgO low TiO2 #2 flow from the low MgO low TiO
2

flow #3 in the

Plympton Ridge section and in the Porter Ridge area (NE 1/4 SE 1/4,
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Figure 22. Photomicrograph of moderately sorted, fine- to
coarse-grained basaltic arenite. Clasts of basalt
are subangular to well-rounded; feldspar and quartz
are subangular. Glassy basalt lava fragments
dominate the. composition of the interbed (greater
than 60% in modal analyses); they are thought to be
derived from older Columbia River Basalt flows.
Note clay rim cement. Uncrossed polars. Field of

view: 4.3 mm.
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Section 12, T7N R6W; Plate III). The mudstone lacks diagnostic

forams, diatoms, or pollen; perhaps the extensive lithologic changes

(e.g., the development of a waxy luster and subconchoidal fracture

due to heating and baking by the overlying flow) destroyed some of

the less resistant fossils.

Grande Ronde High MgO Flow Interbeds

In the Bradley State Park area, Murphy (1981) reported two high

MgO Grande Ronde flows that are separated by a 2- to 5-m thick

sandstone. The sandstone is dark orange brown (10 YR 6/6), medium-

grained, and arkosic in composition with subordinate muscovite,

basaltic rock fragments, and carbonaceous material. The geographic

extent of this interbed cannot be extended to the Elk Mountain -

Porter Ridge area, partly because only one high MgO flow is present

at any given locality.

Interbeds Between Grande Ronde and Frenchman Springs Flows

The Vantage equivalent of Murphy (1981) crops out on the flanks

of Nicolai Mountain, located a few kilometers northwest of the thesis

area. Lithologic descriptions by Murphy (1981) indicate that the

sedimentary unit is primarily a carbonaceous and micaceous, arkosic

arenite underlain by a minor, basal, basaltic arenite. The unit is

thickest (20 to 25 m) in the eastern part of the area mapped by

Murphy, but thins (3 to 10 m) westward toward the Big Creek Gorge

area. In the thesis area, the "Vantage equivalent" is present in the
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West Creek drainage (Sections 12 and 13, T7N R6W) where it underlies

a Ginkgo flow and a Sand Hollow flow of the Frenchman Springs member

of the Wanapum Basalt. The "Vantage equivalent" at this location

consists of thick-bedded, fine- to medium-grained, micaceous arkosic

sandstone interbedded with thin-bedded, sandy siltstone and mudstone.

At another locality, the "Vantage equivalent" is directly overlain by

a Sand Hollow flow along a short spur logging road in the NW 1/4 of

the SW 1/4, Section 13, T7N R6W. At this locality, a well formed

spiracle in the base of the flow indicates that the lava was flowing

toward the southwest. In the eastern part of the thesis area (N 1/2

of the SE 1/4, Section 12, T7N R6W; Samples 184 and 189; Plate I), an

interbed between the Grande Ronde low MgO low Ti02 #3 flow and a

Sand Hollow flow is richly fossiliferous. Although not precisely

constrained to the "Vantage equivalent" stratigraphic position based

on local flow stratigraphy (the Grande Ronde high MgO flow(s) and the

Ginkgo flow of the Frenchman Springs member are not present at this

locality), the interbed is present at the formational boundary. At

this locality, the unit consists of over 30 m of highly friable,

grayish orange weathering (10 YR 7/4), fine- to medium-grained,

micaceous, lithic, arkosic sandstone. A shallow-marine pelecypod

from this interbed was tentatively identified as Pitar by Moore

(1982, written communication). Also, the 3.6 m thick, lithic,

arkosic sandstone that caps (i.e., overlies the Grande Ronde high MgO

flow) the Plympton Ridge section (Plate III; SW 1/4 Section 2, T7N

R6W) is lithologically correlative to the "Vantage equivalent" mapped

by Murphy. However, the sequence is not capped by a Frenchman

Springs flow and may not be wholly correlative.
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Interbeds Between Frenchman Springs Flows

Sedimentary interbeds between flows of the Frenchman Springs

member of the Wanapum Basalt have been identified by Murphy (1981)

both as fluvial arkosic sandstone in the Nicolai Mountain area and

as deep-marine mudstone in the Big Creek area. In this thesis area,

the most prominent of these interbeds separates the Ginkgo flow(s)

from the undifferentiated Sand Hollow flow(s). Exposures occur along

the the eastern slope of the Plympton Creek canyon (Section 10, T7N

R6W) and along a spur road that provides access to the northern part

of Porter Ridge (SE 1/4 of the NE 1/4, Section 11, T7N R6W). Litho-

logically, the interbed is composed of extremely friable, medium-

grained, arkosic sandstone.

Contact Relations

Contacts between flows of the Columbia River Basalt Group and

their associated sedimentary interbeds display highly variable

relationships in the thesis area. Great variance in the contact

relations can be observed between different flows and within the same

flow at different localities. Several of the flows were deposited on

unconsolidated or semi-consolidated sedimentary surfaces and

interacted explosively with the underlying water-saturated sediments

(southern Porter and Plympton ridges). In other areas, the flows

were channelized (Kerry ridge) or flowed across a pre-existing

low-relief topographic surface (e.g., Sand Hollow flow(s) of the

Frenchman Springs Basalt; Kerry and Porter ridges). Laterally, some
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of the flows are concordant with the interbedded sedimentary strata

(Plympton Ridge Section; Nicolai Mountain).

Virtually every contact between the soft sediments of the

interbeds and the interbedded Columbia River Basalt Group flows shows

some form of interaction. Minor interactions include baking effects

such as reddish oxidation zones, columnar jointing of the sedimentary

strata, and minor deformational loading. More pronounced inter-

actions include sediment spiracles into the basal parts of basalt

flows and peperitic intrusions of altered, angular basalt fragments

into the highly disrupted sandstone interbeds. A Miocene channel

eroded into a basaltic arenite in the Porter Ridge area (Section 12,

T7N R6W) contains an intra-canyon closely-packed pillow flow (Grande

Ronde low MgO high TiO
2

flow #2) that stoped canyon walls and

displays minor invasive effects at exposed contacts (Figure 47). An

outcrop in the N 1/2 Section 27, T7N R6W shows a large-scale (meters

wide) invasive contact between thinly interbedded arkosic sandstones,

siltstones, and grit beds and Grande Ronde low MgO high TiO2 flow

#2. The margins of the basalt are peperitic in nature and grade to

more consolidated basalt internally. At this locality, the basalt

crosscuts the sedimentary strata with steep but tortuous contacts.

Age and Correlation

The age of the Columbia River Basalt interbeds exposed in the

thesis area is middle Miocene. This age is based on correlation of

basalt flows in the thesis area to Columbia River Basalt Group flows

(specifically, the Grande Ronde and Wanapum Basalt) that have been
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radiometrically dated as middle Miocene (Swanson and others, 1979;

Watkins and Baski, 1974; Snavely and others, 1973; Beeson and Tolan,

1985; see Figure 24).

The Columbia River Basalt interbeds in the thesis area are

correlative to the Ellensburg Formation of eastern Washington

(Swanson and others, 1979), and the Tarheel Formation of the southern

Oregon Coast (Baldwin and Armentrout in Armentrout and others, 1983).

These interbeds are also correlative to the unnamed bathyal mudstones

and shallow- to deep-marine sandstones that are interbedded with

Columbia River Basalt Group lava deltas in western Clatsop County

(Penoyer, 1977; Coryell, 1978; Murphy, 1981; Niem and Niem, 1985),

and also the redefined Scappoose Formation of Van Atta and Kelty

(1985).

Depositional Environment

In northwest Oregon, sedimentary interbeds between the Columbia

River Basalt flows were deposited in continental, shallow-marine and

deep-marine settings (Murphy, 1981; Penoyer, 1977; Snavely and

others, 1973; Van Atta and Kelty, 1985; Niem and Niem, 1985). Within

the thesis area, depositional environments of the sedimentary inter-

beds range from continental to shallow marine.

A diatom flora collected from an intercalated, arkosic sandstone

and mudstone interbed (Sample 187, SE 1/4 of Section 12, T7N R6W)

between Grande Ronde low MgO high Ti02 flow #2 and Grande Ronde low

MgO low Ti02 flow #2 indicates a fresh-water depositional environ-

ment (lacustrine) punctuated by marine incursions. The assemblage
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contains abundant fresh-water species, no brackish water forms, and a

few characteristically marine species (H. Schrader, 1982, written

communication). Transportation of marine forms into a fresh-water

environment can be accomplished in several ways: 1) eolian transport

(effective over short distances); 2) avian vectors endemic to both

fresh and marine environments (such as some members of the family

Anatidae [ducks]); 3) location of the depositional environment in a

back-dune locale where periodic storms would allow short-term marine

incursions through breached dunes. (Schrader, 1982, oral communica-

tion). Alternatively, fresh-water diatoms could have been washed out

to sea and mixed with shallow-marine forms. Murphy (1981) suggested

this as a possibility for the diatoms found in the Clifton formation

interbed between Frenchman Springs and Pomona flows.

Molluscan assemblages collected from well-sorted, fine-grained,

arkosic sandstones bore shallow-marine faunas (Moore, 1982, written

communication). Two of the interbeds (samples 184 and 188, Section

12, T7N R6W; Plate I) contained shallow-marine molluscan genera, such

as Pitar sp. and Solen sp. (Moore, 1982, written communication).

Extant representatives of these genera inhabit depths ranging from 25

to 185 m (Pitar) and intertidal to 75 m (Solen, Keen and Coan, 1974).

These forms were articulated and appeared to be in life position in

outcrop. An ichnofossil, Thalassinoides, was also tentatively

identified from the interbed (sample 188) by Chamberlain (1982,

written communication). Thalassinoides ranges from intertidal to

abyssal but is most common in the nearshore (Chamberlain, 1982,

written communication).
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The arkosic to feldspathic composition of the Columbia River

Basalt sandstone interbeds may imply that a paleo-Columbia River

drainage system was active and capable of supplying sand-sized

terrigenous debris to western Oregon during the middle Miocene. This

could represent continued erosion of the source (Idaho Batholith?)

that supplied the underlying early to middle Miocene Astoria Forma-

tion. It is also possible that some of the arkosic material was

derived from reworked Astoria and/or older formations (e.g., Eocene

Cowlitz and Pittsburg Bluff sandstones of eastern Columbia County and

southwestern Washington). The basaltic arenites in the section are

probably attributable to erosion and reworking of adjacent Columbia

River Basalt flows.
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The Middle Miocene Basalts

Introduction

The origin and emplacement mechanism of the middle Miocene

tholeiitic basalts of western Oregon and Washington has been a

subject of controversy for the last fifteen years. The Miocene

basalts along the Oregon coastline and adjacent inland areas occur as

irregular intrusions, dikes, sills, subaerial flows, isolated

mountains of pillow palagonite breccias, pillow basalt, and lava

deltas (Snavely and others, 1973; Cressy, 1973; Smith, 1975; Neel,

1976; Penoyer, 1977, Nelson, 1978; Coryell, 1978; Murphy, 1981;

Olbinski, 1983; Peterson, 1984; Nelson, 1985; Rarey, 1986; Niem and

Niem, 1985). In northern Oregon, the outcrop pattern of these Middle

Miocene basalts forms a rough triangular shape that coincides with

the limits of the Astoria embayment. Because of the presence of

large-scale (tens of kilometers in length) "feeder dikes" and sills,

these basalts were thought to be erupted from a local magma chamber

that underlay the western Oregon Coast Range (Snavely and others,

1973).

Provocatively, the radiometric ages of these western Oregon and

Washington middle Miocene coastal basalts coincide closely with ages

of the plateau-erupted Columbia River Basalt in southeastern

Washington, northeastern Oregon, and west-central Idaho (Snavely and

others, 1973). On closer examination, it has been noted that basalts

on both sides of the Cascade Mountains share similar stratigraphic

positions, chemistries, magnetic characteristics, lithologic
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compositions, and flow characteristics (Snavely and others, 1973;

Swanson and others, 1979; Beeson and others, 1979; Mangan and others,

1986; Wells and Niem, 1987; Wells and Simpson, 1987; Tolan and

others, 1987; this study). Beeson and others (1979) first suggested

that the submarine intrusive coastal basalts of western Oregon are

distal "auto-invasive" flow lobes of some of the subaerial plateau-

derived Columbia River Basalt that reached the coast via an ancestral

middle Miocene Columbia River Gorge. Although this hypothesis solves

the problems associated with generation of identical tholeiitic

basalt magmas on either side of an active cale-alkaline belt, the

mechanism of auto-intrusion of these basalt lavas into thousands of

feet of Oligocene and Eocene sedimentary rocks is a difficult

problem. This section will focus on the geologic, geophysical, and

geochemical evidence associated with this issue and will present data

relevant to both sides of the discussion.

The Coastal Basalts

Warren, Norbisrath, and Grivetti (1945) were among the first to

apply Columbia River Basalt stratigraphy to outcrops mapped in

northwestern Oregon. They referred to "a series of basalt flows and

agglomerates of middle or upper Miocene age" as the "Columbia River

lava." Although they recognized the continuity of basalt flows from

the Columbia Plateau to the Oregon and Washington Coast Ranges, they

postulated a western vent system to explain a number of basalt dikes

concentrated near patches of lavas and agglomerates in the western

part of their study area (Clatsop and Tillamook counties). They
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referred to these intrusives as "source vents" for surrounding

extrusives.

In the following year, Warren and Norbisrath (1946) assigned

subaerial flows in the upper Nehalem River basin of the northeastern

Oregon Coast Range to the Columbia River Basalt. They tentatively

correlated this "westernmost margin" of Columbia River Basalt back

through the Columbia River Gorge to subaerial flows mapped in eastern

Oregon and Washington. Although they supported a Columbia Plateau

origin for subaerial flows along the eastern flank of the Oregon

Coast Range, they supported a local vent origin to explain intrusives

and associated extrusive basaltic material west of the subaerial flow

margins along the coast. The geologic enigma touched on by Warren

and Norbisrath was brought into focus by a number of publications in

the 1960's and 1970's (Snavely and others 1963, 1964, 1965, 1971,

1973, 1980; Beeson and others, 1979; Beeson and Moran, 1979;

Choiniere and Swanson, 1979).

Snavely and others (1965) identified two middle Miocene chemical

and petrologic types of tholeiitic basalt in the Oregon Coast Range.

They described the lower unit as medium to dark gray aphanitic basalt

that commonly contains patches of chlorophaeite. The upper unit was

described as sparsely porphyritic with yellowish phenocrysts of plag-

ioclase up to 20 mm in length (3/4 of an inch). Snavely and others

(1965) also pointed out the "striking similarity" between the chem-

ical composition of their lower unit and Waters' (1961) Yakima Basalt

and between their upper unit and Waters' (1961) Late Yakima Type.

Snavely and others (1973) added to and formalized the

nomenclature of the units subdivided by Snavely and others (1965).
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The lower unit was renamed the Depoe Bay Basalt, and the upper unit

was renamed the Cape Foulweather Basalt. Another petrologic and

chemical type was added to the stratigraphy of the coastal basalts,

the Basalt of Pack Sack Lookout. They also noted that the three

petrologic types could be easily separated based on chemistry,

petrography, and field characteristics. Snavely and others (1973)

also noted similarities between the "coastal" basalts and the

"Plateau-derived" Columbia River Basalts, and proposed the following

correlations based on similarities of petrography, K-Ar age dates,

relative stratigraphic position, and major/trace element

geochemistry:

COASTAL PLATEAU-DERIVED

Basalt of Pack Sack Lookout - - - Pomona flow of the Saddle
Mountains Basalt

Cape Foulweather Basalt - - - - Frenchman Springs member of the
Wanapum Basalt

Depoe Bay Basalt - - - - - - - Grande Ronde Basalt

Snavely and others (1973) recognized significant problems in

hypothesizing simultaneous eruptions of identical magmas at coastal

and plateau vents separated by over 500 km. They also recognized

that the contemporaneous cale-alkaline volcanism of the Cascades

presents a difficulty to acceptance of a two-vent hypothesis. They

postulated that a magma reservoir capable of supplying two widely

separated vent systems must have been widespread, homogeneous with

respect to major element and trace element geochemistry, and

deep-seated; possibly a zone of partially melted mantle. Because

correlative rocks on both sides of the cale-alkaline Cascades arc
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show little evidence of contamination, it was postulated that the

tholeiitic basalt magmas must have risen rapidly through a system of

deep extensional fractures. Along the northern Oregon and southern

Washington coastlines, the feeding fracture zone was postulated to be

a north-south trending, 260 km long fracture that stretches from the

Waldport, Oregon area to the Grays Harbor, Washington area.

Snavely and others (1973) proposed three models based on plate

tectonic relationships to explain the observed phenomenon. In model

one, the source of the magma is generated from refractory eclogite

being subducted as a part of the Juan de Fuca plate beneath the

leading edge of the North American plate. Most of the melt rose

through a fracture system that underlies the Columbia Plateau, but

some migrated back up the subduction zone until it intersected

deep-seated coastal fractures. In model two, the magma could have

been generated from a zone of partial melting produced by a broad,

horizontal shear zone at the lithosphere-asthenophere boundary. In

this case, the stress involved would be generated by a westward-

moving North American plate. As the magma chamber generated by such

a process would be thin and widespread, magma could be supplied to

fracture systems in the North American crust underlying both the

Columbia Plateau and Coast Ranges simultaneously. In model three,

tholeiitic magma may have been generated within the asthenosphere in

a zone of partial melting. Upon contacting the base of the North

American plate lithosphere, the magma would spread laterally to the

two deep-seated fracture systems in the overlying continental crust.

Although the models proposed by Snavely and others (1973) could

explain widespread, essentially simultaneous eruptive events, they
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fail to adequately explain long distance migration of the magma

without contamination.

Hill (1975) supported the geochemical correlations of Snavely

and others' (1973) three coastal basalt units with the Columbia River

Basalt units by doing extensive trace element analyses. He also

supported the view (as in model one of Snavely and others, 1973) that

the tholeiitic melt rose along the subduction zone associated with

the descending Juan de Fuca plate. He also suggested that fractional

crystallization of the Depoe Bay Basalt magma was not the source of

the Cape Foulweather Basalt or the Basalt of Pack Sack Lookout.

Recently, (Cressy, 1973; Smith, 1975; Neel, 1976; Tolson, 1976;

Penoyer, 1977; Coryell, 1978; M. Nelson, 1978; Olbinski, 1983) have

mapped a multitude of widespread and sporadically occurring Grande

Ronde- and Frenchman Springs-petrologic type intrusive bodies in

Clatsop County. Because of the relationships of the intrusives to

host rock (e.g., apparently deep-rooted and influenced by the

structural grain of the surrounding strata), the intrusives have been

postulated to be of local origin. Other workers, however, (e.g.,

Peterson, 1984; Nelson, 1985; Murphy, 1981; Rarey, 1986; Mumford, in

prep.; Niem and Niem, 1985; and this author) have more recently

documented a high degree of geochemical similarity between subaerial

Columbia River Basalt flows and the "local intrusions". The

concensus of these later authors has been to support the concept that

the basalts are of invasive plateau origin as proposed by Beeson and

others (1979).

Recent mapping, geochemical, paleomagnetic, and gravity

investigations by Olbinski (1983), Nelson (1985), Pfaff (1981) and
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this author have delineated the presence and salient characteristics

of three subparallel northeast-trending dike systems, each in the

order of tens of kilometers in length. Due to the length and

linearity of the dikes, explanation of their origin becomes more

difficult to explain as invasive. The characteristics and tectonic

significance of the dikes will be discussed further in later

sections.

Columbia River Basalt Group Nomenclature

The term Columbia River Basalt was first used by Russell (1901)

to refer to basaltic lavas in the Pacific Northwest. The flows

included in this broad application of nomenclature ranged in age from

Eocene to Recent and crop out in parts of eastern Washington, eastern

Oregon, southern Idaho, and northern California. Merriam (1901)

favored restriction of the term to flows of Miocene age. On the

basis of outcrops in the John Day Basin, he stated that "the lavas of

Columbia form a well-defined series which lies between the John Day

(Oligocene and lower Miocene) and Mascall (middle to upper Miocene)

formations." Lindgren (1901) also suggested restriction of the term

Columbia River lava to basalts of Miocene age. Although Wilmarth

(1938) added support to Russell's broad usage of the term, Waters

(1961) argued that common usage had dictated restriction of the term

"Columbia River Basalt" to the Miocene flows that cover parts of

northern Oregon, southern Washington, and eastern Idaho (see stippled

area in Figure 23).



Figure 23. Outcrop extent of Columbia River Basalt Flows. Modified after Packer
and Petty (1979) and Snavely, MacLeod, and Wagner (1973).
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Subdivision of the Columbia River Basalt Stratigraphy

Waters (1961) also suggested a two-fold stratigraphy for the

Columbia River Basalts. He delineated "two distict varieties" of

basalt (Picture Gorge and Yakima) which could by characterized by

petrography and chemical composition. He described the older Picture

Gorge flows as being "widespread in the Imnaha and John Day regions

and characterized by about 5 percent olivine, a silica content of 47

to 50 percent, and by notably higher contents of A1203, MgO, and

CaO than the younger (flows)." He referred to the younger flows as

the Yakima basalt and characterized them as having "more than 20

percent tachylyte, little or no olivine, a silica content of 53 to 54

percent, and by notably greater amounts of K20 and Ti02."

Although Waters (1961) did not characterize them as "a variety," he

also recognized a late (post-early Pliocene) variant of the Yakima

basalt. He referred to these flows as the "Late Yakima" flows and

described them as having "more olivine and plagioclase and a

distinctly higher percentage of iron and titania than normal Yakima

flows."

Wright and others (1973) proposed an informal four unit

stratigraphy which elaborated on Waters' (1961) subdivisions. Their

stratigraphy consisted of (1) the Picture Gorge flows of Waters'

(1961) coupled with the "lower" basalt of Bond (1962); (2) the lower

Yakima basalt (correlative to Waters' Yakima basalt); (3) the middle

Yakima basalt and (4) the upper Yakima basalt (both correlative to

Waters' (1961) Late Yakima textural and mineralogic variants).

Wright and others (1973) also distinguished eleven chemical types
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within the Columbia River Basalts based on a Si02 vs. MgO variation

diagram.

Swanson and others (1979) revised and greatly expanded upon

previously published stratigraphies and provided a comprehensive yet

flexible framework on which later, more detailed stratigraphies could

be placed. They raised the Yakima basalt to subgroup status and

defined three formational units within it - from oldest to youngest:

the Grande Ronde Basalt, the Wanapum Basalt, and the Saddle Mountains

Basalt (Figure 24). They also suggested use of four members within

the Wanapum Basalt and ten members within the Saddle Mountains

Basalt. The Grande Ronde Basalt was given no formal members due to

lack of distinctive marker units, but instead several magnetostrati-

graphic units (R1, N1, R2, N2) were proposed to further

delineate packages of Grande Ronde flows. The Picture Gorge Basalt

was defined as contemporaneous with the lower part of the Grande

Ronde Basalt and both the Grande Ronde and Picture Gorge formations

were placed stratigraphically higher than the Imnaha Basalt (Figure

24).

Middle Miocene Basalt Chemistry - Development of a Correction Factor

Crushed rock samples collected from fifty intrusive and

extrusive basalt localities within the thesis area (see Appendix VII

and Plate I for locations) were analyzed against both Columbia River

Basalt and International standards for ten major oxides (reported

values for FeO and calculated Fe203 have been recombined as FeO*

in this study). The analytical results for each sample are tabulated
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in Appendix VII. All analyses were performed at the Washington State

University XRF (x-ray fluorescence) facility under the direction of

Dr. Peter Hooper, Professor of Geology. The samples were analyzed

according to procedures outlined by Hooper and Reidel (1976) except

that samples were fused twice to increase homogenization.

Initially, (January, 1982) thirty-six samples from the thesis

area were submitted for major element geochemical analysis (Appendix

VII). These samples were part of a larger round-lot group of one

hundred samples collected from intrusive and extrusive Columbia River

Basalt distal correlatives in Clatsop County, western Oregon. In

addition to the samples submitted by this author, samples from the

adjoining thesis areas of Nelson (1985), Olbinski (1983), and

Peterson (1984) were also submitted. Due to the large volume of

analyses being performed by the lab at that time and a lack of

specificity in the cover letter that accompanied the samples, all of

the samples were errantly evaluated against International standards

(G-2; GSP-1; AGV-1; BCR-1; PCC-1) rather than against the preferred

Columbia River Basalt standard (BCR-1).

Consequently (May, 1982), a group of ten samples of the original

36 from the thesis area that were considered critical for correlation

with regional studies, were submitted for re-analysis against the

Basalt Standard (BCR-1). The entire Plympton Ridge Section (Plate

III) was re-analyzed at this time as were samples from Elk Mountain

intrusives and extrusives. Cost considerations precluded a more

extensive re-analysis. The results of this analytical run are listed

in Appendix VII along with the analytical results for the earlier

samples run against the International standard. Concurrently,
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fourteen samples that had not been previously tested (numbers 37 - 50

in Appendix VII) were analyzed against International standards.

Without knowing the magnitude of the difference between oxide values

derived against one standard versus the other, the decision to run

newly sampled localities against the International standard was based

on the desire to obtain results directly comparable to the initial

run and consistent with those of workers in adjacent areas (i.e.,

Olbinski, 1983; Nelson, 1985; and Peterson, 1984).

The differences in oxide values for a sample run against the

International standards as opposed to the Basalt standard were

thought to be minimal (Dr. Peter Hooper, 1982, oral communication).

Based on limited comparisons, Si02, MgO, TiO 2, and A1203 show

the widest variation of results (Dr. Peter Hooper, 1982, oral

communication). If quantified, this observation would allow for

direct, albeit tenuous, correlation between data obtained using the

BCR-1 standard (used by most workers; e.g., Swanson and others, 1979;

Beeson and Tolan, 1985; Mangan and others, 1986; Snavely and others,

1973) and the data obtained using the International standards

(reported in Nelson, 1985; Olbinski, 1983; Peterson, 1984; and this

report).

The re-analysis of ten samples was designed as a partial test to

determine the magnitude of difference and the viability of such a

geochemical correlation. A more complete discussion of the methods

used to statistically evaluate the magnitude of differences in the

reported data is detailed in Appendix VIII. Briefly, the conclusions

of that study indicate that seven oxides (Si02, FeO*, MnO, CaO,

K20, Na203, and P205) show a slight bias in analytical
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result according to the standard against which they were run. As the

bias imparted does not exceed the limits of analytical error for XRF

analyses, the results are considered statistically identical; and

therefore, no statistical remediation is warranted. However, the

difference between oxide values derived for Al203, MgO, and

Ti02, did exceed the limits of analytical error. The application

of a "correction factor" is therefore "warranted" for these three

oxides. It should be noted that there are several limitations in

both the data and the method used in this investigation. It is

recommended that future workers apply these correction factors

sparingly and in only the broadest sense possible for the following

reasons: (1) the limited number of samples used in the comparisons

(2) the limited timeframe over which comparisons were made relative

to the functional life of the laboratory involved, (3) the elapsed

time between the two sample runs (approximately five months), (4) the

statistical congruency of seven of the ten oxide pairs, and (5) the

magnitude of difference between reported oxide values showed

indications of being influenced by the overall geochemistry of the

sample (e.g., Grande Ronde values for P205 show less offset than

Frenchman Springs values for the same oxide).

Data obtained by Dr. M. Beeson, Professor of Geology, Portland

State University (1982, written communication) indicate that an

additional twenty-nine sample pairs were submitted for analysis

against both International and Basalt standards at the WSU XRF

facility in May, 1981. The data show that rocks having a broader

range of silica content were evaluated than the data presented in

this study, a factor which presents problems to concatenation of the
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two data sets. However, Beeson's data show the same relative offset

and very similar magnitude of difference for all oxides except SiO
2

and K20. Correction factors based on Beeson's data were derived by

this author and were utilized by Olbinski (1983), Peterson (1984),

and Nelson (1985). The two data sets do corroborate each other;

Beeson's data verified that the mean of the differences between oxide

values exceeded experimental error, thereby justifying the usage of

correction factors in the same three oxides (A1203, Ti02)' and

MgO) as indicated by this later study:

Beeson's data This study
(wt. %) (wt. %)

Si02 +0.181 -0.70 - use not justified

Al203 +0.54 +1.08 - use justified

Ti02 +0.14 +0.18 - use justified

FeO* -- +0.14 - use not justified

MnO +0.01 +0.01 - use not justified

CaO +0.29 +0.04 - use not justified

MgO +0.13 +0.25 - use justified

K2 0 +0.02 +0.01 - use not justified

Na20 -1.07 -0.60 - use not justified

-0.05 -0.03 - use not justified

1

Justified values to be added to International standards data to
approximate CRB-1 standard result for that oxide.

Within this study, the correction factors on the right were used

because they represent correction factors derived from data

associated with this investigation, hence they represent correction

factors more applicable to a narrower range of whole rock
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geochemistries. Also within this study, the above correction factors

have been applied only to data that represent average geochemistries,

and then for illustrative purposes only. However, in an

investigation peripheral to this study, correction factors were

applied to reported values of International standard derived MgO and

Ti02. The corrected values were then plotted on an MgO - Ti02

bivariate diagram. The resulting geochemical crossplots compared

favorably with BCR-1 derived data of Snavely and others (1973),

Cressy (1973), Nelson (1978), Penoyer (1977), Coryell (1978), Neel

(1976), and Murphy (1981) and allowed for a greater overlap of

geochemical fields than was observed without the use of the factors

(Goalen and Niem, 1982, unpublished data and map).

Paleomagnetism of the Middle Miocene Basalts

Paleomagnetic analysis of the middle Miocene Columbia River

Basalts of the thesis area was undertaken in two ways. One hundred

and forty seven basalt localities were tested with the aid of

fluxgate magnetometers supplied by 'Dr. Edward M. Taylor, Department

of Geology, Oregon State University and Dr. Shaul Levi, College of

Oceanography, Oregon State University. Samples were collected from

all major intrusive and extrusive basalts exposed in the thesis area

(Plate I). The results of these determinations are listed in

Appendix IX.

Additionally, fifteen middle Miocene Columbia River Basalt dikes

and flows were drilled for spinner magnetometer analysis (Goalen,

Nelson, and Olbinski, 1982, unpublished research paper; Figure 25).
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One of the objectives of that study was to correlate middle Miocene

Columbia River Basalt Group flows to Columbia River Basalt invasive

sills and dikes of Clatsop County using paleomagnetic methods. The

study was undertaken by Olbinski (1983), Nelson (1985), this author,

Dr. Shaul Levi, Oregon State University College of Oceanography, and

Dr. Alan Niem, Oregon State University Department of Geology. Also

contributing to the effort were Bob Karlin and Dennis Schultz,

Paleomagnetics Lab, Oregon State University; Dr. Robert Bentley,

Central Washington University; Carolyn Peterson (1984) M.S. Oregon

State University; Carolyn Knapp Nelson and Sharon Goalen, helpful,

energetic, and enthusiastic spouses.

The entire body of this research was incorporated into the

Oregon State University Master's thesis of Nelson (1985). Readers are

referred to that thesis for a detailed compilation and analysis of the

study. Because many of the drilled sites were in the thesis area of

this author, the results for those sites are referenced in this thesis

in the sections dealing with middle Miocene flows and intrusives.

Also, the results (e.g., sample localities drilled and notes pertaining

to those sites) are listed in Appendix X.
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The Grande Ronde Basalt

Development of Grande Ronde Stratigraphy and Nomenclature

The term Grande Ronde Basalt was first suggested for use in

Columbia River Basalt Group nomenclature by Taubeneck (1970). The

phrase was added to the formal nomenclature by Swanson and others

(1979) to replace the informal term, lower Yakima Basalt, as

utilized by Wright and others (1973).

The Grande Ronde Basalt consists of aphyric to very sparsely

phyric, finely-crystalline, tholeiitic basalt. The flows generally

lack any notable quantities of phenocrysts; most contain rare plag-

ioclase microphenocrysts or plagioclase-clinopyroxene clots. Olivine

is generally absent as phenocrysts, but is generally present in the

groundmass of most Grande Ronde flows (Swanson and others, 1979).

The physical characteristics of the flows, such as jointing

habit, color, flow thickness, grain size, presence or absence of

flow-top rubble, and abundance and size of vesicles are not useful

for regional correlation of flows (Swanson and Wright, 1979).

Consequently, subdivision of units within the Grande Ronde Basalt is

accomplished primarily through the use of magnetic polarity

determinations and major-element geochemical analyses.

Campbell and Runcorn (1956) were among the first workers to

examine the natural remanent magnetization of Columbia River Basalt

flows. They collected samples from seven stratigraphic sections and

identified at least three magnetic reversals. Watkins and Baksi

(1974) correlated eleven stratigraphic intervals based on ten
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polarity intervals. Camp (1976) successfully applied a

magnetostratigraphy suggested by Swanson and Wright (1976) to flows

of Grande Ronde basalt in the Lewiston Basin. From oldest to

youngest, the magnetostratigraphic nomenclature consists of a

reversed polarity R1 unit succeeded by a normal polarity N1 unit,

a reversed polarity R2 unit, and a normal polarity N2 unit

(Figure 24). Swanson and others (1979) formalized and recommended

use of these magnetostratigraphic units throughout the Grande Ronde

basalt. Van Alstine and Gillette (1981) studied surface exposures

and subsurface core samples from the Pasco Basin area and proposed

the use of eleven magnetostratigraphic subzones within parts of the

R2 and N2 magnetozones. Because their core samples were oriented

with respect to only one axis (the vertical axis), no determinations

of declination were possible and the subdivisions were based solely

upon remanent polarity and inclination determinations.

Differences in the geochemical composition of Grande Ronde flows

have been used informally by some authors to differentiate between

groups or even between individual flows within the formation. Wright

and others (1973) identified high-MgO, low-MgO, and high Ti02

subtypes within their lower Yakima (Grande Ronde) basalt. Nathan and

Fruchter (1974) identified flows representing a high-MgO Grande Ronde

geochemical type overlying flows belonging to the more prevalent

low-MgO geochemical type. Geologists of the Atlantic Richfield

Hanford Company (1976) traced this change in MgO through the

subsurface in the Pasco Basin and referred to it as the "Mg-break" or

as the "Mg-horizon." Myers and others (1979) referred to the Grande

Ronde flows above the Mg-horizon as the Sentinel Bluffs sequence and
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the predominantly low-MgO flows below the horizon as the Schwana

sequence. Long and others (1980) proposed further subdivision of the

N2 section surrounding the Mg-horizon into three chemical types

(low MgO, high MgO, and very high MgO) and two subtypes (Umtanum and

McCoy Canyon) based primarily on concentrations of MgO, Ti021

K20, and P205.

Mangan and others (1986) conducted an extensive geochemical

analysis of Grande Ronde flows that encompassed over 350 analyses

from 47 stratigraphic sections. The results of their work show that

no clear-cut fractionation trend is present in the Grande Ronde

section and that most of the Grande Ronde flows may be grouped into

one of five major chemical groupings. These chemical groupings are

repeated at irregular intervals throughout the formation. Mangan and

others (1986) will be discussed further in the geochemistry

subsection. Current workers are continuing to identify specific

paleomagnetic, geochemical, or physical parameters which could equate

to mappable differences between individual flows or flow packages

within the Grande Ronde basalt (R. D. Bentley, oral communication,

1982; M. H. Beeson, oral communication, 1986; Tolan and others, 1987;

Reidel and others, 1987).

Grande Ronde Chemistry

The many middle Miocene Grande Ronde intrusives, as well as the

subaerial and submarine extrusives of the thesis area (e.g., Plympton

Ridge section, Plate III; Elk Mountain and Porter Ridge, Plate I;

Appendix VII), have Grande Ronde major oxide geochemistry (Table 1).
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Table 1: Average chemical composition of Grande Ronde/Depoe Bay
Basalts

Ave.1
Depoe
Bay

Ave.1

Grande
Ronde

Ave.2
Grande
Ronde

Ave.3
Grande
Ronde

4

with
corr.

Si02 55.7% 55.0 55.94 55.95

A1203 14.0 14.2 14.04 13.96 (15.03)

Ti02 2.0 2.0 1.78 2.15 (2.33)

Fe203 2.4 2.3 -- --

FeO 9.9 9.4 -- --

FeO* -- -- 11.77 11.45

MnO 0.21 0.21 0.19 0.18

CaO 7.1 7.9 6.88 6.88

MgO 3.6 4.2 3.36 3.28 (3.53)

K20 1.4 1.3 1.99 1.79

Na20 3.3 3.0 3.14 3.44

P205 0.38 0.37 0.43 0.37

(4)

# of Analyses 52 18 8 41

1From Snavely and others (1973). Run against Basalt standard

2From Swanson and others (1979) - Low MgO Grande Ronde chemical type
10, page G10. Basalt Standard

3Average of Low MgO (high and low Ti02 chemical subtypes) from the
thesis area. International standard.

4Average chemistry with correction factor applied to simulate Basalt
standard result. (See Appendix VIII).

FeO* = analytical FeO + 0.9 Fe203.
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Average major oxide values for 41 samples of low MgO Grande Ronde

Basalts in the thesis area were compared with values characteristic

of the Grande Ronde Basalt (Swanson and others, 1979; Snavely and

others, 1973) and the Depoe Bay Basalt (Snavely, 1973). The

analytical results show a close correlation between the data sets

(Table 1). The values presented in Table 1 for oxide averages from

the thesis area represent only low MgO chemical subtype data (i.e.

the low MgO high TiO 2 and the low MgO low Ti02 subtype

populations were combined, see below). No data representing the high

MgO (e.g., MgO weight percent greater than 4.0%) subtype were

included in this average. The data of other workers were

standardized against the Columbia River Basalt standard (BCR-1)

whereas the data from the thesis area were standardized against

International standards. As expected from comparative studies

(Appendix VIII, Correction factor subsection of this chapter),

comparable results are obtained for seven of the ten oxides. Values

for Al203 and Ti02 are fairly comparable with or without

correction.

For the Grande Ronde Basalts, Si02, MgO, and Ti02 are the

most useful oxides for definition of geochemical subtypes (see Si02

variation diagrams, MgO vs. Ti02 bivariate diagrams (Figures 26 -

35). Clustering of data associated with all of the Grande Ronde and

Frenchman Springs geochemical subtypes is most readily apparent on

the Si02 vs. Ti02 variation diagram (Figure 27). Three Grande

Ronde Basalt chemical subtypes are differentiated within the thesis

area on the basis of the silica variation diagrams for MgO and TiO 2

(Figure 27 and Figure 29 respectively), as well as the MgO vs. Ti02
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bivariate diagrams (Figures 34 and 35): (1) a low MgO high Ti02

subtype, (2) a low MgO low Ti02 subtype, and (3) a high MgO subtype

(Plate I).

Within the low MgO chemical group, the low Ti02 and high

Ti02 subtypes are differentiated based on a TiO2 content of 2.0

wt.% (Figures 27 and 34; Murphy, 1981; Nelson, 1985). Long and

others (1980) successfully differentiated Grande Ronde subtypes on

the Columbia Plateau on the basis of TiO 2 content. Low MgO low

Ti02 basalts also appear to be slightly enriched in SiO
2

and

slightly depleted in P205 (Figure 33) relative to the low MgO

high Ti02 subtype. However, neither observation exceeds the limits

of analytical error and is, therefore, statistically insignificant.

Low MgO Grande Ronde Basalts are separated from high MgO Grande

Ronde Basalts at a value of 4 wt.% MgO (Figure 29; Nelson, 1985;

Murphy, 1981). This value approximates the values used by regional

workers on other low MgO vs. high MgO discrimination diagrams (Beeson

and Moran, 1979; Wright and others, 1973; Nathan and Fruchter,

1974). High MgO basalts also contain less SiO
2

and more CaO (i.e.,

are more mafic) than the low MgO Basalts (Figure 30).

Comparison of the BCR-1 derived chemical data of this study with

the analytical results of Mangan and others (1986) indicates that the

Grande Ronde low MgO high TiO2 subtype, the Grande Ronde low MgO

low Ti02 subtype, and the Grande Ronde high MgO subtype of this

study are equivalent to the Grande Ronde chemical types 2, 5, and 4

respectively that Mangan and others (1986) recognized on the Columbia

Plateau (Table 2). Further comparison of major element analytical

results indicates that the BCR-1 standardized values for MgO and
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Table 2: Average chemical composition of Grande Ronde Basalt
chemical subtypes

SOURCE (1) (2) (3) (4) (5) (6)
-----------------------------------------------------------------------
Si02 55.07% 55.80 55.73 56.56 53.80 54.45

A1203 13.95 13.92 14.11 14.08 14.17 14.44
(15.00) (15.16) (15.52)

Ti02 2.26 2.22 1.96 1.91 1.96 1.80
(2.40) (2.09) (1.98)

FeO* 12.12 11.59 11.32 11.02 11.84 11.50

MnO 0.20 0.18 0.18 0.18 0.17 0.19

CaO 7.17 6.82 7.38 6.90 8.54 8.20

MgO 3.60 3.25 3.88 3.37 4.80 4.33
(3.50) (3.62) (4.58)

K20 1.82 1.82 1.76 1.72 1.12 1.14

Na20 3.13 3.47 3.10 3.37 2.90 3.17

P205 0.40 0.38 0.31 0.35 0.35 0.32

No. of
Analyses 27 31 24 10 3

(1) Mangan and others (1986) - Grande Ronde Basalt chemical type 2.
Run against Basalt standard - BCR-1

(2) This study. Grande Ronde chemical type 2. International standard.
(values in parentheses have been "corrected" to BCR-1)

(3) Mangan and others (1986) - Grande Ronde chemical type 5. BCR-1

(4) This study. Grande Ronde chemical type 5. Int'l std. ("Corrected"
to BCR-1)

(5) Mangan and others (1986) - Grande Ronde chemical type 4. BCR-1

(6) This study. Grande Ronde chemical type 4. Int'l std. ("Corrected"
to BCR-1)

FeO* = analytical FeO + 0.9 analytical Fe203.

3
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Ti02 of this study fall within the limits of the geochemical fields

for chemical types 2, 5, and 4 as proposed by Mangan and others

(1986; Figure 36). As such, some tentative correlations may be drawn

between the Grande Ronde flow packages of the thesis area and the

Grande Ronde flow packages of the western Columbia Plateau based on

the known magnetostratigraphy, geochemistry, and stratigraphy of

flows in both areas (Figure 37). In short, the Grande Ronde (R2)

low MgO high Ti02 flows #1 and #2 of this study are correlative to

Grande Ronde (R2) subtype 2D of Mangan and others (1986); the

Grande Ronde (R2 and R2/N2 transitional) low MgO low Ti02

flows #1 and #2 of this study are possibly correlative to Grande

Ronde (R2) subtype 5D, but are more likely correlative to

(R2/N2 transitional) flow package 5C of Mangan and others (1986);

Grande Ronde (N2) low MgO low Ti02 flow #3 of this study is

correlative to Grande Ronde (N2) subtype 5A of Mangan and others

(1986); and Grande Ronde (N2) high MgO flow(s) of this study are

correlative to the Grande Ronde (N2) subtype 4A of Mangan and

others (1986).

This close correlation between the stratigraphy of the basalts

of the western Columbia Plateau and the middle Miocene basalts of

western Oregon is difficult to explain without invoking the one-vent

invasive flow hypothesis of Beeson and others (1979). Wells and Niem

(1987) and Wells and Simpson (1987) have also observed that a Grande

Ronde flow with easterly declination (low MgO low Ti02 flow #2 of

this study) as well as the Pomona member of the Saddle Mountains

Basalt and Frenchman Springs flows of the Ginkgo chemical and

petrologic type all have close intrusive correlatives with the same
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others (1986).
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Figure 37. Regional correlation of geochemical subunits. Modified
after Mangan and others (1986).

-



180

paleomagnetic declinations and chemistries "downstream" of their

subaerial counterparts. With the field and lab data presented here

for a one-for-one correlation between flow packages of the western

Columbia Plateau/Columbia River Gorge and the flows/intrusives of

Clatsop County, it becomes increasingly difficult to justify a local

western magmatic source as proposed by Snavely and others (1973). If

a local western vent were present and produced Columbia River

Basalt-type lavas, it is likely to expect that a number of

non-correlative (e.g., Oregon and Washington Coast Ranges) intrusive

or extrusive petrologic types should be present near the western

vents. Some contamination or differentiation should have occurred in

a magma chamber (500 km across) as extensive as the one pictured by

Snavely and others (1973) or that the western vent would have erupted

at some point in time, asynchronously of the eastern vent. However,

the mechanics of invasive dike and sill emplacement remain

problematic. This topic is discussed further in the invasive flow

section of this subchapter.

The Age of the Grande Ronde Basalt

Limited age data are available for the the Columbia River

Basalts of western Oregon. On the basis of correlation to Grande

Ronde Basalts on the Columbia Plateau, the age of correlative flows

in Clatsop County should be between 16.5 and 14.5 Ma (Swanson and

others, 1979; Mangan and others, 1986; Figures 24 and 38).

Published radiometric ages for Grande Ronde Basalts in Clatsop

County are nearly identical to radiometric ages for Grande Ronde
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SCHEMATIC REPRESENTATION OF COLUMBIA RIVER BASALT FLOWS
PRESENT IN CLATSOP COUNTY, NORTHWEST OREGON

Flows and K-Ar
Characteristic Major Element Geochemistry (Int'l)

Interbeds Age Polarity SiO2 A1203 Ti03 FeO MnO CaO MgO K20 Na2O P205

0
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Figure 38. Clatsop County Columbia River Basalt Group flows.
General stratigraphic nomenclature after Swanson and
Wright (1979).
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Basalt on the Columbia Plateau. Snavely and others (1973) and Turner

(1970) obtained K/Ar ages ranging from 14 + 2.7 Ma to 16 + 0.6 Ma for

Grande Ronde (Depoe Bay Basalts) of the northern Oregon coast. Alan

Seeling of Diamond Shamrock Corp. in a communication to A.R. Niem

(1981) indicated that a Grande Ronde low MgO high Ti02 sill

penetrated in the Diamond Shamrock Crown Zellerbach 31-17 well has a

K/Ar age of 20 Ma. However, Peterson (1984) argued that thin section

petrography of sample chips obtained from the sill suggests that the

intrusion was highly altered and the radiometric age is therefore

suspect. Niem and Cressy (1973) reportd a K/Ar age of 15.9 + 0.3 Ma

for the low MgO Grande Ronde sill that forms Neahkahnie Mountain in

southwest Clatsop County. Murphy (1981) obtained middle Miocene

foram and molluscan ages in the Big Creek area (5 km north of the

thesis area) from interbeds between Grande Ronde submarine pillow

breccias.

The Grande Ronde and Frenchman Springs flows overlie the middle

Miocene Wickiup Mountain member of the Astoria Formation in the

Porter Ridge and Plympton Ridge areas (Plate I). Also, in the Elk

Mountain area, strata dated as middle to late Miocene in age (Cannon

Beach member of the Astoria Formation) underlie submarine breccias

correlative to low MgO high Ti02 flow #2. This relationship

indicates that the flow is at oldest, middle Miocene in age (Baldauf

and Schrader, 1982, written communications).

Petrography of the Grande Ronde Basalt

Thirteen samples, representing all six of the low and high MgO

and Ti02 Grande Ronde Basalt chemical subtypes known in the study
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area, were studied petrographically (Appendix VI). No major

differences occur between the six subtypes and thus they are grouped

in this discussion as one petrographic type. The locations of the

studied samples are identified on Plate I. The samples were split

fairly evenly between intrusive and extrusive basalts. The flows of

the Plympton Ridge section (Plate III) and the three major basalt

dikes (Beneke, Northrup, and Fishhawk Falls) were favored over some

of the more crystalline thick sills and basalt breccias that are

present in the western part of the area (e.g., underlying Elk

Mountain). The slower cooling, thicker intrusives are more

holocrystalline in texture, while the rapidly quenched and thinner

flows are more glassy. Textures range from hyaloophitic to

subophitic in the more rapidly cooled intrusives and extrusives to

intergranular and intersertal in the more slowly cooled basalts

(Figures 39 - 44). In the more crystalline samples, subhedral

albite-twinned plagioclase laths represent 40% to 55% of the

constituent minerals. Augite is the second most common mineral,

ranging in abundance from 11% to 35%. Opaque iron oxides (probably

mostly magnetite, and some ilmenite) occur as interstitial mineral(s)

and as finely disseminated constituents in the basalt groundmass. In

many of the submarine and subaerial extrusives, some of the thinner

intrusives, and along the margins of the thicker intrusives, the

texture is hyaloophitic with dark, turbid, tachylytic glass comprising

over 50% of the sample.

Using the Michel-Levy method, extinction angles of the

plagioclase indicate that subhedral to anhedral labradorite

(An 50-60) is the most common plagioclase in the tholeiitic samples,



184

0.1 mm

Figure 39 Photomicrograph of the basal flow of the Plympton
Ridge section (Plate III), herein referred to as
the Grande Ronde low MgO high TiO flow #1.
Partially green augite encased laths of plagioclase
microlites are randomly oriented in the thin section
Texture is subophitic with grading to hyaloophitic.
Note small euhedra of black magnetite. Field of view
is 1.04 mm



'
:dá

185

0.10.1

Figure 40. Photomicrograph of the Grande Ronde low MgO high
Ti02 flow #2; the 2nd basalt flow from the base of
the Plympton Ridge section (Plate III). Texture is
subophitic grading to intergranular; note
intergranular opaque magnetite/ilmenite and some light
greenish gray augite. Plagioclase microlite near the
left center of the photo is an example of the
ubiquitous plagioclase microphenocrysts (approx. 1mm
in length) which give the flow its characteristic
microphyric hand sample appearance. Field of view is
1.04 mm. Uncrossed nicols.
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Figure 41. Photomicrograph of Grande Ronde low MgO low
Ti02 flow #1; the 3rd basalt flow from the base of
the Plympton Ridge section (Plate III). Texture is
hyaloophitic with abundant uniform opaque tachylyte
surrounding skeletal labradorite microlites. Field of
view is 1.04 mm. Uncrossed nicols.
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Figure 42. Photomicrograph of Grande Ronde low MgO low Ti02
flow #2; the 4th basalt flow from the base of the
Plympton Ridge section (Plate III). Texture is
hyaloophitic with opaque tachylyte (black basaltic
glass being the dominant component of the lithology.
Note the sharply terminated euhedra of plagioclase and
pyroxene. Field of view is 1.04 mm. Uncrossed nicols.



Figure 43. Photomicrograph of Grande Ronde low MgO low Ti02
flow #3; the 5th basalt flow from the base of the
Plympton Ridge section (Plate III). Texture is
intergranular with euhedral augite and minor opaque
ilmenite/magnetite and some chlorophaeite/chlorite
filling the interstices. Note apatite inclusions in
the plagioclase phenocryst in the center of the photo.
Sample was obtained from the lowermost basal
colonnade. Field of view is 1.04 mm. Uncrossed
nicols.

'0.1
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Figure 44. Photomicrograph of Grande Ronde high MgO flow that
is the 6th basalt flow from the base of the
Plympton Ridge section, and the stratigraphically
highest flow in the section (Plate III). Texture is
subophitic to intersertal. Note turbid greenish
interstitial chlorophaeite (celadonite) chlorite
alteration products between skeletal to euhedral
plagioclase microlites and augite crystals. Content of
magnesium oxide is greater than 4 wt % by geochemical
analysis. Field of view is 1.04 mm. Uncrossed
nicols.

ht.
I-
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although some of the smaller crystals are calcic andesine. Zoning is

apparent in some larger plagioclase microphenocrysts and is defined

by rims of apatite and finely disseminated opaque minerals. In

hyaloophitic samples, plagioclase commonly appears with highly ragged

crystal terminations as if a period of rapid cooling followed a

period of slower crystallization (Figure 41).

Subhedral to rare euhedral augite is commonly smaller and more

equant than plagioclase. Measured 2V angles are indicative of augite

to subcalcic augite and in some cases began to approach that of

pigeonite (Kerr, 1977). Microphenocrysts of augite (up to 2 mm in

length) are rare (Figure 40).

Complex octahedral crystal outlines of euhedral magnetite are

present in the low MgO high Ti02 samples (Figure 39). Magnetite/

ilmenite is also present as finely disseminated opaque dust around

the edges of plagioclase and pyroxene microlites. In some

interstitial areas, the opaques appear to form a network of tiny

interconnected crystals. Peterson (1984) observed that opaque

minerals in the Grande Ronde low MgO high Ti02 and high MgO

chemical subtypes generally comprise more than 9% - 10% of the thin

section; whereas the low MgO low Ti02 basalts display lower values

for opaque content. These values approximate opaque contents

observed in the rocks of this thesis area.

Brownish green chlorophaeite and calcite fill some fractures in

augite crystals (Figure 43). Apatite is visible as inclusions in

some plagioclase microlites and microphenocrysts (Figure 43). A

minor silicic residuum occurs in the ground mass between plagioclase

microlites and augite crystals in some of the more crystalline
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samples studied. Greenish chlorite and/or smectitic clays occur as

secondary alteration products (Figure 44).

Patches of light brown basaltic glass (sideromelane) occupy

minor interstitial positions in some moderately crystallized basalts

studied (Figures 43 and 44). In the more hyaline extrusives and

quenched thinner intrusive margins, a dark brown basaltic glass

(tachylyte) dominates the samples (Figures 41 and 42).

The abundance and variety of mineral components in the Grande

Ronde Basalts of the thesis area are similar to petrographic reports

of other workers on the Columbia Plateau and Coastal middle Miocene

basalts (Snavely and others, 1965; Snavely and others, 1973; Swanson

and others, 1979). A minor exception is that pigeonite is not

observed as a quantitatively important clinopyroxene in the thesis

area.
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The Frenchman Springs Member of the Wanapum Basalt

Development of Frenchman Springs Stratigraphy and Nomenclature

Waters (1961) was the first to recognize flows belonging to this

group as a late textural and mineralogic variant of the Yakima

Basalt. He informally named this variant the late Yakima basalt.

Wright and others (1973) further differentiated these flows as the

middle Yakima basalt on the basis of mineralogic, stratigraphic, and

geochemical criteria. They also informally designated three members

within the formation, from oldest to youngest: the Frenchman Springs

member, the Roza member, and the Priest Rapids member. Swanson and

others (1979) formalized and augmented this stratigraphy with a

number of changes. They replaced the name middle Yakima Basalt with

the formational name Wanapum Basalt within the Columbia River Basalt

Group. The term Wanapum Basalt was first applied to flows of this

member by Mackin in 1950's and 1960's (Swanson and others, 1979).

Swanson and others (1979) also established a new member of the

formation, the Eckler Mountain member, which is overlain in

succession by the Frenchman Springs member, the Roza member, and the

Priest Rapids member (Figure 24).

Of the four members of the Wanapum Basalt, only the Frenchman

Springs and Priest Rapids members are represented by flows in western

Oregon (e.g., Willamette Valley area; Beeson and Moran, 1979; Beeson

and Tolan, 1985). Only the Frenchman Springs member is known to be

present in northern Clatsop County (Murphy, 1981; this study).

Beeson and others (1985) recently subdivided this member into seven

units composed of twenty-one known flows. The units, from oldest to
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youngest are: The Basalt of Palouse Falls, the Basalt of Ginkgo, the

Basalt of Sand Hollow (contains both low P205 and intermediate

P205 subunits), the Basalt of Sentinel Gap (contains both inter-

mediate P205 and high P205 subunits) and the Basalt of Lyons

ferry. The units were defined on the basis of lithology, strati-

graphic position, chemical composition, and paleomagnetic inclination

and declination. The units of Beeson and Tolan (1985) are shown

below in relation to an earlier nomenclature proposed by Bentley

(1977; as referenced in Beeson and Tolan, 1985).

Bentley, 1977

Union Gap Flows

Kelley Hollow Flows
Flow of Badger Gap

Ginkgo Flow

Palouse Falls Flow

Beeson and Tolan, 1985

Basalt of Lyons Ferry

Basalt of Sentinel Gap

Basalt of Sand Hollow

Basalt of Silver Falls

Basalt of Ginkgo

Basalt of Palouse Falls

In the thesis area, only Ginkgo and Sand Hollow flows have been

recognized.

Frenchman Springs Chemistry

Six samples of Frenchman Springs Basalt from flows that crop out

on Plympton and Porter ridges underwent X-ray fluorescence analysis

for ten major oxides (Appendix VII; Plate I). Samples were analyzed

against International standards under the direction of Dr. Peter

Hooper at the Washington State University X-ray fluorescence
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facility. For further discussion see Basalt Correction Factor

section of this chapter and Appendix VIII. All the samples were

taken from flows: five from subaerial flows and one from a

subaqueous closely-packed pillow sequence (Appendix VII).

The major element geochemistry of all six samples is typical of

the Frenchman Springs member of the Wanapum Basalt (Table 3).

Comparison of these values with published major oxide values (BCR-1)

of Snavely and others (1973) and Swanson and others (1979) to

International standard derived data of this study shows a good

correlation for all oxides except Ti02. The addition of a

correction factor to this oxide results in a value comparable to

BCR-1 derived data (Table 3). Frenchman Springs flows are lower in

Si02, and higher in FeO*, P205, and TiO2 than basalts with

Grande Ronde chemistries (Figures 27, 28, and 33).

Based on stratigraphic position and physical characteristics,

the basal Frenchman Springs flow(s) of the thesis area are thought to

be correlative to the Basalt of Ginkgo of Mackin (1961) and Beeson

and Tolan (1985). Frenchman Springs flows higher in the section are

thought to be correlative to the Basalt of Sand Hollow of Mackin

(1961), and the Basalt of Sand Hollow intermediate P205 subtype

of Beeson and Tolan (1985). Further geochemical comparison to the

results of Beeson and Tolan (1985) indicates a fair correlation

between the published values for Ginkgo and Sand Hollow chemical

types and the Frenchman Springs flows of the thesis area. Comparison

of Ginkgo geochemistries, for example (Table 3), shows excellent

correlation for all oxides except Al203, Ti02, FeO*, MgO, and

Na20. The discrepancies for A1203, TiO 2, and MgO are
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Table 3: Average chemical composition of Frenchman Springs/Cape
Foulweather Basalts

SOURCE (1) (2) (3) (4) (5) (6)

Si02 51.9% 52.29 51.55 52.41 51.60 53.28

A1203 13.9 13.21 14.38 13.69 14.20 13.42
(14.77) (14.50)

TiO2 3.0 3.17 3.08 2.82 3.06 2.73
(3.00) (2.91)

Fe203 3.6 -- -- -- -- --

FeO 10.9 -- -- -- -- --

FeO* -- 14.38 14.19 13.29 14.12 12.73

MnO 0.22 0.22 0.23 0.21 0.22 0.20

CaO 7.9 7.90 8.03 7.73 7.89 7.90

MgO 4.1 4.04 4.16 3.99 4.28 4.03
(4.24) (4.28)

1.0 1.41 1.23 1.32 1.35 1.28

3.0 2.67 2.34 3.24 2.28 3.32

P205 0.69 0.71 0.58 0.66 0.54 0.56

No. of
Analyses 21 8 38 2 20 4

(1) Snavely and others (1973) - Cape Foulweather Basalt chemical type.
Run against Basalt standard - BCR-1

(2) Swanson and others (1979) - Frenchman Springs chemical type.
column 15, page G10, BCR-1

(3) Beeson and others (1985) - Ginkgo chemical type. p. 89. BCR-1

(4) This study. Ginkgo chemical type. Int'l std. ("Corrected" to
BCR-1)

(5) Beeson and others (1985) Intermediate P2O5 Sand Hollow
chemical type

(6) This study. Sand Hollow chemical type. Int'l std. ("Corrected to
BCR-1)

FeO* = analytical FeO + 0.9 Fe20 3.

-
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explicable with application of correction factors; the discrepancies

for FeO* and Na20 are probably a result of the combination of the

limited population size and the relatively high experimental error

associated with these oxides. Comparison of uncorrected Sand Hollow

geochemistries (Table 3) displays major oxide discrepancies identical

to the uncorrected Ginkgo geochemistries.

The Age of the Frenchman Springs Basalt

The Frenchman Springs Member of the Wanapum Basalt is dated at

13.6 to 14.5 Ma on the Columbia Plateau (Swanson and others, 1979;

Mangan and others, 1986). Frenchman Springs flows have been traced

by Beeson and Tolan (1985) and Beeson and others (1987) from the

Columbia Plateau to western Oregon. The basalts of the thesis area

correlate to these flows on the basis of chemistry, stratigraphic

position, and fluxgate polarity and are age-equivalent to correlative

Columbia Plateau flows. Murphy (1981) mapped a sequence of strata

(Clifton formation now Gnat Creek formation of Niem and Niem, 1985)

that contains middle Miocene diatom assemblages (e.g., Luisian) above

Frenchman Springs flows in northern Clatsop County (Nicolai

Mountain). Stratigraphic relationships also indicate that the

Frenchman Springs overlies the middle Miocene Grande Ronde Basalts of

western Oregon (including the thesis area) thereby bracketing their

age as middle Miocene.
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Frenchman Springs Petrography

One sample of the Frenchman Springs Member of the Wanapum Basalt

was studied in thin section (Sample 227; Appendix VI; Figure 45).

The sample was from a subaerial Ginkgo flow on Plympton Ridge (NE 1/4

of Section 11, T7N R6W; Plate I). The petrologic type is character-

ized by many large plagioclase phenocrysts of labradorite (An
58-62

up to 1 cm in length in a subophitic groundmass of subhedral to

euhedral augite and albite-twinned plagioclase crystals. Modal

analysis indicates that plagioclase comprises 38% to 55% of the

sample. Augite accounts for about one-third of the minerals present,

and light brown basaltic glass(sideromelane) forms an additional 17%

of the sample. Accessory minerals include minor magnetite/ilmenite

which is confined to interstitial space, and rare subhedral apatite

which occurs in the groundmass and as inclusions in the plagioclase.
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Figure 45. Photomicrograph of Ginkgo flow of the Frenchman
Springs Member of the Wanapum Basalt. Note corner of
typical plagioclase phenocryst in subophitic
groundmass of plagioclase microlites, green augite,
and opaque magnetite/ilmenite. The Ginkgo flow(s) is
widespread in the northeast corner of the thesis area,
where it commonly, along with Sand Hollow flow(s),
forms the cap rock. Field of view is 3.2 mm.
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The Columbia River Basalt Flow Stratigraphy of the Thesis Area

Up to 13 middle Miocene Columbia River Basalt flows are thought

to have entered the Clatsop County area (Murphy, 1981; Figure 38).

From oldest to youngest they are: Grande Ronde (R2) low MgO high

Ti02 flows #1 and #2, and possibly a #3 flow; Grande Ronde (R2

and N2) low MgO low Ti02 flow #1, #2, and #3; two Grande Ronde

(N2) high MgO flows; one to two (?) Frenchman Springs Ginkgo flows;

one to three (?) Frenchman Springs Sand Hollow (intermediate

P205) flows, and one Saddle Mountains Basalt Pomona flow.

The most completely exposed section of the Grande Ronde Basalt

stratigraphy occurs on a logging road on the northern part of

Plympton Ridge (SW 1/4 of Section 2, T7N R6W; Plate III). Only the

flows known to have entered the thesis area will be discussed below.

In areas where a lack of definitive chemistry, paleomagnetism, or

lithology precluded identification, flows were mapped as

undifferentiated Grande Ronde or as undifferentiated Frenchman

Springs (Plate V.

Low MgO High Ti02 Flow #1 of the Grande Ronde Basalt

The oldest known flow to enter the Clatsop County area is the

Grande Ronde R2 (N1?) low MgO high Ti02 flow #1 which is

chemically and magnetostratigraphically correlative to Mangan and

others (1986) R2 chemical group 2D (Figure 37). The flow is best

exposed and best known as the basal flow of the Plympton Ridge

Section, Section 2, T7N R6W (Plate III). The flow is also correlated
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to the Northrup dike of Olbinski (1983) and this study and a highly

weathered remnant of a subaerial flow lobe northwest of Fishhawk

Falls Reservoir (Sections 35 and 36, T7N R6W; Plate I).

The basalt is light gray (N7) to yellowish brown (10 YR 5/2) in

weathering color, and dark blue gray (5 B 3/1) when fresh. It is

fine-grained to aphanitic; when highly crystallized, up to 25% of

surface area may be composed of acicular to wedge shaped crystals of

pyroxene and plagioclase less than 2 mm in length, but commonly the

rock is aphanitic with common acicular microphenocrysts and rare

phenocrysts of plagioclase.

On Plympton Ridge in the northern part of the study area (Plate

III), the flow is composed of a well-developed basal colonnade with

virtually no entablature (Plate III). Cores were drilled from the

lower colonnade and the more poorly developed upper colonnade for

spinner magnetometer paleomagnetic analysis (Site MM 11, Appendices X

and XI). The paleomagnetic results indicate that the flow has two

internal polarities: the first being reversed polarity (D = 262, I =

-50, )( 95 = 39) as indicated by samples from the upper part of the

flow, and normal polarity (D = 332, I = 28.5,
rX 95

= 15) as

indicated by samples taken from the flow's more slowly cooled basal

region (Goalen, Nelson, and Olbinski, 1982; unpublished paleomagnetic

research paper; Nelson, 1985). Paleomagnetic data from the Northrup

dike (sites MM1 and MM4) indicate correlative intrusives were also

undergoing changes in polarity. Both Northrup dike sites are

reversed in polarity, but display unresolved divergence in

declination and inclination directions. It is possible that this

flow and correlative intrusives were extruded during a period of
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secular variation, or more likely, during a short-lived (10,000 to

100,000 yr.) flip in the Earth's magnetic field (Blakely, 1974).

Magnetic correlation charts based on sea-floor magnetic data show

that many short-lived excursion events occurred during the middle

Miocene (Blakely, 1974) magnetozones from 16.5 to 14.5 Ma (Hertzler

and others, 1968; Blakely and others, 1974; Vail and Mitchum, 1979).

Also, the differences could be related to unresolved small-block

rotations (Nelson, 1985).

Alternatively, the low MgO high Ti02 flow #1 could possibly

represent an N1 magnetozone Grande Ronde flow. Anderson (1981)

documented an N1 Grande Ronde low MgO flow with similar

geochemistry in the Clackamas River area east of Portland, Oregon

(Beeson, 1986, personal communication to A. Niem). From fluxgate

magnetometer studies, Anderson's flow also had a reversed flow top

which he attributed to thermal resetting of magnetic domains by heat

from the overlying R2 flow. Because no detailed magnetometer study

was performed on Anderson's flow, no clear indication of the

stability of the overprinted reversal or the depth to which the

phenomenon extended can be made. In the case of the Plympton Ridge

flow of this thesis, the magnetic stability of normal and reversed

components remained at demagnetization levels exceeding 400

Oersteds. Also, Anderson's flow was in direct contact with the

thick, dense basal colonnade of the overlying flow. This overlying

colonnade represents a significant thermal reservoir. In the

Plympton Ridge section, the low MgO low Ti02 #1 flow is overlain by

a 3.04 m thick slump zone which probably represents a zone of mixed

volcaniclastic sediment, palagonite, and cobble-size vesicular



202

basaltic breccia (Plate III). The slump zone is overlain by similar

palagonitized breccias which represent a minimum of two successive

thin flow lobes of a single eruptive event that entered a subaqueous

environment upon solidification at Plympton Ridge. Upon arrival of a

third flow lobe with sufficient volume to build a significant

thickness above water level, the low MgO high Ti02 flow #1 was

alreadly insulated by over 12 m of interposed breccia and palagonite

(Plate III). Paleomagnetic cores recovered from the subaerial upper

part of the low MgO low Ti02 #1 flow were of reversed polarity to a

depth of at least 5 meters below the top of the flow. In this

thermal overprinting model, the overlying flow lobe would be required

to possess sufficent thermal capacity to alter the underlying flow

through a thickness of 17 m of intervening palagonitic breccia.

Further paleomagnetic study, thermal modelling, and geochemistry is

required to fully understand the occurrence of both reversed and

normal polarities in the basal flow in the Plympton Ridge Section.

Fluxgate polarities taken from exposures of the flow in nearby

Plympton Creek are of reversed polarity (this study; A. Niem, 1987,

personal communication).

At Plympton Ridge, the low MgO high Ti02 flow #1 is 10.7 m

thick. The flow interacted with the underlying sandstone of the

Wickiup Mountain member of the Astoria Formation as evidenced by

peperitic intrusions and sediment spiracles at the base of the flow.

The flow also exhibits splayed (war bonnet) jointing in the basal

colonnade (Figure 46), and flattened, elongate, flow-top vesicles up

to 6 cm in length and parallel to flow top in the upper colonnade

(Plate III).
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Figure 46. Basal Grande Ronde flow (low MgO high Ti02 flow #1)
exposed in the Plympton Ridge section. Geologic

hammer is resting on fanning colonnade. The contact
with the underlying early to middle Miocene Wickiup
Mountain member of the Astoria Formation is obscured
by a slump off the photo to the viewer's lower right.

r
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Low MgO High Ti02 Flow #2 of the Grande Ronde Basalt

The R2 low MgO high Ti02 flow #2 of the Grande Ronde Basalt

is the most voluminous of the Columbia River Basalt flows exposed in

the thesis area (Plate V. The flow covers the southern part of

Plympton Ridge (Sections 22, 23, 26, and 27, T7N R6W) and composes

most of the subaqueous extrusives (pillow palagonite breccias, basalt

breccias, and close-packed pillow sequences) of Elk Mountain (Plate

I). The flow is also exposed as a 30-meter thick, close-packed

pillow sequence that grades into a subaerial flow at the top of the

sequence (outcrop 177, Section 12, T7N R6W). At this locality, the

flow occupies an intra-canyon position within the underlying basaltic

sandstone. Basalt correlative to this flow is also voluminous in the

subsurface as sills and dikes underlying and surrounding the Elk

Mountain area, and as the Beneke dike and Fishhawk Falls dike of the

thesis area (Plate V.

The flow is composed of light gray (N7) to yellowish brown

weathering basalt that is dark blue gray (5 B 3/1) when fresh.

Approximately 10% of the rock surface is composed of plagioclase

microphenocrysts that are 2 - 3 mm in length. The microphenocrysts

are scattered in a dense aphanitic groundmass.

The low MgO high Ti02 #2 flow has Grande Ronde Basalt

chemistry correlable to the R2 Grande Ronde chemical subtype 2D of

Mangan and others (1986; Figure 37). Fluxgate magnetometer polarity

determinations indicate that the flow lobes at Plympton Ridge are

reversed polarity. Similarly, the thick, close-packed pillow
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sequence (Figure 47) exposed on eastern Kerry Ridge (outcrop 177,

Section 12, T7N R6W) as well as most of the extrusives and intrusives

of Elk Mountain have reversed polarity. Correlative basalt was

drilled for spinner magnetometer paleomagnetic analysis along the

Beneke dike trend (for further discussion, see intrusive section);

these results also indicate reversed polarity.

The flow exposed on Plympton Ridge is composed of four

successive flow lobes; the basal two are palagonitic breccia

reflecting emplacement in a shallow subaqueous environment; the upper

two lobes are columnar jointed and are separated by vesicular zones

(Plate III; Figure 48). The highly fractured nature of the flows and

the thin nature of the lobes discouraged taking cores for spinner

magnetometer paleomagnetic analysis. The total thickness of the flow

in the Plympton Ridge section is approximately 21 meters (Plate III).

Low MgO Low Ti02 Flow #1 of the Grande Ronde Basalt

The R2 low MgO Low Ti02 flow #1 of the Grande Ronde Basalt

crops out at the Plympton Ridge Section and at various localities on

Plympton and Porter Ridges where it has not been buried by the more

widespread flows of the Frenchman Springs member of the Wanapum

Basalt (Plate V. The flow is correlative to a 10 m thick sill in

the southwestern part of the thesis area (Section 8, T6N R7W).

The basalt is light gray (N7) to light brown (5 YR 6/4) in

weathering color; dark blue gray (5 B 3/1) when fresh. The flow is

abundantly microphyric; up to 20% of the rock is composed of acicular

plagioclase and augite phenocrysts 1 - 2 mm in length. There are
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Figure 47. Quarry enclosed exposure of close-packed pillows of
Grande Ronde low MgO high Ti02 flow #2. Hammer

rests on an enclosed pod or rip-up of arkosic
sandstone. Hammer handle points up. Pillows indicate
a flow direction to the west. The flow becomes
subaerial near the top of the exposure. Flow filled a
canyon cut through basaltic sandstone.



Figure 48. Subaqueous to subaerial R2 Grande Ronde low MgO high
Ti02 #2 flow lobes exposed on Plympton Ridge (Plate
III). The hammer rests on the subaerial blocky dense
part of one of four flow lobes. The base of each lobe
is composed of soft yellowish subaqueous paloagonitic
breccia which grades upwards into the blocky,
vesicular colonnade-like subaerial flow top. Three
flow lobes are pictured here. The flow lobes are
overlain by a coarse-grained basaltic sandstone
which is out of the field of view.
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also relatively rare lath shaped plagioclase phenocrysts ranging from

2 - 4 mm in length. All phenocrysts are surrounded by a tachylitic

groundmass.

The R2 low MgO low Ti02 flow #1 has low MgO Grande Ronde

chemistry similar to that of either R2 Grande Ronde chemical

subtype 5D or R2/N2 transitional chemical subtype 5C of Mangan

and others (1986). Because spinner magnetometer paleomagnetic

analysis indicates that the flow is reversed (D = 245.6, I = -27.5,

_<
95 =

13.8; Plate III), the flow is most likely correlative to

chemical subtype 5D of Mangan and others (1986).

The flow top contains a 4 meter thick zone of elongate flattened

vesicles up to 2 - 3 cm in length, which are oriented parallel to the

upper boundary of the flow. The basal and upper colonnades are

moderately developed; the entablature is well developed (Plate III).

A total flow thickness of 26 meters is exposed at the Plympton Ridge

section, the basal 9 meters of which is composed of palagonitic

basalt breccia and was emplaced subaqueously. The flow overlies a

4.6 meter-thick basaltic sandstone and shows small-scale invasive

contacts (Figure 49).

Low MgO Low Ti0 Flow #2 of the Grande Ronde Basalt

The N2 low MgO low Ti02 Flow #2 of the Grande Ronde Basalt

crops out only in the Plympton Ridge Section in the thesis area

(Plates I and III). The flow is composed of light brown (5 YR 6/4)

to reddish brown (10 R 4/4) weathered basalt which is dark bluish

gray (5 B 3/1) when fresh.
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Figure 49. Sharp, steeply-dipping contact between underlying
coarse-grained (darker brown) basaltic sandstone on
the right and the third flow from the base of the
Plympton Ridge section (low MgO low Ti02 flow W.
The fluvial (?) sandstone is dominantly composed of
reworked basaltic rock fragments. Pods of brown
volcanic sandstone are incorporated into the overlying
lighter yellow palagonitized pillow basalt and
breccia. The basalt breccia shows very minor invasion
or injection into the underlying sandstone.
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The basalt is slightly phyric with irregularly shaped wedge-like

and lath-like pyroxene and plagioclase crystals which are scattered

in an aphanitic groundmass. The plagioclase and augite crystals are

usually less than 0.5 mm in length; but rare plagioclase phenocrysts

are up to 1.5 mm in length.

The N2 low MgO low Ti02 flow #2 has Grande Ronde low MgO

chemistry correlative to the Columbia River Plateau derived R2/N2

transitional Grande Ronde chemical subtype 5C of Mangan and others

(1986; Figure 37). The inclusion of the flow in this particular flow

package is made more likely by its spinner magnetometer paleomagnetic

analysis. The results of that work indicate that cores drilled from

the flow are separable into two packages, one normally polarized and

one reversely polarized. The presence of two distinct paleomagnetic

signatures within one flow is probably attributable to extrusion

during a reversal thereby strengthening the correlation to Mangan and

others (1986) chemical subtype 5C. The normally polarized group of

cores (D = 73.6, I = 29.8; cores 5,6,7,8, and 9) displays a lower

'1495
than the reversely polarized cores (Appendix X).

The flow is 36 m thick at Plympton Ridge (Plate III). It

displays poorly developed basal and upper colonnades and a well

developed entablature.

Low MgO Low TiO^ Flow #3 of the Grande Ronde Basalt

The N2 low MgO low Ti02 flow #3 of the Grande Ronde Basalt

crops out in the thesis area along a spur transverse to the general
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trend of Plympton Ridge (Plympton Ridge Section, Section 2, T7N R6W;

Plates I and III). This is the only known outcrop of the subaerial

flow within the boundaries of the thesis area; although the flow does

have correlative intrusives located west of Elk Mountain (Sections 6

and 9, T6N R7W, thick sills; Section 29, T7N R6W, two subparallel

northeast-trending dikes).

The basalt of the low MgO low Ti02 flow #3 is grayish orange

(10 YR 7/4) weathering, dark bluish gray ((5 B 3/1), medium-

crystalline basalt. Most of the plagioclase and augite crystals are

1.0 - 1.5 mm in length; however, some rare acicular plagioclase

crystals are up to 2.5 mm in length.

The N2 Grande Ronde low MgO low Ti02 flow #3 has low MgO

Grande Ronde chemistry and is correlative to N2 Grande Ronde flow

package 5A of Mangan and others (1986). No cores for magnetometer

analysis were taken from this flow; however, fluxgate magnetometer

determinations indicate that the flow is of normal polarity.

Highly flattened, elongate vesicles, up to 10 cm in length and

oriented parallel to the flow top, are present in the upper 5 m of

the flow. The subaerial flow has well developed colonnade with no

entablature. The exposure on Plympton Ridge is approximately 24 m

thick (Figure 50).

High MgO Flow(s) of the Grande Ronde Formation

The N2 high MgO flow(s) of the Grande Ronde Basalt are grayish

orange (10 YR 7/4) weathered, and dark bluish gray (5 B 3/1) when

fresh. One flow is present at the Plympton Ridge Section (Plate



Figure 50. Photo of the contact between the dark brown,
highly-vesiculted Grande Ronde low MgO low Ti02 flow
#2 and the light-colored basal colonnade of Grande
Ronde low MgO low Ti02 flow #3. A geologic hammer,
which is aligned along the steep dip of the contact,
is located above the sledge hammer near the center of
the photo. Exposure is located on Plympton Ridge
(Plate III).
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III). The high MgO subaerial flow(s) also crop out elsewhere on

Porter and Plympton ridges, but always as a single flow. Subtle

differences in lithology (i.e., one flow has a slightly greater

crystallinity than the other) were thought by the author to represent

separable flows, but no clearcut subdivision could ever be

justified. However, in general, the high MgO flow(s) appear more

coarsely crystalline than their low MgO counterparts. Murphy (1981)

recognized two high MgO Grande Ronde flows exposed along U.S. 30

(Bradley State Park section) on Nicolai Mountain, 2 km to the west of

Plympton Ridge. One thin high MgO dike is present in the southwest-

ern part of the thesis area (Section 7, T6N R7W).

The N2 high MgO Grande Ronde flow(s) have characteristic

Grande Ronde high MgO chemistry (see chemistry section), and also

plot in subtype field 14A of Mangan and others (1986; Figure 36). This

subtype is also known as the Sentinel Bluff Sequence of Reidel

(1978). Fluxgate magnetometer determinations indicate that the

flow(s) have normal polarity.

The entablature of the flow(s) is commonly thin and poorly

developed. An upper colonnade is commonly developed. The high MgO

flow exposed on Plympton Ridge is 15.2 meters thick (Plate III).

Ginkgo Flow(s) of the Frenchman Springs

The "Ginkgo" flow(s) of the Frenchman Springs member of the

Wanapum Basalt occur in scattered exposures and are best exposed

along southern Porter and Plympton ridges (Plate I). The flow is not

known to occur in any other area, as either an intrusive or
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extrusive, in the study area. However, Peterson (1984) documented

Ginkgo correlative sills and dikes in her thesis area in central

Clatsop County. Submarine Ginkgo pillow lavas and breccias also

occur at Haystack Rock and near the Seaside landfill site near Cannon

Beach, 30 km to the west (Niem, 1987, written communication).

The Ginkgo flow(s) are moderate reddish brown when weathered;

medium dark gray (N3) when fresh. The subaerial flow(s) character-

istically display blocky to platey fracture patterns in outcrop. The

basalt is medium-crystalline, and abundantly glomeroporphyritic (25 -

50 phenocrysts/m2). The translucent masses of yellow plagioclase

glomerophenocrysts are up to 1.5 cm in diameter.

The Ginkgo flow(s) have highly characteristic paleomagnetic

declinations (D = 155 - 160; I = 34 - 45; Beeson and Tolan, 1985).

In the thesis area, the Ginkgo flows gave both normal and reversed

fluxgate magnetometer readings (Plate I). As Ginkgo flows are

normally polarized on the Columbia Plateau (N2); the reverse

readings may reflect lightening strikes (A. Niem, 1987, written

communication). The Ginkgo flow(s) of the thesis area are geochem-

ically correlative to the Ginkgo flows of Beeson and Tolan (1985; see

Frenchman Springs chemistry section).

Sand Hollow Flow(s) of the Frenchman Springs

The Sand Hollow flow(s) of the Frenchman Springs member of the

Wanapum Basalt form the well-developed, columnar basalt that crops

out over much of southern Porter and Plympton ridges (Plate I). The

subaerial flow(s) are not known to occur elsewhere in the thesis area
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(Plate I). This flow (package) is the youngest of the Columbia River

Basalts to arrive in the thesis area. Of the flows to arrive in

Clatsop County, the Sand Hollow flow(s) are older than only the

Pomona flow of the Saddle Mountains Basalt (Figure 24). The flows

unconformably overlie low MgO Grande Ronde flows on parts of Porter

and Plympton ridges (Plate I).

The Sand Hollow flow(s) are reddish brown when weathered and

moderate gray when fresh. The flow(s) are composed of medium-

grained, plagioclase-phyric basalt. Glomerophenocrysts of

plagioclase are rarely abundant compared to the Basalt of Ginkgo;

they range in abundance from 3 - 5 phenocrysts/ 10m2 to aphyric.

The subaerial flow(s) typically display blocky to platey fracture

patterns and well-developed columnar joints. Both vesiculation and

phenocrysts tend to be concentrated near the top of the flow.

The Sand Hollow flow(s) of the thesis area are geochemically

correlative to the plateau-derived intermediate P205 Sand Hollow

flows of Beeson and Tolan (1985; see Frenchman Springs chemistry

section). Fluxgate determinations from the thesis area indicate

normal polarity for the flow(s), which also correlates with the

normally-polarized magnetometer determinations cited by Beeson and

Tolan (1985).
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The Middle Miocene Intrusives of the Thesis and Adjacent Areas

Three laterally extensive northeast-southwest trending middle

Miocene dike systems cross-cut the central part of the thesis area

(Plate I and Figure 25). From west to east they are: the Fishhawk

Falls dike trend, the Beneke dike trend, and the Northrup dike

trend. Usage of the term dike trend or system is more applicable to

these elongate intrusions because more than one period of intrusion

occurred along at least two of the dike-filled fracture zones (Beneke

and Fishhawk Falls dike trends, Nelson, 1985; this study). The

Fishhawk Falls dike trend extends from just south of Highway 202 on

the southwest (Nelson, 1985; Pfaff, 1981) to the central part of this

study area on the northeast (Plate I), a length of approximately 17

km. The longer Beneke dike trend can be traced from south of U.S.

Highway 26 (Sunset Highway) on the southwest (Rarey, 1986), through

east-central Clatsop County (Nelson, 1985), to immediately south of

Nicolai Mountain in northern Clatsop County in the study area (Plate

I), a distance of over 30 km. The Northrup dike trend extends from

approximately 2 km north of Jewell, Oregon on the south (Olbinski,

1983), through eastern Clatsop County, to the east-central part of

the thesis area (Plate I), a distance of approximately 18 km

(Figure 25).

The three dike trends are subparallel in orientation and strike

toward the northeast at approximately N 30° E. In the thesis area,

as is the case along most of their adjoining lengths, the Beneke dike

trend occupies a position approximately 2 km southeast of the

Fishhawk Falls dike trend, and approximately 8 km northwest of the
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Northrup dike trend (measured normal to the dike trends). The dike

trends are readily apparent on both high- and low-altitude

photography and satellite imagery of the area as they form high,

resistive ridges relative to the "softer," more easily eroded Eocene

to late Miocene sedimentary host rocks. The ridges locally attain a

relief of several hundred meters over the surrounding lowlands.

Commonly the dikes have baked the host rocks along their margins, a

process which has created indurated zones resistant to weathering and

erosion. These baked zones may extend for a distance of several

hundred meters on either side of the dike trends. Dike thicknesses

up to 88 meters have been observed along trend (Nelson, 1985), but in

the study area, dikes are commonly less than 15 m in width, and

frequently less than 5 m in width. The dikes are generally tabular

in shape, near vertical in attitude (although orientations as low as

450 from horizontal have been recorded; Nelson, 1985), and in

general where inclined, dip steeply to the southeast.

Where exposed, the margins of the dikes generally do not form

extensive invasive brecciated or peperitic relationships with

surrounding host rock, but rather display sharp, nearly planar

contacts (Olbinski, 1983; Nelson, 1985; this study). Cooling joints

observed in the thesis area are oriented normal to dike contacts;

although fan-like "war bonnet" jointing has been observed in one dike

(Nelson, 1985). The sharp vertical contacts and horizontal cooling

joints indicate that these bodies cooled as intrusions rather than as

narrow, elongate stream valley fills as proposed by Pfaff (1981).

Hexagonal, baked mudstone columns occur in the Smuggler Cove

formation where it contacts the northern Beneke dike trend (Section
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29, T7N R6W; Murphy, 1981; personal communication). Low relief

blister-like apophyses of basalt (Olbinski, 1983) have been observed,

but are not common along dike contacts. In the thesis area,

sedimentary strata in contact with the dikes are truncated by the

basalt surface with little apparent deformation. Attitudes taken

near the dike trends generally reflect gentle northerly regional dip;

although some gentle upwarping of sedimentary strata is apparent at

scattered localities (SW 1/4 of Section 5, T6N R7W; Plate I).

However, Olbinski (1983) reported extensive soft-sediment deformation

of Eocene to Oligocene host rock adjoining the Northrup dike in his

study area.

The dikes of the thesis area, where fresh and well exposed, in

quarries and logging road cuts commonly display evidence of

post-middle Miocene faulting. They show evidence of right-lateral

displacement along northwest-trending shear zones, and left-lateral

displacement along northeast-trending fault zones (Plate V. Two

well exposed examples of the former are present in Section 9, T6N

R6W, where the Northrup dike has been offset by several subparallel

dextral strike-slip faults with several meters of displacement along

each zone, and in Section 29, T7N R6W, where the Beneke dike has been

similarly offset by tens of meters along each fault zone (Plate V.

The best example of the northeast-trending sinistral displacement

occurs immediately south of the central part of the study area in a

quarry along the Beneke dike trend. This quarry was the site of

active excavation and was mapped in detail by Nelson (1985). He

documents several northeast-trending fault zones each having an

offset a few meters. Sheared, tectonically brecciated, fractured
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basalt occurs in zones up to 0.5 m in thickness within some dikes.

Slickensides are also frequently present where offset along a basalt

dike has occurred. They commonly indicate a sub-horizontal to

oblique (inclinations up to 450) sense of last displacement.

Several of the dike trends and ridges in the thesis area and the

areas to the south (Olbinski, 1983; and Nelson, 1985) show similar

offsets (right-lateral and left-lateral conjugate shear). These

offsets are often 100's of meters in throw, and appear to reflect

right- and left-lateral fault offsets that are exposed more fully in

quarry and logging road exposures. Hence, an inferred conjugate

oblique fault pattern is drawn on the geologic map (Plate I).

Alternatively, the offset dike trend system may reflect discontinuous

filling of subparallel joints by dike magma as pictured by Taylor

(1977) in the Eocene Clarno Formation of central Oregon.

As elaborated on by Nelson (1985), the subparallel

southwest-northeast orientation of these three middle Miocene dike

trends has regional tectonic implications. The continuity and

linearity of the dike zones indicate that the northeast-southwest

oriented fracture zones intruded by the basalts likely pre-dated

intrusion. However, it is unlikely that these zones represent large

displacement faults as the host-rock sedimentary strata are not

offset across the dike trend (Olbinski, 1983; Nelson, 1985; this

study).

In order for a dike to form over that of a sill or an

equidimensional magma chamber (e.g., stock), the maximum compressive

stress that produced the intrusion should have been oriented

vertically at the time of emplacement, intermediate compressive



220

stress parallel to dike trend, and minimum compressive stress normal

to dike trend (Williams and McBirney, 1979). Due to the long length

and subparallel nature of the three northeast-southwest trending

dikes, a sub-regional stress regime for the middle Miocene is

indicated by the orientation of the dikes.

The Northrup Dike

The Northrup dike crops out discontinuously over a length of

approximately 8 km in the southeastern and east-central parts of the

thesis area (Plate I; Figure 25). This dike trend is the easternmost

of the three major trends in eastern Clatsop County, and the low MgO

high Ti02 R2 Grande Ronde basalt of the dike is thought to be

petrologically and paleomagnetically correlative to the oldest known

Grande Ronde Basalt flow (low MgO high Ti02 #1 flow) to have

entered Clatsop County. The dike continues south into the area

mapped by Olbinski (1983) and in the northern part of his area

becomes voluminous enough to quarry. However, in the thesis area,

the Northrup dike is fairly discontinuous in outcrop. The dike is

thickest to the south (approximately 3 m) and becomes progressively

more narrow to the north (approximately 1 m), eventually pinching out

to the north of outcrop 79 in Section 34, T7N R6W. A proton

precession magnetometer traverse in the southern part of the thesis

area (magnetic traverse [mt] #1; Section 9, T6N R6W) indicates that

the dike is not present near the surface where it appears to change

in trend from N 30°E to N-S (as observed from south to north). A

similar traverse (mt #2) to the north of mt #1 in the same section

indicates that two splinter dikes are present at depth (Appendix
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XII). In general, as the thickness of the intrusions decreases, so

does the dike's influence on the surrounding topography (Plate I).

The Northrup dike is composed of light gray (N7) when weathered

to dark bluish gray (5 B 3/1) when fresh sparsely microphyric basalt.

Microphenocrysts are commonly about 2 mm in length and are composed

of both plagioclase and pyroxene crystals. Also, the groundmass

appears slightly more aphanitic than that of the Beneke dike trend or

other locally known basalt intrusions. These slightly divergent

lithologic characteristics were tentatively used as correlation

parameters along with paleomagnetic and geochemical characteristics.

The Northrup dike has low MgO high Ti02 chemistry at

localities 74 (NW 1/4 Section 3, T6N R6W) and 79 (NE 1/4 Section 34,

T7N R6W); the dike also has a similar low MgO high Ti02 chemistry

along trend to the southwest (Olbinski, 1983). Nelson (1985) noted

that with the low MgO high Ti02 chemical subtype the Northrup dike

trend is slightly depleted in Ti02 content relative to the Beneke

dike trend. Data from this study partially support Nelson's

observation although some overlap of the proposed fields does occur.

This parameter may give some insight to future investigators, but the

variation between the proposed subtypes is small and is well within

limits of experimental error for XRF analyses. As such, the groups

are statistically inseparable.

Fluxgate polarity of oriented samples gave both normal and

reversed polarities (Plate I; Appendix IX). Spinner magnetometer

data from two sites along the trend (Sites MM-1 and MM-4; Appendix X;

Figure 25) indicate that the Northrup dike has an average reverse

polarity I = -830, and an average south-southwest declination D =
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2330 (Nelson, 1985). The value for inclination is anomalously

high; and the occurrence of both normal and reversed polarities may

be due to either geosecular variation during slow cooling of the

dike, or unrecognized local tilting due to post-dike faulting

(Nelson, 1985). Normal fluxgate polarity determinations from a

reversed basalt intrusion could be due to overprinting or lightning

strikes.

Based on geochemical, paleomagnetic, and lithologic criteria,

the Northrup dike is correlated to the low MgO high Ti02 flow #1 of

the Plympton Ridge section (Plate I; Plate III; Figure 38). The dike

is thought to be the result of one intrusive event given that

chemistry, lithologic characteristics, and paleomagnetism are

somewhat correlative along its length. The Northrup dike is the only

basalt intrusion correlative to low MgO high Ti02 flow #1 in the

thesis area.

The Beneke Dike

The Beneke dike is centrally located among the three dike trends

that cross-cut the thesis area (Plate I). The dike extends from the

southern end of the thesis area in Section 15, T6N R7W in a fairly

continuous fashion to its apparent termination in Section 29, T7N

R6W. The northeast trending dike is traceable and inferred over a

distance of approximately 10 km through the central part of the

thesis area (Plate V. Although the dike pinches and swells in

thickness along its length, the width generally remains between 5 and

15 meters. Four proton precession magnetometer traverses (mt #3, #4,

#5, and #6) were initiated to determine the geometry of the dike in
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the subsurface (Appendix XII). These magnetic traverses are useful

to show the continuous nature of the dikes where little or no outcrop

is available. Magnetically, the basalt dikes are highly susceptible

and hence show as an anomaly on magnetic intensity profiles relative

to the adjacent, less magnetic sedimentary strata. Magnetic traverse

(mt) #3 is highly indicative of a vertically oriented magnetic body

(basalt dike) in the subsurface, mt #4 and #5 also indicate magnetic

bodies, but ones that are more deeply buried or less voluminous than

that indicated by mt #3 (Dobrin, 1976). Magnetic traverse #6 was

initiated in order to determine if a northward extension of the

Beneke dike trend could be located. The results were negative; the

large amplitude deflection apparent on mt #6 indicates a highly

metallic body, probably a drainage pipe buried beneath the logging

road.

The northern Beneke dike trend is composed of light gray

weathered (N7) to dark bluish gray (5 B 3/1) fresh, abundantly

microphyric basalt. The content of plagioclase microphyres is

striking (up to 10%) in comparison to other non-low MgO high Ti02

petrologic types of the area. When weathered, the plagioclase

microphenocrysts form white, powdery clay that is easily exhumed from

the surrounding groundmass.

The Beneke dike trend is thought to have been injected during

two separate intrusive events. The southern extent of the dike has

low MgO low Ti02 Grande Ronde geochemistry (Nelson, 1985) while the

northern extent has low MgO high Ti02 Grande Ronde geochemistry

(Nelson, 1985; this study). Trace element geochemistries also

differ (Pfaff, 1981; Pfaff and Beeson, 1987). In the thesis area,
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samples were taken in Section 1, T6N R7W (sample 10-31-1) and in

Section 29, T7N R6W (sample 348). Both samples plot in the low MgO

high Ti02 Grande Ronde chemical subtype.

Fluxgate magnetometer determinations of oriented samples (same

samples as preceding paragraph) indicate that the Beneke dike in the

thesis area has reverse polarity (Plate I; Appendix IX). Spinner

magnetometer data from sites MM-2 (Section 29, T7N R6W), MM-5, and

MM12 (Nelson, 1985; Figure 25) give average structure corrected

paleomagnetic field directions of: D = 2250, I = -600 with an

0(95
of 24.90. Hence, the northern Beneke dike trend shows good

paleomagnetic correlation between sites along its length.

Based on geochemical, paleomagnetic, and petrologic similarites,

the Beneke dike is correlated to the microphyric R2 Grande Ronde

low MgO high Ti02 flow #2 of the Plympton Ridge section (see Figure

36, sample 10-11-10 [flow], sample 11-2-7 [dike]). The Beneke dike

can also be traced to within several hundred meters of the

geochemically similar, thick, R2 low MgO high Ti02 submarine

Grande Ronde pillow basalt at Nicolai Mountain quarry immediately to

the north of the thesis area (Murphy 1981). This flow/petrologic

subtype is thought to be the most voluminous basalt type present in

the thesis area. It also forms the thick, subaqueous pillow breccia

and underlying intrusives of the Elk Mountain area.

The Fishhawk Falls Dike

The Fishhawk Falls dike is the westernmost of the three major

dike trends in the thesis area. The basalt dike extends along a
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discontinuous outcrop pattern from Section 10, T6N R7W, in the south

central part of the thesis area to a point 3 km to the north in Sec-

tion 2, T6N R7W where its terminus is obscured by heavy vegetation.

In the thesis area, the dike is less than 5 m thick in outcrop.

Further south, Nelson (1985) reports outcrop thicknesses up to 88 m.

The basalt of the northern Fishhawk Falls dike trend is dark bluish

gray (5 B 3/1) and abundantly microphyric in hand sample (e.g.,

plagioclase microphenocrysts up to 2 mm in length form up to 10% of

the rock and stand out against the dark gray aphanitic groundmass).

Major element geochemistry of the dike (sample 439, Section 11,

T6N R7W) indicates that it plots in the low MgO high Ti02 Grande

Ronde subtype (Appendix VII). Geochemical data along trend to the

southwest (Nelson, 1985) indicate that the Fishhawk Falls dike trend

has also been intruded by at least one low MgO low TiO
2

chemical

subtype. This establishes that the fracture or joint zone was

intruded by two different magmas in separate invasive events during

the middle Miocene.

Paleomagnetic data (one fluxgate magnetometer reading) indicates

that the dike has normal polarity; however, this reading could be

erroneous due to overprinting. As all of the low MgO high Ti02

Grande Ronde geochemical type flows and intrusives that have been

drilled and analyzed by magnetometer are reverse in polarity (Nelson,

1985); it is likely that the remanent polarity of the northern

Fishhawk Falls dike is also reverse. Based on geochemical and

petrologic evidence then, the northern Fishhawk Falls dike is

correlated to Grande Ronde low MgO high Ti02 flow #2 of the

Plympton Ridge section (Plate III).
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Other intrusions

A multitude of local, laterally discontinuous Grande Ronde dikes

and sills are present in the western part of the thesis area (Plate

V. The dikes that occur in this part of the study area are linear

in trend but more haphazard in geographic orientation and trend than

the three major dike trends to the east. Orientations of the

western dikes are predominantly northeast-southwest, north-south, and

northwest-southeast (Plate I). Nearly all of the dikes are steeply

inclined (dip greater than 800), and dip directions are highly

variable; thicknesses are generally less than 5 m and commonly less

than 2 m. Very few dikes in this part of the thesis area are

traceable for distances over a few hundred meters (Plate V. Closely

spaced dike "swarms" are more common in the western part of the area;

three or more subparallel dikes are commonly spaced within several

tens of meters, and in some cases within meters, of each other. The

adjacent, intruded Oligocene to middle Miocene sedimentary strata are

slightly more deformed than the adjacent Eocene to Oligocene strata

of the three major dike trends to the east. For example, some minor

ductile deformation or tectonic folding of sedimentary strata was

observed in connection with a set of three dikes located in Section

6, T7N R7W (outcrop 413; Plate I).

Sills are located only in the western part of the thesis area

(Plate I). Estimated thicknesses range from approximately 5 m to

over 70 m. Vertical columnar joints are typical, although some

fanning or radiating joints together with colonnade-entablature like

couplets have been observed (Cooperage Quarry, Elk Mountain Mainline;
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Section 6, T6N R7W; Plate I). One R2 Grande Ronde low MgO high

TiO
2
sill is traceable for over 3.5 km in the extreme southwestern

part of the area (Sections 6 and 7, T6N R7W). It is correlative to

the low MgO high Ti02 Grande Ronde flow #2 of the Plympton Ridge

section (Plate III). On recent aerial photos, the break in topo-

graphy associated with the crest of the sill is easily discernible in

areas clear cut of trees, and only slightly less obscure in heavily

forested areas. Structural attitudes in the adjacent, baked

sedimentary strata are generally concordant with the structural

attitudes of the sill (Figure 51).

Several other R2 Grande Ronde low MgO high TiO2 sills

underlie Elk Mountain (Plate I). Sections 27 and 29, T7N R7W and

Section 5, T6N R7W contain sills in excess of 15 m in thickness that

underlie the R2 low MgO high Ti02 basalt breccias, pillow

palagonite complexes, and Oligocene to Miocene sedimentary strata

of Elk Mountain (Plate I). Based on magnetic polarity, geochemistry

and lithology, most of these intrusives are thought to correlate to

the R2 Grande Ronde low MgO high Ti02 flow #2 of the Plympton

Ridge Section. However, a high MgO Grande Ronde dike (Section 7, T6N

R7W), three low MgO low Ti02 sills (Sections 6, 8, and 9, T6N R7W),

and two low MgO low Ti02 flow #3 correlative dikes (Section 29, T7N

R7W) have also been documented in the western part of the thesis area

(Plate I).

Based on gravity measurement and analysis, Pfaff (1981) and

Pfaff and Beeson (1987) believe that the Beneke and Fishhawk Falls

dikes are shallow, of invasive origin, and only extend a few hundred

meters into the subsurface. However, through geochemical analysis of
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Figure 51. Exposure shows the sharp basal intrusive contact
between a 15 m thick sill of Grande Ronde low MgO low
Ti02 basalt and the underlying Oligocene to early
Miocene Northrup Creek formation. The basalt is
thought to be correlative to the low MgO low Ti02 #3
flow exposed on Plympton Ridge. Both the sill and the
underlying thin-bedded dark mudstone and sandstone
strata dip gently to the northeast at about eight
degrees. The underlying sandstones and mudstones show
little evidence of thermal alteration except being
well indurated.
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basalt cuttings, Olbinski (1983) has documented that three Grande

Ronde chemical subtypes occur at depths up to 1.6 km from the surface

in the Quintana Watzek 30-1 well. Seismic evidence indicates that

these cuttings were obtained from thick sills. Further subsurface

geochemistry by Martin and others (1985) in Niem and Niem (1985)

indicates that many middle Miocene Grande Ronde and Frenchman Springs

intrusives are common deep in the subsurface of Clatsop County. The

mechanism for emplacement of invasive flows to such depths in the

subsurface is unknown. The topic will be addressed further in the

invasive flows section of this chapter.
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Invasive Flows

The evidence for invasive flows of Columbia River Basalt has

been well documented both on the Columbia Plateau (Byerly and

Swanson, 1978; Swanson and Wright, 1979) and in the Oregon and

Washington Coast Ranges (Beeson and others, 1979; Niem and Wells,

1987; Murphy, 1981; Snavely and others, 1973; Nelson, 1985; Pfaff and

Beeson, 1987; this study). The geochemical, geophysical, age,

stratigraphic, paleomagnetic, petrographic, and lithologic

similarities between flows on both sides of the Cascades is difficult

to explain without invoking the invasive (one vent) hypothesis.

If the extrusives and intrusives of northwestern Oregon and

southwestern Washington were derived from Columbia Plateau sources,

then the question remains: How did low-viscosity tholeiitic basalt

flows inject themselves several km or more into the late Eocene to

middle Miocene age sedimentary strata of the Coast Ranges?

Swanson and Wright (1979b) and Byerly and Swanson (1987)

suggested that the transition may be observed as a lateral gradation

between surface flow and intrusive body. The first part of the

transition may take the form of foreset-bedded lava deltas, which are

composed of dipping pillows and isolated pillow breccia with the

foreset direction in the direction of flow (i.e., toward the sill),

followed by a zone of mixed basalt and sediment (peperite), and

finally into a sill or irregular body of invasive basalt.

Most models of invasive flow (Swanson and Wright, 1979; Murphy,

1981; Nelson, 1985) call on some sort of "hydraulic head" being
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developed in ponded lava (internal part of a lava delta or a lava

"pond" formed in a topographic depression) in order to develop

sufficient pressure to overcome the cohesive and overburden pressures

of the underlying sedimentary strata. Such may be the case in the

Elk Mountain area where several hundred meters of Grande Ronde

close-packed pillows, isolated pillow palagonite complexes (Figure

52) and basalt breccias of R2 low MgO high Ti02 flow #2

affinities are underlain by peperites, dikes, and thick sills of

similar composition. The underlying basalts intrude the Oligocene to

Miocene strata of the Cannon Beach member of the Astoria Formation

and the Northrup Creek Formation. The flow breccias and intrusives

of Elk Mountain correlate by polarity and geochemistry with the thick

R2 Grande Ronde pillow lavas mapped at Nicolai Mountain by Murphy

(1981), the R2 low MgO high Ti02 pillow lava subaerial flow

couplet of Kerry Ridge (Figure 47), and the low MgO high Ti02 flow

#2 of the Plympton Ridge section (Plate III). In the Elk Mountain

area, it is possible that several hundred meters of pillow basalt and

breccia with large mega-pillows and lava tubes could have developed

sufficient "head" in order to invade sedimentary strata. Steam

blasting and density differences could also allow the basalt magma to

inject and sink into less dense, water saturated, semi-consolidated

sedimentary strata. Once in the subsurface, an invasive flow could

move laterally, and theoretically, could form sills and dikes, much

in the fashion of an intruding magma body.

One example of an invasive flow is located on a logging road on

southern Plympton Ridge (Section 26, T7N R6W). At this locality,

apparently little hydrostatic head was required to drive the flow
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Figure 52. Outcrop of R2 Grande Ronde low MgO high Ti02
pillow palagonite breccia complex (ppc) exposed on the
northwestern flank of Elk Mountain. Large spherical
form at center is a steeply inclined isolated pillow.
Pillow is enclosed in a yellowish palagonitic matrix
containing pebble to boulder sized basalt breccia
fragments. Hammer head point up.
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into underlying soft semi-consolidated arkosic sandstone of the early

to middle Miocene Wickiup Mountain member of the Astoria Formation.

Although remnants of a subaerial/submarine flow couplet are present

overlying the exposure, the basalt outcrop thickness is less than 3

m. It is likely that much of the overlying flow could have been

eroded, but it is also possible that some of the subaerial basalt

overlying the injection site could have retained sufficient mobility

to thin over the injection locus following invasion. As shown in the

photographs (Figures 53 and 54) a flow lobe of the R2 Grande Ronde

low MgO high Ti02 flow #2 crosscuts the sedimentary strata at about

a 450 angle. Both the upper and lower margins of the intrusion are

peperitic into the sandstone and the intrusion itself is composed of

a mixture of vesiculated basalt breccias and elongate, broken pillow

basalt fragments and rare arkosic sand matrix. Vesiculated fragments

are present deep into the exposure indicating that exsolution of

gases was occurring at the surface, and that this process was

quenched upon invasion into the subsurface. Bounding arkosic

sandstones display small extensional faults that are parallel to the

plane of injection. The upper contact of the exposure shows that the

intruded sandstone dips into the contact, indicating downward drag at

the time of invasion. This example is the most graphic and well

exposed invasive relationship in the thesis area. It is possible

that other invasive points occur in adjoining areas, but have been

eroded, or are currently obscured by regolith, vegetation, or

subsequent basalt flows.
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Figure 53. Gently dipping strata of the Wickiup Mountain member
of the Astoria Formation invaded by a steeply
dipping flow breccia. The breccia contains partially
formed pillow basalts as well as some clasts that
show vesiculation. Basalt is a flow lobe of R2
Grande Ronde low MgO high Ti02 flow #2.

Figure 54. Same exposure as above showing upper irregular contact
of overlying light colored invaded sandstone and
underlying invasive peperitic flow breccia.

n

31
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Quaternary Deposits

The Quaternary deposits of the thesis area consist of landslide

debris (Qls), alluvium (Qal), and colluvium (unmapped). Only the

landslide debris and alluvial deposits will be discussed further;

although colluvium is widespread at the surface within the thesis

area, it generally forms only a thin veneer over the bedrock

units and hence was not delineated as a mappable unit.

Two major areas of landslide activity were identified from

aerial photos and field mapping. Near the northeastern part of the

thesis area, the western halves of Sections 3, 10, and 15, T7N R6W

are involved in an elongate, widespread zone of landslide activity

(Plate I). This zone covers an area of 13 km2 and is located

primarily to the north and west of the thesis area in an area mapped

by Murphy (1981). Angular, chaotically arranged blocks of volcanic

rock tens of meters across are contained within numerous toe zones in

this area. The basalt is lithologically similar, and is correlated

to, the subaerial to subaqueous Grande Ronde and Frenchman Springs

flows exposed along the southeastern and eastern faces of Nicolai

Mountain (Murphy, 1981). Also, blocks of weathered sedimentary rock,

tens of meters in diameter, are present in the toe zones and are

correlated to similar sedimentary strata that are interbedded between

Columbia River Basalt flows exposed along Nicolai Mountain (Murphy,

1981). These landslides originated along the southeastern and

eastern faces of Nicolai Mountain and moved downslope to the

northeast and east toward Plympton Ridge and the Columbia River. The
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landslides are associated with a north-northeast trending fault

scarp. The fault down-dropped the Plympton and Porter Ridge areas

relative to the Nicolai Mountain area with a throw of at least 400

m. The resulting steep, exposed mountainside may have allowed a

destabilization of the eastern face of Nicolai Mountain which lead

to the development of landslide activity.

A second major site of landslide activity covers an area of

approximately 2 km2 in Section 30, T7N R7W (Plate I). This area

contains evidence of multiple mass-wasting events as indicated by

several overlapping toe zones. In this case, the headscarps are

located along the western face of Elk Mountain and the correlative

toe zones are to the west in the adjacent lowland.

Smaller, limited areas of landslide activity are apparent on

aerial photos. Upon further investigation, these areas often contain

chaotic blocks of locally-derived rock surrounded by a finer-grained,

poorly sorted matrix. Some of these areas also exhibit altered

stream drainages and trees aligned or toppled in a downslope

direction. Such areas are present in Section 2, T7N R6W, and in

Sections 7 and 9, T6N R7W (Plate I). Recent landslides have also

occurred in the western part of the thesis area near the Elk Mountain

Mainline Quarry, Section 7, T6N R7W. Sedimentary strata of the

Northrup Creek and Smuggler Cove formations are especially prone to

mass wasting processes; many areas underlain by these formations show

evidence of minor landslide activity, as well as soil and rock

creep.

The majority of the streams in the thesis area do not contain

mappable quantities of alluvium. A notable exception is Fishhawk
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Creek (Sections 1, 2, and 12, T6N R6W) which is located in a broad

alluvial valley and is of relatively low gradient (Plate V. In this

area, the alluvium consists of well- to sub-rounded, pebble- to

cobble-sized rocks derived from the erosion of nearby Eocene to

Miocene sedimentary and volcanic units. The cobbles are locally

surrounded by a matrix of mixed sand, silt, mud, and organic debris.

Other areas covered by alluvial material were not mapped due to

limited areal extent.
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STRUCTURAL GEOLOGY

Regional Structure

The general structure of the northern part of the Oregon Coast

Range was first described as a northward-plunging anticlinorium cored

by Tillamook Volcanics (Snavely and Wagner, 1964; see Figure 4, this

study). Later workers have preferred alternate interpretations to

characterize this massive antiform. Although folds are associated

with the structure, their configuration does not support

interpretation of an anticlinorium. In their regional geologic map,

Wells and Peck (1961) depicted a series of northwest-trending folds

positioned on the northeast flank of the Coast Range anticlinal axis

(Figure 4). However, these folds are oblique to the general trend of

the anticline and do not fold the core of the structure, the

Tillamook Volcanics. Niem and Van Atta (1973) stated that although

the outcrop patterns and the general attitudes of strata in the

northern Oregon Coast Range are indicative of a northward plunging

anticline, close examination of local attitudes reveals that tracing

subordinate folds within the larger anticline is extremely difficult.

They suggest that a true anticlinorial structure is not substantiated

in northwest Oregon as earlier proposed. For this reason, usage of

more generalized terms such as geanticline or antiform are

recommended to describe the structure of the northern Oregon Coast

Range (Warren and Norbisrath, 1946; Nelson, 1985). Kadri (1982) and

Niem and Niem (1985) noted in their regional compilation mapping of

Clatsop and Columbia counties that true folds are relatively rare

while an extensive conjugate network of northeast and northwest
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trending oblique and strike-slip faults and east-west faults dominate

the area.

Also apparent on Wells and Peck's (1961) regional compilation

map of western Oregon is a change of trend of the Oregon Coast Range

anticline from north-south to northeast-southwest at about 450 45'

north latitude (Figure 4). The northeast trending basement high

(Nehalem arch of Armentrout and Suek, 1985) is also apparent on maps

of the gravity and magnetic data of the area (Berg and Thiruvathukal,

1967; Zeitz and others, 1971; Armentrout and Suek, 1985). The axis

of the Nehalem Arch, which is composed of Tillamook Volcanics, trends

northeasterly through, or closely adjacent to, the southeast corner

of the thesis area (Plate I, this study; Olbinski, 1983; Niem and

Niem, 1985). A gentle northern downwarp is associated with this

major structure as the regional dip of upper Eocene to Oligocene

strata in the southern part of the thesis area and middle Miocene

basalt flows adjacent to the study area on the homoclinal Nicolai

Mountain (Murphy, 1981), both generally indicate plunge northward at

approximately 5 to 15 degrees. As Kadri (1982) suggested, the

Nehalem Arch is really a saddle-like structure located between two

volcanic basement uplifts, the Goble Volcanics and Crescent Volcanics

of the Willapa Hills (Wells, 1982) on the north, and the Tillamook

Volcanics of northern Oregon to the south. Deep sedimentary basins

are located on either side of the arch, the Astoria Basin of Niem and

Niem (1985) on the west, and the northern Willamette basin on the

east (Armentrout and Suek, 1985). The dominantly north to northwest

regional dips in the thesis area (Plate I) reflect the northern
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plunge of the saddle between the Willapa Hills and Grays River areas

on the north, and the Tillamook High to the south.

Snavely and Wagner (1964) speculated that the principal faults

in the northern Oregon Coast Range are high-angle normal and reverse

faults that generally trend northwestward or northeastward and have

displacements ranging from a few meters to several hundred meters. A

spectacular erosional fault scarp bounds the southeast side of

Nicolai Mountain in northern Clatsop County adjacent to the thesis

area. This normal fault offsets flows of Columbia River Basalt with

a throw of at least 400 meters (Murphy, 1981; Plate I, this paper).

Oblique strike-slip faults are also regionally important. In

the Willapa Hills of southwestern Washington across the Columbia

River from the thesis area, Wells (1982) and Wells and Coe (1985)

mapped numerous right-lateral, north-northwest and some northeast

trending, left-lateral strike-slip faults. They relate the structure

of the southern Washington Coast Range to large-scale Reidel shear

zones related to north-south compression created by oblique

subduction of the Juan de Fuca Plate beneath the North American

Plate. Snavely and others (1980) show a major north-south dextral

fault with a minimum separation of 200 km on the Oregon continental

margin. The entire displacement along this major structure occurred

during Eocene time. Niem and Niem (1985), Nelson (1985), Olbinski

(1983), Peterson (1984) Rarey (1986), Mumford (in prep.), Safley (in

prep.) and this study, using dikes of Columbia River Basalt as

piercing points, show that conjugate northwest right-lateral and

northeast left-lateral strike-slip faults with tens of meters of

oblique-slip displacement dominate the area. These may be related to
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wrench fault tectonics and north-south compression. Some major

east-west shear zones and minor east-west thrusts occur in southern

Clatsop County (Rarey, 1986; Mumford, in prep.; Safley, in prep.;

Niem and Niem, 1985).

Other major structural intrusive features of northern Oregon Coast

Range geology are three 17-30 km subparallel middle Miocene basalt

dikes that trend northeast through the center of Clatsop County into

the thesis area (Figure 4). Snavely and others (1973) originally

suggested that locally derived "coastal basaltic" magma fed these dikes

as well as other Miocene "coastal basalt" intrusions and pillow

breccias in the area. They postulated that the magma rose along a

major north-south crustal fracture zone and intersected a shallower

northeast-southwest trending fracture zone. The length of the dikes,

their subparallel orientation, and the mechanics of dike emplacement

strongly suggests that their intrusion was controlled by deep-seated

regional pre-existing northeast-trending faults or joints (Niem and

Niem, 1985). However, geochemical and geophysical evidence shows

that the few plateau-derived Columbia River Basalt flows voluminous

enough to have travelled through the Columbia River Gorge to western

Oregon share essentially identical ages, geochemistries, and

paleomagnetic declinations with the "locally-derived" basalts of

western Oregon (Kienle, 1971; Murphy, 1981; Nelson, 1985; Wells and

Niem, 1987; Pfaff and Beeson, 1987; this study). If a local source

was present, it is highly unlikely that a one-to-one correlation

between plateau-derived Columbia River Basalt Group flows and "local"

basalts would occur. Beeson and others (1979) have suggested that

the intrusive "coastal" basalts of the Oregon Coast Range are
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actually distal flow lobes of Columbia River Basalt Group flows that

invasively intruded the soft sedimentary rocks of the Astoria

embayment (for further discussion, see the Columbia River Basalt

section).

Recent paleomagnetic studies have prompted some re-evaluation of

the magnitude of Oregon Coast Range structural features. Simpson and

Cox (1977) have documented up to 75° of clockwise rotation for a 225

km block of Eocene basement volcanics that comprise the core of the

Oregon Coast Range. Magill and others (1982) and Wells and Coe (1985)

have suggested that this rotation was two-phase in occurrence. The

first phase being associated with Eocene accretion of the Oregon Coast

Range to the continent, and the second with post-middle Miocene

extension in the Basin and Range province. Wells and others (1984) and

Wells (1985) suggest that much of this rotation is a post-accretion

event. Some of the rotation can be related to small block rotation

between local conjugate strike-slip faults (Nelson, 1985; Wells and

others, 1984; and Wells and Coe, 1985; this study).

Local Structure

At least five deformational episodes are interpreted from the

structural configurations of the strata and by unconformities that

are exposed at the surface or subcrop in the thesis and adjacent

areas. In this section, these deformational episodes will be

outlined and examined.
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Deformational Episode #1 - Late Eocene

The oldest episode of deformation affected late Eocene and older

strata that subcrop in the thesis area. Nelson (1985) points to

evidence from his thesis area that a late Eocene event folded and

faulted rocks belonging to the Tillamook Volcanics, Cowlitz, Hamlet,

Keasey, and Sager Creek formations (referred to by Nelson as the

Tillamook, Cowlitz, and Keasey formations) with no disturbance of the

late Eocene Pittsburg Bluff Formation. The principal structural

expressions of this event are generally east-west trending thrust

faults with northerly vergence, north-south trending east-west

extensional faults that uplifted the core of the northern Oregon

Coast Range relative to surrounding areas, and northeast-trending

left-lateral and northwest-trending right-lateral faults.

Evidence for this event is described from geologic relationships

observed in southern Clatsop County (Nelson, 1985; Olbinski, 1983;

Rarey, 1986). Nelson (1985) points to east-west trending thrust

faults in the Cowlitz Formation with no visible effects on the

overlying Keasey Formation as evidence for this structural

episode. However, because the primary compressional stress

associated with this event is oriented north-south, it is difficult

to separate this episode from a later post-middle Miocene event with

similar compressive stress. It is possible that this Eocene

deformational episode developed the structural pattern manifested in

large-scale northeast trending sinistral and northwest trending

dextral conjugate shear zones. Post-middle Miocene deformation would

then have re-activated these pre-existing zones of weakness. Based
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on clay model strain experiments, a north-south compressional event

could explain the relative orientations of thrust, extensional and

translational movement. This early structuring could have been

reactivated by later post-middle Miocene north-south compression as

evidenced by structural relationships discussed later in this

section. Although the Sager Creek formation outcrops in a small area

of the extreme southeast corner of the thesis area, the late Eocene

and older lithologic units affected by this event primarily subcrop

rather than outcrop in the thesis area. Therefore, evidence to

support this event cannot be obtained from surface exposures in the

thesis area. Subsurface study, which includes foraminiferal and

lithologic examination of samples from a network of widely separated

exploration wells (Niem and Niem, 1985), does not show evidence (such

as a repeated section or older strata overlying younger strata)

indicative of east-west trending subsurface thrusts. However,

the density of subsurface control is such that shallow local and or

deep regional thrust zones may yet be undetected in the subsurface of

Clatsop County. Future drilling and/or seismic data may eventually

elucidate the presence or absence of these potentially prospective

deep-seated Eocene compressional features in the subsurface of the

thesis area.

Deformational Episode #2 - Early Oligocene to Early Miocene

A second period of deformation is evidenced by widespread uplift

of the northern Oregon Coast Range. Uplift commenced during the

early Oligocene (Snavely and Wagner, 1963; Snavely and others, 1980)

and by early Miocene time had restricted marine deposition to the
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Astoria basin on the western flank of the Coast Range. During early

to middle Miocene time, the shallow-water facies of the Astoria

Formation (Wickiup Mountain member) was deposited unconformably over

deep bathyal facies of the Smuggler Cove formation in the northern

and western parts of present day Clatsop county (Coryell, 1978;

Murphy, 1981; Niem and Niem, 1985; this study). By middle Miocene

time much of eastern Clatsop County and adjacent Columbia County had

been uplifted, subaerially exposed, and eroded. Van Atta (1971)

referred to the widespread erosional surface created by this regional

uplift as the "Scofield Surface." In many areas of the northern

Oregon Coast Range, subaerial intra-canyon flows of Columbia River

Basalt, basaltic conglomerate and sand unconformably overlie Eocene

through middle Miocene strata (Plate I, this study; Niem and Niem,

1985; Van Atta and Kelty, 1985). The magnitude of this uplift

is unknown, but is not required to be the 150 m plus required to

place deep-marine mudstones of the Smuggler Cove formation into the

shallow-shelf depths of the Wickiup Mountain member of the Astoria

Formation. A minor uplift of the continental area adjacent to the

Astoria basin could have increased local stream gradients and

competence and promoted rapid basinal infilling.

Deformational Episode #3 - Middle Miocene

During the middle Miocene and coincidental (14.0-16.5 m.y.b.p.)

with voluminous eruptions of Columbia River Basalt Group flows from

fissures located in eastern Oregon, eastern Washington, and western

Idaho, a probable period of northwest-southeast extension controlled

emplacement of basaltic material in the Clatsop County area. Three
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subparallel dikes show northeast to north-northeast orientation

through the central part of Clatsop County and into the thesis area.

The length of the dikes can be measured in 10's of kilometers and the

dikes can also be shown to crosscut strata of divergent consolidation

and age. (Figure 4, Plate I, this study; Niem and Niem, 1985). The

length of the dikes and their subparallel orientation suggest that

emplacement was influenced, if not controlled, by regional tectonic

events (i.e. minimum stress oriented northwest-southeast; Williams

and McBirney, 1979). The differing geochemical affinities of the

dikes indicates that multiple intrusive events occured during the

middle Miocene and that this stress regime was active at least

through middle Miocene eruption of the Columbia River Basalts (see

Plate I and discussion in Columbia River Basalt section).

Deformational Episode #4 - Post middle Miocene to Pliocene(?)

Following emplacement of middle Miocene lavas and intrusives,

the area was subjected to a late middle Miocene to Pliocene (?)

period of north-south compression (Olbinski, 1983; Peterson, 1984;

Nelson, 1985). This compressional event is evidenced by northeast-

trending sinistral faults, northwest-trending dextral faults that cut

and offset the dikes, and possibly by a minor east-west trending

south-dipping thrust fault located south of Elk Mountain (Plate I).

The strike-slip faults may represent large-scale Reidel conjugate

shear zones, and are important regionally (Wells, 1983; Niem and

Niem, 1985; Nelson, 1985; Rarey, 1986).

Some of the conjugate shears activated during this tectonic

event are depicted on a lineation map for the thesis area which was
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compiled from high-altitude U-2 aerial photography and ERTS satellite

imagery (Figure 55, scale 1:53,000). Several geologic features with

northeast-southwest or northwest-southeast trends are evident as

lineations. The Fishhawk Falls dike trend, the Beneke dike trend and

the Northrup dike trend, from west to east, form long northeast

trending ridge-like lineaments. A strong northeast trending fault

lineation (labelled b in Figure 55) in the Elk Mountain area, is

dextrally offset by a northwest trending fault lineation (labelled c

in Figure 55).

However, several features on the lineation map are not related

to the north-south compressional event. A north-south sinuous trend

in the western part of the area marks a topographic and geologic

boundary between predominantly low-relief sedimentary strata (e.g.,

Northrup Creek formation) on the west and the resistant basaltic high

of Elk Mountain on the east (Figure 55, label a). The curvilinear

lineation in the eastern part of the area (labelled d in Figure 55)

was examined for any evidence of a ring dike structure. No support

was found for this interpretation; instead the forested area is

composed of resistant and semi-circular ridges of Pittsburg Bluff

Formation sandstones overlain by a vesicular, highly weathered

erosional remnant of the Grande Ronde low MgO high Ti02 #2 flow.

The post-Miocene structural expression of the thesis area is

dominated by generally northwest-trending right-lateral and

northeast-trending left-lateral faults. An estimate of post-middle

Miocene displacement associated with many of the dextral

northwest-trending strike-slip faults (Plate I) can be assessed by

using several northeast-trending near vertical middle Miocene dikes
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Figure 55. Map of thesis area showing trends and lineations app rent
on high-altitude U-2 photography and ERTS satellite imagery.
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as piercing planes. A well exposed example of this relationship is

exposed in the southern half of Section 9, T6N R6W, where outcrops of

the Northrup dike can be traced up the side of a steep hill east of

Northrup Creek. Several subparallel N50°W trending fault zones

with dextral displacements ranging from two to ten meters offset

northeast-trending blocks composed of the low MgO high Ti02 (flow

#1 correlative in Plympton Ridge section) Northrup dike. In outcrop,

the basalt nearest the cross-cutting faults shows greater fracturing,

tectonic brecciation, and shearing than parts of the dike removed

from the fault zone. On some of the fresh fracture planes near the

inferred fault planes, slickensides plunge northward less than 10
0

and indicate that the last movement was right-lateral.

However, not all of the northwest-trending faults show low angle

translational movement. In the northern part of Sections 5 and 6,

T6N R7W, a N40°W trending fault cuts an R2 low MgO high Ti02

dike (correlative to low MgO high Ti02 flow #2 of Plympton Ridge)

of nearly the same orientation (Figure 56). The fault zone is high

angle (dips 750 to the southwest) and has formed a gouge zone of

basaltic breccia up to 6 cm in width. The faulting has fractured

surrounding basalt up to 2 meters from the fault gouge, although a

subordinate higher angle fault in the same outcrop also explains some

of the fractures. Slickensides indicate right-lateral (dextral)

movement of the fault with a plunge of approximately 35° to the

northwest. Nelson (1985) conducted an extensive analysis of a large

quarry along the Beneke dike trend less than 1 km south of the thesis

area which showed that the average plunge of slickensides on

conjugate shear fault planes is 41 °N. The fault shown in Figure 56
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Figure 56. Right-lateral fault in outcrop of low MgO high Ti02
basalt dike thought to be an invasive correlative of
the widespread Grande Ronde R22 low MgO high Ti02
flow #2 of Plympton Ridge. Tie hammer in the bottom
center part of the photo is aligned vertically with a
high angle fault plane. Slickensides indicate that the
last movement on the fault was right lateral in
displacement and had a plunge to the north of about
35 . Fault and dike both have northwest trends.
Outcrop is located in the NW 1/4 of Section 5, T6N
R7W.
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is representative of the appearance of most of the northeast- and

northwest-trending conjugate shear faults that intersect an intrusive

or extrusive basalt body. The fault zone generally creates a gouge

zone up to 15 cm thick in which the basalt is completely pulverized

and fragmented. Slickensides are generally present on either side of

the gouge zone and may persist up to several meters away from the

fault zone. Some of the tectonic clasts caught up in the gouge may

exhibit a slight polish.

Evidence of faults truncating the sedimentary strata in the area

is more difficult to obtain. The poor consolidation and deep

weathering of many of the soft sedimentary units tend to obscure

gouge zones or slickensides. For this reason, regional changes in

structural attitude and offsets in formational boundaries or

distinctive marker beds provide the most useful data to approximately

locate faults (note the offset of the Northrup sandstone and

Pittsburg Bluff boundaries on Plate I). The presence of on strike

offsets of the subjacent Fishhawk Falls, Beneke and Northrup dike

trends in the southern and central parts of the area provide a

valuable indicator for major post-middle Miocene movement on

northwest-trending faults. Small displacements on subsidiary

northwest-trending faults are also seen in outcrop at points where

they intersect and offset the dike trends (Plate V.

Small displacement northeast-trending faults are more difficult

to locate when they parallel the dike trends, but several northeast-

trending faults show significant displacement across the thesis area

(Plate V. Separating the Plympton and Porter Ridge areas on the

southeast from the Nicolai Mountain area (Murphy, 1981) on the
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northwest is a major northeast trending fault which shows increasing

displacement towards the northeast in the manner of one limb of a

scissor fault. The southeast block (Plympton and Porter ridges) is

downdropped relative to the northwest block (Nicolai Mountain).

Throw is estimated to be at least 400 meters based on offset of high

and low MgO Grande Ronde and Frenchman Springs Columbia River Basalt

flows on Nicolai Mountain versus the same flows on Plympton and

Porter ridges. The low and high MgO Grande Ronde Basalt on Plympton

Ridge dips toward the northwest at approximately 30°, while

correlative flows on Nicolai Mountain dip toward the north at

approximately 5°. This eroded fault scarp aligns with the trend of

the Beneke dike which continues its trend for an additional 30 km to

the southwest (Nelson, 1985; Niem and Niem, 1985). Where the fault

emerges from beneath Quaternary landslide deposits and cuts Oligocene

to Miocene sedimentary strata south of Nicolai Mountain (Sections 21,

22, and 29, T7N R6W), little lateral or vertical offset is present in

either the Wickiup Mountain member of the Astoria Formation or the

Smuggler Cove formation (see Plate I). Additionally, no significant

displacement of the contacts of these sedimentary strata is apparent

across the dike trend either immediately south of Nicolai Mountain or

along its entire trend (Nelson, 1985; Niem and Niem, 1985). These

relationships suggest that the Beneke dike trend represents a

long-lived pre-middle Miocene joint or small displacement fault

system. The system may have been formed in late Eocene time by an

earlier north-south compressive episode. The trend controlled linear

injection of middle Miocene invasive flow lava; however, little, if

any, displacement occurred except northeast of Nicolai Mountain where
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post-late middle Miocene reactivation of the zone has taken place.

The northern part of the zone projects across the Columbia River and

Puget Island to a high-angle fault that truncates the Pomona basalt

in the Willapa Hills area of southwest Washington (Wells, 1981).

Another northeast-trending fault zone is apparent as the feature

that forms the linear Elk Creek and bifurcates the hills that form

Elk Mountain in the western part of the thesis area (Plate V. This

fault offsets sedimentary strata of the Oligocene to early Miocene

Northrup Creek formation and to the northeast, submarine pillow

palagonite and breccia complexes of R2 Grande Ronde low MgO high

TiO
2

basalt of Elk Mountain. From southwest to northeast across

the western part of the thesis area, the fault projects through a

topographic low on the southwest flank of Elk Mountain, through an

inter-montane valley and along the axis of a very linear Elk Creek.

The fault is offset at right angles approximately 0.8 km to the

southeast by a pair of northwestward trending dextral faults.

Northeast of this offset, the fault continues to trend northeastward

along the linear axis of Elk Creek. In this case, the northeastward

trending sinistral fault is offset by related faults with northwest

trends. This may be related to movement of the axis of maximum

compressive stress from a north-south orientation to an east-west

orientation after the late middle Miocene.

A very small southward-dipping thrust fault was recognized

southwest of Elk Mountain. Maximum observed displacement is

approximately 20 cm (Figure 57). The fault offsets rhythmically

bedded sandstone and mudstone of the Northrup Creek formation, with

the overriding strata being displaced toward the north. The thrust
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Figure 57. Exposure of Oligocene to early Miocene Northrup
Creek formation in the foothills just south of Elk
Mountain. A small thrust fault and accompanying fold
are present in the center of the photo. The hammer
rests on the lower plate strata which are near
vertical at the hammer's position. The thrust plane is
0.3 meters above the hammer head. Vergence is from the
south, the fault plane dips to the south (30 to
180) and steepens on the north as it dies into the
fold. North is to the viewer's right. Outcrop is
located in the NW 1/4 of Section 5, T6N R7W.
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is probably related to injection of a nearby northwest-trending dike.

However, the thrust could also be interpreted to support a period of

north-south post-middle Miocene compression unrelated to injection of

the dike, but related to the regional post-middle Miocene wrench

tectonic setting of northwestern Oregon. Sylvester (1978) showed

that conjugate right-lateral and left-lateral faults and associated

normal reverse and minor thrust faults commonly form within one

wrench tectonic system (e.g., San Andreas fault system). This part

of northwestern Oregon may have undergone a wrench-pull apart

distributed shear due to differential clockwise rotation of the

Tillamook Volcanic block. Rotations of the Tillamook block up to

43° have been documented via paleomagnetic methods by Nelson (1985)

and Magill and others (1981). In contrast, the Goble and Crescent

Volcanics of the Willapa Hills have a maximum rotation of only 23°

(Wells, 1981; Wells and Coe, 1985).

Deformational Episode #5 - Post middle Miocene to Recent(?)

A shift in the orientation direction of post-Miocene maximum

compressive stress from north-south to east-west could be related to

one of two periods of plate convergence and underthrusting that

occurred during late middle Miocene time or late(?) Pleistocene to

Holocene time (Snavely and others, 1980). Evidence for a post-middle

Miocene east-west compressional event within the thesis area is

provided by several east-west trending extensional faults and a

north-south trending reverse fault in the Porter Ridge area.

An east-west trending fault in Section 15, T7N R6W abruptly
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juxtaposes Grande Ronde and Frenchman Springs subaerial basalt flows

with fine-grained turbidite sandstone of the Oligocene to early

Miocene Northrup Creek formation. The downthrown side is to the

north. Throw is difficult to assess due the variable thicknesses of

Columbia River Basalt Group flows in this area, but the outcrop

thickness of exposed Northrup Creek formation strata indicates that

the throw is in excess of 20 m.

A slightly arcuate, generally east-west trending fault is

defined by photo lineations, straight valley creeks, and geologic

relationships throughout its length in the adjacent area to the north

(Coryell, 1978), in this study area, and the area to the west

(Peterson, 1984). The fault is interpreted by this author to trend

continuously for approximately 12 km and then merge with a similar

northwest trending fault system that truncates strata for an

additional eight kilometers (Niem and Niem, 1985). The downdropped

side is on the north with younger Wickiup Mountain member strata of

the Astoria Formation being juxtaposed against older Smuggler Cove

formation strata. The fault is thought to have influenced the

drainage of Coon Creek, which is a linear east-northeast trending

stream in Sections 14, 21, 22, and 29 of T7N R7W (Niem and Niem,

1985). Also, the southern extension of the basaltic breccias of

Wickiup Mountain is terminated against the fault in the NW 1/4 of

Section 29, T7N R7W.

A north northeast-trending (N10°E) reverse fault in the SE 1/4

of Section 11, T7N R6W juxtaposes flows of the Grande Ronde basalt

against flows of the Frenchman springs member of the Wanapum Basalt

(Figure 58). The fault plane dips 70° to the east southeast. The
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Figure 58. Exposed reverse fault plane which displays
slickensides and a thin veneer of gouge material on
Grande Ronde low MgO low TiO basalt flow.
Striations are running from he top right to the
bottom left of the photo have a plunge of 70o to the
north. Both slickensides and geologic relationships
indicate that the fault has accommodated a reverse
sense of displacement. Outcrop is located in the SE
1/4 of Section 11, T7N R6W.

71,
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headwall is composed of subaerial Grande Ronde low MgO high Ti02 #2

flow overlain by an arkosic sandstone interbed which in turn is

overlain by the Grande Ronde low MgO low Ti02 flow #1. The

footwall is composed of a sparsely phyric Sand Hollow flow which is

underlain by an interbed and by the abundantly phyric Ginkgo flow.

Slickensides on the fault plane also indicate a slightly oblique

reverse sense of movement. The slickensides plunge towards the north

at 75°.

In summary, the east-west trending extensional faults present in

the thesis area, as well as several regional faults shown on the map

of Niem and Niem (1985), are thought to document an east-west

compressional and associated north-south extensional post-middle

Miocene deformational phase. This stress regime is supported by the

presence of a north-northeast trending reverse fault in the Plympton

Ridge area. Middle Miocene sedimentary and igneous rocks are

involved in the faulting, which dates this episode of deformation as

post-middle Miocene.
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GEOLOGIC HISTORY

The oldest rocks in the Oregon Coast Range (Siletz River

Volcanics) represent accreted Tertiary oceanic crust structurally

molded by interactions between the North American and Farallon plates

(Snavely and MacLeod, 1977; Snavely and others, 1980; Niem, W. A.,

and others, in press). Periods of plate convergence and underthrust-

ing occurred during early Eocene, middle Eocene, middle late Eocene,

late middle Miocene, and late (?) Pleistocene to Holocene time. This

convergence was punctuated by dextral translational movement during

late middle Eocene and early late Eocene, and by periods of extension

during late Eocene to late middle Miocene and late Miocene to early

(?) Pleistocene time (Snavely and others, 1980).

The core of the northern Oregon Coast Range is composed of

middle to upper Eocene Siletz River Volcanics which, in turn, are

overlain by middle to upper Eocene Tillamook Volcanics and the

Yamhill Formation (Wells and others, 1983; Magill and others, 1981).

The Siletz River Volcanics are, in part, contemporaneous with and

slightly younger than the Roseburg Volcanics to the south (Duncan,

1982). These tholeiitic submarine pillow lavas and breccias and

their overlying submarine and subaerial alkalic basalt flows are

compositionally identical to oceanic basalt. They are thought to

represent an elongate oceanic spreading center sufficiently active to

produce emergent seamounts similar to the Hawaiian Islands (Snavely

and others, 1980; Snavely, 1984; Bruer, 1980). These basalts may

have formed in situ along a rifted North American continental margin

in early to middle Eocene time (Wells and others, 1984).
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Alternatively, Magill and Cox (1981) presented evidence that the

Siletz River Volcanics have undergone 750 of clockwise rotation

since their emplacement in early to middle Eocene time. This

rotation may have been powered by plate tectonic events. Magill and

others (1981) suggested that the Siletz River Volcanics rode a very

buoyant subducting oceanic plate which clogged the Eocene trench in

the current position of the western Cascade Range and caused a

westward displacement of the subduction zone to the present Oregon

outer shelf and upper slope. Interpretations of seismic refraction

studies estimate the oceanic crustal thickness of the Coast Range at

between 15 and 20 km, intermediate between continental and oceanic

crust, and consistent with an interpretation of an accreted oceanic

aseismic ridge or seamount province (Berg and others, 1966; Shor and

others, 1968; Snavely and MacLeod, 1974; Dickinson, 1976; Simpson and

Cox, 1977). Magill and Cox (1977) envisioned a single "microplate,"

at least 225 km in length, hinged at the Klamath Mountains in

southern Oregon, that pivoted through approximately 350 of arc

during accretion in middle Eocene time (40-50 m.y.b.p). A second

phase of post-accretion clockwise rotation through approximately

300 of are was facilitated by back arc extension of the Basin and

Range (Magill and Cox, 1977).

Evidence of intense isoclinal folding and thrust faulting, as

well as exotic Mesozoic melange blocks of blue schist, serpentinites,

polymict conglomerate, and greenstone sandwiched between the Roseburg

Volcanics, point to the presence of an early Eocene subduction zone

against the older Mesozoic Klamath terrane on the southern Oregon

continental margin. This subduction episode may correspond chrono-
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logically to talc-alkaline Challis-Absaroka-Clarno volcanism taking

place in Idaho, Wyoming, eastern Oregon, and Montana (Magill and

others, 1981; Wells and others, 1984). With cessation of subduction,

the Farallon Plate was apparently accreted to the North American

Plate in early late Eocene time and a new subduction zone began to

form further offshore (e.g., now the outer continental and upper

Oregon continental slope) of the current Coast Range. Subsequent

subduction of the late Eocene to Oligocene oceanic crust associated

with this trench began to fuel calc-alkaline volcanism in the western

Cascades (Snavely and others, 1980; Magill and others, 1981).

As the microplate rotated during subduction and after the onset

of accretion, the presumed trapped oceanic crust subsided and formed

a linear trough or forearc basin. A thick section (more than 7,000

m) of sedimentary and volcanic rocks representing highly varied

depositional and tectonic settings were formed in this forearc basin

during the rest of the Paleogene and early Neogene (Snavely and

others, 1980). The middle Eocene Tyee Formation (submarine fans),

and Yamhill Formation (bathyal mudstone) were deposited directly upon

the accreted oceanic crust (Snavely and others, 1980; Chan and Dott,

1983; Heller and Ryberg, 1986). These formations show little

evidence of intense deformation, thereby dating the demise of the

Challis-Absaroka subduction zone (Magill and others, 1981).

Provenance data coupled with basin analysis and paleocurrent studies

have indicated the source material for these formations lay to the

south in the Klamath Mountains and to the east in the Idaho Batholith

(Snavely and Wagner, 1963; Snavely and others, 1964; Heller and

Ryberg, 1983). A paleomagnetic study of the turbidite strata of the
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Tyee Formation supported the interpretation of 750 of clockwise

rotation by the Oregon Coast Range since Eocene time (Simpson and

Cox, 1977). However, Heller and Ryberg (1983) and Wells and Heller

(in press) suggest most of the clockwise rotation was accomplished

after accretion of the Coast Range oceanic crustal rock, perhaps as a

result of post-middle Miocene Basin and Range back arc rotation.

During the middle to early late Eocene (45 to 39 m.y.b.p.), a

period of renewed volcanism resulted in formation of a string of

shield volcanoes, possibly formed over a hot spot or mantle plume

(Duncan, 1982; Snavely and others, 1970). In the northern Oregon

Coast Range, these basalts and basaltic andesites are known as the

Tillamook Volcanics and are composed of a series of submarine flows,

subaerial flows, intrusives, and epiclastic debris flows and breccias

(Wells and others, 1983; Nelson, 1985; Magill and others, 1982;

Rarey, 1986). Paleomagnetic studies of the Tillamook Volcanics indi-

cate up to 460 of clockwise rotation since emplacement (Magill and

others, 1982; Nelson, 1985). During the late Eocene, a period of

uplift and regional unconformity has been interpreted as marking a

change in plate motion and a change in the rate of sea-floor spread-

ing (Snavely and others, 1980). Transcurrent motion was followed by

a period of plate convergence and underthrusting, perhaps associated

with initiation of subduction along the newly formed "Cascade Trench"

of Magill and others (1981) beneath the present Oregon continental

outer shelf and upper slope (Snavely and others, 1980).

Contemporaneous with, and following emplacement of the Tillamook

Volcanics, deposition of the late middle to late Eocene (Narizian

Foraminiferal Stage) Cowlitz Formation occurred. Cowlitz deposition
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in southwestern Washington was marked by subtropical climatic

conditions which favored formation of thick swamp vegetation that

has subsequently matured into coal deposits (Yett, 1979; Henricksen,

1956; Buckovic, 1979). Fluvial systems transported eroded,

micaceous, quartzose, feldspathic elastics (predominantly acid

igneous material) derived from Rocky Mountain area Mesezoic

batholiths to Cowlitz depositional centers (Buckovic, 1979; Rarey,

1986). Cowlitz depositional environments range from swampy to

deltaic, through shallow marine, and into shallow-shelf deposition in

straits situated between older Tillamook and Goble volcanic islands

in northwestern Oregon and southwestern Washington (Armentrout and

Suek, 1985). In the Astoria basin, which includes the thesis area,

the Cowlitz Formation is described as a shallow-marine, wave-

dominated shelf deposit (Niem and Niem, 1985; Rarey, 1986; Shaw,

1986). Deposition of contemporaneous, bathyal turbidites and deep-

marine mudstones, as well as basaltic shelf sands and conglomerates,

was occurring in other parts of the basin as the Hamlet formation of

northwestern Oregon (Niem and Niem, 1985; Rarey, 1986) and the

Nestucca Formation of southern Washington (Wells and others, 1983).

A period of erosion followed by basin subsidence is indicated by

an unconformity that separates the shallow-marine and deltaic

sandstone of the Cowlitz Formation from the overlying deeper-marine,

tuffaceous mudstones of the Keasey Formation. This unconformity is

recognized in the subsurface of the Mist gas field by Bruer (1980)

and from well to well correlations in the Astoria basin (Niem and

Niem, 1985; Bruer and others, 1984). Only the Narizian to Refugian

(late Eocene) Jewell member of the Keasey Formation is known in
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Clatsop County (Niem and Niem, 1985). Foraminiferal studies indicate

that the depositional setting for this unit in the Clatsop County

area was predominantly bathyal (Niem and Niem, 1985; Peterson, 1984;

Nelson, 1985; Rarey, 1986; Olbinski, 1983). The bathyal mudstones of

this unit are locally tuffaceous, indicating a contemporaneous active

volcanic source to the east, presumably the western Cascades and/or

Little Butte Volcanics (Peck and others, 1964). The presence of

glauconite in the unit indicates a possible localized unconformity.

The Refugian was a time of offlap in the northern Oregon Coast

Range. Although the sea level cycle charts of Vail and Hardenbol

(1979) show worldwide sea level to be on the rise during this time

period, the Refugian strata exposed in the thesis area indicate an

overall shallowing of depositional environments. The late Refugian

Sager Creek formation is probably a nested-channel facies deposited

along the late Eocene continental slope. The formation is dominantly

composed of thin-bedded turbidite units which contain mudstones with

bathyal foraminiferal assemblages (Niem and Niem, 1985). The lower

Sager Creek formation apparently was deposited in channels eroded

into the underlying Keasey Formation, and was originally mapped as

lower Pittsburg Bluff Formation by Kadri (1982) in Columbia County,

and as a facies of the Keasey Formation by Nelson (1985).

The shallow-marine sedimentary strata of the Pittsburg Bluff

Formation represent continued shallowing during late Refugian time.

Molluscan faunas collected from the thesis area indicate deposition

in a shallow inner- to middle-shelf environment, possibly including a

shallow, protected, marine bay (Moore, 1982, written communication).

Water depths were 20-50 m; the substrate was dominated by sand or mud
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flats (Moore, 1982, written communication). The Pittsburg Bluff

Formation unconformably overlies the Keasey and Sager Creek

formations (Warren and others, 1946; Niem and Niem, 1985). The

tuffaceous character of the bioturbated sandstone indicates that

highly-explosive, silicic volcanism was active during Pittsburg Bluff

deposition, although not to the extent recorded by the highly-

tuffaceous strata of earlier (Keasey) and later (upper Smuggler Cove)

depositional episodes. The volcanic-arkosic composition of the

sandstones indicates a proximal igneous source (upper Eocene Little

Butte and Ohanapecosh formations of the western Cascades of Oregon

and southwestern Washington, respectively; Wells and others, 1964;

Hammond, 1979) or possibly a reworked sedimentary source (middle to

upper Eocene Clarno as suggested by Murphy, 1981). Acid plutonic and

metamorphic minerals indicate a more distant source, such as eastern

Oregon, eastern Washington, or Idaho, then transport via an ancestral

Columbia River drainage system.

The Northrup Creek formation is composed of carbonaceous,

micaceous mudstone and siltstone, thinly interbedded with clean,

graded, arkosic sandstone. Turbidity current-formed sedimentary

structures (e.g., Bouma sequences, graded bedding) are common in

these sandstone intervals and indicate a deepening of depositional

environment during this time, and perhaps represent a delta-front or

nested-channel facies of the Pittsburg Bluff Formation. The upper

part of the formation consists of shallow-marine, fine-grained,

thin-bedded to laminated, arkosic sandstone with rare interbeds of

grit, siltstone and mudstone reflecting a shallowing and filling of



266

the Astoria Basin by late Zemorrian (Oligocene) to early Saucesian

(early Miocene) time.

The deep-water correlative to the Sager Creek, Pittsburg Bluff

and Northrup Creek formations is the Refugian, Zemorrian, and early

Saucesian Smuggler Cove formation. Within the Elk Mountain-Porter

Ridge area, the Smuggler Cove formation interfingers with and

conformably overlies the Northrup Creek formation. As the uppermost

sandstone of the Northrup Creek formation is shallow-marine, a period

of onlap is indicated during Zemorrian and possibly early Saucesian

time. This thick sequence of predominantly bathyal, tuffaceous,

silty mudstone and subordinate sandy siltstone is in part glauconitic

and contains comminuted mica flakes and carbonaceous plant detritus.

An increase in continental volcanism is also indicated by the

tuffaceous character of the upper Smuggler Cove formation. MacLeod

(1971) related widespread Oligocene tuffaceous strata to voluminous

eruptions emanating from the ancestral western Cascades. Bathyal

ichnofossils such as Helminthoida are locally common within the unit;

bioturbation is extensive. These features are indicative of a slow

sedimentation rate and an active burrowing infauna.

A period of tectonic uplift and/or eustatic sea level change

(TM1.2 of Vail and Hardenbol, 1979) is probably responsible for the

abrubt change in depositional environment from the predominantly

deep-water Smuggler Cove formation to the overlying neritic Astoria

Formation. The Smuggler Cove formation is unconformably overlain by

the thick, micaceous, arkosic sandstone of the early to middle

Miocene Wickiup Mountain member (informal) of the Astoria Formation.

The Wickiup Mountain member (Big Creek member of Coryell, 1978 and
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Murphy, 1981) is a relatively clean, bioturbated to laminated

micaceous, arkosic sandstone with a minor lithic component. The

sands are well-sorted, medium- to fine-grained, and where bioturba-

tion has been less effective, display faint planar laminations and

cross-laminations. Molluscan faunas of the thesis area (identified

by Moore, 1982, written communication) coupled with sedimentary

structures, place the depositional environment as sublittoral to

inner shelf, open marine, in warm to temperate waters.

During the middle Miocene, a sequence of plateau-derived Grande

Ronde and Frenchman Springs flood basalts entered the thesis area

from the northeast and east. From oldest to youngest they are: the

N1(?) or R2 Grande Ronde low MgO high Ti02 # 1 flow; the R2

Grande Ronde low MgO high Ti02 #2 flow, and possibly a #3 flow; the

R2 and N2 Grande Ronde low MgO low Ti02 #1, #2 and #3 flows;

two Grande Ronde high MgO flows (#1 and #2); one to two Frenchman

Springs "Ginkgo" flows; and one or two Frenchman Springs Sand Hollow

flows. Murphy (1981) and Rarey (1986) also noted the presence of the

younger Pomona flow of the Saddle Mountains Basalt in their thesis

areas; but it is not recognized in the Elk Mountain - Porter Ridge

area. These tholeiitic lavas are predominantly subaerial in the

eastern part of the thesis area (Porter and Plympton Ridges).

However, closely packed pillow basalt and palagonitized flow lobes at

the base of some flows (most commonly, low MgO high Ti02 flows #1

and #2, and low MgO low Ti02 flow #1), and shallow-marine,

fossiliferous sandstone interbeds indicate that an aqueous

environment, perhaps a fluctuating middle Miocene shoreline, was

present in eastern Clatsop County during emplacement of the flows.
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In the western part of the thesis area, Elk Mountain is almost

entirely composed of basalt correlative to the Grande Ronde R2 low

MgO high Ti02 flow #2 of the Plympton Ridge area, and as such, is

primarily composed of the second oldest of the Grande Ronde flows

that entered the area. A thin mudstone bed near the peak of Elk

Mountain indicates that a third low MgO high Ti02 flow might cap

the apex of the mountain. The basalt that comprises Elk Mountain is

overwhelmingly non-vesiculated basalt breccia (rare, isolated,

vesiculated breccia clasts were also noted) and isolated pillow

palagonite complexes. The basaltic lava which forms the eroded,

rugged mountain apparently became emergent near the summit where a

subaerial cap formed on the lava delta (?) being built into the

surrounding marine environment.

Virtually all of the flows that entered the Clatsop County area

can be shown to have an intrusive counterpart somewhere in the area

(Plate I; Nelson, 1985; Olbinski, 1983; Peterson, 1984; Rarey, 1986;

Wells and Niem, 1987; Pfaff and Beeson, 1987). The most significant

correlations within the thesis area are: the Grande Ronde low MgO

high Ti02 flow #1 correlates with the approximately 20 km long

Northrup dike, the Grande Ronde low MgO high Ti02 flow #2

correlates with the approximately 30 km long Beneke dike, as well as

many sills and dikes that underlie and surround the Elk Mountain

area; the low MgO high Ti02 #2 flow also correlates with the

northern extent of the Fishhawk Falls dike (Plate I). As the

geochemical, petrographic, field mapping, and paleomagnetic evidence

supports correlation of these flows to a Columbia Plateau source,

these flows apparently arrived in the shallow- to deep-marine Astoria
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Embayment to form thick piles of pillow lava foreset deltas and

palagonite breccias. Elk Mountain represents an eroded remnant of

one of many thick piles of subaqueous to subaerial basalt that were

emplaced in Clatsop County during the middle Miocene (Neel, 1976;

Murphy, 1981; Penoyer, 1977; Coryell, 1978; Cressy, 1974). The lavas

also sunk or injected themselves into semi-consolidated Miocene to

Eocene sediments to form invasive dike- and sill-like intrusions,

some hundreds of meters (deepest known nearly 2.5 km) into the

subsurface (Olbinski, 1983; Beeson and others, 1979; Niem and Niem,

1985; Wells and Niem, 1987). Although the mechanics of invasive

intrusion are not clearly understood, the denser lava apparently

invaded the soft water-saturated sediments of the Astoria Formation

by a combination of steam blasting and magma fracting with pressure

provided by a large hydraulic head. The magma eventually invaded

more brittle Oligocene to Eocene strata of the Sager Creek, Pittsburg

Bluff, Northrup Creek, and Smuggler Cove formations, perhaps along

pre-existing faults or joint planes of a previous stress regime. The

mechanics of dike injection call for northwest-southeast or west-

northwest to east-southeast extension during this middle Miocene

time interval.

During the late Miocene to Pliocene, northeast-northwest

trending conjugate shear faults were formed after emplacement and

solidification of the middle Miocene Columbia River basalt magma.

Primary trends are northeast-southwest trending sinistral faults

coupled with northwest-southeast trending dextral faults. An

interpretation of Reidel shear linked to north-south compression is a

likely explanation for the observed phenomenon in the thesis area and
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in adjacent southwestern Washington (Wells and Coe, 1985). The

interpretation is supported by a small east-west trending

south-dipping thrust fault south of Elk Mountain. All of the exposed

Tertiary sedimentary and volcanic units of the area are cut by this

late middle Miocene and Pliocene episode of faulting. Possibly

associated with this episode of faulting is reactivation of

north-northeast to south-southwest trend of the normal and oblique

slip fault that bounds the eastern face of Nicolai mountain and the

western side of Plympton Ridge. This fault offsets correlative

middle Miocene Columbia River Basalt and early to middle Miocene

Astoria sedimentary strata a minimum of 400 meters, with extension

oriented east-southeast. Although tectonic models would predict

normal faulting to follow trends parallel to principal compressive

stress, a slight adjustment in trend may be due to accommodation

along an older structural grain.

A later episode of east-west compression is evidenced by a

north-south trending reverse fault in the Plympton Ridge area which

offsets middle Miocene Columbia River Basalt flows and by a

north-south trending anticline that folds the western part of

Plympton Ridge. As currently envisioned, the Porter and Plympton

Ridge areas were buttressed against the base of Nicolai Mountain

during this episode of deformation. This tectonic episode is also

evidenced by by predominantly east-west trending normal and

oblique-slip faults mapped north of Elk Mountain and at various

locales throughout Clatsop County (Niem and Niem, 1985). This

east-west compressional tectonic episode could correspond to late

middle Miocene plate convergence (Snavely and others, 1980).
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Quaternary developments include gentle uplift and erosion

throughout the northern Oregon Coast Range (Baldwin, 1963). This

tectonism is probably related to plate convergence during Pleistocene

and Holocene time (Snavely and others, 1980). Large landslides,

particularly along the Nicolai Mountain fault scarp, stream down-

cutting and deposition, and colluvial/soil development were ongoing

processes during this time interval.
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ECONOMIC GEOLOGY

Introduction

In 1981, Oregon's statewide production of surficially mined

sand, gravel, and crushed rock was valued at 485 million dollars.

Presently in Clatsop County, the economic value of these building

materials far exceeds the proven value of any other non-renewable

earth resource. With commercially sold crushed rock valued at

$325.00 per ton in western Oregon, and Clatsop County production of

building materials estimated at 220,000 tons per year, the retail

value of the county's mined building materials is a multi-million

dollar a year industry (oral communication with a representative of

Green and White Products, 1982; Schlicker and others, 1972).

Hydrocarbon production within the Mist gas field is located in

Columbia County rather than Clatsop County. Known Clatsop County

bituminous coal reserves are sparse, thin-bedded, and deeply buried

(Cressy, 1973; Nelson, 1985). Virtually no economic mineralization

has been identified within the county; therefore, building materials

emerge as Clatsop County's prime economic earth resource (Schlicker

and others, 1972; Cressy, 1973; Murphy, 1981; Nelson, 1985). Within

the Elk Mountain-Porter Ridge area, crushed rock is presently the

sole building material of economic importance. However, potential

economic gas reserves may be located under the thesis area.
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Crushed Rock

Crushed rock is actively quarried throughout the thesis area

(Plate I). Various quarry sites are owned and intermittently

operated by the State of Oregon Department of Highways and by logging

corporations such as Cavenham Forest Industries (formerly Crown

Zellerbach Corporation) and Boise Cascade Corporation. Middle

Miocene basalt flows, pillow palagonite complexes, flow breccias,

dikes, and sills all provide ample materials for construction of

local roads, jetties, beach revetments, and stream bank

reinforcement. The subaerial and subaqueous basalt flows on Porter

and Plympton ridges; the Beneke, Northrup Creek, and Fishhawk Falls

dikes; and the subaqueous basalt flows and intrusions which comprise

Elk Mountain can provide abundant crushed rock reserves for any

potential construction in and around the thesis area (Plate I).

Basalt from many of the smaller dikes, sills, and flows has been used

locally to augment transported crushed rock, however, much of this

material is volumetrically unsuitable for large scale mining

operations. Quantitatively and qualitatively, the most important

source of crushed rock within the thesis area is the Grande Ronde low

MgO high Ti02 flow #2 of the Plympton Ridge section (Plate III).

Quarries in this basalt type are located along Kerry Road, a thick

close-packed pillow sequence (Section 13, T7N R6W); Cooperage Road, a

thick sill (Section 7, T6N R7W); and the Elk Mountain Mainline, a

thick sill (Section 7, T6N R7W).

In addition to volumetric limitations, other constraints limit
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the potential of some quarry sites within the area. Thickness of

overburden, presence of interbedded sedimentary material,

accessibility, and advanced decomposition due to weathering

(particularly of the subaqueous palagonite breccias), have a direct

effect on the suitability of many potential quarry locations.

Intraflow textures also have a direct effect on the ultimate use of

crushed rock. Highly fractured flows and flow entablatures are

desirable for the production of pebble- to cobble-sized

crushed rock. Such material is at or near optimal size for

construction of macadamized or oiled logging roads. In contrast,

massive collonade, one to four meters in diameter, is particularly

well suited for jetty stone, beach revetments, and stream bank

reinforcement. Sills that have developed platy jointing are

desirable as building or decorative stone (Elk Mountain Mainline

quarry; Section 7, T6N R7W).

Also, the distance of a quarry to its market or destination is

important because the economics of transportation dictate that this

distance be no more than 20 miles (Beaulieu, 1973). As a result of

transportation costs, Clatsop County crushed rock quarries are

effectively isolated from the major population centers of the

Willamette Valley.

Petroleum

Limited success in the exploration for Pacific Northwest liquid

hydrocarbons was accomplished with the production and eventual
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depletion of 12,000 bbls of oil near Gray's Harbor, Washington in

1957 (Armentrout and Suek, 1985; Ise, 1985). As this discovery could

not be offset, explorationists began to look regionally for the

correct blend of structure, stratigraphy, source, maturation, age,

reservoir, and timing of migration that would culminate in

accumulation of economically recoverable hydrocarbons. Their efforts

were rewarded with a multitude of shows and eventually with discovery

of natural gas at Mist, Oregon (Newton, 1979; Bruer, 1980; Alger,

1985).

When viewed regionally, the Pacific Northwest remains in a

frontier stage of exploration. The deep Cenozoic basins are largely

unexplored with a density of one "deep" well (drilled to a depth

greater than 5000 ft or 1500 meters) for each 400 mi
2

(1,000 km2)

of basinal surface area (Armentrout and Suek, 1985).

Many authors have suggested potential targets for petroleum

exploration. Most recently, Ise (1985) made an interpretation based

on seismic and gravity data which depicts a thick section of

reservoir quality early Eocene rocks onlapping the continental side

of the core of the Oregon and Washington Coast Ranges. Cooper (1981)

and Niem and Niem (1985) point to the offshore and down-dip potential

of the thick, clean shallow-marine and deltaic sandstones of the

early to middle Miocene Astoria Formation. Niem and Niem (1985),

Nelson (1985) and Olbinski (1983) have viewed the Cowlitz Formation

in the subsurface of eastern Clatsop County as having good gas

potential.

The history of petroleum exploration in northwest Oregon prior

to 1979 has been summarized by Washburne (1914), Newton (1967),
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Braislin and others (1971), Tolson (1976), Newton and Van Atta

(1976), Penoyer (1977), and Coryell (1978). The concensus of these

authors was that northwest Oregon has fair to good potential for

commercial accumulations of hydrocarbons. The lack of proven

reserves has been attributed to the minimal amount of exploration

activity. The interpretation of these authors was born out in 1979

when commercial quantities of natural gas were discovered northwest

of Mist, Oregon (Newton (1979), Alger (1985), Olmstead (1981 and

1982).

The Mist gas field is located in extreme western Columbia County

and is approximately 4-15 km east to east-southeast of the thesis

area (Figure 1). The structure in the Mist field is thought to be a

northwest trending asymmetrical anticline with a more steeply dipping

northeast flank. This trend projects into the southeast corner of

the thesis area. The anticline is cut by a series of

.northwest-southeast and east-west trending faults with the upthrown

side to the north (Bruer, 1980; Kadri, 1982; Alger, 1985). Current

production is from the middle to upper Eocene Cowlitz Formation

(Armentrout and Suek, 1985; Alger, 1985). The primary producing

horizon, informally referred to as the Clark and Wilson sand (also C

and W sand), is located at depths of 746 m to 750 m in the Columbia

County #1 well (re-drill). The Clark and Wilson sand is up to 230

meters thick, has porosities of 25% to 32% and permeabilities of 135

to 1,302 millidarcies. Lithologically, it is a micaceous arkose

(Newton, 1979; Bruer, 1980). An additional sand package, referred to

as the "Yamhill sand" occupies a stratigraphically deeper position

than the Clark and Wilson sand in the Texaco Clark and Wilson 6-1
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well (Bruer and others, 1984). Diagenetic alteration of this sand

has resulted in decreased porosities and permeabilities. Flow tests

produced small quantities of gas associated with 65 to 70 barrels of

salt water per day; thus, the unit has been labelled as having poor

reservoir potential (Armentrout and Suek, 1985). Rarey (1986), Niem

and Niem (1985), and Mumford (in prep.) equate the Yamhill sand with

arkosic and basaltic sandstones of the Sunset Highway member of the

Hamlet formation in southeastern Clatsop County. An "upper

sandstone" which occupies a position stratigraphically above the

Clark and Wilson sand, has good porosity which ranges from 11% to

40%, but permeabilities range from only 0-90 and (Armentrout and Suek,

1985). The lack of permeability is attributed to early clay

diagenesis of volcanic rock fragments which clog pore throats and

intergranular porosity. The cap rock at Mist consists of at least

450 meters of Keasey mudstone (Bruer, 1980).

The Mist gas field has produced approximately 20 billion cubic

feet of gas against an estimated ultimate recoverable reserve of

40-50 billion cubic feet with production from 16 wells drilled into

13 separate pools (Armentrout and Suek, 1985). Delineation of the

field has proved difficult due to the complicated structure and

truncated nature of the producing Clark and Wilson sand. The field

has averaged a 30% success rate for wells drilled on or near the

structure (9 of 39 wells produced in 1982; 16 of 50 drilled wells

produced in 1985; Armentrout and Suek, 1985). Initial production at

the Mist field averaged 20 MMcfgpd, declined to 10 MMcfgpd in 1982,

and more recently averaged 7.6 MMcfgpd in 1985 (Olmstead, 1982;

Armentrout and Suek, 1985). The operator of the field is Reichhold
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Energy Corporation (now a part of Arco Oil Company) in partnership

with Oregon Natural Gas Development Company and Diamond Shamrock Oil

Company (Nelson, 1985). The initial gas produced at the field was

utilized by Reichhold Chemical Company in the manufacture of ammonium

nitrate fertilizer and by Northwest Natural Gas to supply a small

fraction of its domestic customers in the area. The heating value of

the gas is 946 BTU's per cubic foot (Newton, 1979).

Compositionally, the gas consists of 92.8% methane, 6.9%

nitrogen, 0.03% carbon dioxide, 0.26% butane, and traces of ethane

(average from the separate pools is approximately 0.018%) propane,

and pentane (Newton, 1979; Bruer, 1980; Armentrout and Suek, 1985).

The ethane becomes significant because biogenic gases typically have

ethane contents in the 0.001 range, an order of magnitude lower than

the values recorded for Mist hydrocarbons (R. Squires, 1982, personal

communication in Armentrout and Suek, 1985, p. 637-638). Armentrout

and Suek (1985) also state that the gas at Mist has 613C values

that are not typical of biogenic gas formation, but are more

generally associated with thermogenic generation of hydrocarbons.

Postulation of a source for these hydrocarbons is problematic.

Increased levels of thermal maturation are not regionally observed in

vitrinite reflectance studies of potential source rocks exposed near

Mist in Clatsop and Columbia counties (Niem and Niem, 1985; Peterson,

1984; Armentrout and Suek, 1985; this study, Appendix V). Therefore,

a hydrocarbon generation model based on deep burial of juxtaposed

source and reservoir rocks in a normal geothermal gradient is not

likely. However, Niem and Niem (1985) showed that thermogenic

effects of the middle Miocene intrusions could "bake" several hundred
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meters of overlying sedimentary strata in the adjacent Astoria basin.

Based on vitrinite reflectance studies of Diamond Shamrock's Crown

Zellerbach 31-17 well, these data eclipse the notion that the

intrusions had little effect on their sedimentary host-rocks

(Armentrout and Suek, 1985; Nelson, 1985; Murphy, 1981). The data of

Niem and Niem (1985) also suggest that local generation and trapping

of hydrocarbons could occur, with thermal maturation a result of heat

input from massive, widespread subsurface sills.

Armentrout and Suek (1985) favor a model in which the gas at

Mist was generated downdip and to the east of the Nehalem Arch in the

Willamette basin (Tualatin basin of Bruer, 1980). This scenario

would require hydrocarbon migration from burial depths in excess of

3,000 meters and lateral migration in excess of 20 km. A problem

with this interpretation is that the composition of the gas varies

from pool to pool within the field, a situation that is less likely

to occur if the gas emanated from a common source and utilized common

migration pathways (Armentrout and Suek, 1985).

The hydrocarbons of Mist were probably generated from Type III

gas prone kerogen (i.e., terrestrial, woody debris), with the result

being a thermogenic dry gas indicative of a high level of thermal

maturation (Bruer, 1980; Franz, 1980; Armentrout and Suek, 1985).

Not surprisingly, the dominant kerogen type in northwest Oregon

Tertiary sedimentary strata is Type III, (Figure 59; Niem and Niem,

1985; Armentrout and Suek, 1985; Peterson, 1984; written

communication from Terry Mitchell, Amoco Production Company, 1982).

Tissot and Welte (1978), documented that Type III kerogen has

the following characteristics and genetic relationships:
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Figure 59 depicts the overwhelming role of kerogen type in
the determination of hydrocarbon thermal maturation products.
In addition to methane, type III kerogen may generate sub-
ordinate amounts of oil and wet gas, depending on the
admixture of planktonic or microbial organic matter.
(After Tissot and Welte, 1978).
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1. Relatively low initial hydrogen/carbon ratios (usually
less than 1.0).

2. High initial oxygen/carbon ratios (as high as 0.2 to 0.3).

3. Important proportions of polyaromatic nuclei and
heteroatomic ketone and carboxylic acid groups, but no
ester groups. Noncarbonyl oxygen is possibly included
in ether bonds.

4. Aliphatic groups are only minor constituents. They consist
of a few long chains, originating from higher plant waxes,
methyl groups, and other short chains.

5. Generally less favorable for oil generation than are kerogen
Types I or II, although it may provide gas source material
is buried at sufficient depths.

6. Derived essentially from continental plants and contains
much identifiable vegetal debris.

7. Plant organic matter is incorporated in sediment either
directly or through its alteration products in soil humic
acids.

8. Microbial degradation in the basin of depostition is usually
limited due to rapid sedimentation and burial. Is rather
frequent in thick detrital sedimentary sequences along
continental margins.

9. In some instances, the organic matter is first severely
altered on land by oxidation, then transported as inertinite
type particles and/or humic acids and re-deposited.

Several correlations may be drawn between Tissot and Welte's

profile of a Type III depositional environment and facts obtained

from mapping Tertiary sedimentary rocks in the thesis area. Visible

detrital, predominantly woody, carbonaceous debris is present on

laminae and bedding surfaces of sedimentary rocks from the Cowlitz,

Keasey, Pittsburg Bluff, and Astoria formations (Nelson, 1985;

Olbinski, 1983; this author). In the Northrup Creek formation, its

abundance is distinctive and is usable as a criterion to aid in field

mapping and subsurface correlation (this study; Niem and Niem, 1985).

This blocky, carbonized, woody material is usually tabular to
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lath-like in shape and is oriented parallel to bedding (derived from

fragments of plant twigs, stems, and leaves). Most of the plant

detritus is less than 7 mm in length, although occasional remnants of

tree limbs up to 1.5 meters in length have been found in the

Pittsburg Bluff Formation.

Minor input of non-terrestrial Type II kerogen into the Astoria

basin is indicated by the presence of foram and diatom shells and

tests scattered throughout the marine sedimentary rocks in the thesis

area. Samples from the thesis area display both structured and

amorphous kerogen types upon visual examination (Terry Mitchell,

Amoco Production Company, 1982, written communication; Appendix V;

Niem and Niem, 1985). However, structured type III kerogen

predominates, and thermogenic gas rather than oil is the predicted

result of thermal maturation (Appendix V).

Vitrinite reflectance values obtained in conjunction with this

study (Plate I; Appendix V) and studies in adjacent areas (Peterson,

1984; Murphy, 1981; Olbinski, 1983; Nelson, 1985) indicate that

regionally, maturation of hydrocarbons is unaffected by local middle

Miocene intrusions (Figure 60). Most samples from the thesis area

were not collected near intrusions. However, an anomalously high

value of 0.7 VRo from the Smuggler Cove formation (Oswald West fm.

of Murphy, 1981) near Nicolai Mountain probably indicates significant

heat transfer from the overlying basalt flows of the Grande Ronde

Basalt. In the thesis area, samples from the Sager Creek and

Northrup Creek formations had pre-generation vitrinite reflectance

values which ranged from 0.43 to 0.48 (Appendix V; Figure 60).

Total organic carbon (T.O.C.) values ranged from non-source
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Figure 60. Main stages of evolution of the
organic matter. Vitrinite reflectance analyses
for the Clatsop County area indicate widespread
maturation of kerogens to the level of the
diagenetic-catagenic boundary. Bar at right of
diagram indicates values for individual samples.
Values from 0.3 VRO to 0.7 VRO were observed.
Data from Murphy (1981), Peterson (1983),
Olbinski (1983), and this author. Figure
modified after Tissot & Welte (1978).
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(0.2) for an arkosic sandstone from the Pittsburg Bluff Formation to

a very good source (2.3) for a carbonaceous mudstone in the Northrup

Creek formation (Appendix V). Samples were taken from the freshest

outcrops possible (e.g., recent stream and road cuts), but are likely

to have undergone at least some degradation of organic material due

to weathering; core samples taken from northwestern Oregon have shown

weathering effects to 30 meters below surface level.

Armentrout and Suek (1985) utilized a Lopatin plot to predict

generative behavior of potential source rocks in the Willamette

basin. Their data showed thermogenic hydrocarbon generation for

potential source beds in the Cowlitz Formation buried at depths below

4,000 meters. They suggested a minimum depth of burial of 3,000

meters before potential source rocks would produce significant

quantities of thermogenic hydrocarbons. The Hamlet, Keasey, Smuggler

Cove, and Astoria formations are buried to depths of 3,000 meters and

deeper in western Clatsop County and the offshore extension of the

Astoria basin (Niem and Niem, 1985; Snavely and others, 1963). They

could conceivably provide a gas source of considerable volume.

Locally, the "normal" geothermal gradient could be altered due to

heat input from late Eocene and middle Miocene intrusives (e.g., Cole

Mountain basalt of Niem and Niem, 1985; Columbia River Basalt), and

an artificial maturation zone created.

Subsequent exploration in Clatsop County, west of the Mist gas

field, has resulted in eleven exploration wells being drilled in the

Astoria basin (Niem and Niem, 1985). Much of the recent drilling and

permitting activity is located immediately south of the thesis area

in eastern Clatsop County (Diamond Shamrock Corporation's Clatsop
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County 33-11; Diamond Shamrock Corporation's Watzek 31-4, 23-4, and

22-19, and Quintana Petroleum Corporation's Watzek 30-1).

Structurally, this drilling is located on the northwestern flank of

the northeast plunging extension of the northern Oregon Coast Range

anticline, the Nehalem Arch. Presumably, these positions were

designed to test the producing intervals of the Cowlitz Formation in

a similar structural/stratigraphic position to the Mist field, only

on the opposite flank of the antiform.

The most prospective subsurface reservoir in the thesis area is

the extension of the gas producing Clark and Wilson sandstone of the

Cowlitz Formation from the nearby Mist field. Nelson (1985)

correlated the Clark and Wilson sand to his shallow-marine upper

micaceous arkosic sandstone member (Tc5) of the Cowlitz Formation,

which crops out in southeast Clatsop County. He and Olbinski (1983)

calculated the Tc5 unit as approximately 200 meters thick but thins

to 10 meters to the west of the Nehalem River. Niem and Niem (1985)

mapped this unit as the Cowlitz Formation (C and W sandstone). Due

to the predominantly homoclinal dips to the north observed in surface

exposures of younger strata, the Clark and Wilson sand should subcrop

under most of the thesis area. Diamond Shamrock Corporation's Boise

Cascade 11-14 in Big Creek to the north of the study area verifies

this assumption as it penetrated approximately 200 meters of Clark

and Wilson sand from approximately -6400'to -7200' in the weilbore

(Bruer and others, 1984; Niem and Niem, 1985). Further to the west,

(e.g., as in the Johnson 33-33 well near Astoria) the Clark and

Wilson sand pinches out in the subsurface (Martin and others, 1985

in Niem and Niem, 1985). The shallow-marine Clark and Wilson sand is
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finer grained in the D.S.C. 11-14 wellbore than it is in outcrop and

in the Quintana Watzek 30-1 well; this difference may be attributed

to a deepening of the environment of deposition from the east to the

northwest and west during Cowlitz time. Paleobathymetric data from

the wells is somewhat inconclusive, as much of the Clark and Wilson

section contains microfossils diagnostic of a range of bathymetries

(Martin and others, 1985 in Niem and Niem, 1985).

The Sager Creek formation (Vesper Church member of the Keasey

Formation of Olbinski, 1983) lacks thick reservoir quality sandstones

as most sandstone outcrops contain thin (2 - 6 inches), carbonaceous,

channelized, discontinuous, graded turbidites. However, the total

organic carbon content of the formation indicates that it contains

fair to good source rocks (Appendix V).

The thicker fine-grained sandstone of the Pittsburg Bluff in the

thesis area averages 28% porosity, but surface samples lack

permeability (average of three samples: 8 md; Appendix V). The low

permeability is thought to be the result of bioturbation of silt,

mud, and sand; and pore throat clogging by diagenetic clay matrix,

volcanic alteration products, and minor carbonate cement. Friable

samples of the Wickiup Mountain member of the Astoria Formation

disintegrated upon porosity and permeability analysis (Terry

Mitchell, 1982, written communication; Appendix V). Samples from

the formation ranged from non-source to a fair gas source (Appendix

V).

Porous and apparently permeable sandstone turbidite strata

within the Northrup Creek and Smuggler Cove formations are generally

thin-bedded in the thesis area; both formations are also highly
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breached throughout the thesis area as is the Astoria Formation. One

thick, arkosic, sheet-like sandstone bed (Tns of Niem and Niem,

1985) at the top of the Northrup Creek formation crops out across the

central part of the thesis area. The sandstone projects beneath the

faulted basalts of Porter and Plympton ridges. If a suitable fault

trap occurs, the sandstone could provide a limited, shallow

reservoir.

According to the depositional models of Shaw (1986), Olbinski

(1983), Nelson (1985), and Armentrout and Suek (1985), sands of the

upper part of the Eocene Cowlitz Formation were deposited in a

high-energy, wave-dominated shelf depositional environment. Bruer

(1980), however, suggests that the sandstone unit was deposited in a

deep channel whose lateral extent was controlled by emergent

Tillamook Volcanic topography. Armentrout and Suek (1985) and Niem

and Niem (1985) show the sandstone unit thins over the Nehalem Arch;

a geologic structure which partly underlies the thesis area.

Due to the locally complex fault pattern of the thesis area

coupled with generally homoclinal dips to the north, seismic data are

essential to identify dip reversals and pinpoint subsurface

closures. Unfortunately, the basalt flows and intrusions of the area

reflect most of the input seismic energy, making seismic data

collection and interpretation somewhat difficult (Larry 0' Connor,

Tenneco Oil Company, 1982, oral communication). However, it is

likely that porous, permeable, thick, arkosic reservoir sands of the

Cowlitz Formation subcrop throughout the southern and central parts,

and possibly the northeastern part of the thesis area. The regional

northeast- southwest conjugate fault pattern associated with the
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emplacement and faulting of the Northrup, Beneke and Fishhawk Falls

dike trends may provide independent closure or fault dependent

closure. In addition, the basalt dikes and their adjacent thermally

altered zones may have created permeability barriers capable of

containing hydrocarbons.

The nearby Mist gas field shows a fault block pattern in the

subsurface which indicates that highly faulted structures are capable

of sealing (Alger, 1985). A northeast trending fault (T7N R6W) on

Plympton Ridge is along trend with a major fault in the subsurface

that controls distribution of the gas pools at Mist. Other northwest

trending faults in the southeast part of the study area are on

structural trend with a recent Arco discovery south of Birkenfeld,

Oregon (A. Niem, 1987, written communication). The Diamond Shamrock

Boise Cascade 11-14 well tested the Cowlitz Formation on the high

side of a major northeast-southwest trending fault which bounds the

southeast face of Nicolai Mountain. This fault has a minimum

displacement of 400 meters based upon displacement of Grande Ronde

and Frenchman Springs flows between Nicolai Mountain and Plympton

Ridge. A closure on the downthrown southeast side of this normal

fault could be a viable exploration prospect.

The Boise Cascade 11-14 well, approximately 3 km north of the

thesis area in the Big Creek drainage, flowed 10,000 - 20,000 cfd

from the Clark and Wilson sand. This well is situated on the west

flank (Astoria basin side) of the Nehalem Arch. The nearest

producing wells in the Mist gas field are approximately 4 km to the

southeast of the thesis area. The Clark and Wilson sands should be

the prime exploration target in the thesis area with the deep-marine
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mudstones of the Keasey and Sager Creek formations providing a proven

seal. Early structures may have been formed in the Eocene;

post-middle Miocene deformation may have provided additional

structural traps. The thesis area is situated adjacent to known

production; and if suitable structures are delineated seismically,

operators drilling in the area should have a good chance of success.
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APPENDIX I

CHECKLIST OF FOSSILS FROM THE SAGER CREEK FORMATION

OUTCROP NUMBER

MOLLUSKS

Pelecypoda

Acila (Truncacila) sp. cf. A.
(T.) Nehalemensis G. D. Hanna

FORAMINIFERA

Pseudonodosaria inflata

Cyclammina pacifica

ICHNOFOSSILS

Helminthoida?

Escape burrow?

LOCALITIES

SAMPLE
NUMBER LOCATION

2 SW4NW4S16T6NR6W

36 NW4SW4S12T6NR6W

37 NW4SW4S12T6NR6W

39 NE4NW4S11T6NR6W

147 SW4NE4S11T6NR6W

2 36 37 39 47

X

X

X X X

X

X
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CHECKLIST OF MOLLUSK FOSSILS FROM THE PITTSBURG BLUFF FORMATION

LOCATIONS
N H N

ELECYPODA
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M In
1 11 n
I I0 0

r-1 .--1

1

V
rI
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1 1

D D
.-1 .-1

1 10 0- .-1

Acila (Truncalila) sp. of. A. (T.) shumardi (Dall) - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - -

Callista (Macrocallista)? sp. of. C. (M.) pittsburgensis Dall X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Cochlodesma? sp. - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - -

Cochlodesma sp. of. C. bainbridgensis Clark - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - -

Cochlodesma? sp. cf. C. bainbridgensis Clark - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - X -

Crenella sp. of. C. porterensis Weaver - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - -

Cyclocardia? sp. X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Delectopecten - _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Litorhadia? sp. - - - - X - - - X - - - - - - - - - - - - - - - - - - - - - - - - X

Litorhadia? sp. of. L. washingtonensis (Weaver) - - - - - - - - - - - - - - - - - - X - - X - - - X - - - - - - - - - - -

Lucinid - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - -

Lucinoma? - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - -

Lucinoma sp. of. L. columbiana (Clark and Arnold) - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - -

Macoma? sp. - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - X - - - -

Nemocardium? sp. - - - - - - - - - X - - - - - - - - - - - - - - - X - - - - - - - X - - -

Nemocardium sp. of. N. (Keenaea) lorenzanum (Arnold) - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - X -

Nuculanid X X X - - - X - - ? - - - - - - - X - X - - - - - - - - - X - - - - - - -

- -
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CHECKLIST OF MOLLUSK FOSSILS FROM THE PITTSBURG BLUFF FORMATION

LOCATIONS

PELECYPODA

O
N \O V I, 10 N n W InO U) M V V1 m M N U) 00 (V V' \D G1 O GI O N O O

N
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Pitar? sp.

Pitar (Pitar) dalli (Weaver)

Solen? sp.

Solen sp.

Spisula sp. of. S. (Mactromeris) pittsburgensis Clark

Tellinid

Tellina? sp. of. T.? pittsburgensis Clark

Thracia? sp.

Venerid

N N N
I I

c, cD

M In L I

I L I I I
cD c)rti N .- -f r-i

- X - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - X -

- - - - - - - - - - - - - - - X - - X - - - - X - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - -

- - - X - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - X X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - -

- - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - -
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CHECKLIST OF MOLLUSK FOSSILS FROM THE PITTSBURG BLUFF FORMATION

LOCATIONS

GASTROPODA

Calyptraea? sp.

Eosiphonalia?

Eosiphonalia oregonensis (Dall)

Eosiphonalia sp. cf. E. oregonensis (Dall)

Molophorus? sp.

Naticid?

Perse? sp.

Perse sp. of. P. pittsburgensis Durham

Perse? sp. of. P. pittsburgensis Durham

Priscofusus? sp. cf. P. chehalisensis

Priscofusus? sp. cf. P. stewarti (Tegland)

Scaphander sp.

Scaphander? sp.

Scaphandrid

SCAPHOPODA

Dentalium sp.

Dentalium? sp.

Dentalium sp. cf. D. (F.) laneensis Rickman

O
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- - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X -
- - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - X - - - - - - - - - - - - - - - - - - - X - X - - - X
- - - - - - - - - - --- - - - - - - X - - - - - - - - - - - - - - - - - -

- X - - X - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - X - - -

- - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

---------------- X -------- X -----------

- - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - -

- X - - X - - - - - X X - X - - - - X - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - -



APPENDIX I Cont.

CHECKLIST OF FOSSILS FROM THE PITTSBURG BLUFF FORMATION

OUTCROP NUMBER

FORAMINIFERA 11 19 24 26 29 53 55 58 62 63 65 133 10-7-3 10-16-1

Cyclammina pacifica - - - - - - - - - X - - - -

Elphidium californicum - - - - - - - - - - - - X -

Quingueloculina imperials - - - - - - - - - X - - - -

ICHNOFOSSILS

Asterosoma-Teichichnus? X

Helminthoida? X X - X - X - - - - X - X

Ophiomorpha-Halymenites X

Planolites X

Thalassinoides X X - - - X X

backfilled structure - X X X

spreiten structure X
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APPENDIX I Cont.

PITTSBURG BLUFF FORMATION FOSSIL LOCALITIES

SAMPLE
NUMBER LOCATION
OC-6 SW2NW4S31T7NR6W
OC-11 NE2SE4S12T6NR6W
OC-19 NW4NE2S12T6NR6W
FS-20 SE4NE4S3T6NR6W
OC-23 SW2SE4SIT6NR6W
OC-24 SW4SE4SIT6NR6W
OC-25 SW4SE?SIT6NR6W
OC-26 NE2NE4SIT6NR6W
OC-27 SW4NW4S6T6NR5W
OC-29 SW4NW4S5T6NR5W

OC-46 SE4NW2S11T6NR6W
OC-53 NE4NE'r,S1T6NR6W

OC-55 NW4NE4SIT6NR6W
OC-56 NW4NE4SIT6NR6W
OC-58 NW4NE4SIT6NR6W
OC-62 NE4NW4SIT6NR6W
OC-63 SE2SW4SIT6NR6W
OC-64 SE4SE2S2T6NR6W
OC-65 SE4SE4S2T6NR6W
OC-66 SE}SE}S2T6NR6W
OC-69 SW4NW4S2T6NR6W
OC-70 NE4NE4S3T6NR6W
OC-89 SE2SE4S9T6NR6W
OC-90 NE4SE4S9T6NR6W
OC-92 NW4NE4S9T6NR6W
OC-105 SE4SW4S31T7NR5W
OC-106 SE4SW4S31T7NR5W
OC-133 SE4SW4S26T7NR6W
OC-144 SE2NW4S26T7NR6W

SE4S26T7NR6WOC-147 NW'44

OC-286 NW?NW4S14T6NR7W
OC-292 SE4SE4S12T6NR7W
OC-297 NE4SE2S12T6NR7W
OC-308 NW4NE4S12T6NR7W
OC-435 NW4SE4S11T6NR7W

OC10-7-3 NW4SW4S9T6NR6W
OC10-7-5 SW2NW?S9T6NR6W
OC10-14-2 SW2SW4SIT6NR6W
OC10-16-1 SW4SE4S11T6NR6W

OC10-16-2 NE4SW4S4T6NR6W



315

APPENDIX I Cont.

CHECKLIST OF FOSSILS FROM THE NORTHRUP CREEK FORMATION

MOLLUSKS

OUTCROP NUMBER
M7 11- 11- 11-

80 416 Tob 529 91 97 449 1-3 1-8 1-9

Pelecypoda

Anadara aff. A. montereyana - -

Clinocardium scappoosensis (Clark) - -

Cochlodesma(?) sp. - X

mytilid - -

nuclanid X -

Spisula albaria scappoosensis (Clark) - -

Tellina oregonensis (Conrad) - -

Thracia aff. T. trapezoides - -

Gastropoda

Natica cf. N. Teglandae - -
(Hanna & Hertlein)

Scaphopoda

Dentalium? sp. X -

Dentalium (Fissidentalium)? sp. - -

DIATOMS

Coscinodiscus marginatus X -

Melosira clavigera - -

Melosira granulata - -

Melosira sulcata - -

Melosira islandica - -

Stephanopyxis spp - -

Trace fossils

Planolites - -

X

?

-

- X

-

?

X - - - - - - -

X - - - - - - -

? - - - - - - -

- - - - - - - -

- - X - - - - -

- - - - - X - -

- - - - - X - -

- X - X - - X -

- - - - - - X -

- X - - - - X -

- X - - - - - -

- - - - - - - X
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NORTHRUP CREEK FOSSIL LOCALITIES

SAMPLE NUMBER LOCATION

80 NW 1/4 NW 1/4 Sec 35 T7N R6W

91 SE 1/4 NE 1/4 Sec 9 T6N R6W

97 NE 1/4 SE 1/4 Sec 7 T6N R6W
416 NW 1/4 SE 1/4 Sec 31 T7N R7W
449 NE 1/4 NE 1/4 Sec 34 T7N R6W

529 SE 1/4 NW 1/4 Sec 5 T6N R7W
M7 Tob SW 1/4 NW 1/4 Sec 22 T7N R6W
11-1-3 SW 1/4 NE 1/4 Sec 7 T6N R6W
11-1-8 SW 1/4 NW 1/4 Sec 6 T6N R6W
11-1-9 SW 1/4 NW 1/4 Sec 6 T6N R6W
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CHECKLIST OF FOSSILS FROM THE ASTORIA FORMATION

OUTCROP NUMBER

MOLLUSKS 212 316 1430 10-15-8 Tma M5 Tma M8

Pelecypoda

Crenella sp. - - - - X X

Cochlodesma? sp. - - - - - -

Cyclocardia sp. of. C.
subtenta (Conrad) X - - - - -

Katherinella? sp. of. K.
(K.) angustifrons (Con.) X - - - - -

Macoma indentata flagleri
Etherington - - - - - X

Nuculana chehalisensis
(Weaver) - - - - ? ?

Nucula washingtonensis
(Weaver) - - - - ? X

nuculanid - X - - -

Panope (Panope) abrupta
(Conrad) X - - - - -

Saccella sp. X - - - - -

Gastropoda

Bruclarkia oregonensis
(Conrad) - - - - - ?

Spirotropis washingtonensis
Etherington - - - - - X
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CHECKLIST OF FOSSILS FROM THE ASTORIA FORMATION

DIATOMS 212 316

OUTCROP NUMBER

430 10-15-8 Tma M5 Tma M8

Actinocyclus ingens - - X - - -

Actinoptychus undulatus - - X - - -

Coscinodiscus endoi - - X - - -

Coscinodiscus marginatus - - X - - -

Coscinodiscus
rehestissimess - - X - - -

Cussia lancettella - - X - - -

Hemiaulus polymorphus - - X - - -

Melosira arenaria - - X - - -

Melosira clavigera - - X - - -

Melosira granulata - - X - - -

Melosira islandica - - - - - -

Rhaphoncis crux - - X - - -

Rhizoselenia miocenica - - X - - -

Stephanopyxis spp - - - - - -

Synedra jouseana - - X - - -

Thalaaionema nitzschioides - - X

ICHNOFOSSILS

Planolites - - - X
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ASTORIA FORMATION FOSSIL LOCALITIES

SAMPLE NUMBER LOCATION MEMBER

212 SE 1/4 SE 1/4 SEC 2 T7N R6W WICKIUP

316 NW 1/4 NW 1/14 SEC 29 T7N R7W WICKIUP

10-15-8 NE 1/4 NW 1/4 SEC 11 T7N R6W WICKIUP

Tma M5 SE 1/4 NW 1/4 SEC 29 T7N R7W WICKIUP

Tma M8 SE 1/4 NW 1/4 SEC 19 T7N R6W WICKIUP

430 SE 1/4 NE 1/4 SEC 32 T7N R7W CANNON BEACH
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CHECKLIST OF FOSSILS FROM COLUMBIA RIVER BASALT INTERBEDS

OUTCROP NUMBER

MOLLUSKS 184 187 188 204

Pelecypoda

Pitar? sp. X - - -

Solen? sp. - - X -

Scaphopoda

Dentalium? sp. - - - X

DIATOMS

Arachnoidiscus sp. - X - -

Melosira granulata - X - -

Melosira clavigera - X - -

Melosira arenaria X

Diatoma vulgare X

Auliscus sp. X

ICHNOFOSSILS

Thalassinoides? - - X

COLUMBIA RIVER BASALT INTERBEDS FOSSIL LOCALITIES

SAMPLE NUMBER LOCATION

184 NE4SE4S12T7NR6W
187 NW?SE4S12T7NR6W
188 SWaNE4S12T7NR6W
204 NE4NW4S12T7NR6W
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MODAL ANALYSES OF SELECTED SEDIMENTARY SAMPLES
SAGER

CREEK
FM.

NORTHRUP
PITTSBURG BLUFF SANDSTONE

ASTORIA FM.
WICKIUP MTN NORTHRUP FM. CRB INTERBEDS

JG3 JG8 JG59 JG64 JG435 JG78 JG218 JG1 JG521 JG530 178 243

Stable Grains
Quartz 28.3 1.8 11.0 14.5 13.8 31.5 23.0 13.0 19.0 15.0 2.0 1.0

Chert - - TR - - TR - 1.0

Feldspars
Plagioclase 7.5 4.3 7.0 9.0 12.8 10.0 6.3 4.0 13.0 12.5 24.0 10.3

K-Spar 4.3 - 5.8 15.3 24.3 3.5 9.0 10.0 4.0 2.5 0.5

Rock Fragments
Volcanic - 10.5 3.5 2.5 2.0 6.8 3.0 - - 64.3 72.5

Sedimentary 5.3 - 3.3 0.5 - 7.5 18.8 - 5.5 1.0 - -

Metamorphic - 3.3 - - 1.5 4.5 - - - 0.5

Igneous 1.4 2.5 1.3 1.0 6.0 5.5 - 2.0 0.5

Micas
Biotite - 0.5 - 1.3 6.0

Muscovite 33.5 - - 3.5 3.5 8.5 2.0 20.0 5.0 11.5

Glass - 1.5 2.8 5.0 22.5 9.5 2.5 1.5

Opaques 1.5 0.8 TR 0.5 2.3 3.0 2.0 0.5 1.0

Limonite 3.8 - 2.3 - - 9.0 - - 3.5 6.5 3.0
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SAGER
CREEK
FM.
JG3

Carbonized
Plant Detritus 1.9

Glauconite

Matrix

Cement

Porosity

Chlorite

Fossils

15.6

TR

TR

TR = Less than 0.5%.

SAMPLE NUMBER
1

3

8
59
64

78

MODAL ANALYSES OF SELECTED SEDIMENTARY SAMPLES

NORTHRUP ASTORIA FM.
PITTSBURG BLUFF SANDSTONE WICKIUP MTN NORTHRUP FM. CRB INTERBEDS

JG8 JG59 JG64 JG435 JG78 JG218 JG1 JG521 JG530 178 243

1.0 TR 0.8 1.8 0.5 TR 25.0 0.5 28.0

66.8 33.3 8.8 6.5 0.5 1.0 - TR

24.3 19.0 26.5 24.3 15.5 8.8 15.0 15.0 11.0 0.5 13.0

0.5 TR 11.5 5.8 0.5

TR TR 1.0 - - 1.0 1.0

- 3.0 2.3 2.0 3.0

6.0 0.5

- 2.0

1.0 1.0

1.0

LOCATION
NW4NE?S5T6NR7W
NW4NW4S16T6NR6W
NE4NE2S13T6NR6W
NW?NE?S1T6NR6W
SE4SE4S2T6NR6W
NE?NE4S34T7NR6W

SAMPLE NUMBER
178
218
243
435
521

530

LOCATION
SE2SE?S12T7NR6W
SW4SE?S2T7NR6W
SW2NE?S11T7NR6W
SW?SW4S11T6NR7W
NW4NW4S5T6NR7W
NE2SW4S5T6NR6W

1.5
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APPENDIX III

PEBBLE COUNTS

82 526

Metamorphic and Sedimentary
Polished "Agate"

Quartzite,
31.5 10.0

Mudstone 25.8 36.0

Silicic Volcanic 9.3 30.0

Pumice 5.5 -

Basic Volcanic 7.5 10.0

Acid Igneous 3.8 -

Andesitic 5.5 8.0

Lithic Sandstone 3.5 -

Sandy Siltstone 1.8 6.0

Shale 5.3 -

Iron Oxide 0.75 -

82 - NORTHRUP CREEK FM. SANDSTONE NW 1/4 NW 1/14 Sec 35 T7N R6W

526 - NORTHRUP CREEK FM. SE 1/4 SW 1/4 Sec 32 T7N R7W
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APPENDIX IV
HEAVY MINERALOGY OF SELECTED SAMPLES

Sager Astoria Northrup

Creek PittsburgBluff Fm. Creek

Mineral Species ickiup-

Mtn Mbr

47 52 66 72 10-7-3 212 382

Amphiboles
Hornblende

Green A VA A A A C R

Brown R C C R R R -

Lamprobolite R - - R - C -

Tremolite-Actinolite R R - R - - -

Pyroxenes
Hypersthene - R - - - C

Augite

Micas
Biotite

C

A

C

VA

R

VA

R

VA

C

VA

R

VA VA

Muscovite R R R R R C C

Chloritic Matter R C C VA VA A A

Epidote

Tourmaline
Brown

Garnet
Clear
Pink

Kyanite

R

R

R

R

C

R

R

R

R

R

R

C

C

C

R

C

-

R

R

R

R

R

R

C

Staurolite

Sillimanite R -

R

R

Monazite

Rutile

R

R

R

C R -

R

R R

Zircon C C R R R C C

R= 1-2%; C = 2-8%; A= 8-15%; VA = 15% +



325

APPENDIX IV Cont.

HEAVY MINERALOGY OF SELECTED SAMPLES

Sager Astoria Northrup
Creek Pittsburg Bluff Fm. Creek

Mineral Species Wickiup
Mtn Mbr

47 52 66 72 10-7-3 212 382

Sphene R - - - - - -

Apatite

Opaques
Magnetite

R

A

C

A

C

R

R

A

A

A C C

Hematite A A - - - - -

Ilmenite - - C - - - -

Leucoxene R - - - C C C

Pyrite - R - R - - C

R= 1-2%; C = 2-8%; A= 8-15%; VA = 15% +

SAMPLE LOCATIONS FOR HEAVY MINERAL SAMPLES

47 SW4NES11T6NR6W
52 NE4NE4S1T6NR6W
66 SE4SE4S2T6NR6W
72 NE4NW4S3T6NR6W

10-7-3 NW4SW4S9T6NR6W

212 SE4SE4S2T7NR6W
382 NErNW4S8T6NR7W



APPENDIX V: SOURCE ROCK AND RESERVOIR ROCK ANALYSES

POROSITY & PERMEABILITY

SAMPLE
NUMBER LOCATION FORMATION

TOTAL
PERCENT POROSITY PERMEABILITY (K) and

64 SE4SE4S2T6NR6W Pittsburg Bluff 23.9 17.7

70B NE2NE?S3T6NR6W Pittsburg Bluff 32.9 1.97

322 SE4SE?S9T6NR7W Pittsburg Bluff 26.8 4.9

350 SE4SW4S19T7NR6W Northrup Sand 31.1 5.1

Porosity and permeability were determined by nuclear magnetic resonance (NMR). Five additional
friable samples from the Astoria Formation and Columbia River Basalt interbeds were submitted for
analysis but disintegrated before or upon drilling.

SAMPLE
NUMBER TOC

V.R.
% RO

VISUAL
KEROGEN

TYPE

KEROGEN

TYPE
OIL/GAS

SOURCE ROCK

GENERATION
RATING

STAGE OF
DIAGENESIS ORMATION

2 1.0 0.48 Mixed Gas Fair-Good Pre-generation Sager Creek
70A 0.2 - - Gas Nonsource Pre-generation Pittsburg Bluff

75 1.2 0.43 Mixed Gas Good Pre-generation Northrup Creek
98 0.9 - - Gas Fair Pre-generation Pittsburg Bluff

111 2.3 0.44 Mixed Gas Very Good Pre-generation Northrup Creek
377 0.8 - - Gas Fair Pre-generation Northrup Creek
520 0.8 - - Gas Fair Pre-generation Northrup Creek

SAMPLE NUMBER LOCATION SAMPLE NUMBER LOCATION
2 SW4NW4S16T6NR6W 111 SE?S32T7NR6W
70A NErNE4S3T6NR6W 377 SW4SE4S7T6NR7W

75 NE4NE4S34T7NR6W 520 NW4NW?S5T6NR7W
98 NW4SW?S8T6NR6W
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MODAL ANALYSES OF SELECTED BASALT SAMPLES

Low MgO High Ti02 Low MgO High Ti02

Flow #1 Flow #2

Intrusive Extrusive Intrusives Extrusives

Sample Number 74 10-11-13 10-31-1 348 528 373 10-11-10 11-2-7

Plagioclase 38% 36% 55% 23% 42% 47% 46% 25%

Clinopyroxene 29% 11% 35% 30% 27% 25% 29% 12%

Iron Oxides 17% 21% 7% - 7% 8% 12% 1%

Tachylyte - - - 47% - - - 58%

Sideromelane 10% 27% - - 9% 2% 12% -

Apatite TR TR TR TR TA TR TR TR

Micropegmatite - - - - TR 2% - -

Alteration Prods

Chlorophaeite 6% 4% 2% - 15% - 1% -

Calcite TR - - - - - - -

Chlorite-Smectite - - - - - 16% - 5%

Low MgO Low TiO2
Low MgO

Low T102

Low MgO

Low Ti02 High MgO
Frenchman Springs

Flow #1 Flow #2 Flow #3 Ginkgo

Intrusive Extrusive Extrusive Extrusive Extrusive

Sample Number 439 10-11-7 10-11-6 10-11-3 10-11-2 227

Plagioclase 42% 18% 22.7% 43.0% 37.1% 36%

Clinopyroxene 34% 26% 21.6% 33.7% 31.6% 32%

Iron Oxides 8% - 2.0% 5.0% 9.0% 5%

Tachylyte - 56% 53.5% - - -

Sideromelane 10% - TR 12.9% 14.2% 17%

Apatite TR TR TR 1.0% TR 2%

Micropegmatite - - - TR - -

Alteration Prods

Chlorophaeite - - - 3.6% 7.9% -

Calcite TR - - - - -

Chlorite-Smectite 6% - 0.2% 0.5% 0.2% -

Sample locations are listed in Appendix IX and are plotted on Plate I.

TR = 0.5%
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MAJOR ELEMENT OXIDE GEOCHEMISTRY OF SELECTED BASALT SAMPLES

Values are for Samples Run Against International Standards
Samples Run Against Basalt Standards are Listed Second

Plot Geochemical
Sample Number Number 5102 A1203 T102 FeO* MnO CaO Mgo K20 Na2O P205 Type

10-11-2 1 54.25 14.47 1.91 11.35 0.19 8.23 4.32 1.16 3.25 0.32 High MgO
Run on Basalt Std 1A 54.05 15.23 2.06 10.89 0.20 8.29 4.55 1.15 2.59 0.31

10-11-3 2 56.54 13.50 1.86 11.60 0.19 6.97 3.45 1.67 3.31 0.34 Low MgO
Run on Basalt Std 2A 55.47 15.09 1.98 11.50 0.19 6.86 3.94 1.66 2.81 0.31 Low Ti02

10-11-6 3 56.72 14.44 1.90 11.09 0.18 6.73 3.29 1.69 3.11 0.32 Low MgO
Run on Basalt Std 3A 55.75 15.37 2.04 11.41 0.18 6.75 3.50 1.70 2.79 0.31 Low T102

10-11-7 4 56.35 14.31 1.90 11.11 0.18 7.02 3.51 1.68 3.05 0.35 Low MgO
Run on Basalt Std 4A 55.62 15.47 2.06 11.02 0.19 6.93 3.81 1.64 2.75 0.33 Low Ti02

10-11-10 5 56.58 14.09 2.25 10.52 0.18 6.84 3.30 2.02 3.32 0.38 Low MgO
Run on Basalt Std 5A 55.86 15.30 2.43 10.57 0.19 6.89 3.55 2.01 2.65 0.34 High T102

10-11-13 6 55.44 13.98 2.14 11.89 0.18 6.99 3.54 1.67 3.24 0.36 Low MgO
Run on Basalt Std 6A 54.33 14.91 2.35 12.44 0.20 7.06 3.72 1.70 2.75 0.34 High T102

10-31-1 7 56.12 14.17 2.21 11.37 0.17 6.55 3.31 1.84 3.36 0.34 Low MgO
High Ti02

11-2-7 8 55.74 14.23 2.21 11.11 0.18 7.02 3.57 1.84 3.18 0.40 Low MgO
Run on Basalt Std 8A 55.45 15.12 2.44 10.89 0.19 7.02 3.78 1.84 2.69 0.38 High Ti02

74 9 55.62 14.17 2.11 11.80 0.18 6.79 3.33 1.58 3.48 0.36 Low MgO
High TiO

2

79 10 55.29 14.33 2.11 11.77 0.19 6.94 3.60 1.62 3.22 0.36 Low MgO
High TiO

2

125 11 55.12 14.28 2.13 11.86 0.18 6.76 3.41 1.74 3.58 0.36 Low MgO
High Ti02

140 12 56.58 14.05 2.22 10.95 0.18 6.51 3.25 1.87 3.50 0.36 Low MgO
High TiO2

155 13 56.16 13.86 2.14 11.45 0.19 6.98 3.50 1.81 2.98 0.36 Low MgO
High T102
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MAJOR ELEMENT OXIDE GEOCHEMISTRY OF SELECTED BASALT SAMPLES

Values are for Samples Run Against International Standards
Samples Run Against Basalt Standards are Listed Second

Sample Number
Plot

Number SiO2 A1203 Ti02 FeO* MnO CaO Mgo K20 Na20 P205

Geochemical
Type

176 14 57.06 14.36 1.92 10.39 0.16 6.63 3.46 1.72 3.43 0.35 Low MgO

177 15 55.81 14.25 2.15 11.26 0.18 7.05 3.32 1.70 3.36 0.38

Low T102

Low MgO

227 16 52.03 13.88 2.80 13.54 0.20 7.68 3.92 1.31 3.32 0.65

High T102

Ginkgo

229 17 56.92 14.09 1.89 10.52 0.18 6.95 3.49 1.75 3.36 0.34 Low MgO

235 18 53.35 13.58 2.71 12.54 0.21 8.00 4.17 1.25 3.01 0.56

Low TiO2

Non Ginkgo

237 19 53.33 13.45 2.75 12.79 0.19 7.66 4.04 1.28 3.34 0.55

F.S.

Non Ginkgo
Run on Basalt Std 19A 52.34 14.77 2.97 13.28 0.20 7.85 4.29 7.28 2.63 0.50 F.S.

256 20 56.49 14.33 1.94 10.52 0.19 7.10 3.26 1.84 3.46 0.35 Low MgO

258 21 52.95 13.49 2.74 12.70 0.20 8.03 4.28 1.08 3.37 0.54

Low T102

Non Ginkgo

265 22 52.79 13.50 2.84 13.03 0.22 7.78 4.05 1.33 3.15 0.66

F.S.

Ginkgo
Run on Basalt Std 22A 52.01 14.34 3.05 14.05 0.22 7.60 4.19 1.29 2.46 0.59 F.S.

277 23 56.78 13.72 2.29 11.00 0.19 6.46 3.23 1.93 3.47 0.37 Low MgO

312 24 56.25 13.74 1.90 11.29 0.21 7.09 3.39 1.88 3.35 0.36

High TiO2

Low MgO

323 25 55.97 14.48 1.92 11.80 0.17 6.73 3.12 1.59 3.48 0.35

Low TiO2

Low MgO

326 26 55.76 14.06 2.27 11.64 0.20 6.89 3.08 1.98 3.22 0.39

Low Ti02

Low MgO
High T102
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MAJOR ELEMENT OXIDE GEOCHEMISTRY OF SELECTED BASALT SAMPLES

Values are for Samples Run Against International Standards
Samples Run Against Basalt Standards are Listed Second

Plot Geochemical
Sample Number Number 5102 A1203 T102 FeO* MnO CaO Mgo K2O Na20 P205 Type

371 27 54.25 14.85 1.79 11.88 0.20 8.18 4.27 1.03 2.97 0.31 High MgO

373 28 55.66 13.95 2.28 12.05 0,17 6171 3.13 1295 3128 0_37 Low MgO
High Ti02

375 29 55.97 14.40 2.20 11.88 0.19 6.79 3.17 1.55 3.30 0.37 Low MgO
High Ti02

394 30 55.46 13.91 2.30 12.07 0.18 6.71 3.00 1.91 3.49 0.37 Low MgO
High Ti02

398 31 55.59 14.28 2.21 12.04 0.17 6.66 3.10 2.05 3.22 0.37 Low MgO
High Ti02

420 32 55.79 14.18 2.28 11.98 0.18 6.56 2.86 1.90 3.41 0.37 Low MgO
High TiO2

439 33 55.93 14.36 2.22 11.68 0.18 6.74 3.16 1.89 3.26 0.37 Low MgO
High Ti02

C-3 34 55.75 13.70 2.24 11.55 0.19 6.86 3.31 1.98 3.37 0.39 Low MgO
High Ti02

10-15-2 35 54.85 14.00 1.69 11.28 0.19 8.19 4.40 1.22 3.30 0.33 High MgO

11-4-7 36 56.96 13.91 1.94 10.30 0.19 6.92 3.28 1.80 3.53 0.36 Low MgO
Low Ti02

118 37 55.44 13.64 2.20 11.90 0.20 7.13 3.20 1.77 3.55 0.40 Low MgO
High TiO2

182 38 55.54 13.80 2.21 11.39 0.22 7.17 3.02 1.81 3.92 0.39 Low MgO
High Ti02

183 39 53.49 13.14 2.71 12.88 0.19 7.89 3.64 1.30 3.56 0.57 F.S.
Non Ginkgo

w
O

223 40 55.33 13.61 2.19 11.65 0.18 7.06 3.35 1.91 3.78 0.38 Low MgO
High Ti02
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MAJOR ELEMENT OXIDE GEOCHEMISTRY OF SELECTED BASALT SAMPLES

Values are for Samples Run Against International Standards
Samples Run Against Basalt Standards are Listed Second

Plot Geochemical
Sample Number Number Si02 Al203 T102 FeO* MnO CaO Mgo K20 Na20 P205 Type

329 41 55.82 13.49 2.25 11.60 0.20 6.93 3.29 1.92 3.53 0.39 Low MgO
High Ti02

348 42 55.81 13.43 2.24 11.78 0.18 6.88 3.19 1.84 3.70 0.37 Low MgO
High TiO

2

433 43 55.98 13.96 2.25 11.07 0.18 6.93 3.25 1.80 3.64 0.40 Low MgO
High TiO2

440 44 56.05 13.60 2.24 11.64 0.18 6.86 3.24 1.73 3.51 0.39 Low MgO
High Ti02

442 45 56.23 13.58 2.26 11.32 0.18 6.93 3.05 1.83 3.67 0.39 Low MgO
High TiO2

504 46 55.62 14.06 2.25 11.56 0.17 6.59 3.28 1.87 3.65 0.37 Low MgO
High TiO2

505 47 55.54 13.52 2.24 12.03 0.19 6.86 3.29 1.50 3.88 0.37 Low MgO
Run on Basalt Std 55.38 14.98 2.44 11.88 0.19 6.85 3.52 1.48 2.75 0.34 High TiO2

506 48 55.87 13.36 2.26 11.69 0.18 6.68 3.18 1.93 3.89 0.38 Low MgO
High T102

512 49 55.35 13.73 2.25 12.04 0.18 6.84 3.16 1.89 3.61 0.37 Low MgO
High TiO2

533 50 56.37 13.68 1.88 11.54 0.19 6.84 3.40 1.53 3.66 0.34 Low MgO
Low TiO2

*FeO = 0.9 Fe2O3 + FeO.
Values have been normalized to 100%.
F.S. = Frenchman Springs geochemical type.
Plot numbers 1 - 36 were analyzed in January of 1982.
Plot numbers 37 - 50 plus all plot numbers with an "A" suffix were analyzed in May of 1982.
Locations for all geochemical samples are listed in Appendix IX and plotted on Plate I.
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APPENDIX VIII: BASALT CORRECTION FACTOR

The statistical variation between major element oxide-
determinations of samples run against both International standards
(G-2; GSP-1; AGV-1; BCR-1; PCC-1) and Basalt standards (CRB-1) at Dr.
Peter Hooper's XRF (X-Ray Fluorescence; Washington State University)
lab was computed. Samples were submitted for International standard
analysis in January of 1982 and for Basalt standard analysis in May
of 1983. There appears to be a significant, systematic bias between
the runs for three of the tested oxides. The total analytical error
associated with XRF determinations on the remaining seven oxides is
sufficiently high so as to preclude a statistical discrimination
between the means of the two groups. As such, the observed
differences between seven of the tested oxides is not statistically
significant, and therefore, a correction factor need not be applied.
As the purpose of any correction factor is to rectify the bias
between two statistically discrete groups, the application of a
correction factor to determinations of these seven oxides is not
justified.

This statistical analysis suggests the following points:

1. That the bias between oxide values run against the two
separate standards for A120 , TiO2, and MgO is statistically
significant, i.e., larger tan the reproducibility associated with
,the oxide determinations. Therefore, a correction factor may be
applied.

2. That the derived oxide values for SiO , FeO*, MnO, CaO,
K 0, Na203, and P20 will shift according to the standard
t9ey were run againt. However, because the bias does not exceed the
limits of analytical error for XRF analyses, the application of a
corection factor is not justified.

Procedure

A total of 20 (10 against each standard) Columbia River Basalt
samples ranging from 52.79 - 56.72 wt. % silica (vs. International
standards) were analyzed. Individual sample data for both runs was
normalized to 100% (total wt. %) at Dr. Hooper's lab prior to this
statistical analysis. For each oxide, the arithmetic difference
between the normalized weight % when the sample was run against the
International standard and the normalized weight % when the sample
was run against the Columbia River Basalt standard was calculated.
For each oxide, the mean of the sample differences was determined
using the formula:

n
x,c 1/n J (j - BJ)7 (1)

j=1

where x,,= the mean difference in relative oxide pecentages for a
given oxide,*, between International standards oxide determinations
and the Basalt standard oxide determinations.
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xI = the relative percentage of oxide," for sample j run
against the International standards.

x = the relative percentage of oxide,'<,for sample j run
againsP the Columbia River Basalt standard.

n = the number of sample pairs.

The standard deviation of y, defined as the difference between
oxide pecentages for a given sample run against the two standards, is
given by the following formula:

s
y

n 2 1 /2
[ 1/Qn-1) 1 yi-

i=1

(2)

where sy = the standard deviation of y.

Iy=yil =xl - xB' i = 1,2, . . .

x,,,= the mean difference in relative oxide pecentages (EQ.1).

n = the number of sample pairs.

The results of this analysis are tabulated below. The value
given for the mean represents the observed difference between the
average value derived for a particular sample run against the Basalt
standard minus the value derived for that same sample when it was run
againt the International standard. Therefore, the mean represents
the correction factor that would be added to an International
standard referred oxide value in order to obtain an approximate
Basalt standard referred oxide value (see table below). In the table
below, the value listed for 2Ty represents the value associated with
the standard deviation of y for this analysis (Eq. 2). The values
listed for 2 ,-Ia represent the estimated analytical error associated
with oxide determinations used in this analysis as supplied by
Hooper's lab; the values listed for 2,5-Ib represent the estimated
analytical error associated with oxide determinations used in this
anal sis as determined f l li t d i M d th (1980)y rom va ues s e n yers an o ers .
Both the 2 ---rIa and the 2-rIb values were estimated by applying the
following formula to the standard deviation associated with Basalt
standard analyses. An assumption has been made that International
standard analytical errors approximate the analytical errors
associated with Basalt standard analyses.

2 2 2

total - ( B + ( B[I?]

where?' = the estimated standard deviation for the total
analytical errrorlassociated with oxide determinations run against
both standards.
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where b` = the error associated with major element-oxide runs
against the Basalt standard.

where B(I) = the estimated error associated with major
element oxide runs against the International standard.

Si02 A1203 Ti02 FeO* MnO CaO MgO K20 Na20 P205
mean -0.70 +1.08 +0.18 +0.124 +0.01 +0.04 +0.25 -0.01 -0.60 -0.03
2ax 0.72 0.54 0.08 0.90 0.02 0.20 0.20 0.04 0.48 0.04
2aIa 0.78 0.44 0.07 0.50 0.01 0.31 0.21 0.04 0.23 0.01
2-Ib 0.76 0.40 0.03 0.23 0.01 0.14 0.14 0.13 0.62 0.06

By utilizing the largest instrumental errors associated with
each individual oxide, seven of the oxide means can be shown to be
not significantly different from the 0.0 value, representing no
difference between the two analytical values at a 95% level of
confidence (Appendix VIII; Figure A). Al 0 , TiO , and MgO are
significantly different from the 0.0 line 2a the 65% confidence
level. It is proposed, therefore, that the mean values listed above
be added to International oxide determination values or subtracted
from Basalt oxide determination values if an approximate estimeat the
same sample run on the alternate standard is desired.
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APPENDIX VIII. FIGURE A
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APPENDIX IX Cont.

FLUXGATE POLARITY DETERMINATIONS FOR BASALT SAMPLES

SAMPLE # LOCATION POLARITY
MORPHOLOGY AND

GEOCHEMISTRY NUMBER

556 SW2NE4S34T7NR7W R IPPB.
557 SE2NW4S34T7NR7W N Weak IPPB.
558 NW4NW4S34T7NR7W N Weak IPPB.
561 SW2SE4S34T7NR7W N Sill.
562 NW4NE4S34T7NR7W R IPPB.
565 SE4NW4S26T7NR7W R Dike.

*Gives stronger kick along E - W axis; E = reversed direction.

R = Reversed
N = Normal
Z = Has lost all N.R.M.
U = Indeterminant polarity
IPPB = Isolated Pillow Palagonite Breccia



APPENDIX X

TABULATION OF PALEOMAGNETIC DATA FOR GRANDE RONDE BASALT SITES: 5 FLOWS & 11 DIKES

Site+ Location Samples Paleomagnetic Directions
(Polarity) Long. Lat. /E Used K -(95) Core Rotated Structure Corr. Stable AFD Structure
* = Dike (De_) (Deg) (# Collected) I(Deg) D(Deg) I(Deg) D(Deg) Level (Oe) Correction

*MM 1+(R) 123.46 46.01 5(7) 109.4 7.3 -79.6 164.4 -73.8 170.0 200-500 270, 6 N

*MM 2 (R) 123.45 46.06 8(8) 30.6 10.2 -59.7 261.3 -57.8 250.5 200-400 270, 6 N

MM 3+(R) 123.44 46.06 7(8) 30.9 11.0 -67.4 213.6 -62.2 207.1 300 270, 6 N

*MM 4+(R) 123.40 46.04 7(8) 39.6 9.7 -74.4 311.4 -77.5 290.2 200-800 270, 6 N

39.5 9.7 -74.4 31.1.4 -84.2 301.9 200-800 225, 10 N

*MM 5 (R) 123.50 46.00 3(3) 74.0 14.4 -64.7 235.9 -60.9 226.7 200,300 270, 6 N

*MM 5A (R) 123.50 46.00 7(7) 121.2 5.5 -66.0 229.4 -61.7 220.7 200,300 270, 6 N

*MM 5B (R) 123.50 46.00 8(8) 582.2 2.3 -60.5 232.1 -56.5 224.7 200,300 270, 6 N

*MM 5C (R) 123.50 46.00 8(8) 282.5 3.3 -52.0 245.6 -49.2 239.2 200,300 270, 6 N

*MM 5'+(R) 123.50 46.00 26(26) 87.0 3.1 -60.0 237.0 -56.4 229.2 200,300 270, 6 N

*MM 5"+(R) 123.50 46.00 3(3) 93.3 12.8 -59.7 236.9 -56.1 229.2 200,300 270, 6 N

*MM 6+(N) 123.58 45.99 6(8) 186.4 4.9 65.8 85.0 64.6 72.2 300,500 270, 6 N

*MM 7+(N) 123.54 45.92 5(5) 65.1 9.6 66.7 79.7 65.0 66.8 300,500 270, 6 N

MM 8+(R) 123.44 46.07 7(8) 51.8 8.5 -51.3 196.8 -45.5 195.0 200,300 270, 6 N



APPENDIX X Cont.

TABULATION OF PALEOMAGNETIC DATA FOR GRANDE RONDE BASALT SITES: 5 FLOWS & 11 DIKES

Site+ Location Samples
(Polarity) Long. Lat. # Used K «(95)

Paleomagnetic Directions

* = Dike (Deg) (Deg) (# Collected)
Core Rotated
I(Deg) D(Deg)

Structure Corr.
I(Deg) D (Deg)

MM 9+(N?) 123.40 46.10 5(9) 38.8 13.0 21.4 85.1 29.8 73.6

4(9) 10.1 30.4 -22.6 282.7 -37.7 270.9

MM 10+(?) 123.44 46.07 3(8) 80.6 13.8 -22.5 257.2 -27.5 245.6

MM ll+(?) 123.39 46.12 4(8) 15.0 38.8 -36.5 282.1 -50.1 261.8

4(8) 24.8 14.7 53.4 333.2 28.5 332.2

*MM 12 (R) 123.56 45.95 8(8) 26.3 11.0 -67.5 175.1 -61.6 176.1

*MM 14+(N) 123.60 45.91 7(8) 229.7 4.0 54.6 20.7 48.9 18.1

*MM 15 (N) 123.64 45.89 8(8) 134.1 4.8 49.2 353.0 43.3 353.7

Stable AFD Structure
Level (0e) Correction

400,500 240, 25 NW

400,500 240, 25 NW

400-800 240, 25 NW

200,300 240, 25 NW

200-700 240, 25 NW

100-300 270, 6 N

200,300 270, 6 N

200,300 270, 6 N

+Refer to following pages for additional information.



FOOTNOTES:

MM1 Core 2 was omitted due to lack of stable direction after AFD. Core 5 was omitted due to
magnetization direction greater than 3 95 removed from site mean. AFD levels vary: Core 1 -
400,500 Oe; Core 3 - 300,400 Oe; Core 4 - 200,300; Core 6 - 300; Core 7 - 200,300.

MM3 Specimens from Core 4 are excluded because of poor agreement of magnetic directions between two
specimens of the same core and a lack of magnetic stability for all specimens.

MM4 Specimens from Core 3 were omitted because of poor agreement between paleomagnetic directions and
magnetic instability. AFD levels vary: Cores 1, 2, and 4 - 200,300 Oe; Core 5 - 200,250;
Core 6 - 500,600; Core 7 - 600,700 Oe; Core 8 - 400,500 Oe.

MM5' Represents the mean directions of 26 samples collected throughout the Beneke Quarry. All samples
were given equal weight and only one specimen per core was considered.

MM5" Only the mean directions of intrasites MM 5A, 5B, and 5C were considered in MM5". This gives the
mean of the three intrasite means for the Beneke Quarry.

MM6 Core 1 was excluded because the magnetization direction of the core was removed by greater than
3 «95's from the site mean. Core 3 was never measured. AFD levels vary: Cores 2, 4, 5, 7, and 8 -
300 Oe; Core 6 - 500 Oe.

MM7 AFD levels vary: Cores 1, 2, 3, and 4 - 300 Oe; Core 5 - 500 Oe.

MM8 Core 2 was excluded because the magnetization direction of the core was removed by greater than
3 x95's from the site mean.

MM9 Site is divided into two groups of normal and reversed polarity. First line of data is for the
normal polarity group, using specimens from Cores 5, 6, 7, 8, and 9. The second line of data is
for the reversed polarity group using specimens from Cores 1, 2, 3, and 4.

MM10 Only cores 3, 5, and 6 were used because specimens from these cores displayed similar inclinations
(Quadrant III reversed). Other cores were excluded because of poor agreement between specimens of
the same core, strong overprints (due possibly to secondary magnetization which could not be removed
with AF demagnetization), and/or disparate paleomagnetic directions. Stable AFD levels vary:
Core 3 - 400,500 Oe; Cores 5 and 6 - 700,800 Oe.



FOOTNOTES Cont.

MM11 Site was divided into 2 groups; one of reversed polarity and one of normal polarity. First line of
data is for the reversed polarity group using specimens from Cores 1, 2, 3, and 8 at the 200 and
300 Oe AFD levels. The second line of data is for the normal polarity group of siet MM11 using
specimens from Cores 4, 5, 6, and 7; AFD levels vary: Core 4 - 400,500 Oe; Core 5 - 600,700;
Core 6 - 500,600; Core 7 - 200,300 Oe.

MM14 Core 3 was excluded because the magnetization direction of the core was removed by greater than
3 «95's from the site mean.
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APPENDIX XI

LOCATIONS AND DESCRIPTIONS OF

MIOCENE PALEOMAGNETIC SAMPLE LOCALITIES

MM1 "Northrup Dike South"

NW4 NW4 Sec. 16, T6N, R6W, Cathlamet Quad. The quarry is

located on Northrup Creek Road. Proceed left at intersection with

Cow Creek Road and bear right at junction with Northrup Pit Road.

Take next spur road to the right (approximately 50 m north of

Northrup Pit Road junction). (See Plate T -of Olbinski, 1983; and

Figure 2.S of this thesis). All cores are from a dike of massive,

nonvesicular and aphyric basalt, unit lmhtl. Trend of dike is N 40°
E, 800 NW.

MM2 "Beneke Dike North" (1 JG 09 or 81-9)

NW4 NE? Sec. 29, T7N, R6W, Cathlamet Quad. Dike is exposed at

the intersection of Beneke/Kerry Road and Big Creek Road. (See

Plate I). It is approximately 16.5 m thick, and is composed of

LMHT2 chemical and petrologic type Grande Ronde Basalt. Baked

columnar-jointed and bioturbated yellow-gray mudstone of Oligocene?

age occur on either side of the dike. Basalt is blocky with poorly

formed columnar joints. The site was redrilled in 1981 to reduce

error. Attitude: N 650 E., 280 NW? from the surrounding

sedimentary rocks; the regional dip is E-W 6° N.

MM3 "Nicolai Quarry" (1 JG 10 or 81-10)

SW2 NW} Sec. 21, T7N, R6W, Cathlamet Quad. The site is located

along Kerry Road, approximately 0.8 km east of Nicolai Mainline.
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(Outcrop 300 of Murphy, 1981; See Figure 2-5 this thesis). Outcrop

is in a large quarry of closely packed pillows of Grande Ronde

Basalt (type lmht2)_ The stratigraphic sequence exposed in the

quarry is from bottom to top: Big Creek sandstones of the Astoria

formation, lower pillow sequence (site MM3), arkosic sandstone,

upper subaqueous to subaerial basalt flow (site MM8). The MM3 site

was reoccupied in 1981 to reduce statistical error. Attitude: E-W,

60N from regional dip of Nicolai Mountain.

MM4 "Northrup Dike North" (1 JG 08 or 81-8)

NE4 NW4 Sec. 3, T6N, R6W, Cathlamet Quad. Site is located near

the northern terminus of the Northrup dike trend. The exposure is

on Greasy Spoon Road. (See Plate I). The dike crops out on both

sides of the road. Estimated thickness of the dike is 3 meters;

trending N 220 E, 730 NW. The basalt geochemical and petrologic

type is lmht1 and cuts interbedded sandstones and siltstones of the

Pittsburg Bluff Formation. Attitude: N 450 E, 100 NW from

sedimentary rock outcrop east of the dike.

MM5 "Beneke Dike Quarry" (1 JG 03, 04, 05, or 81-1 to -05)

NE4 NE} Sec. 14, T6N, R7W, Svensen Quad. Drill sites are

located in a large quarry at a road terminus on the Walker Road

system. (See Plate Z of Nelson, 1985 ; Figure LS of this thesis).

The site was reoccupied in 1981 and three new sites (81-3, 81-4, and

81-5) were established. Between the times that the quarry was

sampled, excavation of the basalt occurred so that the original site

(MM5) was completely removed. The three new sites are in the north

part of the quarry (81-3), the middle part (81-4), and the south
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part (81-5). See Plate IV of Nelson (1983) for a detailed map of

the quarry. The dike trend is N 350 E, 65° SE but has an irregular

margin. Both the dike and adjacent Oswald West mudstones are

deformed. The bioturbated siltstone cut by the dike is thought to

be Oligocene in age. Attitude: N 100 E, 15° NW from adjacent

strata but this may not be the regional dip due to local faults.

MM6 "Fishhawk Falls" Dike

NW4 SW? Sec. 32, T6N, R7W, Saddle Mtn. Quad. Quarry exposed on

the north side of State Highway 202, dike can be traced to the

southwest under the road and into Fishhawk Creek where it forms the

resistant layer comprising Fishhawk Falls. (See Plate T -of Nelson,

1985; Figure 25 of this thesis). Cores A - E were drilled in the

quarry, cores F - H were drilled in the creek. This site was also

drilled by R. Simpson and V. Pfaff (Site V1, unpublished data,

1981). Local contacts with the sedimentary rocks are uncertain.

Chemically, the dike is a low MgO-low Ti02 type Grande Ronde Basalt.

The dike trends N 30° E, 45° SE.

MM7 "Little Fishhawk" Dike

NW4 SE4 Sec. 8, T5N, R7W, Saddle Mtn. Quad. The dike crops out

in Little Fishhawk Creek and trends N 20-25° E. (See Plate t of

Nelson, 1985; Figure 2S of this thesis). All drill sites were in or

near the creek bed. The sedimentary strata are laminated micaceous

siltstones of the Vesper member of the Keasey Formation. The basalt

is a low MgO-low Ti02 geochemical and petrologic type Grande Ronde

Basalt.
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MM8 "Nicolai Mountain Quarry - upper flow" (1 JG 11)

SW} NW4 Sec. 21, T7N, R6W, Cathlamet Quad. (See Plate of

Murphy, 1981, Outcrop 300; Figure 25 of this thesis). Two closely

packed pillow sequences are exposed in this large quarry on the

south-facing slope of Nicolai Mountain. The lower pillow sequence

directly overlies Big Creek sandstone of the Astoria Formation (site

MM3; subsequently reoccupied as site 81-10). The upper flow is

Grande Ronde Basalt (type lmht3?) and is site MM8 (also labeled 1 JG

11 or 81-11). The structure correction used for both sites was the

regional dip of the Nicolai Mountain cuesta, E-W, 6° N.

MM9 "Plympton Creek section" (1 JG 12, or 81-12)

SE} SW4 Sec. 2, T7N, R6W, Cathlamet Quad. The site is located

near Plympton Creek approximately 2.4 km southwest of the town of

Westport, Oregon. Flow is exposed in roadcut of spur road which

trends NW from West Creek Road (Sec. 11, T7N, R6W. See Plate I,

Plate M). A subaerial Grande Ronde Basalt flow sampled here

overlies three other basalt flows. The flow of site MM9 has low

MgO-low Ti02 chemistry and is referred to as the lmlt2 unit. The

structure correction (N 600 E, 250 NW) is obtained from an imaginary

plane normal to entablature joint sets, from platy jointing of

overlying flow lobe and an overlying mudstone.

MM10 "Plympton Creek section" (1 JG 01, 81-1)

SE4 SW? Sec. 2, T7N, R6W, Cathlamet Quad. (For location see

MM9 description, Plate I, Plate m , and Figure 2S). This abundantly

phyric basalt flow has low MgO-high Ti02 chemistry of Grande Ronde

Basalt (type lmht2) and is the second lowest flow in the middle
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Miocene basalt section of Plympton Creek. It is overlain by a

volcanic arenite.

MM11 "Plympton Creek section" (1 JG 02, 81-2)

SE4 SW4 Sec. 2, T7N, R6W, Cathlamet Quad. (See MM9, Plate 2,

Plate III, and Figure 5 for location). This fine-grained to

aphanitic basalt flow is the lowermost flow in the Plympton Creek

section and is of geochemical and petrologic type lmht1. Though the

groundmass is fine-grained, this basalt has occasional large

phenocrysts of plagioclase (4 x 2 mm). Structure correction of N

60° E, 25° NW is taken from aligned flow vesicles oriented parallel

to flow contacts.

MM12 "Denver Point" (1 JG 06, 81-6)

NW4 NW4 Sec. 4, T5N, R7W, Saddle Mtn. Quad. Denver Point is

located 4.8 km northwest of Jewell on State Highway 202. (See Plate

1 of Nelson, 1985, Figure 25 of this thesis). Exposure of the

Beneke dike trend is 40 m north of the highway. Trend of the dike

is N 300 E and is near vertical. Attitude of adjacent Vesper member

sandstone and siltstone is N 75° E, 27° NW. Local faults may have

disturbed the regional dip. The rock has low MgO-high Ti02

chemistry and is phyric.

MM13 "Flagpole Ridge Quarry" (1 JG 07, 81-7)

SW? SW4 Sec. 34, T5N, R8W, Saddle Mtn. Quad. The site is

located near the southern terminus of the Beneke dike trend. (See

Plate T -of Nelson, 1985; Figure .25 of this thesis). Samples were

collected from the uppermost bench in a quarry on Grand Rapids Road.

The orientation of the dike (N 85° E, 72° N) varies here from the
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overall trend (N 45° E). The rock has low MgO-low Ti02 chemistry

(Grande Ronde Basalt). Attitudes of adjacent Keasey Formation

mudstones are not representative of the regional pattern. No

structural correction was used for this site.

MM14 "Humbug Creek" (2 DN 01, 82 1)

NE4 NW4 See. 24, T5N, R8W, Saddle Mtn. Quad. The site is

located on an unnamed spur road off East Humbug Road. (See Plate T

of Nelson, 1985; Figure 2 of this thesis). The intersection of the

spur and East Humbug Road is 2.8 km north of U. S. Highway 26

(Sunset Highway). The trend of the dike contact with adjacent

Keasey Formation is N 300 E, 800 NW. The basalt dike is

approximately 5 m thick. The rock is correlated to the high MgO

type Grande Ronde Basalt on the basis of major oxide geochemistry.

MM15 "Big Creek near Flagpole Ridge" (2 DN 02, 82-2)

SW4 SW4 Sec. 35, T5N, R8W, Saddle Mtn. Quad. The site is

located southeast of Flagpole Ridge near Big Creek, and can be

reached via the Grand Rapids Road. The latter intersects U. S.

Highway 26 (Sunset Highway) near the crest of a steep grade in

Section 21, T5N, R8W. (See Plate 1 of Nelson, 1985). The basalt

dike is correlative to the high MgO type Grande Ronde Basalt. The

dike is approximately 5 m thick and trends N 45° E. Contacts and

attitudes of adjacent Keasey Formation mudstones are uncertain.
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APPENDIX XII

PROTON PRECESSION MAGNETOMETER TRAVERSES
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