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The geology and natural gas potential of the Clatskanie 7.5-minute quadrangle in

Columbia County, Oregon was studied utilizing a combination of geologic mapping,

measuring of stratigraphic sections, diatom and molluscan fossil identifications, with

subsurface geophysical data and petrographic and geochemical analyses. The

stratigraphy of the study area consists of two Tertiary volcanic units (Grays River

Volcanics and Columbia River Basalt Group) and four sedimentary units (Cowlitz

(subsurface) Keasey, Pittsburg Bluff, and Scappoose formations) that were deposited in

the Nehalem forearc basin. The major structure of the area is defined by the oblique-slip

Scappoose-Clatskanie fault with both normal and dextral motion. In the east-central part

of the study area, this post-Miocene fault zone, formed by a right step over in a right-

lateral strike-slip system, created an extensional zone with abundant normal faulting

(horsts and grabens). The faulting uplifted an isolated block of middle Eocene Grays

River Volcanics subaerial flows against downdropped Miocene Columbia River Basalt in

the northwestern part of the map area near the town of Clatskanie along Highway 30.

This block was part of a major Grays River Volcanics paleohigh (herein named the

Clatskanie High) and forms part of a regional gravity/magnetic high beneath the

Columbia River. The Clatskanie High and the Windy Ridge High (subsurface paleohigh

also composed of Grays River Volcanics) in the central to southern part of the study area,

restricted deposition and caused onlapping of the Cowltiz, Keasey, and Pittsburg Bluff

formations. The Clatskanie High shield volcano defines the northern boundary of the



Mist Gas Field. In addition, local unconformities at the base of the Keasey and Pittsburg

Bluff formations progressively truncate the Cowlitz C&W sandstone reservoir and upper

mudstone seal to the north. The largely unexplored central and northeastern parts of the

study area near the Scappoose-Clatskanie fault zone with horst and grabens and

stratigraphic pinchouts represent some of the most promising untested exploration plays

in the quadrangle.

Associated with the Clatskanie High are two new (informal) members of the

Oligocene Pittsburg Bluff Formation that are defined and mapped by this study. The

Conyers Creek member (informal) is a shallow-marine mollusk-bearing pebbly-basaltic

litharenite (a poorly sorted nearshore to shoreface sandstone) with an interbedded

fossiliferous fine pebble conglomerate of Grays River volcanic clasts. The lens-like

nearshore unit was deposited on the margins of the uplifted Grays River basaltic oceanic

island and, thus, restricted to an area around the paleohigh. Locally overlying the

Conyers Creek member and interbedded with the East Fork member (Pittsburg Bluff

Formation) is the Clatskanie Conglomerate member (the second informal member

defined by this study). The 180 feet (55 meter) thick member consists of a basal, clast-

supported 110 feet (33 meter) thick polymict conglomerate and upper well-consolidated

70 feet (21 meter) thick micaceous arkosic sandstone. The Clatskanie Conglomerate is a

lens-like fluvial deposit in the northwestern part of the study area, possibly

syndepositional and restricted in deposition to the center of a growing syncline. The

cobble to boulder sized clasts of quartzite, chert, metamorphics, and andesites/dacites

indicate extrabasinal sources such as the Western Cascades arc and continental sources in

eastern Oregon, Idaho, Montana, and eastern Washington via an ancestral Columbia

River drainage system.

The diatom-bearing tuffaceous clayey siltstone of the Keasey Formation and the

mollusk-bearing sandy siltstone of the East Fork member (Pittsburg Bluff Formation)

formed in continental slope and middle to outer shelf environments. Extensive explosive

dacitic eruptions in the nearby Western Cascade arc contributed abundant ash, which

washed into the forearc basin. Local Thyosira chemosynthetic pelecypods and calcareous



concretionary beds indicate the local presence of either cold methane seeps or a gas

hydrate system on the Pittsburg Bluff continental shelf.

The Scappoose Formation consists predominantly of a basal basalt and siltstone

rip-up conglomerate deposited in an incised valley during a low stand systems tract

(LST). The conglomerate is overlain by a diatom-bearing shallow-marine tuffaceous

siltstone of a transgressive and highstand systems tracts (TST & HST), and capped by a

cross-bedded fluvial lithic arkosic sandstone of a second lowstand systems tract (LST).

Chemical analysis of the basal basalt conglomerate clasts indicate that they were derived

from erosion of high Ti02 R2 Wapshilla Ridge flow unit of the Grande Ronde Basalt

(16.5 to 15.6 Ma) of the lower to middle Miocene Columbia River Basalt Group. The

Scappoose Formation also includes thin fluvial and lacustrine sandstones and tuffs

interbedded with Columbia River Basalt flows.

Capping these Tertiary units are three units of low-MgO Grande Ronde Basalt of

the Columbia River Basalt Group. These include 1-2 basal aphyric flow(s) of the high-

Ti02 R2 Wapshilla Ridge flow unit, at least six flows (some invasive) of the R2 low-Ti02

Grouse Creek flow unit, and the upper sparsely glomerophyric flows of N2 Winter Water

flow unit.

The structural history of the region is characterized by two major tectonic events.

A late Eocene extensional period prior to deposition of the Keasey Formation created

normal faulting (horsts and grabens) throughout the Cowlitz Formation. These faults

formed most of the structural traps in the Mist Gas Field including those drilled by

producing wells in the southern part of the quadrangle near the Windy Ridge High. The

post-Miocene episode was dominated by wrench fault tectonics that manifested as strike-

slip oblique-slip motion on dominant northwest-trending and subordinate northeast-

trending faults in the Columbia River Basalt Group flows.
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STRATIGRAPHY, STRUCTURE, AND NATURAL GAS POTENTIAL OF
TERTIARY SEDIMENTARY AND VOLCANIC UNITS, CLATSKANIE 7.5-MINUTE

QUADRANGLE, NORTHWEST OREGON

INTRODUCTION

The geology and plate tectonic setting of the Pacific Northwest is dominated by

active, oblique subduction of the oceanic Juan de Fuca plate beneath the North American

continental plate margin. The complex convergent margin history has produced a

dynamic and ever changing geologic system that can be unraveled with the investigation

of Tertiary surface and subsurface units of the Pacific Northwest. The study area is

located within this active margin in the Oregon Coast Range between the calcalkaline

Cascade volcanic arc to the east and the active accretionary Cascadia subduction zone to

the west (Figure 1). Oblique northeastern subduction of the Juan de Fuca plate has

further segmented the Pacific Northwest into several clockwise-rotating blocks and

further resulted in a northward migration of the Oregon and Washington Coast Range

fore-arc (Wells and Coe, 1985). As a result, the northern Coast Range of Oregon is

dominated by right-lateral shear, which has created a complex pattern of northwest and

northeast trending faults (Niem and others, 1994). Further investigation of this region

will help to define the geologic past of the forearc as well as suggest strategies for future

natural gas exploration.

Due to the active subduction and volcanism throughout the geologic history of the

region, the siliciclastic lithofacies have varied greatly from continent-derived, deltaic
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Figure 1. Generalized geologic and plate tectonic setting in reference to the
physiographic province of western Oregon and Washington. The cross-hatched
box represents the study area (modified from Niem and others, 1994).
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micaceous arkosic sandstone to arc-derived volcaniclastic deposits. Marine Tertiary

sedimentary units in the study area were deposited in the Nehalem basin, which was

formed by the local subsidence of Eocene basement volcanics. This subsidence was a

result of a reorganization of the Cascadia subduction zone during the Eocene that created

a rapid change in volcanism and localized sedimentary basins. To further resolve and

define the paleogeography and depositional environments, detailed geologic mapping

must be utilized.

The field area is outlined by the U.S. Geological Survey 7.5-minute Clatskanie

quadrangle (comprising an area of 60 square miles) located in the northern Oregon Coast

Range (Columbia County) just south of the Columbia River and 30 miles northwest of

Portland (Figure 2). The boundary includes the town of Clatskanie, which is accessible

by U.S. 30 to the north and the settlement of Mist on state highway OR 47 to the south.

Several public, residential roads circumvent the area with an extensive private logging

road network owned by Longview Fibre Company, Forest Systems, and Evenson

Timberland Agency that dissects the region. The study area is comprised of steep rugged

terrain ranging in elevation from 20 feet above sea-level at Clatskanie to 1860 feet in the

central highlands, overall blanketed by a thick forest and soil cover. Modern day fluvial

systems provide good access and exposure, particularly the major drainages of the

Clatskanie River and Conyers Creek that both drain northward into the Columbia River.
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Figure 2. Map of northwest Oregon and southwest Washington with the location of
the study area (Clatskanie quadrangle) in relation to the Mist Gas Field
(cross-hatched region) and surrounding geographical features (modified from
Niem and others, 1994).
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The study area is of important economic interest due to the exploration and

storage of commercial quantities of natural gas in subsurface Eocene sandstone units at

the Mist Gas Field. The Mist Gas Field, located in the southwestern portion of the

Clatskanie 7.5-minute quadrangle and in adjacent quadrangles, is the only active

commercially producing gas field in the Pacific Northwest (Figure 2). Natural gas

exploration in the Pacific Northwest began around 1881 with a few hundred wells drilled

throughout Oregon and Washington before the first economic discovery in 1979 at Mist

(DOGAMI, 2002). This breakthrough well, Columbia County 1 redrill, was the initial

discovery in what is now the Mist Gas Field, which has since produced over 65 billion

cubic feet of gas that has an estimated value of 125 million dollars (DOGAMI, 2002). As

well as gas production, Northwest Natural (Portland) has underground storage facilities in

the Mist Gas Field that fuels Portland and the surrounding communities. Although the

subsurface geology of the gas field has been well studied to the south and the west of this

area, little exploration has been done in the central and northern regions of the Clatskanie

quadrangle (twelve wells have been drilled in the southwest portion of the quadrangle).

RESEARCH OBJECTIVES

This thesis investigation consisted of three major research objectives. The first

goal was to define the surface and subsurface stratigraphy of the Tertiary volcanic and

sedimentary units in the Clatskanie quadrangle. Individual formations and relationships
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between units are interpreted in terms of their depositional environments, diagenesis,

provenances, and sequence stratigraphy.

A second major objective of the project was to produce a geological map of the

Clatskanie quadrangle at a scale of 1:24,000. This was accomplished with four months of

field mapping during which nearly 100 samples were collected. Approximately 60

volcanic and sedimentary samples were analyzed by a variety of methods that include

major, minor, and trace elemental geochemistry, fossil identification, thin-section

interpretations, and paleomagnetic declination determinations. To complete the geologic

map, multiple stratigraphic sections were measured and correlated to subsurface wells in

the area that aided in construction of two structural cross-sections through the map area

(Plates 1 and 2). Based on the geologic mapping, analysis of field data, and laboratory

analyses the structure and tectonic timing of events was defined for the region.

The third overall goal of this thesis was to define the natural gas potential of the

Clatskanie 7.5-minute quadrangle in relation to the Mist Gas Field and surrounding

geology. This was accomplished primarily by means of geologic mapping and use of

subsurface data, but also incorporates the laboratory analysis of surface samples. This

explicit objective was to determine local prospect areas and specific targets for further

hydrocarbon exploration based on the structure and stratigraphy of the region. Extensive

surface mapping has been undertaken on the Mist Gas Field to the south and southwest of

the area, but the Clatskanie quadrangle requires further research in hope of expanding the

gas field.



8

Time Age lor e Lithologic UnitsS ta

ITZI Columbia River Basalt Group

6 4 3

(Grande Ronde Formation)
. 0

Scappoose

C13

Scappoose Formation
of VanAtta and Kelty (1985)

22
Clatskanie Conglomerate

Conyers Creek member

o East Fork member

c
34

CIS
Keasey Formation{

D
Upper Cowlitz mudstone

37 w
N

Clark and Wilson
N o Member
U

c1d
Grays River Volcanics

N o
Sweet Home Creek Grays

member0 River

Sunset Highway Volcanics

member

Roy Creek member

Tillamook Volcanics

Figure 3. Stratigraphic column of the Clatskanie 7.5-minute
quadrangle, northwest Oregon.
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GEOLOGIC SETTING, HISTORY, AND STRATIGRAPHY

The geologic history of the Pacific Northwest forearc region reflect changes in the

position of the subduction zone and in the rate of subduction during the Tertiary. The

local stratigraphy of the study area is a complex relationship between Tertiary basalt

flows, deltaic marine facies, and fluvial deposits (Figure 3). In the early Eocene the

subduction zone formed by the Farallon oceanic plate (the remnant fragment is now

named the Juan de Fuca plate) underthrusting the North American continental plate, was

located near the present day Cascade Range position, creating an older calcalkaline

volcanic arc in central to eastern Oregon (Snavely and others, 1980). The Coast Range of

Oregon and southwest Washington during much of the early to middle Tertiary was an

oceanic basin underlain by mid-oceanic ridge basalt (MORB) of the early Eocene Siletz

River Volcanics. Seismic imaging of the Oregon Coast Range depicts the thickness of

the Siletz terrain varying from 30 km in the south at Eugene, thinning northward to 20

km at the Columbia River (Trehu and others, 1994). During the early Eocene, a

seamount chain formed on the Farallon plate that by the middle Eocene collided with the

subduction zone. As the thickened crust entered the subduction zone it choked the

system and caused a westward jump of the convergent boundary to the current offshore

location (Simpson and Cox, 1977; Duncan, 1983; Armentrout and Suek, 1985). From

late Eocene to early Miocene an episode of extension and plate reorganization occurred

between the North American and Juan de Fuca plates, that created a localized eastward

sea transgression and forearc basins, which accommodated deposition of marine
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sedimentary Tertiary units (Snavely, 1980; Armentrout and Suek, 1985; Niem and others,

1992).

The middle Eocene Tillamook Volcanics (Figure 3) consisting of broad

overlapping shield volcanoes that locally formed oceanic islands composed of 3000

meter thick deposits of high TiO2 and high FeO submarine breccia and overlying

subaerial flows. The lower part of the Tillamook Volcanics consists of tholeiitic basalts

and the upper sequence is composed of basaltic andesite to rare dacite (Wells and others,

1983). Construction of these volcanic highs in the marginal basin created smaller

subsiding basins that accommodated and filled with the overlying middle Eocene to

Oligocene sedimentary units. The highs composed of Tillamook and Grays River

volcanics appear as gravity highs on a regional Bouguer gravity anomaly map on Figure

4 (Armentrout and Suek, 1985; Niem and others, 1994). One of these highs, the Nehalem

Arch (Figure 4), restricted deposition of Eocene and Oligocene sedimentary units and

created the western boundary of the Nehalem basin (Kadri, 1982).

The oldest sedimentary unit on the Tillamook Volcanics basement to accumulate

in the northern Oregon Coast Range is the middle Eocene Hamlet Formation (Figure 3).

The Hamlet Formation is comprised of three major members; the basal Roy Creek

member, a thin basalt conglomerate, overlies an erosional unconformity on the Tillamook

Volcanics (Figure 3). The middle Sunset Highway member is a shallow marine, lower

shoreface to middle shelf sequence that is overlain by the Sweet Home Creek member, a

neritic to upper bathyal mudstone (Berkman, 1990). In the subsurface the Hamlet

Formation is locally
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Oregon and southwest Washington that defines the Nehalem Arch
(from Armentrout and Suek, 1985).
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interbedded with submarine to subaerial flows of the Grays River Volcanics (Figure 3)

(Kenitz 1997; Robertson, 1997).

Unconformably overlying the Hamlet Formation, the middle to upper Eocene

Cowlitz Formation is subdivided into two members, the lower Clark and Wilson

nearshore to storm wave-dominated sequence of well sorted, poorly consolidated, arkosic

sandstone and the upper Cowlitz mudstone deposited in a deeper marine slope

environment. The Clark and Wilson sandstone, with high permeability, forms the major

gas reservoir of the Mist Gas Field. The abrupt change in lithology from the Clark and

Wilson shelfal sandstone to the overlying mudstone records a major rapid transgression

where the accommodation rate was much greater than the sedimentation rate. The upper

Cowlitz micromicaceous mudstone together with the overlying tuffaceous Keasey

Formation forms the impermeable stratigraphic seal in the gas field. Interfingering with

the Cowlitz Formation are theoleiitic to alkalic ocean-type basalt flows of Grays River

Volcanics that are geochemically identical to older Tillamook Volcanics, but can be

subdivided based on subsurface stratigraphic relationships to the surrounding Eocene

sedimentary units (Kenitz, 1997; Robertson, 1997).

The Cowlitz Formation is unconformably overlain by the upper Eocene Keasey

Formation comprised of a thick, bioturbated, tuffaceous, deep-marine clayey siltstone

that locally contains calcareous concretions and minor molluscan fossils. The Keasey

Formation is overlain by the Oligocene Pittsburg Bluff Formation that has been

subdivided into four informal members (from oldest to youngest): Pebble Creek member,

East Fork member, Scaponia Tuff member and Divide member (McKnight and others,
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1992). The general lithology of the Pittsburg Bluff Formation consists of interfingering

fluvial and tidally influenced arkosic sandstone (Pebble Creek member), thick shallow

marine tuffaceous siltstone (East Fork member), and a fresh water diatom bearing

pyroclastic debris flow deposit (Scapponia member) (McKnight and others, 1995; Niem

and others, 1992). In addition, two new members of the Pittsburg Bluff Formation have

been defined by this study. The Conyers Creek member is a lithic, mollusc-bearing,

poorly sorted fine-grained to pebble sandstone that is locally interbedded with the fluvial,

polymict Clatskanie Conglomerate deposited by the proto-Columbia River.

Beginning around early to middle Miocene parts of the western Oregon and

Washington forearc was uplifted above sea-level by underthrusting in the accretionary

prism of the subduction zone margin (Niem and others, 1992). The overlying Scappoose

Formation represents this shift to a largely subaerial environment, but the specific age

and depositional environment of the unit is debatable. Warren and Norbisrath (1946)

described the Scappoose Formation as an upper Oligocene to lower Miocene shallow-

marine, micaceous arkosic sandstone that rests disconformably on the Pittsburg Bluff

Formation and lies below the middle Miocene Columbia River Basalt Group. Van Atta

and Kelty (1985) redefined much of the Scappoose Formation to include sedimentary

interbeds within the middle Miocene Grande Ronde flows of the Columbia River Basalt

Group. They also interpreted the Scappoose Formation and Grande Ronde basalt as an

incised valley fill cut into the Pittsburg Bluff Formation. Furthermore, Van Atta and

Kelty (1985) observed that the redefined Scappoose Formation is also locally separated

from the underlying Pittsburg Bluff Formation by a basalt gravel derived from Grande
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Ronde basalt flows (lower Miocene). The Scappoose Formation of Van Atta and Kelty

(1985) is an estuarine to fluvial, cross-bedded to ripple laminated arkosic sandstone and a

localized upper shallow marine tuffaceous siltstone.

The youngest Tertiary unit within the study area, the lower to middle Miocene

Columbia River Basalt Group, represents a major backarc flood-basalt event. The

plateau Columbia River Basalt Group was erupted in the backarc of eastern Oregon,

eastern Washington, and southwest Idaho. Several units (i.e., Grande Ronde, Frenchman

Springs, and Pomona) flowed down the ancestral Columbia River Gorge through the

study area and out to the Miocene coastline of northwest Oregon and southwest

Washington (Reidel and others, 1989; Tolan and others, 1989). The Columbia River

Basalt Group in the northern Oregon Coast Range consists of three distinct units. The

older unit is the aphyric Grande Ronde Basalt, a series of high- and low-MgO normal and

reversely polarized subaerial flows. The younger Frenchman member of the Wanapum

Basalt is a normally polarized columnar jointed, sparsely plagioclase-phyric subaerial

sequence of flows. The Pomona member of the Saddle Mountain Basalt if the youngest

flow and consists of glomerophyric, reversely polarized flow that is limited in

distribution in northwest Oregon (Niem and Niem, 1985). The Grande Ronde Basalt

locally overlies, interfingers with and caps the Scappoose Formation of Van Atta and

Kelty (1985). The basal Columbia River Basalt Group flows were deposited in an area of

high relief, creating inflated flows that filled paleovalleys occupied by localized fluvial

systems (Scappoose Formation). Quaternary landslides and stream alluvium locally

overlie these Tertiary units.
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PREVIOUS WORK

Initial stratigraphic descriptions of the northern Oregon Coast Range Tertiary

units were done by Warren and Norbisrath (1946), who established the Scappoose

Formation, Pittsburg Bluff Formation and Keasey Formation. Warren and others (1945)

produced the first reconnaissance geologic map for a portion of the northern Oregon

Coast Range (1:250,000) that included the field area. Newton and Van Atta (1976)

completed a geologic map of Columbia County and part of Clatsop County, which

encompasses the proposed study area. As previously mentioned, more recent work on

the Scappoose Formation in the Mist area was published by Van Atta and Kelty (1985).

Subsurface studies on the middle to upper Eocene sedimentary and volcanic units in the

Mist Gas Field area have been done by Christy Robertson (1997) and Steve Kenitz

(1997). Enerfin Resources Incorporated, of Houston Texas, and Northwest Natural Gas,

of Portland Oregon, are actively exploring for new natural gas reservoirs and for potential

gas storage in the Mist Field. The adjacent quadrangle to the west (Marshland) was

mapped by Ketrenos (1986), while the quadrangle to the south (Pittsburg) will soon be

published by the U.S. Geological Survey (Niem in preparation).



15

FIELD AND LABORATORY METHODS

The methods utilized for this thesis can be split into 1) field methods and 2)

laboratory methods. A total of 102 samples were collected. Sample locations were

recorded on a topographic map of the Clatskanie quadrangle and Universal Transverse

Mercator (UTM) locations were recorded on a global positioning system hand held unit

(Plate 1, Appendix A). Sixty samples were analyzed with a variety of techniques

described in detail in this section and listed in Appendix A. All samples were collected

in the field with initial interpretations and later prioritized based on usefulness of the

sample to resolve specific problems or questions. Laboratory analyses were performed

by the author with the exception of macrofossil and microfossil identifications and x-ray

fluorescence procedures.

FIELD METHODS

Fieldwork was accomplished in June-September, 1999 and August 2001. Field

mapping was done on topographic maps enlarged from Clatskanie 7.5-minute (1:24,000

scale) quadrangles and on black and white aerial photos (1:24,000 scale). Due to the

dense vegetation and thick soils in the map area, principal outcrops are located in road

cuts and in stream beds. An outcrop map of the study area (Figure 5) displays the

distribution of outcrops from which the final geologic map (Plate 1) was constructed. All

the roads and major stream
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Figure 5. Outcrop map of the Clatskanie quadrangle.
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drainages were walked, paying close attention to soil types where no bedrock was

exposed. Rock descriptions were made with the use of a hand lens, rock-color chart,

grain-size chart, and a rock hammer to expose fresh surfaces. Pebble counts were

achieved by counting over 200 individual clasts within a 1 square meter outcrop area.

Two stratigraphic sections were measured with a Brunton pocket transit and a

Jacob's staff with an Abney level. The more complete section (Plate 2) is exposed along

OR 47, beginning just north of the town of Mist. Measurement began just below sample

DE-47-K1 (Plate 1) at UTM location 10T 0480518, 5099227 and terminated at lOT

0481287, 5097197. The section includes the upper Keasey Formation, all of the Pittsburg

Bluff Formation (East Fork member) and the lower to middle Scappoose Formation. The

second measured section is in the Scappoose Formation along Palm Hill Drive in the

northwest, beginning at UTM location l OT 0482192 and ending just below the contact

with the Columbia River Basalt flows at lOT 0481911, 5105902 (Plate 1).

LABORATORY WORK

Petrographic Thin-sections

A total of sixteen thin-sections were described, of which seven are from Grande

Ronde flows of the Columbia River Basalt Group and one of a Grays River Volcanic

flow (Plate 1). The remaining eight are from the Keasey Formation, Pittsburg Bluff

Formation and Scappoose Formation. Thin-section descriptions and photomicrographs
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were made on a Nikon OPTPHOT2-POL microscope at Oregon State University. All

descriptions are provided in appendices B and C. Point counts were done using a

mechanical stage and counter. Two sandstone counts were completed on the Scappoose

Formation. A total of 400 points were identified and the samples were classified based

upon Folk and others (1970) ternary classification scheme.

X-Ray Diffraction and Scanning Electron Microscope

Two samples from the Pittsburg Bluff Formation, one from the Scappoose

Formation, and one from a Grande Ronde flow within the Columbia River Basalt Group

were collected for x-ray diffraction (XRD) analysis to determine the clay alteration

associated with each formation. Sample DE-CC-2 was collected near the base of the

Pittsburg Bluff Formation and DE-CC-5 in the middle, both taken on Conyers Creek

Road (Plate 1). DE-CC-7, from the Scappoose Formation, was sampled immediately

below the base of the overlying Columbia River Basalt Group flows along Clatskanie

Heights Road. DE-CC-6, from a Grande Ronde flow, approximately near the middle to

lower position of the unit also was collected along Clatskanie Heights Road (Plate 1).

Clay mineral types from surface samples in the Coast Range can vary from subsurface

rocks taken from cores or cuttings of the same units. Surface weathering occurs rapidly

within tens of years due to the high amounts of rainfall, thick vegetation, and deep soil

cover, but remnant properties are still present. All the samples were taken from road-cut

outcrops.
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X-Ray Diffraction (XRD)

Prior to x-ray diffraction analysis samples were first crushed and ground with a

porcelain mortar and pestle, then separated through 45µm and 65µm sieves to remove the

coarse fractions. From centrifuging, a <15µm fraction was separated and then placed in a

250 ml bottle with distilled water and treated in an ultrasonic bath with periodic stirring

to further disperse the clay-silt size sample. Next the sample was centrifuged at 650 rpm

for 6 minutes, which caused the >2µm particles to settle to the bottom while the finer

particles that remained in suspension were decanted into a separate 250 ml bottle.

The separated 2-15 µm sized fraction was then thinly spread onto a glass slide and

placed in a 54% RH hydrator for 12 hours, after which the sample was ready for analysis.

The slide was mounted in a Phillips XRG-3 100 x-ray diffractometer (at the Department

of Geosciences, Oregon State University) with a goniometer angle of 2-40°, a step

increment of 0.04 seconds, and a count time of 2 seconds.

The <2µm suspended clay particles were then centrifuged at 2000 rpm for 5

minutes to condense the material at the bottom of the test tube for cation saturation. The

<2µm size fraction was transferred into a smaller test tube and 20-30 ml of 1 N MgC12

added, stirred thoroughly, and centrifuged for 5 minutes at 5000 rpm. The liquid was

then decanted and the centrifuging and decanting was repeated 2 more times. After base

saturation, the sample was washed with 20-30 ml of distilled water then centrifuged and

the liquid was again decanted. This process was performed three times. At this point the

sample was uniformly smeared onto a glass slide, placed in a hydrator (54% RH) for 12
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hours, and analyzed. The slide was run in the diffractometer with a goniometer range of

2-14°, a step increment of 0.04 seconds, and a count time of 2 seconds.

The remaining <2µm (1 N MgC12 saturated) clay size sample was saturated with 1

N KCI. The process for KCl saturation follows the same procedure as that of the MgC12

saturation treatment. After KCl treatment the sample was placed in a hydrator (54% RH)

for 12 hours and then analyzed from 2-14° with a step increment of 0.04 seconds and a

count time of 2 seconds.

After the KCl saturated samples were analyzed, the slides were placed in an oven

for 3 hours at 110°C. These samples were immediately placed in the diffractometer

while still hot after they were removed from the oven. The samples were analyzed with a

goniometer range of 5-14°, a step increment of 0.04 seconds, and a count time of 1

second.

All of the x-ray diffraction patterns were interpreted with the use of Jade

computer software to identify the clay and other minerals present in the samples.

Scanning Electron Microscope (SEM)

Four samples that were analyzed by x-ray diffraction were also imaged using an

AmRay 3300 FE (field emissions) scanning electron microscope (SEM) in the

Department of Botany at Oregon State University. These samples were broken to expose

fresh surfaces and sized to fit on the scanning electron microscope stage mount. The

chosen rock surface was then oriented and the bottom was glued to the stage mount. The
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sample was coated with carbon and gold, and placed in the SEM to be analyzed under

supervision of Reed Glasmann.

Paleomagnetic Declinations

All the collected basalt samples were labeled in the field with a horizontal line

around the sample and a north arrow representing the present magnetic field. The

polarity of each basalt sample was measured with a Flux-gate magnetometer to determine

the polarity of individual flows at the time of emplacement. If the local geology was

tilted, the strike and dip was taken into account when reorienting samples to perform the

analysis later in the laboratory. The strength of the signal (weak or strong) as well as the

polarity (normal or reversed) was recorded. The original polarity of these flows can be

altered over geologic time by a number of ways such as lightning strikes and surficial

weathering. The sedimentary units have much weaker polarities that can not be measured

with a Flux-gate magnetometer. Paleomagnetic determinations are used in conjunction

with the x-ray fluorescence analyses to identify members within the Columbia River

Basalt Group.
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Macro and Micro Fossil Determinations

Fossil assemblages were collected throughout the study area to aid with unit

determination, age, and depositional environment interpretation. The majority of

molluscan fossil determinations were performed by Ellen Moore (Oregon State

University courtesy research associate and U.S.Geological Survey emeritus geologist)

(Appendix D). Dr. Elizabeth Nesbitt of the University of Washington (Burke museum)

and Dr. Robert Blodgett of Oregon State University also aided in identification of

molluscan fossils samples. Seven diatom microfossil samples were analyzed by Dr. John

Barron of the U.S. Geological Survey at Menlo Park, California to determine age and

environmental setting of the samples (Appendix E). All sample locations appear on Plate

1.

X-Ray Fluorescence (XRF)

A total of 26 volcanic samples were analyzed by XRF for major, minor, and trace

element geochemistry (Appendix F, sample localities on Plate 1). The analyses were

performed at Washington State University by Diane Johnson on a Rigaku automated X-

ray fluorescence spectrometer. From the geochemistry, along with the paleomagnetic

signatures, individual Columbia River Basalt units and members were identified as well

as Grays River Volcanics flows. The procedures and standards for the x-ray fluoresence

analyses are further described by Hooper and others (1976). The analyses were

normalized before comparison to previous work.
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Subsurface Data

Electric well logs along with cutting reports were obtained from the Oregon

Department of Geology and Mineral Industries in Portland Oregon, from Dave Huggins

of Enerfin Resources Incorporated, and from Jack Meyer of Northwest Natural. Wells

and well logs were used as control points for construction of cross-sections through the

southern portion of the study area (Plate 1). 3-D and 2-D seismic profiles of the Mist Gas

Field were viewed with permission from Dave Huggins and Jack Meyer to compare

faulting patterns imaged in the subsurface with faulting patterns interpreted from the

mapped surface geology. Water well data were also utilized for shallow subsurface

stratigraphic determinations (Appendix G).
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GRAYS RIVER VOLCANICS

NOMENCLATURE

The middle to upper Eocene Grays River Volcanics consist of a sequence of

oceanic-island tholeiitic basalt flows characterized by a high TiO2 and high total FeO

signature. The lavas are typically phyric to aphyric augite- and plagioclase-rich with

minor interbeds of basaltic tuff, lithic sandstone, and fluvial conglomerate (Phillips and

others, 1989). Early mapped volcanics in northwest Oregon and southwest Washington

were named Goble Volcanics by Henriksen (1956), Livingston (1966) and Wolfe and

McKee (1968) that were later differentiated and renamed Grays River Volcanics by

Phillips (1987). The origin of the volcanism that produced the Grays River Volcanics is

believed to be from multiple localized centers in southwest Washington that created a

deepening marine margin to the southwest with distance from the centers (Phillips and

others, 1989). The surficial occurrence of the Grays River Volcanics is mainly restricted

to southwest Washington with minor localized outcrops in northwest Oregon along the

Columbia River, but subsurface deposits are much more widespread and underlie the

study area (Plate 1, cross-section A-A') (Kenitz, 1997; Robertson, 1997). The Grays

River Volcanics in northwest Oregon vary in age from 44-40 Ma (K-Ar, whole rock)

becoming increasingly younger to the north, with an age of 36.8 Ma (40Ar/39Ar) in

southwest Washington near Castle Rock (Kenitz, 1997; Payne, 1998). Kleibacker (2002)

has identified two separate volcanic centers in southwest Washington near Castle Rock
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on Bebe Mountain and Abernathy Mountain, which have a direct affect on the

stratigraphy of northwest Oregon. The lower (southern body) of the two sequences has

been dated (39Ar/40Ar) at 40.9 ± 0.36 Ma and 39.5 ± 0.36 Ma along Germany Creek and

the upper volcanic (northern) body on Abernathy Mountain at 38.64 ± 0.4 Ma

(Kleibacker, 2002). All these dates of the Grays River Volcanics depict a younging trend

to the north.

Emplacement of the Grays River Volcanics flows in northwestern Oregon was

contemporaneous with deposition of the Hamlet and Cowlitz formations (Figure 3).

Kenitz (1997) identified three tongues of Grays River Volcanics in the lower Hamlet

Formation (Sunset Highway member) and one to ten flows near the contact between

upper Hamlet (Sweet Home member) and the overlying Cowlitz Formation in the

subsurface of the Mist Gas Field. Furthermore, flows have been identified locally near

the top of the Clark and Wilson Member of the Cowlitz Formation (Plate 1, cross-section

A-A', well CC 41-36-75).

The geochemistry of the Grays River Volcanic flows is characterized by high

TiO2, total FeO, and P2O5, which distinguish them from western Cascade-derived Goble

Volcanics flows of the same relative stratigraphic position (Phillips and others, 1989;

Kenitz, 1997). The Goble Volcanics are calc-alkaline basaltic andesite to dacitic flows

with minor tuffs and volcaniclastic deposits of early western stage Cascade arc affinity.

These rocks range in age from 37-34 Ma (Beck and Burr, 1979; Phillips and others,

1986). The Grays River Volcanics can be easily misidentified as the Tillamook

Volcanics because they are chemically indistinguishable. The Tillamook Volcanics of
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northwest Oregon are stratigraphically lower with an age of 44-42 Ma and

unconformably underlie the Hamlet Formation (Figure 3) (Wells and others, 1994). The

Grays River Volcanics and the Tillamook Volcanics are separated based on the local

stratigraphy and/or age dating.

FLOW STRATIGRAPHY, FIELD CHARACTERISTICS, AND GEOCHEMISTRY

The Eocene Grays River Volcanics is the lowest stratigraphic unit that crops out

in the study area and is exposed only in the northwest quadrant (Plate 1). The best

exposures are along US 30 where high cliffs (up to 300 feet) are composed of numerous

flows, each approximately 20-30 feet thick. At first glance the basalt that comprise these

cliffs resemble the Miocene Columbia River Basalt flows of the Grande Ronde Basalt

that are exposed on the north side of the highway less than a quarter mile away (Plate 1).

These flows were originally mapped as Columbia River Basalt flows by Warren and

others (1945) and Newton and VanAtta (1976). Walsh (1987) later remapped these cliffs

as Grays River Volcanics intrusion (?) as part of a map compilation project. Upon closer

inspection, differences in lithology, geochemistry and petrology do confirm the presence

of Eocene Grays River Volcanics flows.

The major difference in field characteristics between the Grande Ronde Basalt

and the Grays River Volcanics flows is the flow top weathering that may be directly

related to exposure interval between flows. The Columbia River Basalt flows exposed in

quarries and roadcuts tend to have sharp contacts between flows that are typically
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unaltered or with minor oxidation and may locally contain small fluvial or lacustrine

interbeds of the Scappoose Formation (refer to Columbia River Basalt Group section).

The Grande Ronde flows are typically dark gray to black, aphanitic and display

entablature or colonnade. The subaerial Gray River Volcanics flows are commonly light

gray and more altered with extremely oxidized and brecciated flow tops depicted by

bright earthy red color (Figure 6). In contrast, the flows of the Columbia River Basalt

Group in the field area do not exhibit this deep flow-top oxidation characteristic.

However, Winter Water flows of the Grande Ronde basalt from the Columbia River

Basalt Group are typically deeply weathered and appear as spheroidal boulders in a soft

orangish-yellow oxidation matrix (Niem, personal communication, 2002).

Besides the oxidation of flow tops, there are a few other field characteristics to

differentiate the Grays River Volcanics from the Columbia River Basalt Group flows. In

the oxidized flow tops of the Grays River Volcanics, where the basalt is more vesicular,

some vesicles have been filled with either calcite or chalcedony. Larger replaced vesicles

can be recognized in field hand samples to make immediate determinations of Grays

River Volcanics, for the Columbia River Basalt flows do not contain calcite or

chalcedony filled vesicles. However absence of filled vesicles does not indicate a flow is

Columbia River Basalt. Typically several samples must be examined to confirm the

presence. Furthermore, the Grande Ronde flows generally display large polygonal

columnar jointing or colonnade and entablature whereas the Grays River Volcanics are

massive to blocky flows that often lack cooling joint structures.



Figure 6. Subaerial flows of Eocene Grays River Volcanics that
display deep red (oxidized) brecciated flow tops due to subaerial
weathering between volcanic events. Pictures taken along the cliffs
of US 30, just west of Clatskanie. a) Red oxidized brecciated flow
top sharply overlain by the base of the next younger flow. b) Red
oxidation is best developed at the top of the flow.

2
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In addition to field characteristics, geochemistry and thin-section analysis help to

accurately distinguish flows. The Grays River Volcanics can be identified geochemically

by high TiO2 (2.2-4%) and high total FeO (10-14.5%) as compared to the Columbia

River Basalt Group. The major oxides of sample DE-Hwy30-1 from the base of the cliffs

on US 30 were measured with x-ray fluorescence unit at Washington State University

(sample locality on Plate 1, chemistry in appendix F). The results show that the sample

falls within the composition fields for Grays River Volcanics defined by Phillips and

Walsh (1987) (Figure 7). Petrographic work further confirmed this interpretation (see

following Petrology section).

The Grays River and Tillamook volcanics share identical chemistry and

petrology, but are distinguishable based on stratigraphic relationships. Based solely on

the chemistry and petrology it is possible that the cliffs south of Highway 30 in the

northwest quadrant of the map area could be Tillamook Volcanics, but the stratigraphic

relationships suggest these rocks are Grays River Volcanics. The volcanics in the

northwest are overlain by an onlapping sequence of middle to upper Eocene and

Oligocene sedimentary units of the Cowlitz, Keasey, and Pittsburg Bluff formations

(cross-section A-A', Plate 1). This stratigraphic relationship indicates the basalts are

Grays River Volcanics rather than middle Eocene Tillamook Volcanics. In addition,

Kenitz (1997) showed with well data that the basalts in the subsurface within the northern

part of the Mist Gas Field are underlain by Grays River Volcanics. The Grays River

Volcanics are present in the northwestern part of the study area as part of a volcanic high

that has been uplifted along the Clatskanie Fault (see Structure section).
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Figure 7. X-ray fluorescence data from sample DE-Hwy-30-1
plotted on silica variation diagrams of the Grays River Volcanics.
Fields defined from major oxide data for 41 samples from
Phillips and others (1987).
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PETROLOGY

The strongest technique for unit determination resides in the petrographic

characteristics of a sample. Sample DE-Hwy30-1, from the cliffs of US 30, was analyzed

by x-ray fluorescence and petrographically described (descriptions in appendix 14;

location on Plate 1). The sample is an aphanitic basalt that is dominated by fine aligned

plagioclase microlitic laths in a glassy groundmass. The feldspar laths display a

pilotaxitic texture (near parallel orientation of plagioclase) that represents a remnant flow

structure. This texture is characteristic of both the Grays River Volcanics and the

Tillamook Volcanics (Figure 8). Pilotaxitic texture is unknown in Columbia River Basalt

Group flows.

As mentioned in the previous section, flow tops of the Grays River Volcanics

often exhibit chalcedony and calcite infilled vesicles that can be seen in hand samples,

but are better viewed with a thin-section. In thin-section, radial chalcedony

mineralization fills a dark glassy rimmed vesicle (Figure 9). Another vesicle filled with

sparry calcite is depicted in Figure 10. Both minerals represent secondary precipitation

from groundwater. It is difficult to determine which mineral was precipitated first, for no

vesicle contained both chalcedony and calcite. The chalcedony represents an event in

which SiO2 saturated groundwater flowed through the formation depositing a polymorph

of quartz into open spaces. The calcite crystallization was another such event that water

saturated with CaCO3 deposited calcite into open pores. Because vesicles in the

Columbia River Basalt flows are open and contain no secondary calcite or
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Figure 8. Photomicrograph of typical Grays River Volcanics pilotaxitic
flow texture, characterized by near-parallel alignment of plagioclase
microlites in a finely crystalline, glassy groundmass. Sample
DE-Hwy30-1, collected along the cliffs of US 30, just west of
Clatskanie. Photo taken with crossed nicols.



Figure 9. Photomicrograph of a secondary chalcedony infilled vesicle
from a subaerial Grays River Volcanics flow, sample DE-Hwy30-1.
Photo taken with crossed nicols.

Figure 10. Photomicrograph of secondary sparry calcite in a vesicle
of a Grays River Volcanics subaerial basalt flow, sample
DE-Hwy30-1. Photo taken with crossed nicols.
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chalcedony, vesicle filling must have occurred prior to emplacement of the Columbia

River Basalt Group (lower Miocene).

ERUPTIVE SETTING

The surface exposure of the middle to upper Eocene Grays River Volcanics in the

study area is a result of faulting along the Scappoose-Clatskanie Fault (see Structure

section). The identification of the Grays River Volcanics is an important discovery in

terms of the geometric understanding of Tertiary sedimentary basins as well as the

natural gas potential of the area. One mile north and one township to the west of the

study area, Champlin Petroleum Company's Pucket 13-36-58 well (T8N, R5W, section

3) penetrated approximately 1700 meters (5610 feet) of near-continuous volcanics. This

basalt section represents a major volcanic center of subaerial middle to upper Eocene

Grays River Volcanics. The outcrop of the Grays River Volcanics in the northwest

quadrant of the study area is part of this volcanic high and represents the southern flank

of a shield volcano of middle to late Eocene age. Kleibacker (2002) correlated the basalts

in the Champlin well to a volcanic center in southwest Washington near Germany Creek.

This suggests that the Grays River Volcanics in the study area is part of the same

continuous volcanic center mapped in southwest Washington, which would have been

centered northwest of the field area in the subsurface below the modern Columbia River.

The Grays River Volcanics may represent a northward migration through time of

the slightly older Tillamook Volcanics due to an extensional regime opening to the north.
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Both units share the same chemistry, petrology, and may partially overlap in age in the

subsurface of northwest Oregon. The main argument against equating the two Eocene

volcanic units is the subsurface stratigraphic separation and thus an age difference

(Kenitz, 1997; Robertson, 1997). It is better to view each body as a separate volcanic

event and shield volcano that has progressed northward through time and thus through

stratigraphy. A tentative age and stratigraphic separation of Eocene volcanics has been

recognized in southwest Washington by Kleibacker (2002) who mapped and

radiometrically dated two separate Grays River Volcanic bodies with a northward

younging trend. This model can also be applied in northwest Oregon to explain the

distribution and relationship between the Tillamook and Grays River volcanics. The

interaction between the Tillamook and Grays River volcanics throughout northwest

Oregon and southwest Washington needs further investigation and may be the key to

understanding the reorganization of the Cascadia subduction zone and how it manifested

to local tectonics and volcanics.

Recognition of the Clatskanie High composed of Grays River Volcanics helps to

define the late Eocene northern boundary and timing of development of the Nehalem

basin. To the southwest, the Nehalem Arch (composed of Tillamook Volcanics) created

a submerged topographic high that formed the western boundary and to the east was the

coastal margin during the middle to late Eocene that affected Hamlet and Cowlitz

formations sedimentation patterns (Rarey, 1986; Mumford, 1988). As a result, a large

bay formed between these western Eocene volcanic highlands (islands) that

accommodated and restricted Cowlitz Formation deltaic sedimentation in southwest
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Washington and northwest Oregon. As deposition occurred in the basin, onlappng onto

the Grays River high occurred, which is represented by thinning of the overlying units

with proximity to the Grays Volcanics (cross-section A-A', Plate 1).

The Grays River Volcanic magnetic and structural high in northwest Oregon also

represents the northern boundary for the Mist Gas Field. The Clark and Wilson, Cowlitz

Formation reservoir and the upper Cowlitz mudstone seal both thin with proximity to the

high and eventually terminate on the flanks. Understanding the subsurface extent of the

Grays River high is essential in understanding the natural gas potential of the northern

Mist Gas Field (see Natural Gas Potential section).
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COWLITZ FORMATION

NOMENCLATURE

The middle to upper Eocene Cowlitz Formation is a unit that has been extensively

studied due to the excellent reservoir characteristics of the sandstone member, which

makes it suitable for natural gas exploration and storage in northwest Oregon (Mist Gas

Field) and southwest Washington. The Formation was originally named and described

by Weaver (1912) in southwest Washington on the Cowlitz River, near Vader. Warren

and Norbisrath (1946) later described the Cowlitz Formation in the upper Nehalem River

basin in northwest Oregon as a basal conglomerate overlain by a shale member, a

sandstone member, and an upper shale member. Henriksen (1956) further defined the

Cowlitz Formation as two separate members; a deep-water mudstone with minor arkosic

sandstone of the Stillwater Creek member and an upper micaceous arkosic, coal-bearing

sandstone of the Olequa Creek member. Bruer and others (1984) refined the Cowlitz

Formation in the subsurface of the Mist Gas Field to include only a lower sandstone unit,

the Clark and Wilson sandstone member (C&W) and an upper shale member, the upper

Cowlitz mudstone member. Payne (1998) and Kleibacker (2002) informally subdivided

the Cowlitz Formation in southwest Washington into six separate units based on

sequence stratigraphy and lithofacies. The 660 feet (200 meter) thick Clark and Wilson

member consists of fine- to medium-grained friable to moderately consolidated shoreface

sandstone with high porosity that is locally interbedded with carbonaceous mudstones
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and thin coal beds. The 1000 feet (300 meter) thick upper Cowlitz mudstone member

acts as the reservoir seal in the Mist Gas Field along with the overlying tuffaceous

siltstone of the upper Eocene to lower Oligocene Keasey Formation. The deep marine

mudstone member is typically dark gray (fresh), micromicaceous, slightly carbonaceous,

locally bioturbated mudstone. The Cowlitz Formation is a wave-dominated deltaic

deposit with tidal, estuarine, foreshore, lagoon and offshore facies in a complex

stratigraphy that varies regionally based on the paleotopography at the time of deposition.

Correlation of the Cowlitz Formation members between northwest Oregon and southwest

Washington is difficult for different facies are present across the Columbia River due to

the variation in paleo-depositional environments. Further work by Prothero and others

(2001) and Kleibacker (2002) used magnetostratigraphy to establish a correlation

between southwest Washington and northwest Oregon.

SUBSURFACE INTERPRETATION

There are no definitive outcrops of the Cowlitz Formation in the study area. A

fossiliferous pebbly basaltic to laminated lithic micaceous sandstone along the northern

extent of Palm Hill Drive in the northwest (DE-AN-1, Plate 1) was mapped as the

Conyers Creek member of the Oligocene Pittsburg Bluff Formation, but could

alternatively be an isolated exposure of the Cowlitz Formation (refer to Conyers Creek

Member section). The Cowlitz Formation in outcrop ten miles southwest of Mist consists

of storm wave dominated hummocky cross-bedded to laminated friable arkosic sandstone
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of the Clark and Wilson member and an overlying deep-marine (bathyal) foram bearing

mudstone of the upper Cowlitz mudstone member (Berkman, 1990; Niem and others

1994; Robertson, 1997).

The Cowlitz Formation is present throughout much of the subsurface in the study

area as recorded by well logs from natural gas exploration wells. In the west both the

Clark and Wilson member and the upper Cowlitz mudstone are present in the three

exploration wells used to construct cross-section A-A' in Plate 1. In the southern and

central study area there is only minor variation in the Cowlitz Formation with thinning

onto the Windy Ridge Volcanic High (cross-section A-A', Plate 1). To the north the

Cowlitz Formation displays rapid thinning with proximity to the Clatskanie High near

Clatskanie. In the subsurface of the eastern central part of the study area, the Keasey and

Cowlitz formations were down-cut and eroded by the Pittsburg Bluff Formation as seen

in cross-section B-B' (Plate 1) (refer to Structure section). This thinning may be

associated with the presence of the Scappoose-Clatskanie Fault (refer to structure

section). Furthermore, Grays River volcanic highs manifested as oceanic islands during

the middle to late Eocene created variation in distribution of the Cowlitz Formation.

Identification of such highs is essential in understanding the natural gas potential of the

region, for subsiding basins formed between the volcanic highs that accommodated the

thickest deposits of the Cowlitz Formation.
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KEASEY FORMATION

NOMENCLATURE

The late Narizian to late Refugian (upper Eocene to lower Oligocene) Keasey

Formation (Prothero and Hankins, 2000) was originally described and named the

"Keasey shale" by Schenck (1927). Warren and Norbisrath (1946) informally divided

the Keasey Formation into three members. The thin lower member is dark gray

tuffaceous shale with glauconitic lenses that interfinger with a volcanic sandstone. The

middle member is light gray, unstratified, tuffaceous siltstone with localized mollusc-

rich, calcareous concretionary beds and minor crinoid fossils. The upper member of the

Keasey Formation is tuffaceous siltstone interbedded with claystone and tuff beds with

calcareous concretions scattered throughout the unit (Warren and Norbisrath, 1946). The

Keasey Formation unconformably overlies the Cowlitz Formation (Niem and others

1994; Robertson 1997), and rests upon the upper mudstone member of the Cowlitz. Both

units act as the hydrocarbon seal above the Clark and Wilson Cowlitz reservoir in the

Mist Gas Field.

The Keasey Formation was deposited in a shallow (outer shelf) to deep marine

(slope) environment, near the shoreline, but below effective wave base (Moore and

Vokes, 1953; Hedeen, 1999). This siltstone is composed predominantly of altered glass

shards that were derived from nearby explosive western Cascade arc volcanic sources and

deposited in a quiet forearc setting with normal marine sedimentation. The change in
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lithology from the underlying arkosic micaceous Cowlitz Formation to the tuffaceous

siltstone of the Keasey Formation records a change from a continental provenance to a

local active volcanic arc source (Kadri and others, 1983).

LITHOLOGY AND THICKNESS

Only the upper member of the Keasey Formation is present in the study area with

the best exposures along OR 47 immediately north of the town of Mist (DE-47-K1, DE-

47-1: Plate 1). At this locality the Keasey is a yellowish gray to light gray (weathered)

with local orangish iron oxidation, massive, tuffaceous clayey-siltstone with calcareous

concretions up to 40 cm in diameter and sparse molluscan fossils as molds and casts.

This is typical of the poor exposures of Keasey throughout the southwestern part of the

map area. The tuffaceous siltstone is easily weathered to chips, creating low subdued

slope topography compared to the overlying, cliff-forming Pittsburg Bluff Formation that

is characterized by steeper relief (Plate 1). Thus, the Keasey Formation produces broader

lowland valleys occupied by major stream drainages (e.g, Nehalem River).

The Keasey clayey-siltstone can be difficult to distinguish from the underlying

upper Cowlitz mudstone member. However, these units can be separated based upon the

tuffaceous nature of the Keasey compared to the carbonaceous and mica-bearing Cowlitz

Formation. The abundance of altered glass shards in the Keasey creates a light gray color

and a low density to the unit, whereas the Cowlitz mudstone is dark gray to black from

the associated organic content, with apparent interstratified laminations. The Keasey
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Formation can also be differentiated based on the massive, nearly structureless character

due to bioturbation, which is much different from the well-laminated upper Cowlitz

mudstone.

The measured stratigraphic section depicted in Plate 2 shows the general

characteristics and slight variations of the upper part of the Keasey Formation. Near the

base of the section is a thin bed of molluscan fossils (sample DE-47-K1, Figure 11).

Stratigraphically upsection from the fossiliferous bed are a few layers that contain

spheroidal calcareous concretions up to 30 cm in diameter (Figure 12). Generally, these

concretions contain small molluscan fossils that acted as nuclei around which the

concretions formed soon after burial. Between the two concretion beds is a lens of

ripped-up angular mudstone clasts indicating the tuffaceous siltstone of the Keasey

Formation was reworked by a high energy event. This may represent a massive storm

event that created large waves that disturbed the typically quiet, low-energy outer shelfal

environment. Alternatively, the rip-ups may have been derived from a slump or a

turbidite event, although no grading or Bouma structures indicative of such as event were

recognized.

Stratigraphically above this section, the Keasey Formation is predominantly

structureless with repetitive tuffaceous clayey-siltstone and only traces of bioturbation in

a few upper beds. Although the Keasey Formation is composed primarily of altered

tuffaceous detritus, distinct lighter buff-colored tuff beds are present and vary in

thickness up to 20 cm. These represent substantial silicic volcanic eruptions with an

influx of pyroclastic material large enough to overwhelm the marine system with higher



Figure 11. Reddish iron oxidized molds and casts of a pelecypod
fossil bed within the light gray tuffaceous, clayey-siltstone of the
Keasey Formation, collected as sample DE-47 K1 along OR 47.
The stratigraphic position is recorded on Plate 2.

Figure 12. Spheroidal calcareous concretions
within the Keasey Formation along Highway 47.
The stratigraphic position is recorded on Plate 2.
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sedimentation rate such that weak currents were unable rework the ash. Only extreme

amounts of airfall tephra from nearby sources could have created such deposits.

The thickness of the measured stratigraphic section in Plate 2 is approximate

because no distinct bed orientations were recognized in the Keasey Formation due to the

massive bedding and intensity of bioturbation of the unit. When measuring the thickness,

the bedding attitude of the overlying Pittsburg Bluff Formation was used, but there is a

slight angular unconformity between the two units that was not accounted for (Robertson,

1997). The total measured thickness of the Keasey along Highway 47 is approximately

710 feet (215 m). This is nearly the total thickness of the formation encountered by wells

in the area (e.g., well CZ 42-1 penetrated 800 ft of Keasey Formation). Only the upper

part of the Keasey Formation was measured, which does not include the valley floor

where the town of Mist is located, implying that the Keasey may have a more shallow dip

than the Pittsburg Bluff Formation.

PETROLOGY

Petrographic descriptions of the Keasey Formation show that in places the upper

part of the clayey siltstone is composed mainly of diatoms (55%) and altered volcanic

glass shards (40%) with minor monocrystalline quartz, feldspar, radiolarians(?), and

sponge spicules (descriptions in appendix Q. The altered shards are cemented by thin

smectite(?) clay rims. The abundance of diatoms and glass shards can be seen in

photomicrographs of sample DE-47-1 (Figure 13, sample location on Plates 1 & 2). The
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Figure 13. Photomicrographs of the Keasey Formation tuffaceous
siltstone (sample DE-47-1) composed of altered volcanic ash and marine
diatoms. The stratigraphic position is depicted on Plate 2 a) Abundant
altered glass shards with minor resolution of diatom fragments.
b) Closer view of marine diatoms (two nearly intact specimens) and glass
shards with minor parallel alignment.
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Keasey Formation is a clean tuffaceous unit, in that it does not contain carbonaceous or

other terrestrial detritus like the overlying Pittsburg Bluff Formation, implying that it was

far from a continental and proto-Columbia River sources. It is also important to point out

that the Keasey is nonmicaceous, which is essential for distinguishing the Keasey from

the underlying Cowltiz Formation bathyal mudstone member.

DEPOSITIONAL ENVIRONMENT, AGE, AND INTERPRETATION

The Keasey Formation represents a period in which major volcanism contributed

abundant volcanic detritus to the Nehalem forearc basin. This is directly observed in the

great volume of volcanic ash that comprises the unit. Because the Keasey Formation is

widespread through northwest Oregon and southwest Washington (correlated to the lower

part of the tuffaceous Lincoln Creek Formation), the explosive volcanism that deposited

the airfall into a quiet marine environment must have been a proximal source, possibly

marking the onset of early Cascade arc volcanism to the east. The high percentage of

diatoms and nonreworked glass shards infers that this was an extremely low energy

environment where normal hemipelagic marine sedimentation took place. The only

terrestrial source in this distal basin came from volcanic eruptions to the east in which

winds and surface currents transported airfall tephras into the deep ocean that eventually

saturated with water and drifted into the basin.

The underlying Cowlitz mudstone member is a carbonaceous and micaceous deep

marine mudstone. The overlying tuffaceous clayey-siltstone of the Keasey Formation
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records a deeper marine environment with very little continental detritus, but an

overloading of volcanic glass shards into a calm outer shelf to slope environment. The

Keasey was deposited below effective wave base in a relatively deep water setting, up to

3016 ft (914 m), but proximal to the shoreline (Weaver, 1953). Although the deltaic

Cowlitz and deep marine Keasey formations represent different water depths and

therefore separate environments, they were both deposited between a Tillamook-Grays

River Volcanic high (Nehalem Arch) to the west and a Grays River volcanic high to the

north. The change in water depth and basal Keasey unconformity may be a result of

early Cascade volcanism and plate reorganization that would have created an outer

extensional forearc high, which would manifest as local uplift of the forearc (Nehalem

arch) as the seas transgressed.

Diatom fauna from a clayey-siltstone (DE-47-1) collected along Highway 47 was

identified by John Barron of the USGS in Menlo Park (Plates 1 & 2, Appendix E).

Pyxilla, Vulcanella hannae, Gleser, and Pusedotriceratum radiosoreticulatum were a few

species identified that represent a shelf-dwelling marine taxa, that thrived in a water

depth of greater than 100 meters, but probably less than 500 meters. Furthermore, the

diatom assemblage interpreted by Dr. John Barron implies a lower Oligocene age of older

than 30.9 Ma (Appendix E). The abundance on diatoms in the Keasey Formation

suggests strong upwelling currents during the early Oligocene, which provided the

nutrients needed for a diatom bloom. The recognition of diatoms in the late Eocene to

early Oligocene may represent the oldest known occurrence in the Tertiary rocks of the

Oregon Coast Range.
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2-D and 3-D seismic data suggest that there was a large amount of faulting after

deposition of the Cowlitz Formation, but before deposition of the Keasey Formation.

Numerous normal faults imaged in the Mist Gas Field terminate at the Cowlitz/Keasey

formational contact (Huggins, 2001, personal communication), suggesting there was

considerable tectonic activity during the hiatus between the two units. The decrease of

tectonic activity coinciding with the onset of deposition of the Keasey Formation may

also represent a reorganization of plate boundaries or at least a change in the local

tectonics.
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CONYERS CREEK MEMBER OF THE PITTSBURG BLUFF FORMATION

LITHOLOGY AND NOMENCLATURE

The Conyers Creek member is a new informal member of the Oligocene Pittsburg

Bluff Formation that has been defined by this study. It is present in outcrop at two

locations at sample localities DE-CC-4 and DE-AN-1 (Plate 1) and represents a distinct

facies of the Pittsburg Bluff Formation. Along Palm Hill Drive (sample DE-AN-1; UTM

position: 10T 0481852, 5106586) the Conyers Creek member consists of fine to medium-

grained fossiliferous litharenite sandstone that is moderately to poorly consolidated and

approximately 40 feet (12 meters) thick. The sandstone has a clay matrix with minor

interspersed well-rounded basaltic pebbles possibly derived from the Grays River

Volcanics. Fossils from this locality (sample DE-AN-1) include bivalves Acila, Yoldia

(Kalayoldia), Dentalium, and Spisula that were identified by Dr. Robert Blodgett (2002,

personal communication), which correlates to the Pittsburg Bluff formational fauna

described by Moore (1976). Overlying the Conyers Creek member on Palm Hill Drive is

the Clatskanie Conglomerate (another new informal member defined by this study; see

Clatskanie Conglomerate section). On Palm Hill Drive, the Conyers Creek member

directly overlies the Grays River Volcanics representing a major unconformable contact

with the absence of the Cowlitz and Keasey formations. The presence of the lithic

sandstone facies is directly related to the Clatskanie High, manifested as an oceanic
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island (see Structure section), that created a nearshore to beach fades of the Pittsburg

Bluff Formation.

A second outcrop of the Conyers Creek member was identified along Conyers

Creek Road at sample locality DE-CC-4 (UTM position: 10T 0482442, 5102235, Plate

1). This deposit is approximately 5 feet (1.5 meters) thick and composed of a lithic,

molluscan rich pebbly sandstone that also represents the interaction between a nearshore

marine and possible fluvial environment. The decreased thickness of this outcrop

compared to that on Palm Hill Drive can be attributed to greater distance from the

Clatskanie High (Plate 1).

Sample DE-CC-4, collected along Conyers Creek Road, contains gastropod,

scaphopod, and bivalve shell molds within a poorly-sorted basalt pebble sandstone (Plate

1). Ellen Moore identified fossils, which included Dentalium (scaphopod), Opalia

(gastropod) and bivalves Acila, Litorhadia, and Spisula (Mactromeris) that best

characterize the Pittsburg Bluff Formation and closely resembles the fauna in sample DE-

AN-1 (fossil determinations in Appendix D). Previous work by Warren and others

(1945) described the megafossil fauna along Conyers Creek Road in the vicinity of

sample DE-CC-4 as part of the Gries Ranch Formation, lower Oligocene in age. It

appears that the Gries Ranch Formation may represent a distinct nearshore facies of the

Pittsburg Bluff Formation and correlate to the Conyers Creek member defined by this

study. Although the Gries Ranch Formation contains distinct fauna from the Pittsburg

Bluff Formation as described by Warren and others (1945), no diagnostic Gries Ranch

fossils were identified in the study samples collected along Conyers Creek.
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The proposed type section for the Conyers Creek member is along Conyers Creek

Road at UTM position: 1OT 0482442, 5102235 (sample locality DE-CC-4, Plate 1). This

is the best exposure in the study area because the outcrop along Palm Hill Drive is

overgrown with vegetation and difficult to find.

PETROLOGY

Sample DE-CC-4 was collected along Conyers Creek Road and consists of five

foot thick poorly sorted pebbly basaltic sandstone with marine molluscan fossils. This

sample is bimodal, containing two distinct size populations of grains that represent

separate depositional sources. The first population comprises 60% of the sample and

consists of fine- to medium-sand-sized grains of subangular quartz, feldspar, and chert

with minor volcanic lithic grains. Although these grains are compositionally mature, they

are texturally immature (subangular). The second population (40% of the sample) is very

coarse-sand to pebble size clasts and predominantly consists of volcanic lithic clasts

(mainly basalt). The basalt clasts have pilotaxitic texture and were most probably derived

from underlying Grays River and/or Tillamook volcanics (see Grays River Volcanics

Petrology). A Grays River Volcanic source is much more likely for the outcrop is

immediately south of the defined Clatskanie High and directly overlies Grays River

Volcanics flows (Plate 1). Figure 14 depicts the two populations of grains with the

coarse-grained volcanic pebbles easily recognizable from the fine-grained sands.
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Figure 14. Pittsburg Bluff, Conyers Creek
member that is comprised of a basaltic pebbly
sandstone. Photomicrographs of a poorly
sorted sandstone with pebble clasts (DE-CC-4)
under crossed nicols. a) Subrounded basaltic
volcanic clast of the Grays River Volcanics
(pilotaxitic texture) and a subangular chert clast.
b) Another volcanic clast within the coarse-
grained sandstone matrix.
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DEPOSITIONAL ENVIRONMENT

The Conyers Creek member along Palm Hill Drive in the northwest part of the

study area can help to understand the early depositional setting of the Grays River

Volcanic High. The fossiliferous, lithic sandstone was deposited in a nearshore, intertidal

zone that was wave dominated where many of the marine organisms attached themselves

to the rocky basaltic substrate composed of Grays River Volcanics. This environment

would have been much like the modern day Oregon coast where Columbia River Basalt

Group flows form cliffs and sea-stacks with sandy inlet beaches.

The two grain populations along with the presence of molluscan macrofossils

reflect mixing of the two depositional environments. The fine-grained quartz and

feldspar population was deposited in a shallow marine, nearshore environment in which

bivalves thrived. The pebbles and coarse sands represent the onset of a regression or

storm event when a fluvial system pulsed coarse detritus into the shallow marine

environment. This deposit is only five feet thick and localized, inferring a specific,

isolated fluvial point source.
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CLATSKANIE CONGLOMERATE MEMBER OF
THE PITTSBURG BLUFF FORMATION

LITHOLOGY AND NOMENCLATURE

The Clatskanie Conglomerate member of the Oligocene Pittsburg Bluff

Formation is a new distinct informal unit that has been defined by this study. The

distribution of the unit is limited to the northwest part of the field area (Plate 1). The unit

consists of a poorly-sorted boulder to cobble polymict conglomerate up to 110 feet (33

meters) thick and an upper well-consolidated arkosic sandstone approximately 70 feet (21

meters) thick as recorded by water well 2491 in T7N, R4W section 7 (Appendix G). The

best exposure of the unit (the type section) is along the east side of Highway 47,

immediately south of Clatskanie in a roadside quarry ("Borrow Pit") in the NW '/4 of

T7N, R4W section 7 (Plate 1, Figure 15). One other exposure was observed along Palm

Hill Drive just south of Highway 30, but this area is highly vegetated with limited

exposure. Fortunately, a new logging road was cut off Palm Hill Drive around

September 2001 exposing 20-30 feet of the conglomerate, but this outcrop will be

destroyed by weathering and vegetation within the next few years. The massive polymict

conglomerate is moderately consolidated, poorly sorted, and predominantly clast

supported with a medium- to coarse-grained sand matrix that supports the conglomerate

in localized pods. The conglomerate is texturally immature, composed of well-rounded
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Figure 15. The Clatskanie Conglomerate located in a quarry along Highway 47,
just southwest of the town of Clatskanie with the cliffs composed of a cobble to
boulder polymict fluvial conglomerate with lenticular arkosic sandstone interbeds.
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pebbles to cobbles with lesser boulders up to 9 inches in diameter and minor interbedded

channelized, lenticular, arkosic, micaceous medium- to coarse-grained sandstone (Figure

16). The conglomerate is compositionally immature and slightly fines upward to the

overlying upper sandstone.

A pebble count of 211 clasts yielded percentages of: 1% diorite, 3% gneiss, 9%

chert, 13% andesite/dacite, 34% quartzite, and 40% basalt (Figure 17). The abundance of

quartzite with lesser amounts of chert, gneiss, and diorite all imply a distal metamorphic

parental source possibly from Idaho, Montana, eastern Oregon, and/or eastern

Washington, for which only a large powerful fluvial system (e.g., ancestral Columbia

River) would have had the competence for transport. The andesite/dacite and basalt

clasts were probably derived from the western Cascade arc and locally incised volcanics.

The other cobble conglomerate units in the field area are all of Scappoose

Formation age (lower-middle Miocene) and consist entirely of Columbia River Basalt

clasts with minor siltstone rip-ups derived from the Pittsburg Bluff Formation, whereas

this deposit is polymict from multiple sources. One thick fluvial conglomerate

comparable to this unit, approximately 100 feet thick, immediately east of the field area

on Swedetown Road (Delena quadrangle) is composed completely of reworked Columbia

River Basalt clasts that are well rounded with minor lenticular sandstone interbeds. The

age of this deposit is lower to middle Miocene for the clasts were derived from Columbia

River Basalt, Grande Ronde flows. The Highway 47 Clatskanie Conglomerate deposit is

compositionally much different; it is a polymict deposit, but both represent a sizable

fluvial system comparable to the modern Columbia
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Figure 16. Distinguishing units of the Clatskanie
Conglomerate in "Borrow Pit", just southwest of the
town of Clatskanie on Highway 47. a) Lenticular
arkosic sandstone interbed in a polymict cobble-
boulder conglomerate. b) Upper well-consolidated
fluvial arkosic sandstone overlying the conglomerate.
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Figure 17. Pie chart representing the clast lithology of the Clatskanie Conglomerate
member of the Pittsburg Bluff Formation. The results are based on a pebble count
of 211 clasts.
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River. The presence of these deposits at separate stratigraphic intervals records the

migration of the proto-Columbia River throughout the area.

The upper well-consolidated, massive, gray, fine-grained arkosic sandstone that

overlies the conglomerate along Highway 47, has recently been exposed by further

quarrying of the conglomerate gravel, which is used for road fill. The sandstone is well-

indurated and forms vertical cliffs when quarried (Figure 16). The cementation of the

sandstone is a key to understanding the age of the deposit in relation to the younger

formations. The overlying Scappoose Formation sandstone is always poorly consolidated

and can easily be distinguished from this well cemented unit. The lower to middle

Miocene Scappoose Formation of Van Atta and Kelty (1985) overlies the Clatskanie

Conglomerate so the consolidation of the upper sandstone must have occurred prior to

deposition of the Scappoose fluvial system (Plate 1).

STRATIGRAPHIC AGE AND POSITION

Exposure along the north side of Palm Hill Drive at elevation 360 feet (109 m) in

elevation at T7N, R4W between sections 6 and 7 helps define the stratigraphic position of

the Clatskanie Conglomerate member. The underlying subaerial Grays River Volcanics

comprise the cliff exposed along Highway 30 in the northwest with an overlying lens of

shallow marine basaltic, micaceous sandstone of the Oligocene Pittsburg Bluff Formation

(Conyers Creek member, Plate 1). Immediately overlying the marine sandstone is

approximately 40 feet (12.1 m) of polymict, clast-supported boulder-cobble conglomerate
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with a medium- to coarse-grained sandstone matrix. This conglomerate stratigraphically

and lithologically correlates to the Clatskanie Conglomerate in the quarry on Highway 47

(Plate 1). The conglomerate along Palm Hill Drive is overlain by another friable basaltic,

shoreface sandstone that is massively bioturbated and contains sparse molluscan fossil

molds, which correlate to the Oligocene Pittsburg Bluff Formation (see Conyers Creek

member). Capping Palm Hill ridge are Grande Ronde basalt flows with minor Scappoose

interbedded sandstone to basalt conglomerate lenses, but the basal Scappoose Formation

that underlies the Grouse Creek flows on the south side of Palm Hill Drive is missing

(Plate 1). The absence of the lower Scappoose Formation (Tsl, Plate 1) is possibly due

to a paleo high created by the localized Clatskanie High and/or the Scappoose-Clatskanie

Fault that restricted further northern sedimentation.

As mentioned previously, the driller's log of water well 2491 records the

stratigraphy of the Clatskanie Conglomerate member in the shallow subsurface (appendix

G, location on Plate 1). The well log noted a 70 feet (21.2 m) thick gray sandstone 45

feet (13.6 meters) below the surface. The sandstone is correlative to the upper Clatskanie

Conglomerate member sandstone, for the overlying Scappoose Formation of Van Atta

and Kelty (1985) consists of friable sands, not an indurated sandstone. The lithology

encountered below the sandstone is a sand and gravel unit, in which the well was

completed through 110 feet (33.3 m) making this a minimum thickness for basal

conglomerate unit. The total thickness of the Clatskanie Conglomerate member is 180

feet (55 meters) thick. From the geologic map (Plate 1) it is apparent that the lower to

middle Miocene Grande Ronde flows are stratigraphically above this well on the
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northeast trending ridge and the well drilled through Scappoose Formation (upper 45 feet

(13.6 meters)) before reaching the Clatskanie Conglomerate (Plate 1). This well log

details a stratigraphic section under the Columbia River Basalt Group and through the

Scappoose Formation into the upper sandstone and lower conglomerate of the Clatskanie

Conglomerate. Therefore, the Clatskanie Conglomerate is older than the Scappoose

Formation. Furthermore, this well helps to define the subsurface extent of the unit and

proves it is not an isolated occurrence restricted to the quarry on Highway 47. A

lithologically similar polymict conglomerate has been identified in the southwestern part

of the Baker Point quadrangle along Airport logging road, which may correlate to the

Clatskanie Conglomerate (Niem, 2002, personal communication).

Along Palm Hill Drive the fluvial conglomerate is underlain by a shallow marine

mollusc-bearing sandstone and tuffaceous siltstone unit. Although the fossils could not

be used for a specific age determination, they do resemble fossil assemblages from other

Pittsburg Bluff/Gries Ranch fossil localities (refer to Conyers Creek member).

Therefore, the sandstone underlying the conglomerate is Oligocene Pittsburg Bluff

Formation. Thus, the Clatskanie Conglomerate is mapped as a separate informal member

of the Oligocene Pittsburg Bluff Formation. The nature of the contact with the overlying

Scappoose Formation is unclear due to the lack of exposure, but the contact is most likely

unconformable because the basal, fluvial conglomerate of the Scappoose Formation

downcuts into the underlying units.

An alternative age interpretation that has been made for this conglomerate deposit

is that it represents a remnant Quaternary terrace of an incised valley fluvial system
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(Columbia River) that down cut through Miocene Columbia River Basalt Group flows,

Scappoose Formation, and Oligocene Pittsburg Bluff Formation. Such an incised valley

conglomerate fill could appear to be older because it would seem to be stratigraphically

below the Scappoose and Grande Ronde basalts, although it is younger (Quaternary or

Pliocene). Newton and Van Atta (1976) used this alternative interpretation and mapped

the deposit at the Clatskanie quarry as Troutdale terrace gravels unconformably overlying

the Columbia River Basalt Group flows. The Troutdale Formation was originally named

by Hodge (1983) in the Portland area where it is a fluvial conglomerate/gravel containing

exotic clasts such as quartzite. Outcrops of the unit are scattered from 10 to more than

100 feet above the modem Columbia River floodplain on the surrounding bedrock hills.

The Troutdale Formation in the Columbia River Gorge has been subsequently divided

into an upper and lower member. The lower member consists of quartzite-bearing

basaltic conglomerate with interbedded micaceous, arkosic sandstone restricted to the

Bridal Veil Channel in the Lower Columbia Gorge west of the Bonneville Dam with an

age of just prior to 12 Ma (Tolan and Beeson, 1984). The upper member is more

widespread and consists of a pebble to cobble vitric sandstone with interbeds of basaltic

conglomerate thought to be Pliocene in age, overlying the Columbia River Basalt Group

(Tolan and Beeson, 1984).

With the water well log data, new upper well-indurated sandstone exposures in

the Clatskanie quarry on Highway 47, and the recognition of a nearly identical polymict

conglomerate on Palm Hill Drive, this deposit must now be separated and defined. This

distinct unit is stratigraphically below the Scappoose Formation and part of the Oligocene
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Pittsburg Bluff Formation rather than an incised valley deposit of Pliocene age. The new

name is to be the Clatskanie Conglomerate member of the Pittsburg Bluff Formation,

with a type section at locality T7N, R4W, section 7 (UTM position: 10T 0483024,

5106223) noted as the "Borrow Pit" on the Clatskanie 7.5 minute quadrangle (Plate 1).

DEPOSITIONAL ENVIRONMENT

The Clatskanie Conglomerate, composed of a lower polymict cobble to boulder

conglomerate and an upper indurated arkosic sandstone, represents an ancient fluvial

system the size of the modern Columbia River. Minor lenticular channelized sandstones

within the 110 feet thick conglomerate were deposited in periods of lesser river

competency (Figure 16). The upper sandstone unit may represent an abandonment of the

fluvial system to another area.
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PITTSBURG BLUFF FORMATION: EAST FORK MEMBER

NOMENCLATURE

Overlying the Keasey Formation is the Pittsburg Bluff Formation, middle to late

Oligocene in age, which is in part correlative to the Lincoln Creek Formation of

southwestern Washington (Van Atta, 1971). Most of the early work on the unit was

accomplished at or near the type locality approximately one mile north of the town of

Pittsburg along Oregon Highway 47. Warren and Norbisrath (1946) described the unit as

a fossiliferous fine-grained marine sandstone with layers of calcareous concretions and

molluscan fossils that grades upwards into a coarser massive near-shore marine to

brackish water sandstone with interbedded tuffaceous siltstone near the top of the

formation. The Pittsburg Bluff Formation represents a deltaic deposit with brackish

water (estuary/tidal flat) environments that interfinger with shelfal fossiliferous shallow

marine beds (Warren and Norbisrath, 1946).

Niem and others (1992) informally subdivided the Pittsburg Bluff Formation into

four members. The basal Pebble Creek member is a friable fine- to coarse-grained, cross-

bedded arkosic micaceous sandstone with a minor mudstone rip-up conglomerate and

pebbly sandstone deposited in a fluvial to estuarine environment. Stratigraphically above

lies the East Fork member, which is the most widespread and mappable member of the

Pittsburg Bluff Formation, consisting of a well-indurated, fine-grained tuffaceous

sandstone with lesser sandy siltstone deposited in a shallow marine environment. Above
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the East Fork member is a debris flow deposit that was originally described by Warren

and Norbisrath (1946), later named the Scaponia member by Niem and others (1992) and

McKnight and others (1995). The Scaponia member is a fresh water diatom bearing

debris flow deposit that originated from a nearby western Cascade explosive calcalkaline

volcanic source to the northeast (McKnight and others, 1995). The informal Divide

member that caps the formation in the type area is composed of friable, medium-grained,

locally cross-bedded, arkosic, micaceous sandstone and lignite beds that are capped by a

shallow marine mollusc-bearing siltstone. The massive micaceous sandstone can be

easily confused with the overlying Scappoose Formation, but can be differentiated based

on distinct molluscan fauna.

Defining the type of formational contact between the Keasey and Pittsburg Bluff

formations is difficult. Warren and Norbisrath (1946) recognized slight differences in

structural attitudes between the two formations that suggest an angular unconformity.

Within the field area, exposures of the Keasey Formation are massive tuffaceous siltstone

with no discernible bedding making it difficult to compare attitudes between formations.

LITHOLOGY AND STRATIGRAPHY

The Pittsburg Bluff Formation is the most widespread and exposed Tertiary

sedimentary unit within the study area with the best continuous exposures along OR 47

and Conyers Creek Road (Plates 1 and 2). The total thickness of the formation is

approximately 1040 ft (315 m) measured along OR 47, but the unit thins to the north with



66

proximity to the Grays River Volcanics high (Plate 1, cross-section A-A'; see Structure

section). The measured thickness from Plate 2 is equivalent to 940 feet obtained from

well logs (spontaneous potential and resistivity data) of nearby CZ 42-1 well located in

6N, 5W section 1 (Plate 1, cross-section A-A'). However, the upper contact of the

Pittsburg Bluff Formation was not observed in CZ 42-1 for the well was spudded in the

upper part of the Pittsburg Formation. Therefore, the thickness determined from the well

is a minimum one (see Plate 1, cross-section A-A'). The Pittsburg Bluff Formation

within the field area consists almost entirely of the East Fork member. One thin deposit

that represents a debris flow was recognized along OR 47, within the measured

stratigraphic section, that may correlate to the Scaponia member (UTM position 10T

0481083, 5096514) (Plates 1 and 2). This observed debris flow deposit is contained

within the East Fork member, whereas the defined Scaponia member of McKnight and

others (1995) resides stratigraphically above the East Fork member. Two new members

of the Pittsburg Bluff Formation have been defined by this study. The Clatskanie

Conglomerate and the Conyers Creek member are confined to the northwest quadrant of

the map area and are discussed in the preceding chapters. Although the Pittsburg Bluff

Formation, East Fork member predominantly consists of tuffaceous sandy siltstone, the

weathering characteristic of the unit produces resistant bluffs (Figure 18). The

topographic expression creates steep, deeply incised terrain compared to that of the

Keasey or Scappoose formations as seen on the geologic map (Plate 1).



Figure 18. Typical weathering characteristic of the resistant, jointed East
Fork member of the Pittsburg Bluff Formation tuffaceous silty sandstone
that produces steep "bluffs". Picture taken along Highway 47.

6
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The basal East Fork member contact with the Keasey Formation is gradational

along OR 47. The very top of the Keasey Formation slightly coarsens upwards to the

unconformity between the two formations. The major distinction between the two units

along Highway 47 (measured stratigraphic section, Plate 2) is in the weathering and slope

characteristic between the two units, for the Pittsburg Bluff Formation is much more

resistant. The basal beds consist of massive, thick, tuffaceous, micaceous siltstone to

very fine-grained sandstone with minor interbeds of very fine to fine-grained, poorly

sorted, moderately carbonaceous, arkosic sandstone.

The general weathered color of the formation is grayish yellow with secondary

Liesegang Fe oxide banding throughout, creating localized orangeish-brown streaks

depending on the extent of oxidation. The cliff-forming, jointed middle section of the

Pittsburg Bluff Formation (see Plate 2) is tuffaceous, micaceous, slightly carbonaceous

siltstone to very fine-grained sandstone that is locally fossiliferous and intensively

bioturbated creating a massive appearance with interbedded, well defined, tuff beds up to

3 feet (1 meter) thick. Individual burrow types include Asterosoma, Teichichnus, and

Thalassinoides of the shelfal Cruziana ichnofacies representative of the sublittoral zone

(Niem personal communication 2002). Approximately 760 feet (230 meters) above the

base of the formation is a bed containing pumice clasts with a higher percentage of

carbonaceous material, wood fragments up to 3 inches (7%2 cm), and abundant mudstone

rip-ups representing a debris flow deposit approximately 30 feet thick. This debris flow

unit may correlate to Warren and Norbisrath (1946) original description of a debris flow

deposit that was later named the Scaponia member by Niem and others (1992) and
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McKnight and others (1995). In the type section, south of the study area the debris flow

deposit is overlain by a biotite bearing tuff derived from the John Day Formation of 29.83

Ma (McKnight and others, 1995).

Within the middle section of the Pittsburg Bluff Formation, little variability in the

lithology is present in the study area. A few coarsening-upward sequences are

recognizable, but generally the lack of lithologic change can be attributed to a uniform

sedimentation rate in an accommodating low-energy basin. Much of the Formation is

mottled by intense bioturbation that has destroyed the original stratification.

The upper section of the Pittsburg Bluff Formation is characterized by the same lithology

as the middle section with only a few distinct tuff beds breaking the repetitious shallow

marine tuffaceous sandy siltstone. Within the upper part of the East Fork member in the

measured stratigraphic section along OR 47, an exposed fault may have cut out

significant thickness. However, the displacement could not be determined due to the

massive nature of the siltstone and the lack of slickensides on the fault plane (Figure 19

and Plate 2).

The upper contact represents an erosional unconformity in which the Scappoose

Formation (of Van Atta and Kelty, 1985) has down-cut into the Pittsburg Bluff Formation

(Plate 2). Along OR 47 the basalt and siltstone rip-up conglomerate incised into the

tuffaceous sandy siltstone of the Pittsburg Bluff Formation creating a sharp contact. The

siltstone rip-ups contained in the base of the Scappoose Formation were derived from the

underlying East Fork member. The basal Scappoose Formation was deposited by a

fluvial system that locally caused extensive erosion into the underlying Pittsburg Bluff.
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Figure 19. Northwest-trending, northeast dipping fault in the East
Fork member of the Pittsburg Bluff Formation exposed along
OR 47. This fault is within the measured stratigraphic section in
Plate 2. The type and amount of motion could not be determined
from the outcrop due to the massive nature of the East Fork member.
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This down-cutting caused variable thickness of the Pittsburg Bluff Formation throughout

the study area based on the amount of localized incision.

PETROLOGY

The typical petrographic characteristics of the East Fork member (as represented

by DE-CC-1) is defined by a tuffaceous sandy-siltstone with 35% fine- to very fine-

grained glass shards, quartz and feldspar and the other 65% silt size particles

(descriptions in Appendix C; location in Appendix A and Plate 1). The glass shards

represent 20% of the total sample and are fine-grained (the coarsest fraction of the

sample), predominantly piped or tubed with lesser bubble-wall junction shards and minor

brown glass. Fifteen percent of the sample is very fine-grained quartz with lesser

amounts of feldspar (plagioclase). The remaining 65% of the sample consists of silt with

aligned mica as the only distinguishable mineral and traces of diatoms and sponge

spicules indicative of a marine environment. The silt-sized particles represent the normal

hemipelagic sedimentation with glass shards derived from western Cascade volcanism.

Two tuff bed samples (DE-Hwy47-2-1 and DE-CC-2) from the East Fork member were

examined petrographically (localities, Plate I). Sample DE-CC-2 was collected on

Conyers Creek Road from a gray tuff bed approximately 5 feet (1.5 meters) thick that

contains sparse vertical and branching Thalassinoides burrows up to 6 inches in length.

This bed is the thickest tuff found within the Pittsburg Bluff Formation and represents a

large-scale proximal volcanic event because the deposit is 94% glass shards with minor



72

feldspar and quartz. There are two populations of glass shards in this sample: 1) fine-

grained bubble wall junction and piped shards 2) medium to coarse-grained pumiceous

shards. The glass shards have been altered and are rimmed with illite, kaolinite and

minor smectite. These two populations both represent airfall deposits and may record

two events of a single eruptive phase also derived from western Cascade volcanism.

Minor diatoms are also present in this sample that contained fragments ofStephanopyxis,

a shelf-dwelling marine taxa identified by John Barron (Appendix E).

The other tuff bed (sample DE-Hwy47-2-1), exposed along OR 47 is also

composed almost solely (95%) of glass shards (Plate 2, stratigraphic section at -530

meters). The remaining 5% is mainly angular to subangular quartz and with traces of

sponge spicules, diatoms, hornblende, and radiolarians (?) all deposited in a low energy

marine environment. The top of this tuff bed was reworked by gentle currents and

displays small-scale mud drapes and ripple cross-bedding.

X-RAY DIFFRACTION

The tuff (sample DE-CC-2) from the base of the Pittsburg Bluff Formation along

Conyers Creek Road (location on Plate 1) was prepared for x-ray clay mineral analysis

(see Methods section). The clay pattern (<2 µm) shows a smectite peak at approximately

5° on the Mg-Glycol line with a typical collapse pattern (compare black line and red line)

as the sample was Mg-saturated (Figure 20). The pattern also displays the presence of

quartz (a sharp peak at -27°), kaolinite (peaks labeled 1), cristobalite (peaks labeled 4),
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illite (peaks labeled 7), and hematite (peaks labeled 5). The results from the <15 µm

fraction record the presence of muscovite and vermiculite, as well as quartz and

cristobalite (Figure 21). Quartz and muscovite are typical minerals associated with

siltstone and are generally the main constituents. Kaolinite and smectite clays come from

diagenetic alteration of volcanic glass shards, while illite is derived from muscovite.

Cristobalite is a high temperature polymorph of quartz that can exist above 200-275°C,

but is unstable under 1470°C, which infers that the Pittsburg Bluff Formation had

undergone periods of higher temperature and pressure (Deer and others, 1992). These

conditions could not have been reached by burial alone. The cristobalite is most probably

Opal-A or opal-CT derived from a siliceous ooze indicated by the presence of diatoms in

the East Fork member, which is a low-temperature polymorph, rather than a high-

temperature cristobalite. The hematite is due to secondary mineralization that is found

throughout the Pittsburg Bluff Formation and can be seen in hand sample and outcrop as

orange irregular Liesegang banding. The iron oxides that formed the hematite may have

been sourced from the overlying Columbia River Basalt Group flows, which would

confine deposition to post-lower Miocene. Alternatively the hematite may have been

derived from iron bearing minerals within the Pittsburg Bluff Formation (e.g., pyroxene

and magnetite).

Sample DE-CC-5 from the middle of the Pittsburg Bluff Formation was taken

from a fine-grained tuffaceous bed (an airfall tephra deposit). The x-ray diffraction

pattern reflects the simple mineralogy of the tuff. Figures 22 and 23 show the

composition of the sample is smectite cement (pore fill) with anorthite (feldspar), both of
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which originated from a volcanic ash. The smectite was derived from alteration of the

volcanic glass and the feldspar most probably originated as phenocrysts in the glass

shards. The lack of quartz and mica suggests that this bed was rapidly deposited below

wave base from an ash fall with little reworking or intermixing with siliciclastic detritus

in the basin. Furthermore, this tuff bed must have been proximal to the source due to the

large volume of material overloading the system and creating this thick deposit.

SCANNING ELECTRON MICROSCOPE

Sample DE-CC-2, taken near the base of the East Fork member, was examined

with the scanning electron microscope (SEM). The East Fork member is typically a

tuffaceous siltstone to very fine-grained sandstone. A scanning electron microscope

image (Figure 24) reveals the tuffaceous components (delicate cylindrical and tubed

shards) of the East Fork member, which was deposited in a quiet energy marine

environment. Such volcanic glass fragments can ultimately weather to halloysite,

smectite, and/or kaolinite depending on the acidity of the environment (Moore and

Reynolds, 1997). Figure 24 also shows secondary, botryoidal, Fe oxide (hematite)

deposits that were deposited due to later ground water flow. Again, the iron in the

ground water may have originated from the Columbia River Basalt Group flows that cap

the area, which would define the age of the iron deposits to be lower Miocene or younger.

Alternatively, the iron could have been derived from in situ weathering of iron bearing

minerals present in the Pittsburg Buff Formation.



-

Figure 24. SEM image of a tuffaceous bed in the East Fork member, Pittsburg
Bluff Formation (DE-CC-2) displaying abundant pumice and piped glass shards.
Minor botryoidal secondary Fe oxide (hematite).
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This Pittsburg Bluff sample also displays diagenetic characteristics of increased

temperature and pressure from burial that created clinoptilolite (zeolite) (Figure 25).

Clinoptilolite commonly replaces volcanic glass during diagenesis at a temperature

interval of 41-55°C (Ogihara, 2000). This temperature may have been achieved from

burial of the Pittsburg Bluff Formation, with depths up to 5000 feet, producing a

temperature of 40-50°C based upon Armentrout and Suek (1985) Lopatin plot. The

overall percentage of zeolite in DE-CC-2 must be low because clinoptilolite was not

detected in the x-ray diffraction analysis.

A more common secondary product and cement that is extensive throughout

Coast Range Tertiary sandstone and siltstone units is the alteration of primary minerals

and tuffaceous detritus clay. Deep weathering and diagenesis of the Oregon Coast Range

strata is conducive to rapid alteration. Figure 26 displays one of the most common clays

in the East Fork member, smectite (dehydrated) with its typical wispy appearance.

Smectite is also a common diagenetic alteration product of volcanic ash when in a mildly

alkaline environment such as a marine setting (Moore and Reynolds, 1997). Smectite is a

common cement and alteration product in the Pittsburg Bluff Formation due to the

abundance of tuffaceous material. The creation of smectite fills pores, thereby reducing

or destroying porosity and permeability within the rock that, in turn, diminishes the

reservoir quality of the formation, but could increase the effectiveness as a hydrocarbon

seal. One important characteristic of smectite is its expansive nature when introduced to

water. This can create substantial environmental problems such as landslides and

unstable foundations for roads and buildings in the area.
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Figure 25. SEM image of the Pittsburg Bluff Formation, East
Fork member (DE-CC-2) depicting platy clinoptilolite
(zeolite) with minor smectite (lower left corner).

Figure 26. SEM image displaying dehydrated Fe-rich
smectite from the East Fork member of the Pittsburg
Bluff Formation.
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DEPOSITIONAL ENVIRONMNET

Fossils were collected from the Pittsburg Bluff Formation throughout the study

area. Ellen Moore (2000, personal communication) identified molluscan specimens and

provided valuable information on depositional environments and ages (fossil

identifications in Appendix D). Because fossils were collected throughout the Clatskanie

quadrangle in the homogeneous Pittsburg Bluff tuffaceous siltstone that lacks strong

marker beds, the biostratigraphic correlations between localities is not as accurate as one

would hope. In this case, the localities are referred to as being from the upper or lower

section of the formation based on stratigraphic position in reference to the underlying

Keasey Formation and overlying Scappoose Formation.

The majority of the molluscan fossil assemblages were collected from the upper

section of the Pittsburg Bluff Formation for the upper section is relatively fossiliferous

compared to the lower part of the formation. Several species are helpful in reconstruction

of the depositional environments. The gastropod Turitella pittsburgensis (in samples

DE-LVFM-3 and DE-Con-2-2) indicates a subtidal environment to a depth of 180 m.

This species commonly lived buried in sediment immediately below the sea floor and

survived on detritus (Moore, 1976). Both samples are from the top of the Pittsburg Bluff

Formation and represent a shallow marine shelfal environment before the onset of the

Miocene fluvial Scappoose Formation of Van Atta and Kelty (1985) (sample localities in

Appendix A and on Plate 1). Panopea snohomishensis, a shallow water pelecypod (from

sample DE-ER-2-1) lived in an intertidal to subtidal environment and may indicate a

locally shallowing-upwards sequence (Moore, personal communication, 2001). Fossils
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from other localities that were collected in the upper part of the Pittsburg Bluff Formation

include specimens that indicate a different water depth. Sample DE-Con-2-1 contains the

gastropod Scaphander that thrived in a shallow to deep marine settings ranging from 20-

5,200 m (Moore, 1976).

Two hypotheses can explain this difference in water depth in the upper Pittsburg

Bluff Formation. Firstly, because the fluvial Scappoose Formation of Van Atta and Kelty

(1985) is locally incised into the Pittsburg Bluff Formation, the Scappoose overlies

different horizons in the Pittsburg Bluff Formation from one locality to another. It is true

that down-cutting by the Scappoose fluvial system occurred, but the extent and degree of

incision has not been determined. With more fossil sampling and identifications this may

be possible to determine. The second hypothesis is that the Pittsburg Bluff Formation

was deposited over irregular topography and across several environments at the same

stratigraphic level. This is especially true of the Conyers Creek member that was

deposited on the Clatskanie High, which represents a possible interaction of a fluvial and

marine setting (see Conyers Creek member and Structure sections).

The molluscan fossils in the East Fork member of the Pittsburg Bluff Formation

characterize the unit as a shallow marine shelfal deposit with depths up to 330 feet (100

meters) below sea level. The presence of carbonaceous plant material throughout the

Pittsburg Bluff Formation also points to a nearby river mouth or estuarine shoreline

environment for plant material must have been proximal throughout deposition of the

East Fork member. Understanding water depth is key to reconstructing the depositional

and tectonic setting of part of the forearc during the Oligocene. The measured section of



84

the Pittsburg Bluff (East Fork member) along OR 47 is 1150 feet (350 m) thick, yet water

depth as indicated by molluscan fossil assemblages was a maximum of approximately

100 m below sea level. There are two possible mechanisms to explain this occurrence.

The first is a constant rise of eustatic sea-level contemporaneous with constant

sedimentation, creating accommodation space for deposition of the formation. The

second is a tectonically active forearc basin that was subsiding, creating the

accommodation space needed for the shallow marine sediments of the East Fork member.

For either explanation, the Pittsburg Bluff Formation had to be deposited during a time of

relative sea-level rise to accommodate the total thickness of the marine sediments.

To conclude, the Pittsburg Bluff Formation in the Nehalem basin was deposited in

a moderate to shallow marine basin that ranged in depths from 330 feet (100 m), but

more realistically a shelfal environment -165 feet (50 m) to an intertidal, nearshore

environment (Moore, 1976). The East Fork member suggests that this was

predominantly an open marine shelfal setting with a relative north-south trending

coastline to the east, a local buried volcanic high (Tillamook high) to the west, and a

Grays River volcanic island to the north, bounding the basin (See Grays River "eruptive

emplacement"). The great thickness of the formation requires a relative sea-level rise

during deposition in order to accommodate normal marine sedimentation as well as a

large airfall tephra component from the western Cascade volcanic eruptions. In terms of

a sequence stratigraphic framework, the Pittsburg Bluff Formation was deposited during

a transgressive systems tract (TST) of Van Wagoner and others (1990) when the relative

sea-level was in a transition stage (Plate 2). The upper sharp contact with the Scappoose
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Formation marks the sequence boundary into a lowstand systems tract (LST) of Van

Wagoner and others (1990), when sea-level was at a low and the fluvial Scappoose

system prograded over and incised the Pittsburg Bluff Formation. The basal contact with

the Keasey Formation represents a sequence boundary and a marked change in water

depth that may have been tectonically driven, creating a relative sea-level fall and a

shallower environment for deposition.

COLD-SEEP DEPOSITS

Locally within the middle section of the East Fork member are fossiliferous

calcareous beds up to 3 feet (1 m) thick, composed of calcareous shells of a bivalve fossil

assemblage. These deposits are light to dark gray, weather-resistant due to calcite

cementation, and are recognized at two separate localities (DE-CC-3 and DE-CR-2-1;

Plate 1). The bivalves are intact and appear to be in original growth position within the

fine-grained sandstone, implying that they have not been transported from their original

environment. The bivalve Thyasira (Conchocele) bisecta was identified by Ellen Moore

and is indicative of an early Oligocene to middle Miocene age (Appendix D). Thyasira is

associated with cold, methane-seep environments and is chemoautotrophic, surviving

upon a source of reduced sulfur (Moore, written communication, 2000). Thyasira has

been identified in local, deep-water limestones of late to middle Eocene deposits in

southwest Washington that are similar to modern chemosynthetic assemblages observed

off the coast of Oregon at cool-fluid seepage areas at a depth of 2000 in (Goedert and
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Squires, 1990). Current research has recognized cold-water methane/sulfur seeps and

their associated chemoautotrophic molluscan fauna at active subduction zones and at gas

vents where gas hydrates are found (Kamenev and others, 2001). Chemosynthetic fossil

assemblages that include Thyasirid clams have been recognized in chimney cold-seep

carbonate structures in the upper Eocene Keasey Formation as reported by Campbell in

Niem and others (1994).

The two localities where these beds were sampled may represent localized areas

of cold-gas seeps that may have been associated with either active ocean floor faulting or

a gas hydrate system. The high methane gas content in these zones provided energy and

nutrients for the concentration of an anomalously high population of chemosynthetic

organisms, that differ from the typical molluscan fauna of the Pittsburg Bluff Formation.

The first depositional hypothesis is that these cold methane seeps were associated

with ocean floor faulting and deposited as dissolved gas migrated upwards along an

active fault system. In this scenario, the two calcareous lenses may have been deposited

simultaneously along the same fault and thus are correlative. Alternatively, they may

have been deposited on different faults at different times and thus stratigraphically

separated. The second hypothesis is that of a gas hydrate system in which the deposits

are in the same system, but probably represent separate vents that may or may not be

correlative in time. The modern gas hydrate system off the coast of Oregon encompasses

an area on the order of 100 km2 or more, but the localized vents and associated

chemosynthetic communities are much smaller, around 1-2 km2 (Trehu, 2001). The two

Pittsburg Bluff cold-seep deposits in the study area are four miles apart. If they were part
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of the same gas hydrate system they represent separate communities that are not

correlative because they are most probably separate in time and so separated in

stratigraphy. Modem gas hydrate vents off the Oregon coast are located on bathymetric

highs; by analogy the Oligocene gas hydrates may have been shoals which locally

affected sedimentation. From the fossil determinations, the Pittsburg Bluff East Fork

member represents a shelfal environment of a maximum of 100 m, but gas hydrates are

typically deposited in deep water greater than 500m. In the measured stratigraphic

column which is a complete or nearly complete section of the Pittsburg Bluff Formation,

no such deposits were observed inferring that these cold-seep deposits are localized.

The stratigraphic position of the cold-water seep deposits in the Pittsburg Bluff

Formation may lead to insights on the mechanism of deposition. Sample DE-CR-2-1

from the east-central part of the map area (Plate 1) is approximately 140 feet (42 m)

stratigraphically below the upper contact with the Scappoose Formation, whereas sample

DE-CC-3 from the northwest is at least 300 feet below the upper contact. The overlying

Scappoose Formation of Van Atta and Kelty (1985) is an incised fluvial-estuarine unit

with a large amount of downcutting in the vicinity of DE-CR-2-1, but the total amount

can not be determined. It appears that the cold-seep deposits are in fact separated

stratigraphically for 160 feet (49 m) of incision appears excessive. Therefore, these two

identified beds are most probably not correlative and should not be used as a marker bed.

Alternatively, Thyasira could be associated with an unusual local sulfur reducing

environment from an abundance of decaying organic material such as a whale carcass

(Moore written communication, 2000). Because two separate deposits were found, it is
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likely that more are present throughout the densely vegetated study area. If a plethora of

deposits are present, this would support a cold-seep fracture system or a gas hydrate

hypothesis. It is unlikely that sulfur reducing environments derived from decaying

organic material would be widespread, thus these beds are more probably associated with

a cold-seep system. Further carbon isotope work on the carbonates concretions could

differentiate a gas hydrate source from a cold-seep deposit.
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SCAPPOOSE FORMATION

NOMENCLATURE

The stratigraphic age and depositional interpretation of the Scappoose Formation

has changed over time due to subsequent research that has better defined the unit.

Warren and Norbisrath (1946) originally defined the Scappoose Formation as an upper

Oligocene to lower to middle Miocene shallow-marine, fossiliferous, micaceous arkosic

sandstone that rests disconformably on the Pittsburg Bluff Formation and below the

lower Miocene Columbia River Basalt Group. The basal unit was described as a

conglomerate with variable thickness that is overlain by a fine- to medium-grained,

tuffaceous, shaley sandstone. The middle section of Warren and Norbisrath's (1946)

Scappoose consists of poorly consolidated, massive, medium-grained micaceous

sandstone. The upper section is gray, sandy, tuffaceous siltstone with local molluscan

fossiliferous zones. The age of the Scappoose Formation was based on late Oligocene

(Blakeley age) molluscan fossil assemblages that help distinguish the unit from the

Pittsburg Bluff Formation because the two units can be lithologically similar. Further

work by Van Atta and Kelty (1985) characterized the Scappoose Formation as largely

non-marine and coeval with the subaerial early to middle Miocene Columbia River Basalt

Group flows. In their interpretation the Scappoose Formation is younger than the late

Oligocene to early Miocene age assigned to the unit by Warren and Norbisrath (1946).

Van Atta and Kelty (1985) interpreted the relationship between the Scappoose Formation
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and early Grande Ronde basalt as a Miocene incised valley fill cut into the Oligocene

Pittsburg Bluff Formation. Furthermore, they noted that the Scappoose Formation is

separated in several places from the underlying Pittsburg Bluff Formation by a basalt

gravel derived from Grande Ronde basalt flows (lower to middle Miocene) (Kelty, 1981;

Kadri, 1982). Van Atta and Kelty (1985) described the revised Scappoose Formation

stratigraphy as a basal basaltic conglomerate overlain by a fluvial to deltaic, cross-bedded

arkosic sandstone and an upper shallow marine (neritic) to estuarine, micaceous,

tuffaceous siltstone. Both Warren and Norbisrath (1946) and Van Atta and Kelty (1985)

recognized a local basalt conglomerate as the defining basal unit of the Scappoose

Formation. Geochemical analysis of basalt clasts within the conglomerate by Kelty

(1981) confirmed the Columbia River Basalt Group to be the source. Thus, the age of the

formation was changed to early to middle Miocene after the initial onset of Grande

Ronde flows at 16.5 Ma (Van Atta and Kelty, 1985; Reidel and others, 1989). Although

the original age and depositional environment were modified by Van Atta and Kelty

(1985), the original description of the lithology is consistent with that of Warren and

Norbisrath (1946). However, the late Oligocene to early Miocene molluscan fossil age

and early to middle Miocene clast age (based on geochemistry) of the two defined

Scappoose Formations partially contradict one another.
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STRATIGRAPHY AND LITHOLOGY

The poorly exposed Scappoose Formation displays much stratigraphic variability

throughout the field area, which makes defining the unit difficult. None of the molluscan

fossils yielded a distinct late Oligocene to early Miocene (Blakeley age) of the Scappoose

Formation as defined by Warren and Norbisrath (1946). Strata mapped in this study as

Scappoose Formation along the highway 47 (Plate 2) contain only fragments of deeply

weathered molluscan fossil molds and casts within tuffaceous siltstone beds making

collection and identification difficult. The one identified consistency is that the base of

the Scappoose Formation is defined by a basalt pebble-cobble conglomerate interbedded

with local lenses of tuffaceous siltstone rip-ups. Figure 27 and Plate 2 depict the siltstone

rip-up conglomerate beds directly above the Pittsburg Bluff Formation (East Fork

member) along Highway 47. Figure 28 shows the basalt conglomerate above and

interbedded with the siltstone rip-up beds. The age and definition of the Scappoose

Formation of this study is based on the composition of the basalt clasts that comprise the

basal conglomerate, which is consistent with Van Atta and Kelty's (1985) definition as

early to middle Miocene. The best exposure of the basal basalt conglomerate is within

the measured section along Highway 47 (Plate 2) where the Scappoose is down cut into

the Pittsburg Bluff Formation. Unfortunately the rounded basalt clasts at this locality are

small (< 10 cm, Figure 27) and deeply weathered. Analysis of such clasts would produce

inferior, questionable data, so the outcrop was not sampled. X-ray fluoresence chemical

analyses were performed at Washington State University on a basalt clast from a basal

Scappoose conglomerate and from a basalt conglomerate between successive Columbia
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Figure 27. The base of the Scappoose Formation of Van Atta, and Kelty (1985),
immediately above the Pittsburg Bluff Formation along Highway 47 composed
almost entirely of a tuffaceous siltstone ripup conglomerate with interbedded
siltstone. The base of the conglomerate represents the unconformity between the
Pittsburg Bluff Formation and the Scappoose Formation. Interbedded within the
siltstone conglomerate is a well rounded basalt conglomerate as seen in Figure 28.
For a stratigraphic location refer to Plate 2.



Figure 28. The Scappoose Formation basal
conglomerates composed of weathered Grande Ronde
clasts from the Columbia River Basalt Group. Pictures
taken along OR 47 at the Scappoose-Pittsburg Bluff
formational contact directly above Figure 27. a) Clast-
supported basalt conglomerate. b) Sandstone matrix
supported basalt conglomerate with mudstone ripups.
For stratigraphic position refer to Plate 2.

9
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River Basalt flows. Sample DE-Phd-2-1, from Palm Hill Drive in the northwest (Plate

1), is a clast from a lenticular basal basalt fluvial conglomerate that cut down into a

massive tuffaceous marine siltstone, most probably of the Pittsburg Bluff Formation

(Figure 29). The underlying siltstone may be part of the lower Scappoose Formation; but

if so, the Pittsburg Bluff Formation is immediately below in the subsurface. In either

case, the basalt conglomerate lens is at or immediately above the base of the Scappoose

Formation, representing the lowest part of the deposit for which an age determination is

important. Chemical analysis reveals the clast has a Columbia River Basalt Group

composition, more specifically that of the high Ti02, R2 Wapshilla Ridge unit of the

Grande Ronde member (refer to the Columbia River Basalt Group section, chemical

analysis in Appendix F). In order to have a basal conglomerate composed of Wapshilla

Ridge clasts, the lower Grande Ronde flows must have been present before deposition of

the conglomerate. This supports Van Atta and Kelty's (1985) conclusions that the

Scappoose Formation is early to middle Miocene in age, which differs from Warren and

Norbisrath's (1946) interpretation of upper Oligocene to lower Miocene. Thus, Van Atta

and Kelty's (1985) definition of the Scappoose Formation has been utilized as a

mappable unit in this study. Although the basal conglomerate unit is composed of

Columbia River Basalt Group clasts, no Columbia River Basalt flows have been observed

below the Scappoose Formation within the study area. The main fissures that fed the

widespread plateau derived Columbia River Basalt Group have been recognized near the

Oregon-Washington-Idaho border. The flows certainly would have taken some time to

reach the Oregon coast. This emphasizes a point that the older Columbia River Basalt
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flows must have been present to the east. Between eruptions, those lavas were eroded

and the detritus was transported and reworked by a fluvial system (represented by the

Scappoose Formation in the Coast Range). That detritus was transported and deposited

as basalt conglomerate clasts in the west. Similarly, local erosional reworking of the

softer tuffaceous siltstone of the Pittsburg Bluff Formation East Fork member produced

the admixture of basal siltstone ripup conglomerate. Lavas may also have been present

locally as intracanyon flows but were largely eroded away to form the basalt

conglomerate. The basal basalt conglomerate implies that the Scappoose Formation is

thus a coeval deposit with the R2 flows of the Columbia River Basalt Group. The lowest

flow of the Columbia River Basalt Group in the study area is of a R2 Grande Ronde, high

Ti02 Wapshilla Ridge flow (see further discussion in CRB section and Plate 1). Basalt

clasts in the basal conglomerate of the Scappoose Formation have the same composition

as this lowest Columbia River Basalt flow unit. Furthermore, interbeds (ranging from

siltstone to sandstone to conglomerate) between the subaerial Grande Ronde flows are

part of the same fluvial system, of lower to middle Miocene age, and should also be

considered part of the Scappoose Formation of Van Atta and Kelty (1985).

As mentioned previously, the basal conglomerate unit is composed of basalt clasts

derived from the Columbia River Basalt Group and tuffaceous siltstone rip-ups that were

derived from erosion of the underlying Pittsburg Bluff Formation, East Fork member.

This basal conglomerate represents an abrupt change in environment from Oligocene

middle to outer shelfal marine environment to a Miocene fluvial system. This regression

caused the Scappoose Formation of Van Atta and Kelty (1985) to incise into the
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tuffaceous East Fork member siltstone of the Pittsburg Bluff Formation, creating an

unconformity between the two and an incised valley fill.

In the southern part of the study area, a cobble to boulder basalt conglomerate

(DE-JC-2-4) is interbedded between successive high TiO2, R2 Grande Ronde (Wapshilla

Ridge) flows (Plate 1). X-ray fluoresence analysis of a clast from the conglomerate

yielded a Grande Ronde Wapshilla Ridge composition (see Columbia River Basalt Group

section). The geochemistry of the basalt clast from the conglomerate interbed (DE-JC-2-

4) and the basal basalt conglomerate (DE-PHD-2-1) are nearly identical and therefore,

were probably derived from the same Grand Ronde flow unit (Wapshilla Ridge). The

interbedded conglomerate unit is approximately 20 feet thick and composed almost

entirely of poorly-sorted, aphanitic basalt cobbles to boulders that are well-rounded

(texturally mature, but compositionally immature) (Figure 30). This unit was deposited

by a large powerful fluvial system (e.g., proto-Columbia River) that was reestablishing

itself after the channel was filled with lava flow(s) of the Columbia River Basalt Group.

The clasts were derived from the underlying flow that is approximately 10.5 in thick (35

feet). From geologic mapping, it is apparent that either the ancient Columbia River or a

localized powerful river flowed through the southeastern and central eastern portion of

the field area. This is evident from the abundance of conglomerate and fluvial sandstone

that comprise the Scappoose Formation (Plate 1). Furthermore, immediately east of the

field area on Swedetown Road an 80 to 100 feet thick Columbia River Basalt cobble

conglomerate represents the thickest deposit of the proto-Columbia River.



Figure 30. Conglomerate of the Scappoose Formation interbedded
with Columbia River Basalt Group. a) Basalt quarry on Johnson
Creek logging road with a basal R2 Grande Ronde flow of the high
TiO2 Wapshilla Ridge member that directly overlies the Pittsburg
Bluff Formation. b) Close-up of the well-rounded fluvial Scappoose
Formation basalt conglomerate interbed, derived from erosion of the
underlying Wapshilla Ridge flow (sample DE-JC-2-4).
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Due to the fluvial nature of the basal Scappoose Formation, the deposits are

locally confined to and preserved in paleotopographic lows. There are numerous isolated

locations in the study area that display down cutting of the Scappoose Formation into the

Pittsburg Bluff Formation. For example, in the southwestern part of the field area (Plate

1), south of Enterprise Road, two levels of thin mappable lenticular deposits record

incised paleovalleys cut into the East Fork member of the Pittsburg Bluff Formation that

were subsequently filled with the fluvial Scappoose Formation (T6N, R4W, section 6,

Plate 1). This paleotopographic surface also represents the unconformity between the

units and reflects an eustatic sea-level change marked by down-cutting and infilling

during a lowstand systems tract (LST, Plate 2) when the shallow-marine Oligocene

Pittsburg Bluff Formation were subaerially exposed.

Two stratigraphic sections of the Scappoose Formation were measured in order to

characterize the unit (Plate 2 and Figure 29). The section on Plate 2 displays the basal

tuffaceous siltstone-mudstone and basalt conglomerate that unconformably down-cut into

the Pittsburg Bluff Formation along Highway 47. The total thickness of the

conglomerate is approximately 110 feet. It is overlain by a tuffaceous shallow

marine/estuarine siltstone that contains minor carbonaceous plant material and is

micromicaceous with rare molluscan molds and clasts. Lithologically, the marine

siltstone is extremely similar in composition to the underlying Pittsburg Bluff marine

siltstone. In fact, the two siltstone units are indistinguishable without recognition of the

basal Scappoose basalt conglomerate. The lithologic similarity between some beds of the

Scappoose Formation and Pittsburg Bluff Formation (Newton and Van Atta, 1976) have
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been attributed to reworking of the Pittsburg Bluff Formation during Scappoose time

(Ketrenos, 1986). In this case these units are difficult to differentiate because they were

deposited in similar nearshore shallow marine environments during a transitional stage

(TST) from a period of highstand to lowstand.

Above the shallow marine siltstone of the Scappoose Formation measured along

Highway 47 (Plate 2), a friable fluvial medium-grained, arkosic, micaceous grayish-

yellow sandstone is trough cross-bedded and contains well-rounded tuffaceous, light gray

mudstone rip-ups up to 5 inches in diameter. This thick unit is poorly consolidated,

leading to unstable slopes that commonly fail as landslides throughout the study area.

The cross-bedded sandstone is easily recognizable from the tuffaceous sandy-siltstone of

the Pittsburg Bluff Formation. Stratigraphically upsection and immediately west of the

field area, along Highway 47, are small-scale delicate gravity and current formed

sedimentary structures within the Scappoose Formation. These upper fluvial sandstone

beds are finely laminated, fine- to very fine-grained sandstone that filled scours into the

underlying sandstone and created sandstone dikes due to rapid deposition and gravity

loading, which produced soft sediment deformation features (Figure 31).

The second stratigraphic reference section was measured along Palm Hill Drive

in the northwest part of the Clatskanie quadrangle (Figure 29 and Plate 1). This section is

similar to the section along Highway 47 because a tuffaceous marine siltstone overlies

the basal conglomerate (composed solely of basalt clasts). An upper more massive

siltstone comprises the middle section, which is marine to estuarine in origin as indicated
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Figure 31. Scappoose Formation sandstone dike in laminated sandstone bed from
rapid overloading and liquefaction. Basal scour and fill structures from rapid
sediment erosion and deposition are also present. Outcrop exposed along Highway
47 (T7N, R5W, section 26; Marshland quadrangle).
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by a few radiolarian fragments in sample DE-Phd-2-2 (see Scappoose Formation

petrology section). A petrographic description of the siltstone (sample DE-PHD-2-2,

Scappoose petrology section) shows that the unit is tuffaceous with a large percentage of

silt sized glass shards cemented by clays. Stratigraphically above the siltstone is a very

fine-grained, poorly sorted, arkosic, micaceous fluvial sandstone. This unit is

compositionally similar to the cross-bedded upper sandstone unit along Highway 47

(Plate 2) and both most probably were deposited by the same fluvial system. However,

the grain size is much smaller in the Palm Hill Drive section, inferring a lower energy

fluvial environment.

The two measured stratigraphic sections define a basal basalt to siltstone ripup

conglomerate unit overlain by a shallow marine to estuarine, massive tuffaceous siltstone,

which is capped by an upper friable, fluvial cross-bedded arkosic sandstone (Plate 2,

Figure 29). Although these two sections depict the same correlative units, they do not

uniformly represent the stratigraphy of the Scappoose Formation throughout the entire

study area. To the south, a lacustrine tuffaceous siltstone overlies the basal basalt (CRB)

conglomerate (sample DE-JC-2-5, Plate 1) on Johnson Creek logging road and contains

abundant imprints of deciduous leaves. This difference may represent variability in

paleotopography at the time of deposition. The basal Scappoose fluvial environment may

have been uplifted and cut-off through stream evolusion, creating a restricted lacustrine

environment such as an oxbow lake. Van Atta and Kelty (1985) also recognized sections

of the Scappoose Formation that are interbedded shallow marine and nonmarine

fluvial/lacustrine lithologies. This variability of the Scappoose Formation makes the unit
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difficult to map unless there is adequate exposure of the complete stratigraphy, especially

the basal Columbia River Basalt conglomerate.

The upper contact of the Scappoose Formation is locally baked margin formed by

local contact metamorphism from the overlying Columbia River Basalt Group flows

(Figure 32). The lower to middle Miocene Grande Ronde flows (Wapshilla Ridge and

Grouse Creek) were contemporaneous with deposition of the Scappoose fluvial strata and

created localized load structures (sandstone spiracles) into the soft, wet Scappoose

Formation sediments (Figure 32). The earliest basalt flows filled paleovalleys,

destroying pathways for the river system, so the streams had to reestablish themselves

over the newly formed landscape. The younger fluvial deposits are perched atop the

basalt flows throughout the field area as interbeds of tuffaceous siltstone, basaltic/arkosic

sandstone, and basalt cobble-boulder conglomerate.

These interbeds are laterally discontinuous because the earliest basalt flows filled

paleolows or valleys creating a subdued, flattened topography. At least seven individual

Columbia River Basalt flows entered the study area during the early to middle Miocene.

The reoccurrence of volcanic flows made it difficult for coastal streams to remain in one

location for any extended duration before the next flow would fill paleolows or valleys

and displace the streams. For this reason, the upper Scappoose beds are sporadically

exposed throughout the study area. The interbeds between Grande Ronde flows are

chiefly composed of the same lithologies as the basal Scappoose (Ts I, Plate 1) exposed

along Palm Hill Drive (Figure 29). The most recognizable interbed is the medium-
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Figure 32. Upper contact of Scappoose Formation sandstone baked by an
overlying dark gray Columbia River Basalt lava that flowed over the bedded
fluvial sandstone. Photograph taken immediately west of Windy Gap (T6N,
R4W, section 6).



grained litharenite sandstone that is cross-bedded and poorly consolidated. The

lacustrine, tuffaceous siltstone is also locally present, which represents an abandoned

river channel (possibly an oxbow lake) in which volcanic ash (airfall and reworked)

accumulated and was preserved. Finally, lenses of thick clast-supported Columbia River

Basalt clast conglomerates, are interbedded between flows throughout the study area

(Plate 1).

PETROLOGY

Selected units in the Scappoose Formation were examined with a petrographic

microscope. For complete petrographic descriptions see Appendix C. The tuffaceous

siltstone that overlies the basal Columbia River Basalt conglomerate along Palm Hill

Drive (Figure 29, sample DE-Phd-2-2) is composed of 15% clear and brown glass shards,

25% plagioclase feldspar, and 60% silt-sized angular quartz with a clay matrix containing

aligned muscovite and traces of diatoms and radiolarians fragments (Figure 33). Parallel

alignment of micas implies a quiet aqueous environment with the presence of trace

fragments of radiolarians denoting a marine environment.

A point count was performed on the poorly consolidated coarse-grained sandstone

unit along Highway 47 north of Enterprise Road (sample DE-47-3, Plate 1). Of the 400

counted grains, 47 were monocrystalline quartz, 68 feldspar (plagioclase and potassium

feldspar), 222 lithic grains, 2 mica, 36 chert, and 26 polycrystalline quartz grains. In

order to classify this sandstone, the Folk classification system was used, which has three
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Figure 33. Photomicrographs of a Scappoose Formation
siltstone, sample DE-PHD-2-2 from a tuffaceous
siltstone above the basal basalt conglomerate on Palm
Hill Drive. a) Aligned micas in a clay and zeolite cement
matrix (crossed nicols). b) Abundant clear and brown
glass shards that comprise the tuffaceous siltstone (plane-
polarized light). For the stratigraphic position refer to
Figure 29 and Plate 1 for location.
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end-members, Quartz (Q), Feldspar (F), and Rock fragments (R) (Folk and others, 1970).

In Folk's scheme, chert is included with rock fragments. This sandstone is 65% rock

fragments (R), 17% feldspar (F), and 18% quartz (Q); therefore, this rock is a litharenite

(Figure 34). Of the lithic grains, metamorphics (mainly schist) are the most abundant

rock type with lesser chert and metamorphic quartzite. The abundance of metamorphic

grains (Figure 35) indicates that the fluvial system transported sediments from at least as

far as central-eastern Oregon and possibly as far as the granitic Idaho batholith. If the

sandstone had been derived from local sources, it would be composed mainly of basaltic

grains, tuff clasts, and recycled fine-grained quartz and feldspar eroded from older

Columbia River Basalt Group flows and the Pittsburg Bluff Formation. Although the

sample is compositionally immature, the sandstone is texturally mature for many grains

are subrounded and moderately well sorted due to extensive abrasion in a high-energy

fluvial environment, long travel distance, or a combination of both.

In the southern part of the thesis area, a finely laminated tuffaceous lacustrine

siltstone (sample DE-JC-2-5, Plate 1) approximately 30 feet thick directly overlies the

basal Columbia River Basalt conglomerate that is channeled into the Pittsburg Bluff

Formation. This sample contains abundant leaf imprints and consists of 63% altered

sickle-shaped glass shards with 35% tectosilicates (quartz and feldspar) and minor micas

and diatoms. The abundance of shards suggests explosive silicic eruptions in the western

Cascades with enough pyroclastic material to overwhelm the fluvial system, temporarily

choking it with air-fall tephra. Alternatively, this clayey siltstone may have been
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Figure 34. Scappoose Formation sandstones (samples
DE-47-3 and DE-LVFM-2) are litharenites in Folk's
sandstone classification (Folk and others, 1970).
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Figure 35. Scappoose Formation coarse-grained sandstone, sample DE-47-3
collected along Highway 47, that represents a fluvial system with a distal source
as seen in the variety of extrabasinal clast compositions. a) Quartz sandstone
;,last b) Schist grain c) Another schist clast with other lithic and monocrystalline
quartz grains d) Metamorphic quartzite grain. All photomicrographs taken with
crossed nicols.



deposited in a lacustrine environment associated with a fluvial system, possibly a cut-off

meander, oxbow lake.

SCAPPOOSE FORMATION INTERBED PETROLOGY

The Scappoose Formation interbeds (Ts2 on Plate 1) associated with the subaerial

Grande Ronde flows (Wapshilla Ridge and Grouse Creek) of the Columbia River Basalt

Group vary in lithology from tuffaceous siltstone to sandstone to basalt conglomerate.

The lithic arkosic sandstone units are generally cross-bedded, fine- to medium-grained

and represent a fluvial system that was reestablishing a course through a newly defined

topography after Miocene emplacement of the Columbia River Basalt Group flows. The

interbed units were deposited by the same fluvial system that had deposited the lower

Scappoose Formation with the difference being the introduction of basalt lavas that

flowed from eastern Oregon and Washington down the ancestral Columbia River, that

drastically changed and dominated the landscape.

Near Windy Gap in the study area, southwest of Clatskanie Heights, is a well

preserved outcrop of an18 feet (16 meters) thick fluvial, trough cross-bedded, poorly

consolidated sandstone (sample DE-LVFM-2, Plate 1). Petrology reveals that this

sandstone is composed predominantly of subangular to minor subrounded grains

(texturally immature) that are medium sand-sized and moderately to well-sorted (see

Appendix C for petrographic description of the sample). Many lithic grains are clay-

altered and all grains display thin clay smectite rim cement (Figure 36). In hand
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Figure 36. Photomicrograph of a fluvial medium-
grained Scappoose Formation sandstone, sample
DE-LVFM-2 interbedded between Grande Ronde Basalt
flows. a) Thin clay coats rim all grains (plane-polarized
light). b) Lithic, chert, albite twinned plagioclase
feldspar and quartz grains that comprise the sandstone
(crossed nicols).
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sample, this sandstone interbed has a bluish-gray color, due to the iron rich smectite clay

alteration of volcanic grains.

Another sandstone interbed (DE-LVFM-2) near Windy Gap along Enterprise

Road (Plate 1) is composed of mainly clay-altered volcanic grains with less feldspar and

even fewer quartz (Figure 36). One important feature of the sandstone is the lack of

muscovite that is abundant in the lower Scappoose Formation tuffaceous siltstone and

minor amounts in the Pittsburg Bluff Formation. The lack of mica may be indicative of a

high-energy environment (fluvial) in which only grains like quartz with a lower surface

area to density ratio drop out of suspension. Photomicrographs (Figure 36) of the

interbed unit display the variety of clast composition as well as thin (grayish-brown to

yellowish) rim clay coats on all grains. A 400-grain point of sample DE-LVFM-2

identified: monocrystalline and polycrystalline quartz- 22, feldspar- 69, volcanic lithics-

288, muscovite- 2, and chert- 19. This is a compositionally immature rock due to the

large percentage of lithic grains. According to the classification of Folk and others

(1970), the sandstone is 77% rock fragments (R), 17% feldspar (F), and 6% quartz (Q);

therefore, the sandstone is a litharenite (Figure 34). This is the same composition as

sample DE-47-3 from the lower Scappoose Formation that was also point counted

(Figure 34). This supports the hypothesis that both beds were deposited by the same

fluvial system. However, this upper Scappoose interbed (Ts2, Plate 1) is a basaltic

sandstone, whereas the lower Scappoose interbed (Tsl, Plate 1) is mainly a metamorphic

lithic sandstone. The abundant basaltic rock grains within this fluvial sandstone

originated from local erosion of Columbia River Basalt flows and possibly older volcanic
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units such as the Tillamook, Goble, and Grays River volcanics. These clasts distinguish

the Scappoose Formation from the tuffaceous Pittsburg Bluff Formation for the parent

material is quite different due to erosion of the early to middle Miocene Columbia River

Basalt flows. The tuffaceous Pittsburg Bluff Formation contains a much smaller

percentage of coarse volcanic and metamorphic sand-sized lithics than the Scappoose

Formation, and is predominantly composed of quartz, plagioclase feldspar, and glass

shards with sparse amounts of large mica.

X-RAY DIFFRACTION

A tuffaceous sandy siltstone (sample DE-CC-7) in the lower (Tsl) Scappoose

Formation, immediately below the basal Grande Ronde, Columbia River Basalt flow

along Clatskanie Heights Road (location on Plate 1) has many of the same x-ray

diffraction characteristics as the Pittsburg Bluff Formation. The <2 µm clay fraction is

composed of smectite and kaolinite, both of which may be insitu weathering alteration

products or cement of tuffaceous sediments (Figure 37). The < 15 µm fraction contains

smectite, chlorite-vermiculite, muscovite, cristobalite and quartz (Figure 38). The quartz

and muscovite are unaltered from the parent material, whereas the other minerals are due

to weathering and/or diagenetic alteration of the glass shards. Smectite and cristobalite

are also typical of the tuffaceous Pittsburg Bluff siltstone (DE-CC-2).

Based solely upon x-ray diffraction data, the Scappoose and the Pittsburg Bluff

siltstones are similar and can not be separated. Both units are mainly derived from the
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same parent material, abundant explosive silicic volcanic ash from the Western Cascades

and some extrabasinal continental sources for the quartz and mica. As the sediments

alter, the highly soluble volcanic glass breaks down to smectite and kaolinite clay rim

cements. These are common clays throughout the Oregon Coast Range. The presence of

cristobalite in the overlying Columbia River Basalt Group as well as in the underlying

Scappoose and Pittsburg Bluff formations indicates a secondary process in which silica in

groundwater mobilized from dissolution of glass shards and the glassy Columbia River

Basalt flows.

DEPOSITIONAL ENVIRONMENT AND PALEOTOPOGRAPHY

As alluded to earlier, the Scappoose Formation represents a variety of

depositional environments. A major regression of relative sea level began in the early to

middle Miocene after deposition of the Oligocene Pittsburg Bluff Formation. This

resulted in subaerial exposure of part of the Pittsburg Bluff Formation into which a

fluvial system incised and reworked the shallow-marine to lower shelf deposits. The

basal basalt and mudstone conglomerate represents the onset of the fluvial system that

down cut into the Pittsburg Bluff Formation during a lowstand systems tract (LST) (Plate

2, Figure 28). The sea-level change was not a final retreat of the seas for marine strata

overlie the basal conglomerate (up to 45 meters thick with interbedded siltstone and

sandstone) as represented by measured sections in Figure 29 and Plate 2. The Scappoose

Formation siltstone, along Highway 47 (sample DE-E47-1), contains marine and
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freshwater diatoms, which include Aulacoseria (freshwater), Coscinodiscus (marine),

Stephanopyxis (marine), and Paralia sulcata (marine) identified by John Barron (2002,

personal communication, Appendix E). Based on the diatom assemblage, the middle

siltstone unit of the Scappoose Formation represents an estuarine environment with a

strong fluvial input where both marine and freshwater diatoms may have mixed.

Alternatively, diatoms may have been reworked from older, underlying deposits. The

recurrence of a shallow marine to estuarine environment above the fluvial system

represents transgressive (TST) and highstand systems tracts (HST) when the marine

setting was temporarily reestablished with a transgression, prior to a final regression.

The onset of this fluvial system marked the beginning of a second lowstand systems tract

(LST) in the Scappoose Formation. The stratigraphic column on Plate 2 illustrates this

break in LST to TST then back to LST in the Scappoose Formation, which represents a

stratigraphic sequence that can be used for correlation throughout the formation (Plate 2

and Figure 29).

During much of the Pittsburg Bluff (East Fork member) deposition, the Oligocene

coastline in the field area was consistently a shallow marine environment with no little or

major pronounced topography, except for the Grays River High (volcanic island) to the

north. As the seas regressed due to eusatic sea-level drop and/or local uplift, the

Scappoose fluvial system moved westward, down-cutting into the Pittsburg Bluff

Formation, which created paleolows. These deeply incised valleys were part of a

progradational estuarine system in which a high-energy fluvial system migrated across

the margin depositing widespread Columbia River Basalt conglomerate, mudstone rip-up
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conglomerate derived from the Pittsburg Bluff Formation and medium-grained, well-

sorted litharenite sandstone. As the river system migrated through avulsion, some

reaches were abandoned where lacustrine and floodplain environments developed. In

these quiet water settings, airfall and reworked tephra from nearby volcanic eruptions

collected. River avulsion along with localized topography help to explain the large

variability in lithofacies of the Scappoose Formation, which makes correlation between

similar units difficult. Within the cut-off fluvial deposits are lacustrine beds or overbank

floodplain sediments with abundant volcanic glass shards. With further work, the ashes

may aid in correlation and age dating of the Scappoose Formation. Some of the glass

shards are well-preserved and could be analyzed with a microprobe. Biotite or

hornblende phenocrysts in the ashes could also help date these beds. Recognition of

marker beds for correlation would be instrumental in defining the spatial distribution of

depositional environments of the Scappoose Formation throughout the lower to middle

Miocene. Furthermore, with further study of the Pittsburg Bluff/Scappoose/ Columbia

River Basalt Group contacts, paleotopographic reconstruction could be more precisely

defined throughout the Coast Range.

When the lavas of the Columbia River Basalt Group arrived, lava filled the low-

lying incised bedrock valleys occupied by an active fluvial system (forming Tsl deposits,

Plate 1) and caused the fluvial system to reestablish itself. The first Columbia River

Basalt event(s), represented by one to two thin flows (up to 100 feet thick inflated flows),

displaced Coast Range streams. Eventually, the streams flowed across the lavas and

deposited reworked basalt and sand gravels. There appears to have been a significant
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amount of time between the lower Grande Ronde flows of Wapshilla Ridge and the

overlying thick Grouse Creek flows for abundant Scappoose interbed deposits are present

between basalt units. During this period, the Scappoose fluvial system deposited a

continuous body of sediment over some parts of the study area (mainly to the south) and

cut and filled canyons or valleys in others (Plate 1). As the overlying Grouse Creek

flows were emplaced, the fluvial/lacustrine system migrated to topographic lows after

each successive flow (Forming Ts2 units, Plate 1). An effort was made to separate

individual mapped Scappoose events that represent distinct times and events and thus

different stratigraphic positions between flows (Ts1 and Ts2 units, Plate 1).
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COLUMBIA RIVER BASALT GROUP

NOMENCLATURE

The Columbia River Basalt Group (CRBG) is a sequence of Miocene tholeiitic

flood-basalts covering an area of 163,700 km2 that originated from vents and fissures in

the eastern and southeastern part of the Columbia Plateau (Tolan and others, 1989). The

Columbia River Basalt Group in northwest Oregon consists of three distinct units: 1) the

Pomona member of the Saddle Mountain Formation 2) the Wanapum Basalt Formation

of which only the Frenchman Springs Member (-15.3 Ma) is present and 3) the Grande

Ronde Basalt Formation (15.6-16.5 Ma) that is composed of seventeen distinct now units

(Figure 39). The Grande Ronde lavas are a sequence of high- and low-MgO normal and

reversed polarized tholeiitic subaerial basalt flows, typically aphanitic with a few units

displaying diagnostic plagioclase phyric textures. The Grande Ronde basalt unit was

erupted during two separate normal and reversed polarity intervals, which are defined

from oldest to youngest as: R1, N1, R2, N2 (Figure 39). These basalts have a narrow range

of compositions with 52-57 normalized weight % SiO2, MgO ranging from 3.00- 6.00

normalized weight %, and enrichment in total FeO and the incompatible elements

compared to mid-oceanic ridge basalts (Reidel and others, 1989). Individual now

thickness typically decreases as distance from the source increases and ranges from 100

meters to several meters with an average of 30 meters (Reidel and others, 1989). The

Grande Ronde flows erupted over a 2 million year interval and were derived from north-



121

SERIES GROUP FORMATION MEMBER
.SOTOnc

AGE

MAGNETIC

POLARITY

LOWER MONUMENTAL MEMBER 6 N
arosloal Unconformity

ICE HARBOR MEMBER
Basalt of Goose Island

8.5
NIL

Basalt of Martndale R
Basalt of Basin City N

Erosional UneocformlIY

BUFORD MEMBER R

ELEPHANT MOUNTAIN MEMBER 10.5 R.T
ErosIonal Unconformli Y

POMONA MEMBER 12 R
SADDLE Erosional Unconformity

ESQUATZEL MEMBER N

MOUNTAINS Erosion/ UnconformHy

WEISSENFELS RAGE MEMBER
Slippery Creek N

BASALT salt of Tenmile Creek N

Basalt of Lewiston Orchards N
salt of Clovertand

ASOTIN MEMBER
Basalt of Huntzin er

13
N

Local Erosional Unconformity

WILBUR CREEK MEMBER
Basalt of La wai N

IL Basalt of Wahluke
M Local Erosional UnconformltY .....

,,,.,,

0 UMATILLA MEMBER
Basalt of Sillusi Nj
Basalt of Umatilla N

J Local Erosional Unconfonnity

U)
PRIEST RAPIDS MEMBER

Basalt of I
14.5

R
W Q Basalt of Rosalla R
Z Local Erosional Uncontormity

W ROZA MEMBER T,R

0 > FRENCHMAN SPRINGS MEMBER
Basalt of Lyons Ferry NWANAPUM

Sentinel Ga N
Basalt of Sand Hollow 15.3 N

rF Itsr NE
BASALT ft of G!Mnk a E

J Basalt of Palouse Falls E
0 ECKLER MOUNTAIN MEMBER

Basalt of hum k r Creek N
Basalt of Dodge N
Basalt of Robinette Mountain

Local Erosionai Uncontormity

SENTINEL BLUFFS UNIT 15.6

SLACK CANYON UNIT

FIELD SPRINGS UNIT

GRANDE UMTANUM UNIT

< ORTLEY UNIT
of RONDE
or ARMSTRONG CANYON UNIT

> B ALT
MEYER RIDGE UNIT

AS
GROUSE CREEK UNIT

WAPSH1LLA RIDGE UNIT
R2

MT. HORRIBLE UNIT

GORGE
CHINA CREEK UNIT

N
III BASALT DOWNEY GULCH UNIT

,
1

O CENTER CREEK UNIT
ROGERSBURG UNIT R

TEEPEE BUTTE UNIT

BUCKHORN SPRINGS UNIT 16.5

R,

IMNAHA
See Hooper and others (1984) for Mnaha Units

T

BASALT No

17.5 Ro

Figure 39. Stratigraphic column of the Columbia River Basalt
Group (Reidel and others, 1989). Gray highlighted members
represent flows present in the study area.

N

<

N



122

northwest trending fissures in southeast Washington, northeast Oregon, and southwest

Idaho (Mangan and others, 1986).

The overlying Frenchman Springs Member of the Wanapum Basalt Formation

consists of characteristically sparse plagioclase-phyric basalt flows that display normal

polarities and individual chemical signatures from the Grande Ronde Basalt. The

Frenchman Springs Member is divided into six flow units (Figure 39). Several

Frenchman Spring and Grande Ronde flow units in northwestern Oregon were emplaced

primarily along the path of the modem Columbia River, but are also present as far south

as the Salem Hills (Beeson and others, 1985).

LOCAL FLOW STRATIGRAPHY, MAGNETIC POLARITY, AND GEOCHEMISTRY

The Columbia River Basalt Group within the study area is composed solely of

low-MgO Grande Ronde flows (a minimum of six distinct flows) with thickness ranging

from several meters to ten meters. These units include R2 (reversely polarized) and N2

(normal polarized) units. No Frenchman Springs Member flows of the Wanapum Basalt

Formation are present in the Clatskanie quadrangle, but flows have been mapped to the

west in the adjacent Marshland quadrangle (Ketrenos, 1986). Extensive sampling was

conducted throughout the study area from which a selection of twenty-three Columbia

River Basalt Group flows and two basalt conglomerates were analyzed by x-ray

fluoresence at Washington State University (Fugure 40; chemical analyses in Appendix
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F). Field characteristics such as jointing, weathering, hand sample descriptions, and even

petrographic characteristics alone are not reliable for correlation of flows over distances

(Swanson and others, 1979; Mangan and others, 1986). Therefore, correlations of

individual flows and units must be accomplished with a combination of techniques,

which primarily include chemical analysis and magnetostratigraphy with accompanying

petrographic descriptions and field characteristics.

The primary identification of Columbia River Basalt Group flows in the thesis

area was accomplished using the paleomagnetic characteristics (see results in Table 1)

and elemental geochemistry (Appendix F). All flows, with the exception of the Eocene

Grays River Volcanics that form the cliffs along Highway 30 in the northwestern part of

the study area, have distinct Grande Ronde chemistries. Throughout the study area a

stratigraphy of lower normal polarized flows overlain by reversed flows was recognized

using a Flux-gate magnetometer, but it has been discovered that errors are associated with

this interpretation.

The reliability and usefulness of the fluxgate magnetometer for polarity

determination has been found to be inconsistent by this study. A total of twenty-eight

basalt samples were analyzed by the fluxgate magnetometer, but the samples that

exhibited normal polarity do not match the flow determinations based on the chemical

properties. Four samples that are typical of the basal Columbia River Basalt Group

flow(s) have overprinted present day normal polarity and are overlain by at least six

flows of reversed (R2) polarity. The chemistries of all the samples except Grays River

basalt sample DE-Hwy30-1, represent flows of the Grande Ronde Formation. If the basal
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Sample Polarity Comments Characteristics
DE-Bill-2-1 - strong plagioclase phenocrysts -lmm

DE-Bill-2-3 - strong open ground mass

DE-BWF-1 - strong aphanitic

DE-CHR-2-1 - strong plagioclase phenocrysts -lmm

DE-EML-2 - strong aphanitic

DE-EML-3 - strong aphanitic

DE-EML-5 - strong aphanitic

DE-EML-6 - strong aphanitic

DE-Hwy30-1 - strong aphanitic

DE-JC-2-1 + strong aphanitic

DE-JC-2-2 - strong aphanitic

DE-JC-2-3 + strong aphanitic

DE-LVFM-1 - strong sparse plagioclase phenocrysts -2mm

DE-NN-1 - strong aphanitic

DE-RF-1 + strong aphanitic

DE-SR-1 - strong aphanitic

DE-SR-2 - strong sparse plagioclase phenocrysts --2mm

DE-SR-3 - strong aphanitic

DE-SR-Q1 - strong aphanitic

DE-SR-Q2 - strong aphanitic

DE-Swd-2 - strong aphanitic

DE-Swd-3 - strong aphanitic

DE-Swd-5 + strong plagioclase glomerocrysts -2.5mm

DE-Swd-6 - strong plagioclase microlites up to 2mm

DE-Swd-7 + strong aphanitic

DE-Swd-8 - strop aphanitic

DE-Swd-9 - strong aphanitic

DE-Swd-10 - weak aphanitic

Table 1. Magnetic polarities (from a fluxgate magnetometer) and
hand sample characteristics of the Columbia River Basalt Group
samples. Spinner magnetometer analysis by Jon Hagstrum of the
USGS shows that the lower normal polarity samples throughout the
field area are actually reversed from the R2 interval. All samples
were emplaced during a reversal except for the Winter Water N2
flows, which were not analyzed by paleomagnetics due to the
absence of cohesive outcrops for sampling.
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flows have normal polarity overlain by reversed (R2) flows with Grouse Creek chemistry

then the basal unit must be an Nl unit, either China Creek or Downey Gulch flow unit

(Figure 39). Two factors preclude this conclusion: 1) no Nl units have been recognized

west of Portland and 2) the geochemistry of the normal flows does not match either the

China Creek or Downey Gulch chemistries of Reidel and others (1889) (Figure 40).

Rather, they are close in chemistry to the high-Ti02, low MgO, R2 Wapshilla Ridge flow

(Figure 40). The present day normal polarity appears to be a result of weathering or

alteration that has produced unreliable results from the fluxgate magnetometer. The basal

R2 Wapshilla Ridge flow below the basalt conglomerate in the quarry sample site DE-JC-

2-3 (T6N, R4W NW 1/4 of section 16, Plate 1) was drilled by Jon Hagstrum of the U.S.

Geological Survey and Alan Niem of Oregon State University. These samples were

analyzed by Jon Hagstrum on a spinner magnetometer at the U.S. Geological Survey in

Menlo Park, California. The more accurate spinner magnetometer detected a remnant

reversed polarity, but the sample contained an initial normal polarity, which had to be

demagnetized (Hagstrum personal communication, 2002). The normal overprinting may

be in part due to a function of extensive weathering and alteration during a large hiatus

that occurred between the basal 1-2 Wapshilla Ridge flows (Tgrl) and the overlying units

(Tgr2, Plate 1). Throughout much of the field area, Scappoose Formation interbeds

between the basal and upper flows represent this large interval of time. Based on these

results, all flows in the study area most probably have reversed polarity, but the basal

flows of the Wapshilla Ridge unit (flow determination discussed below), may contain an

anomalous normal polarity signal when measured with a less accurate fluxgate
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magnetometer. Thus, the polarities plotted on the geologic map (Plate 1) are all reversed

based on assumptions from the chemistry and error introduced from the normal

overprinting. Table 1 shows the fluxgate magnetometer results for which five basalt flow

samples exhibit normal polarity, but it is assumed that these are, in fact, reversed.

In order to compare the major and minor element chemistries with published

Columbia River Basalt Group chemical analyses (of Reidel and others, 1989; Beeson and

others, 1989), the data had to be adjusted. Recent analyses of major oxides from

Washington State University's x-ray fluoresence laboratory are not directly comparable

to published Columbia River Basalt data because a different spectrometer is now used

with a new international standard. During the 1970s through the 1990s the lab ran

analyses against a Columbia River Basalt standard. Ray Wells and Russell Evarts of the

U.S. Geological Survey in Menlo Park, California recently reanalyzed 35 samples of

Columbia River Basalt from western Oregon and Washington that were previously run on

the old spectrometer and CRB standard. Significant differences in elemental chemistries

were observed and correction values were calculated by Russ Evarts (2001, personal

communication) to relate the new spectrometer analyses to the previous ones. The

published analyses of Reidel and others (1989) have been adjusted according to the

corrections before data from this study was plotted (Figure 40).

The basal 1-2 flow(s) in the study area are characterized by high TiO2 (2.32-2.46

normalized weight %) and high P2O5 (0.38-0.39 normalized weight %), which distinguish

these flows from the overlying lavas. The geochemistry of the lower flow(s) correlates

well to the R2, high TiO2 Wapshilla Ridge unit of the Grande Ronde Basalt based on the
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corrected data from Reidel and others (1989) (Figure 40). The Wapshilla Ridge chemical

range, depicted by the yellowish-orange box on Figure 40, does not encompass all the

basal flow samples (DE-JC-2-1, DE-JC-2-3, DE-JC-2-4, DE-Swd-7, DE-PHD-2-1).

However, based on the polarities from the fluxgate and spinner magnetometers the flows

have been determined to be reversed and, therefore, best match the Wapshilla Ridge unit.

The other two closest corrected geochemical fields are the aphyric Umtanum and sparsely

phyric to glomerophyric Winter Water units that are both N2 (normal polarity), which

would be stratigraphically higher than the basal R2 (Tgrl) and middle R2 (Tgr2) basalt

units in the field area (Plate 1, Figure 40).

The basal dark gray aphyric flow(s), recognized in a quarry on Swedetown Road

just north of the town of Clatskanie (T7N, R4W section 8, sample DE-Swd-7), exhibit

strong entablature with normal polarity determined in this study using a fluxgate

magnetometer. The same flow is present to the south in a quarry on Johnson Creek Road

at T6N, R4W, on the border between sections 15 and 16 (sample DE-JC-2-3, Plate 1).

These flows represent the base of the Columbia River Basalt Group stratigraphy in the

study area and have reversed polarity as confirmed by spinner magnetometer results

discussed earlier.

Basalt clasts from two conglomerate units also have chemistries indicative of the

high TiO2, R2 Wapshilla Ridge unit. One cobble-sized clast (DE-PHD-2-1) from the

basal basalt conglomerate of Scappoose Formation along Palm Hill Drive Road

represents the onset of Scappoose deposition (see Scappoose Formation section; Figures

28 & 29). The geochemical signature of sample DE-PHD-2-1 has higher MgO and P2O5
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values as compared to the Wapshilla Ridge chemical range. Sample DE-PHD-2-1 is a

well-rounded clast from a fluvial interbed that was most probably altered compared to the

other samples. Weathering of clasts could change the MgO and P2O5 chemical values.

Even with alteration from weathering, it is apparent that this sample was derived from a

Wapshilla Ridge flow because the second conglomerate (DE-JC-2-4) along Johnson

Creek Road in the south lies above a basal flow, which the fluvial system reworked to

create the conglomerate (Figure 41). The upper Wapshilla Ridge unit in the southern part

of the study area is overlain by a Scappoose Formation interbed that separates overlying

the Grouse Creek flow unit (see following Grouse Creek determination) (Figure 42). The

interbeds vary in composition from fluvial Wapshilla Ridge cobble conglomerate to lithic

bluish-yellow sandstone to lacustrine tuffaceous buff color siltstone. The Scappoose

Formation interbeds can be used to locally differentiate the Wapshilla Ridge flow unit

from the overlying Grouse Creek flows as viewed in the southern part of the study area

(Plate 1).

The middle Grande Ronde Basalt unit (Tgr2 on Plate 2) is composed of a

minimum of six aphyric flows of reversed polarity and represents the thickest, most

extensive Columbia River Basalt Group unit in the study area. The middle flows are

characterized by low TiO2 (2.020-2.205 normalized weight %) with moderate MgO and

P2O5 values. Based on the reversed polarity and the geochemistry, the middle flows

correlate well to the Grouse Creek unit of the Grande Ronde Basalt (Figure 40). Not all

the samples fit within the Grouse Creek field because the samples have a wide variation

in MgO values. The other possible interpretation is that a Mount Horrible flow (reversely



Figure 41. Johnson Creek logging road quarry containing a basal
Wapshilla Ridge flow and an overlying Scappoose Formation
basalt conglomerate interbed. a) Basal R2 Grande Ronde Basalt
of the Wapshilla Ridge member that directly overlies the Pittsburg
Bluff Formation (sample DE-JC-2-3). b) Close-up of the
well-rounded fluvial Scappoose Formation basalt conglomerate
interbed (DE-JC-2-4), derived from the underlying Wapshilla Ridge
flow. Refer to Plate 1 for sample localities.
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Normal polarity (N2), phyric, dark gray (fresh) basalt
flow(s). Distinguished from underlying flows by the
presence of plagioclase phenocrysts up to 1 cm and
glomerocrysts up to 5 mm in a finely crystalline
groundmass. Flows weather to characteristic spheroidal
boulders (up to 2 ft in diameter) in a bright orange soil.

Aphanitic, dark gray to black, reversely polarized (R2)
tholeiitic basalt comprised of at least six flows and
as many as nine that range in thickness from 20-30 ft.
Flows generally display entablature jointing, but 1-2
flows are locally columnar jointed. Localized fluvial
to lacustrine Scappoose Formation interbeds are
present between flows and consist of CRB cobble
conglomerates, lithic sandstones, and/or siltstones.
Identification of the Grouse Creek unit from
the underlying Wapshilla Ridge unit must be done
with geochemistry. Some unrecognized N2 Ortley
flows may occur in this section.

1-2 flows of aphanitic, dark gray reversely polarized
(R2) tholeiitic basalt that display entablature jointing.
The upper contact in the southern study area is
characterized by a fluvial CRB basalt conglomerate to
lithic sandstone to lacustrine siltstone of the Scappoose
Formation that separates the upper Grouse Creek flow
unit. Geochemisty is needed to distinguish this unit
from the overlying Grouse Creek, but fluxgate
magnetometer analysis uniformly displays normal
polarity.

Figure 42. Stratigraphic column of lower to middle Miocene Columbia River
Basalt flows in the Clatskanie quadrangle with distinguishing field characteristics.
Column is of generalized stratigraphy of units and not drawn to scale.
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polarized) is present below the reverse polarity Wapshilla Ridge flow(s). However, the

Mount Horrible flow unit has been previously recorded only as far west as the Dalles,

Oregon, which would preclude the Mount Horrible unit in the Clatskanie quadrangle

(Reidel and others, 1989).

The Grouse Creek flows generally exhibit well developed entablature in quarry

exposures and are aphyric with no observed phenocrysts as viewed in the Swedetown

quarry (sample locality DE-Swd-7, Plate 1). Locally 1-2 flows display blocky columnar

jointing along Beaver Creek in the northeast part of the map area (southern V2 of section

12, T7N, R4W, sample locality DE-BWF-1, Plate 1). Between successive Grouse Creek

flows, Scappoose Formation interbeds are fluvial Grouse Creek cobble to boulder basalt

conglomerate, lithic sandstone and lacustrine siltstone. Such interbeds are isolated,

generally form lenses up to 15 feet (4 meters) thick, and have been locally invaded by

younger basalt flows (see following Flow Contact Relationship section). R2 Grouse

Creek and Wapshilla Ridge flows are for the most part indistinguishable in hand sample,

so geochemistry must be used to identify these units.

The uppermost flow unit (Tgr3) was determined from hand sample characteristics

and field observations rather than with geochemistry and polarity. This more deeply

weathered unit, observed only in the southeast part of the study area (Plate 1) has an

aphyric groundmass with distinct plagioclase phenocrysts up to 1 cm in length, indicative

of the N2 (normal polarity) Winter Water unit of the Grande Ronde Basalt. The N2

Winter Water flows are the only Grande Ronde flows with large glomerocrysts of

plagioclase that overlie the R2 units, so the presence of such radial crystals resolves the
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unit. The Winter Water unit is dark gray (fresh) basalt characterized by spheroidal

boulders (up to 2 feet in diameter) that are contained in a thick weathered bright orange

soil or regolith (Figure 42). No specific flow boundaries have been recognized, for deep

weathering of the unit has destroyed any outcrops. Furthermore, no quarries expose the

Winter Water flow unit because the extensive weathering that created the round boulders

makes poor road rock. Quarries are present throughout the Grouse Creek and Wapshilla

Ridge flow units because the entablature nature of the basalt makes high-grade road rock.

The best area to view a near-complete flow stratigraphy in the study area is the

quarry immediately north of downtown Clatskanie (T7N, R4W section 8, Plate 1). The

quarry contains a basal Wapshilla Ridge flow (DE-Swd-7) and four overlying aphyric

Grouse Creek flows that display well-formed colonnade (DE-Swd-5, DE-SR-Ql, DE-

Swd-6, and DE-SR-Q2) (Plate 1). Also exposed within the quarry between flows is a 1.5

meter thick siltstone interbed (samples DE-Swd-5 and DE-SR-Ql) with carbonized tree

remains. Both the upper and basal contacts of the siltstone area baked by an invasive

flow (discussed in the following flow contact section). Above the quarry, two more

upper flows were sampled along the road to the immediate east that leads up to a plateau

on the hill (Plate 1). This sequence from the base of the quarry to the top of the road

represents one basal Wapshilla Ridge flow and a minimum of six successive overlying

Grouse Creek flows with possibly a few unidentified flows, which comprise the top of

the ridge.
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FLOW CONTACT RELATIONSHIPS

The low MgO R2 and N2 Grande Ronde flows in the study area have variable

contact relationships with the underlying Tertiary sedimentary units. Generally, the basal

Wapshilla Ridge and Grouse Creek flows overlie and are interbedded with the Scappoose

Formation. However, because the Scappoose is predominantly a deposit restricted to

paleotopographic lows between highs (or divides) of the Pittsburg Bluff Formation, the

paleo-highs did not receive sedimentation. Therefore, the Grande Ronde flows locally

overlie the Pittsburg Bluff Formation. As the basalt flows overrode the Tertiary units, the

underlying beds were commonly baked, leaving a dark gray to black hardened zone at the

top of the sedimentary units. Figure 43 depicts two baked contacts with the Scappoose

Formation. Figure 43a shows a baked fluvial sandstone of the Scappoose Formation and

sand spiracles at the base of the overlying lava (T6N, R4W, section 6 on Enterprise

Road). This contact implies the sandstone was not consolidated when the Columbia

River Basalt Group flows were emplaced, but rather it may have been an active fluvial

system with water to fluidize the sand. If deposition of the Scappoose Formation was

coeval with Columbia River Basalt Group flow emplacement, then the uppermost

Scappoose Formation must be early to middle Miocene in age. Figure 43b illustrates

further sand spiracles in a baked arkosic sandstone of the Scappoose Formation formed

due to loading from an upper Wapshilla Ridge lavas over the soft soupy sands (T6N,

R4W, SW '/4 of section 9 at sample locality DE-JC-2-1).

Along a Forest System logging road in T7N, R5W, NW '/4 of section 13 near

sample locality DE-Con-2-1, the basal Columbia River Basalt Group contact is



Figure 43. Columbia River Basalt Group flow contact relationship
with the underlying Scappoose Formation. a) Overlying Grouse
Creek flow that baked a fluvial sandstone of the Scappoose Formation
and displays sand spiracles, Windy Gap. b) A Wapshilla Ridge flow
that created sand spiracles in the underlying baked arkosic Scappoose
sandstone.



autobrecciated (Plate 1). The contact between the Pittsburg Bluff Formation siltstone and

the Grande Ronde flow is a breccia of altered, angular basalt fragments incorporated in a

tuffaceous siltstone from the East Fork member with minor sandstone clasts possibly of

the Scappoose Formation. This invasive peperitic contact is localized and not observed

in other areas.

Possibly the most interesting contact relationship is exposed in a quarry along

Swedetown Road north of Clatskanie (T7N, R4W section 8) where a Wapshilla Ridge,

Grande Ronde flow invaded the underlying Scappoose Formation interbed (Plate 1).

Figure 44 depicts this upper contact where the basalt invaded from beneath and squeezed

up through the siltstone, contorting the bedding and baking the lower contact of the

siltstone. This is a local contact, but one that is most probably common at many

interbeds for the denser basalts could easily displace and uplift the soft soupy sediments

of active fluvial or lacustrine deposits. Beeson and others (1979) theorized that Columbia

River Basalt flows invaded older, underlying Tertiary marine units on a large scale,

forming sills and dikes some of which eventually reerupted at the Miocene Oregon

coastline and shelf slope. Large-scale intrusions were not observed in the thesis area, but

individual subaerial flows did invade soft sediments on a much smaller scale.



Figure 44. Upper contact of a Grouse Creek (R2) flow that invaded a Scappoose
Formation, gray to light buff, tuffaceous siltstone interbed, which created contorted
bedding and a reddish-brown baked margin at the base of the siltstone. Photograph
taken at a quarry along Swedetown Road immediately north of downtown Clatskanie
(sample locality DE-Swd-5, Plate 1).



X-RAY DIFFRACTION

Sample DE-CC-6 is a weathered Grouse Creek, Grande Ronde flow that was

collected near the middle of the Columbia River Basalt Group flow sequence along

Clatskanie Heights Road (Plate 1). The <2 µm size fraction contains hydrated smectite;

the first peak on the glycol treatment, which shifts right with various saturation

treatments and then collapses with heat treatment. Other clays identified in the same

sample area: illite, halloysite, kaolinite, and cristobalite (Figure 45). The <15 µm silt and

clay size fraction contains most of the clays in finest fraction, but also contains anorthite,

quartz, and hematite (Figure 46). Plagioclase feldspar (labradorite) is expected for the

groundmass of the Columbia River Basalt Group flows is predominantly feldspar and

basaltic glass. Quartz is not a primary mineral in basalt; therefore, the quartz as well as

the cristobalite must be secondary from groundwater saturated with silica. The presence

of hematite is expected because the most identifiable property of weathered Columbia

River Basalt Group flows is the reddish-orange color due to oxidization, especially when

weathered to a soil. The Columbia River Basalt Group is a plausible source besides insitu

oxidation of heavy minerals for the Fe (iron) Liesegang banding observed in the

Scappoose and Pittsburg Bluff formations, which would mean the process must have

occurred post-flow emplacement (lower to middle Miocene to present). The Keasey

Formation has not been affected by the Fe-rich groundwater because it is much more

fine-grained, resisting percolation of groundwater and possibly creating a locally perched

water table.
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SCANNING ELECTRON MICROSCOPE

Grouse Creek basalt sample DE-CC-6 was imaged using the scanning electron

microscope for a closer investigation of a typical weathered Grande Ronde flow of the

Columbia River Basalt Group. Figure 47 displays a partially dissolved feldspar and

abundant botryoidal iron oxide (e.g., hematite, geothite, limonite), both results of

weathering. The Grande Ronde Basalt flows have abundant microlitic plagioclase

feldspar that comprises much of the groundmass of the rock and minor larger plagioclase

feldspars (associated with specific flows such as the Winter Water unit). The feldspars

can be dissolved by groundwater and/or surface water and replaced by an alteration

product (such as clay), or left as open voids, which increases the porosity of the unit. The

scanning electron microscope images clearly depict the absence of material within the

original feldspar crystal structures. Fe (iron) oxide appears to have infilled the secondary

pore spaces in the sample, but did not infiltrate the feldspar because clay alteration of the

feldspar occurred after Fe oxide deposition. The Fe oxide formed from oxidizing ground

and/or surface water that leached out Fe from the basalt and precipitated Fe oxide into

open voids.

PETROLOGY

The overwhelming majority of flows from the R2 and N2 units in the Grande

Ronde Basalt Formation are aphanitic with a few exceptions such the Winter Water unit

that contains small phenocrysts or glomerocrysts of plagioclase. For this reason hand
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Figure 47. Scanning electron microscope image of a
weathered Grouse Creek flow (sample DE-CC-6) displaying
the general texture of a Columbia River Basalt Group,
Grande Ronde flow. a) Dissolved skeletal feldspar and
botryoidal, secondary iron oxides. b) Another partially
dissolved feldspar displaying cleavage secondary porosity,
coated by Fe oxide. Also present is a nonaltered feldspar
displaying good cleavage.
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sample differentiation and correlation of individual flows over distances is dificult.

Petrology can be much more useful for this purpose. Five samples of Columbia River

Basalt Group flows and two conglomerate samples from the thesis area were selected for

petrographic examination (descriptions in Appendix B). The five samples represent

specific flows from a quarry on Swedetown Road just north of Clatskanie, which is the

best exposure of Columbia River Basalt stratigraphy within the field area (Plate 1).

Three samples of Wapshilla Ridge (R2) chemistry type were examined, DE-Swd-

7 of the basal Grande Ronde flow and two samples DE-JC-2-4 and DE-Phd-2-1 of

cobbles from the basal conglomerate of the Scappoose Formation. The Wapshilla Ridge

unit of the Grande Ronde Basalt is typically aphanitic basalt with a glassy groundmass

and small microlites of both clinopyroxene and plagioclase up to 1 mm in length. Figure

48 is a photomicrograph of one basalt conglomerate clast that has an elongated

clinopyroxene approximately 0.5 mm in length that is common to the Wapshilla Ridge

flows. Figure 49, from sample DE-Swd-7, displays an albite twinned and zoned

plagioclase phenocryst that was formed within a magma chamber prior to eruption.

Generally the flows of the Wapshilla Ridge unit have an open groundmass with a smaller

percentage of plagioclase than the Grouse Creek unit, which more commonly displays

interlocking microlites of plagioclase feldspar.

The overlying Grouse Creek flows typically have a fine aphanitic texture with

randomly interlocking plagioclase microlites within a glassy groundmass with minor

clinopyroxene crystals. The resulting senate texture appears to be an important feature to

distinguish the Wapshilla Ridge unit from the Grouse Creek unit (Figure 50). Another
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Figure 48. Photomicrograph of a sparse lath-like
clinopyroxne in a Scappoose Formation conglomerate
derived from a Wapshilla Ridge flow, sample DE-JC-2-4
(crossed nicols). Refer to Figure 41 for outcrop photograph.

Figure 49. Photomicrograph of the basal Grouse Creek flow,
sample DE-Swd-7 with an albite-twinned and zoned
plagioclase phenocryst within a finely-crystalline, glassy
groundmass with plagiocalse microlites. Collected from a
quarry along Swedetown Road just north of Clatskanie.
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Figure 50. Photomicrograph of a Grouse Creek flow
(DE-SR-Q1) that displays a senate texture of albite twinned
plagioclase surrounded by opaque glassy groundmass,
collected in a quarry along Swedetown Road, north of
Clatskanie (crossed nicols).

Figure 51. Photomicrograph of sample DE-SR-Q2, of a
Grouse Creek flow with radial plagioclase glomerocrysts.
Tabular plagioclase in a glassy groundmass from the upper
flow, collected in a quarry on Swedetown Road north
of Clatskanie (crossed nicols).
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distinguishing petrographic feature of the Grouse Creek flows is the presence of sparse

plagioclase glomerocrysts up to 0.2 mm in diameter (Figure 51). Specific flows such as

the Winter Water of the (R2) Grande Ronde Basalt have been described as glomerocrysts-

bearing in hand sample up to 5 mm long, which was used for identification in this study

(Reidel and others, 1989). The smaller glomerocrysts of the Grouse Creek unit are star

shaped crystal structures composed of radial plagioclase microlites (<0.2 mm long) that

can be viewed only under a petrographic microscope, whereas the Winter Water flows

have larger glomerocrysts that are identifiable in hand sample.
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QUATERNARY MAP UNITS

Two Quaternary units were identified and mapped by this study (Plate 1). The

first unit is alluvium (Qal) that consists of horizontally stratified unconsolidated

sediments that range from light colored silt to matrix-supported cobble and boulder

gravels. The larger sized clasts of the gravels were derived from the lower to middle

Miocene Columbia River Basalt, Grande Ronde flows into which Quaternary streams

have incised. The sediments were deposited by streams and are confined to flat valley

bottoms. The large deposit in the northwestern part of the study area is part of the

modern Columbia River floodplain (Plate 1). Generally, flowing water is confined to a

large channel to the north. However, during high rainfall or rapid melting of snow, this

area can become inundated by flooding. The floodplain deposits of the Columbia River

are light-color arkosic sandy-silts that make ideal soil for local farming. Contained

within the floodplain alluvium is a meandering stream system that is fed by the

Clatskanie River and Conyers Creek, which eventually drains into the Columbia River.

The active meander channel deposits consist of dark brown organic clays and silts.

Although distal from the coastline, the meandering system is affected by the oceanic tidal

cycle with a sizeable time delay.

The second mapped Quaternary unit (Qls) denotes areas where landslides have

occurred. Two large-scale deposits were mapped, the most obvious one near the center

of the study area involved nearly two square miles (Plate 1). This slide has a prominent

arcuate head-scarp in the south consisting of a steep cliff up to 500 feet (150 m) high.
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The crescent shaped scarp is located immediately northeast of Windy Ridge and opens to

the north indicating the direction of the landslide movement. The landslide is

characterized by hummocky, undulating topography that formed circular topographic

lows and depressions, which are filled with water creating numerous lakes (such as Scout

Lake, Plate 1). This particular landslide is contained within the Columbia River Basalt

Group flows and may have initially failed along a flow boundary or a Scappoose

Formation interbed, with a northerly dip, triggering a large-scale mass-movement. Near

the head scarp, the landslide is composed of massive weathered Columbia River Basalt

flows that are difficult to differentiate from typical, intact flows if not for the prominent

headscarp and the hummocky topography. Near the toe of the landslide the deposit is

characterized by highly weathered angular, chaotic blocks of Columbia River Basalt

clasts that range from cobble to boulder sized.

The other major landslide is at Windy Gap in the western central part of the map

area (Plate 1). This deposit is much smaller and is also primarily composed of chaotic

weathered blocks of Columbia River Basalt that displays hummocky topography. Windy

Gap is also composed of Grande Ronde basalt flows, but directly underlying the ridgeline

are poorly consolidated northward dipping Scappoose Formation sandstones. These

sandstones were eroded, undercutting the ridge and destabilizing the overlying Columbia

River Basalt flows, resulting in the landslide. In fact, small-scale landslides and slumps

are common throughout the Scappoose Formation, which have destroyed numerous

logging roads. The Scappoose Formation (Tsl and Ts2) is a poor unit on which to build

any structures due to the landslide potential.
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STRUCTURE

REGIONAL TECTONICS AND STRUCTURE

During the Tertiary, the western margin of Oregon and Washington was subjected

to large-scale reorganization of the Cascadia subduction zone that greatly affected the

geology and structure of the region. The transition period during the reorganization is not

well understood, but is an essential piece in reconstruction of the geological past. Since

the middle Eocene westward jump of the subduction zone, the Juan de Fuca slab

(remnant of the Farallon Plate) has been subducting obliquely in a northeasterly direction

creating northward migration of the forearc and causing clockwise rotation of coastal

blocks of western Oregon and Washington (Wells and others, 1998). The rotation of

western marginal blocks has translated into a complex fault pattern within the Oregon

and Washington Coast Range dominated by dextral slip along northwest trending faults.

The Neogene structure of northwest Oregon is characterized by the Portland Hills Fault

zone, which has right-lateral strike-slip and normal components. The Portland Hills Fault

zone can be traced from the western cliffs of Portland northwesterly through the Coast

Range, just south of the study area. The structure and geology of the Clatskanie

quadrangle reflects both the local and broad-scale features that can be related to this

overall tectonic setting of northwest Oregon.
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LOCAL STRUCTURE

The predominant bedding attitude throughout the field area strikes roughly east-

west with a gentle to moderate dip to the north from 9-20°. The variation in bedding

orientations and the presence of drag folds is a direct result of local faulting (Plate 1).

The resolution of defined faults and folds within the field area is a function of the extent

of outcrop exposure. Unfortunately, the area has prolific vegetation and thick soil cover,

so may faults may be undetected from field mapping alone. The northwest and northeast

trending fault pattern (Plate 1) that has been recognized and mapped was derived from

multiple observations of geology, topography, and aerial photographs. Integral

subsurface 2-D and 3-D seismic data of the region was provided by Dave Huggins of

Enerfin Resources Incorporated and Jack Meyer of Northwest Natural. Due to

proprietary status of the data, the positions of subsurface pre-Keasey faulting on cross-

section A-A' (Plate 1) are only generalized.

The overall fault pattern of the study area is dominated by a northwest trend with

fewer subordinate northeast structures (Plate 1). Due to the high vegetation cover, faults

were mapped on the basis of offset units for actual fault planes were rarely observed. An

understanding of the subsurface geometry of these units and positions of potential faults

is an important aspect of this thesis for evaluating the natural gas potential. Cross-section

A-A' on Plate 1 displays a gentle northward dip of the subsurface units with a small

normal horst fault block of Grays River Volcanics (informally named by this thesis:

Windy Ridge Volcanic High) that was drilled by well CC 41-36-75 (Plate 1). This

paleohigh caused depositional thinning of overlying Tertiary sedimentary formations,
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especially the Keasey Formation (Plate 1). The Windy Ridge paleo-volcanic high

projects to the northwest in the subsurface, causing depositional onlap of the Keasey and

Pittsburg Bluff formations. In this area, the Pittsburg Bluff Formation in 2-D seismic

reflection profiles drastically downcuts into the Keasey Formation creating an

unconformity (Huggins, personal communication, 2001). At the north end of cross-

section A-A', the Grays River Volcanics become increasingly thick, dominating the

entire subsurface of the cross-section. The thick basaltic sequence represents a

significant volcanic paleohigh, representing the flank of a middle to late Eocene shield

volcano. This interpretation is supported by the Champlin Petroleum Company well

(Puckett 13-36-58, located 8N, 5W, section 36) that was drilled approximately 9 miles to

the west and V2 mile north of the thesis area. The Champlin well encountered >450 feet

(136 meters) of Columbia River Basalt flows overlying 230 feet (70 meters) of claystone

on top of >4350 feet (1318 meters) of Grays River Volcanics. The surface geology

mapped in the northwest part of the thesis area (Plate 1) also supports a volcanic

paleohigh hypothesis. Between the middle to upper Eocene Grays River Volcanics

(oldest stratigraphic unit in the study area) and the lower to middle Miocene Columbia

River Basalt Group flows (uppermost Tertiary unit in the study area), a thin sequence of

sedimentary units 60-80 feet (18-24 meters) thick in T7N, R5W, sections 1, 6, and 12 is

exposed along Palm Hill Drive. This sedimentary sequence is typically up to 3000 feet

(900 meters) thick elsewhere in the thesis area and includes the Hamlet, Cowlitz, Keasey,

Pittsburg Bluff and the Scappoose formations (cross-sections A-A' and B-B' on Plate 1).

Rapid thinning of the sedimentary package is directly attributed to a volcanic high where
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the units onlapped the surface, causing eventual truncation of the Cowlitz, Keasey,

Pittsburg Bluff, and Scappoose formations (cross-section A-A', Plate 1). The Clatskanie

volcanic paleohigh has an approximate northwest to north-northwest trend that was

determined from outcrop patterns and proprietary subsurface 2-D seismic reflection

profiles (Figure 52). With 2-D seismic lines, the same onlap can be seen in the

subsurface to the southeast, where the onlap appears the Cowlitz Formation may truncate

against either a Grays River Volcanic high (Jack Meyer, 2001, personal communication)

or possibly the Scappoose-Clatskanie fault. Recognition of this volcanic paleohigh is

important in understanding the natural gas potential of the area because it creates a

northern boundary for the Cowlitz C&W gas reservoir sandstone of the Mist Gas Field.

The subsurface interpretation presented in cross-section A-A' is a compilation of

geologic mapping and discussion of proprietary 2-D seismic lines provided by Dave

Huggins of Enerfin Resources Incorporated. One obvious and important aspect of the

subsurface faulting throughout the Mist Gas Field is the presence of numerous late

Eocene pre-Keasey normal faults. Interpretation of 2-D and 3-D seismic lines depicts

pre-Keasey structure as more densely spaced faults with approximately half mile

intervals, while major post middle Miocene oblique-slip faults are generally two to three

miles apart (Huggins, personal communication, 2001). These separate fault patterns

represent two major tectonic events: 1) late Eocene 2) post-middle Miocene. The late

Eocene episode postdates Cowlitz deposition, but predates Keasey deposition and was

manifested as normal faulting in the Cowlitz Formation that terminates at the basal
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Keasey contact during an extensional period cross-section A-A', Plate 1). This early

faulting event is of important economic interest because of the association of natural gas

deposits with fault traps of this late Eocene episode. The normal fault horsts and grabens

are confined to the subsurface in cross-section A-A' and represent fault traps of the Clark

and Wilson reservoir sandstone of the Cowlitz Formation.

The second major tectonic event occurred after emplacement of R2 and N2 Grande

Ronde flows of the Columbia River Basalt Group (lower to middle Miocene). All the

observed Neogene faults in the Columbia River Basalt Group depict subhorizontal

motion, with only minor vertical slip (measured from slickensides). Three strike-slip

faults are exposed in a Wapshilla Ridge, Columbia River Basalt quarry immediately

south of Enterprise Road in the SW 1/4 of section 9, T6N, R4W at sample locality DE-JC-

2-1 (Plate 1). The three fault planes range in orientation from 015-016° with varying dips

of 69-80°, with slickensides from two faults displaying pure horizontal strike-slip

displacement. At another locality on Swedetown Road in the eastern central part of the

study area (Keystone Creek, sample locality DE-Swd-2), an observed fault within the

Grouse Creek flow unit displays subhorizontal motion from slickensides of 14° to the SW

along the 045° fault plane trend. The most prominent example of dextral fault

displacement is along the Windy Ridge Fault, a major northeast-trending fault,

immediately south of the major landslide, Qls (Plate 1). The fault plane was not directly

observed, but the offset of the Pittsburg Bluff Formation, Scappoose Formation, and

Columbia River Basalt flows, along with the distinct lineation of Miller Creek define this

fault. Proprietary 2-D seismic lines through this area do not image this fault for the
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strike-slip motion created little vertical juxtaposition. The recent tectonic episode is most

probably related to oblique subduction of the Juan de Fuca oceanic slab beneath the

North American continent plate resulting in a wrench fault system and rotation of coastal

blocks. This Neogene event may have reactivated older faults such as the Scappoose-

Clatskanie lineament that appears to have both a normal and dextral component.

SCAPPOOSE-CLATSKANIE LINEAMENT

The northwest trending Scappoose-Clatskanie lineament is a dominant structure

in northwestern Oregon and in the thesis area, representing a major bounding fault of the

Portland Hills Fault zone, which is an active structure through metropolitan Portland

(Wong and others, 2001). The northwest-trending Portland Hills Fault was first

recognized between the Portland Hills linear ridge, composed mainly of lower to middle

Miocene Columbia River Basalt flows that have been deformed into a northwest-trending

anticline and the flat Quaternary sediment filled topography of the Portland Basin to the

east. Early researchers, Diller (1915) and Treasher (1942), recognized this abrupt

lineation and speculated the contact was fault controlled. Subsequent work utilizing

geologic mapping, gravity data, magnetic data, and a variety of photographic techniques

has proven this lineament to indeed be a fault with primarily a dip-slip component, down

to the northeast (Balsillie and Benson, 1971). Further speculation by Schmela and

Palmer (1972) concluded that the Portland Hills lineament is only a small piece of a

northwest-trending fault system that may extend southeastward as far as the Steens
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Mountains in southeastern Oregon. Schmela and Palmer (1972) also recognized

entrenchment of the Clackamas River into recent Quaternary terrace deposits possibly

due to active faulting along the Portland Hills Fault zone. The Portland Hills Fault is one

of several major northwest-trending faults in a broad zone that extends northwesterly

through the Coast Range from the Portland area. Multiple near-parallel northwest-

trending faults represent the Portland Hills Fault zone that includes the Scappoose-

Clatskanie fault.

Work by Haas (1983), using magnetic data, gravity data, and photographic

techniques, traced the Scappoose-Clatskanie lineament that resides north of the Portland

Hills Fault northwestward into the Coast Range to the Clatskanie River (southeast of the

Clatskanie quadrangle) where the lineation becomes more disperse and difficult to define.

From this research, Haas (1983) defined part of the Scappoose-Clatskanie lineament

through three profiles located at North Scappoose Creek, Alder Creek, and with less

definition through the northwestern Clatskanie River (see location of Haas's profiles on

Figure 53).

If projected to the northwest, the lineation that represents the Scappoose-

Clatskanie lineament extends into the Clatskanie Quadrangle in the eastern central part of

the thesis area (Figure 53). In this vicinity, multiple northwest-trending faults have been

mapped from airborne radar, aerial photos, and geologic mapping with a strike ranging

from 320-327° (Plate 1). There is no one defining fault in the central eastern part of the

study area, but rather multiple northwestern segments that define the Scappoose-

Clatskanie lineament. To the northwest, one distinct fault representing the lineament



Figure 53. Side-looking airborne radar (SLAR) image (1:250,000) from
Washington Public Power Supply of the topography including the
approximate location of the Portland Hills Fault and associated lineaments.
Yellow arrows point to the Clatskanie-Scappoose lineament that represents
a major fault zone. Blue cross-hatch identifies the extensional stepover zone
that begins at the orange circle depicting the location of two fault splays.
Green lines represent gravity surveys by Haas (1983).



follows the trace of the Clatskanie River, which defines the linear escarpment of cliffs

along Highway 30 (Plate 1, northwest quadrant). This is the most prominent structure in

the field area and can be also recognized in the topography with exceptional resolution

from a digital elevation model (DEM) (Figure 54).

There are many lines of evidence, both direct and indirect, for the presence of the

extension of the Scappoose-Clatskanie lineament. The sharp linear cliffs of uplifted

Grays River Volcanics along Highway 30 is one strong argument for a fault controlling

topography for a straight edge can be placed along the expression with little or no

variation (Plate 1). If this orientation of the lineation is projected southeastward, the

trend aligns directly with the trace of the Clatskanie River across the quadrangle to the

southeast where the fault follows the linear incised valley of Keystone Creek that has the

same northwest trend as the cliffs along Highway 30 (Plate 1).

The best evidence for the northwest-trending Scappoose-Clatskanie fault is the

mapped geologic pattern. The cliffs along Highway 30 (in the northwest) are middle

Eocene Grays River Volcanics, which represent the lowest stratigraphic unit in the thesis

area and are confined within the upthrown southwestern block of the Scappoose-

Clatskanie lineament. Unconformably overlying the Grays River Volcanics and the

Pittsburg Bluff Formation, capping the cliffs are Grande Ronde flows (Grouse Creek) of

the Columbia River Basalt Group with the lower contact at approximately 400 feet above

sea-level (Plate 1). On the northeastern side of the Scappoose-Clatskanie lineament,

lower to middle Miocene R2 Wapshilla Ridge and Grouse Creek flows of the Columbia
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River Basalt Group are exposed at 40 feet above sea-level and comprise the downthrown

block north of the Clatskanie River (Plate 1). This apparent vertical offset of the

Columbia River Basalt across Highway 30 is due to displacement along the Scappoose-

Clatskanie lineament that represents a minimum dip-slip displacement of 360 feet of the

northeast downdropped block. The dip direction and dip angle of the fault plane have not

been determined because no exposures are available on which to measure such

orientations, but the assumption is that this is a high-angle normal or vertical fault with

dextral oblique-slip motion, implying that the fault plane dips to the northeast. This is

consistent with research on the Portland Hills Fault to the southeast, which displays a

northeasterly dip with normal displacement as well as right-lateral strike-slip motion in

cross-sections published by Balsillie and Benson (1971) and Yelin and Patton (1991).

The Scappoose-Clatskanie fault in the northwest part of the Clatskanie 7.5-minute

quadrangle is the farthest northern extent of the lineament with dextral and normal

motion before this bedrock fault disappears beneath alluvium in the Columbia River

floodplain.

Although the Scappoose-Clatskanie fault is well defined in the northwest part of

the study area near the town of Clatskanie, the trace in the central eastern part of the area

is not limited to a single fault. The eastern broad zone is over 2 miles wide composed of

at least 5 northwest-trending faults (Plate 1). This zone lies in a right stepover of a right-

lateral strike-slip fault system that created an area of extension. An extensional stepover

would produce normal faulting with horsts and grabens and fault-planes dipping towards

the center of the zone, which is observed in T7N, R4W, sections 26 and 35 (Plate 1,
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cross-section B-B'). The faults mapped in this area were not exposed, but rather were

inferred from offset of rock units. The displacements are consistent with an extensional

zone model. The correlation between the subsurface seismic lines and surface geology

confirms that this area is indeed extensional, which can be accomplished by a right

stepover within a right-lateral strike-slip system.

The most substantial evidence for a major northwest-trending fault represented by

the Scappoose-Clatskanie lineament comes from a proprietary 2-D seismic reflection

profile shot along a northeast-trending transect across part of the Delena 7.5-minute

quadrangle (adjacent quadrangle to the east) (Huggins, personal communication, 2001).

If the fault (northeast orientation in T6N, R4W sections 1 and 2) at the south margin of

the step-over is projected into the Delena quadrangle, it intersects a seismic reflection line

where the 2-D profile images a major fault in the subsurface (near T6N R3W, southwest

quadrant of section 6; Plate 1). The prominent fault in the seismic line has a possible

northwest trend with a northeastward dip and normal displacement of approximately 900

feet (Huggins, personal communication, 2001). This is the same relative motion as

mapped in the northwestern extension of the fault along Highway 30 in the thesis area.

Splaying of the Scappoose-Clatskanie lineament into multiple strands may be the

reason why the fault defined by Haas (1983) is better defined to the southeast compared

to the northwest near Clatskanie River (Figure 53 shows the positions of gravity profiles

that define the extent of Haas's study area). On a SLAR image (Figure 53), the

Scappoose-Clatskanie lineation can be traced from the town of Scappoose,

northwestward to the orange circle. Northwest of the circle the fault splits into two
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segments. The southern segment that strikes at 330° dies out northward, but the northern

segment continues at an orientation of 310° through the southeast and eastern central part

of the study area (Plate 1). These two discontinuous segments represent the right

stepover of the Scappoose-Clatskanie fault zone creating an area of extension between the

two fault splays, which can be viewed on Figure 53 and from the geology as mapped

faults in Plate 1. A small horst block of the Pittsburg Bluff Formation (NE 1/4 of section

2, T6N, R4W, Plate 1) is upthrown in this zone of extension. The block is bounded by

the Scappoose-Clatskanie fault (on the south) and by two conjugate northeast-trending

faults (cross-section B-B', Plate 1). Three other northwest-trending short-segment

normal/oblique-slip faults uplift a Pittsburg Bluff sandstone block against Columbia

River Basalt (Grouse Creek flow unit) in this extensional stepover zone (Plate 1, cross-

section B-B').

Another result of displacement on the Scappoose-Clatskanie fault is formation of

a northeastward-trending syncline (parallel to Fall Creek) on an uplifted block between

the Scappoose-Clatskanie fault and the northeast-trending fault in the northwestern part

of the thesis area (sections 18 and 19, T7N, R4W). The fold is oriented -60° to the trend

of the Scappoose-Clatskanie fault, which can occur on oblique-slip faults in a wrench

fault system (Ramsay and Huber, 1987). The entire stratigraphic sequence from the

middle Eocene Grays River Volcanics to the lower to middle Miocene Columbia River

Basalt has been folded (cross-section A-A', Plate 1). The attitudes closest to the

Scappoose-Clatskanie fault in the Grays River Volcanics have the steepest dips (up to

42°) to the south with strike near-parallel to the fault (Plate 1). As distance increases
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from the oblique-slip fault to the south, the dip angle of overlying younger Tertiary

formations decreases to 15° in the Scappoose Formation. Two interpretations can explain

this decrease in dip away from the Scappoose-Clatskanie Fault. The first explanation is

that the fault has been active since at least middle to late Eocene throughout the Miocene,

which would produce the largest dip angles in older units for more displacement would

have occurred compared to younger units. The second hypothesis is that faulting on the

secondary conjugate northeast trending faults produced drag with the units closest to the

Scappoose-Clatskanie fault deformed the most.

An associated syncline south of the Scappoose-Clatskanie fault (in the

northwestern part of the map area) may have been present at the time of deposition

because the Clatskanie Conglomerate of the Oligocene Pittsburg Bluff Formation appears

to be confined to this specific area. The fluvial system that deposited the conglomerate

(possibly the proto-Columbia River) may have flowed west through a syncline-controlled

paleovalley. The thickness variation of the lens-like Clatskanie Conglomerate also

correlates with the syncline structure for the maximum thickness of 110 feet is near the

fold axis and thins to 40 feet on Palm Hill Drive (Plate 1). This formational thickness

was determined from water well 2491 that nearly intersects the axis (Plate 1). If the

syncline was present during deposition of the Clatskanie Conglomerate, then the

Scappoose-Clatskanie fault has been active from at least the Oligocene, and possibly to

the present. In addition, the basaltic pebbly sandstone (with Grays River Volcanic clasts)

in the Oligocene Conyers Creek member of the Pittsburg Bluff Formation could have

been derived from stream erosion of uplifted Grays River Volcanics associated with older
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Oligocene movement on this part of the Scappoose-Clatskanie fault segment. Pebbly

basaltic sandstone does not normally occur in the Pittsburg Bluff Formation (e.g., not in

the type area) to the south where it overlies thousands of feet of Keasey, Cowlitz, and

Hamlet formations (Niem, personal communication, 2002), suggesting this is a unique

association of the Grays River basalt and unconformably overlying pebbly basaltic

sandstone of the Pittsburg Bluff Formation.

To more accurately define the faulting history of the Scappoose-Clatskanie fault

and determine if it is active in its northwestern extent, more detailed research needs to be

accomplished. The main focus of this project was bedrock mapping, so there may be

possible offsets within the Quaternary alluvium of the Clatskanie and Columbia rivers

that is study did not identify. A preliminary high-resolution seismic cruise by the U.S.

Geological Survey in the lower Columbia River across the northwest trend of the

Scappoose-Clatskanie fault did not detect any offset of Quaternary sediment (Ryan and

Stevenson, 1995). More research needs to be accomplished for the active Portland Hills

Fault is subparallel with the Scappoose-Clatskanie fault and part of the same overall fault

system.
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NATURAL GAS POTENTIAL

The Mist Gas Field has been actively producing since the first economic quantity

of natural gas was discovered in 1979 with the Columbia County #1 redrill well funded

by a partnership between Northwest Natural Gas, Diamond Shamrock, and Reichhold

Energy Corporation (Olmstead, 1982). Since the first discovery, the field has produced

over 65 billion cubic feet of gas estimated at over $125 million (DOGAMI, 2002). The

majority of the producing gas field is bounded by en echelon faults on trend with the

northwest-trending Portland Hills fault zone to the south and by the Scappoose-

Clatskanie Fault (as defined by this study) to the north (Huggins personal

communication, 2001). Within this zone is the northwest-trending Nehalem graben. The

gas pools are situated on upthrown horsts and downthrown grabens adjacent to and

including the southwest part of the thesis area (Niem and others, 1992). As previously

mentioned, the main natural gas reservoir is the Clark and Wilson sandstone member of

the middle to upper Eocene Cowlitz Formation, but deeper stratigraphic targets (of the

middle Eocene Hamlet Formation) have been drilled with limited success. Delta front

Cowlitz reservoir arkosic micaceous sandstones have permeability up to 2 darcies and

porosity of 30% to 40% (Robertson, 1997; Niem and others, 1994). Upper Cowlitz

mudstone and tuffaceous Keasey siltstone act as the seal for the gas reservoirs.

Carbon and oxygen isotope studies suggest the source of the methane gas appears

to be both biogenic and thermally generated (Armentrout and Suek, 1985). Changes in

nitrogen abundance in the largely methane gas causes a variance in Btu (British thermal
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units) content throughout the Mist Gas Field. The lower Btu deposits are troublesome for

extra costly methods must be utilized to purify the gas before it can be used

commercially. The variation of Btu content across the Mist Gas Field is poorly

understood, but there is a general increase of nitrogen and decrease of methane to the

east. A reconstruction of stratigraphic thickness with a local geothermal gradient by

Armentrout and Suek (1985) and vitrinite reflectance values suggest the Hamlet

Formation and coals of the Cowlitz Formation may have passed through the hydrocarbon

generation window, making them likely sources for the thermal portion of natural gas.

The gas may have also originated from deeper basins such as the Astoria basin that is

downdip, allowing migration of the gas updip into the Nehalem basin (Armentrout and

Suek, 1985). Local flash heating by large late Eocene sills (e.g., Cole Mountain basalt)

could also be a local mechanism to generate some thermogenic gas (Stormberg, 1991;

Niem and others, 1994).

On a regional scale, the Mist Gas Field is located on the western and northern

flanks of the large NNE-trending northern Coast Range anticline (Newton and Van Atta,

1976) or the Nehalem Arch (a gravity high) that plunges to the northeast in the thesis

area. The arch occurs between two structural/depositional basins, the Astoria basin on

the northwest and the Nehalem basin to the southeast (Armentrout and Suek, 1985).

Only minor drag folds associated with faults are present in the northern Oregon Coast

Range, so the natural gas is predominantly confined to normal fault traps. A typical

example of the sandstone reservoir geometry can be seen in the subsurface depicted by

cross-section A-A' of the dissected Windy Ridge Volcanic High (Plate 1).
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Faults act as impenetrable surfaces with strata dipping upwards into the fault

plane. As hydrocarbons migrated upwards, the stratigraphic seal (upper Cowlitz

mudstone and tuffaceous siltstone of the Keasey Formation) and the impermeable fault

effectively stopped the movement and confined the natural gas to these fault traps. In a

three-dimensional perspective, there must be a four-way enclosure, which is typically

defined by 2-4 impermeable fault planes on horsts or grabens. The main normal faulting

creating such reservoirs occurred after deposition of the Cowlitz Formation, but before

deposition of the Keasey Formation (see Structure section). To a lesser degree, the

reservoir traps are also associated with Miocene oblique-slip faulting, but these are most

probably reactivated late Eocene structures.

The southern part of the study area is considered the northern extent of the Mist

Gas Field for active wells that are producing natural gas (Plate 1). In the northern half of

the Clatskanie quadrangle, the possibility of natural gas accumulations is speculative

because minimal exploration drilling and seismic study have been undertaken. The

potential for finding new natural gas accumulations resides with understanding the

structure and stratigraphy of the region. Most of the trapped gas in the Mist Gas Field is

associated with northeast-trending faulting, which are typically secondary to the principal

northwest-trending faults in the area (Huggins, personal communication, 2001).

As described earlier the interpretation of the fault pattern is further complicated in

the northern part of the study area by variation in thickness of sedimentary units due to

onlap onto the Clatskanie High (refer to Structure section). Furthermore, unconformities

at the base of the Pittsburg Bluff and Keasey formations result in varying unit thickness
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(cross-section B-B', plate 1). The presence of the volcanic paleohigh defines the extent

of the C&W reservoir sandstone to which the Mist Gas Field can be expanded northward

as demonstrated by the Champlin Petroleum Co. well (Puckett 13-36-58, located 8N, 5W,

section 36: western Marshland quadrangle) that drilled through approximately 4400 feet

of Grays River Volcanics/Tillamook Volcanics. The onlapping to the north causes

thinning and eventual elimination of the Clark and Wilson Cowlitz reservoir sandstone

and the upper Cowlitz mudstone seal (cross-section A-A', Plate 1). Due to the thinning

of Tertiary units with proximity to the volcanic high, the potential for large reservoir

accumulations may also diminish with proximity to the high. The onlap of the Clark and

Wilson sandstone onto the Clatskanie High has created a potential stratigraphic-structural

play, where natural gas may have migrated upwards into the pinchout (cross-section A-

A', Plate 1). Although the reservoir is thin on the paleohigh it is horizontally extensive

and may represent a large natural gas pool associated with the onlap and sealed by the

Keasey Formation (Plate 1). There are problems associated with this play, for the seal

(Upper Cowlitz mudstone and Keasey Formation) may be absent due to erosion or

possibly never deposited. Furthermore, the Clark and Wilson member may be more lithic

rich near the Clatskanie High causing diminished reservoir quality.

The best potential for commercial natural gas traps resides along the Scappoose-

Clatskanie fault, specifically in the central eastern part of the study area within the

extensional stepover (See Structure section; Figures 53 & 54). Within the stepover,

multiple northeast-trending conjugate faults form horsts and grabens that make ideal

reservoir traps (Plate 1). This pattern of northwest- and northeast-trending conjugate
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faults extends southeastward into the Delena quadrangle. The extensional zone would be

an optimal spot to shoot a 3-D seismic survey for surface mapping of uplifted Pittsburg

Bluff horsts and downdropped Columbia River Basalt grabens suggests there may be

numerous fault traps in the subsurface (Plate 1).

As mentioned in the Structure section, a large normal fault (800 feet (240 meters)

offset) that has been imaged by a proprietary 2-D seismic line in the eastern adjacent

Delena quadrangle has created a graben north of the Scappoose-Clatskanie fault

(Huggins, personal communication, 2001). This graben may be present along the length

of the northern side of the Scappoose-Clatskanie fault zone and represents potential traps

over a large distance. Within the step-over zone the total displacement of the subsurface

graben (800 feet) is dispersed across a larger area creating multiple isolated horst and

graben traps. Specifically, there is an excellent target in a horst block in T6N, R4W

sections 1 and 2 and T7N, R4W sections 35 and 36 (cross-section B-B', Plate 1). This

structure represents a three-sided trap from post-middle Miocene wrench faulting with

possible closure to the northeast out of the study area by another northwest-trending fault.

Oligocene Pittsburg Bluff strata and lower Miocene Scappoose strata are exposed on the

surface on the upthrown horsts against downthrown Miocene Grouse Creek flows of the

Columbia River Basalt Group (Plate 1). This is just one of multiple possible horst blocks

within the step-over system with potential for natural gas deposits in buried underlying

C&W sandstone reservoir targets.

One major problem associated with the Scappoose-Clatskanie fault step-over play

is the thickness of the Cowlitz Clark and Wilson reservoir and the upper mudstone seal.
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The dry, nonproducing Clatskanie #1 well drilled to a depth of 5650 feet (1712 meters)

by the Texas Company of Texaco Petroleum Products (T7N, R4W, section 36) is located

just east of the field area near Swedetown (Plate 1). The formational interpretation of the

Clatskanie #1 well is one of debate. An early well log and cutting interpretation by V.C.

Newton in 1958 for the Texas Company of Texaco, picked the Cowlitz Formation at

1203-3128 feet below the surface. The more accepted, recent interpretation is that the

Keasey and Cowlitz formations were eroded away by the basal Pittsburg Bluff

unconformity and that the sedimentary unit that Newton called Cowlitz, is actually the

older Hamlet Formation (Kenitz, 1997; Huggins, personal communication, 2001). The

horst block represented in cross-section B-B' (Plate 1) depicts this interpretation of the

nearby Clatskanie #1 well.

Along the length of the southern block of the Scappoose-Clatskanie fault, the

Cowlitz Formation appears to be thinning. This thinning is either a result of stratigraphic

onlap onto the Clatskanie High or a function of syntectonic deposition. It is possible that

faulting along the Scappoose-Clatskanie fault was active during Cowlitz deposition,

which would have created thinning on the uplifted southern block. Furthermore, this

faulting could have created a basin north of the Scappoose-Clatskanie fault from the

downward displacement of the northern block, resulting in thickening of the Cowlitz

Formation (Plate 1, cross-section B-B'). Alternatively, if the thinning of the Cowlitz is a

result of a volcanic paleohigh alone, then the C&W Cowlitz reservoir and upper

Cowlitz/Keasey seal may be poor or absent where the Clatskanie High is present. If

syntectonic sedimentation occurred, associated with the stepover zone, the Cowlitz and
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Keasey formations may be absent on horst blocks due to erosion from the basal Pittsburg

Bluff unconformity. The Clatskanie #1 well (Plate 1) was drilled on one such horst,

where erosion occurred, which explains why the Cowlitz and Keasey formations are

absent in the well. The associated grabens, in the stepover zone, with a thickened

Cowlitz Formation section would be ideal reservoir traps, but such horst blocks should be

avoided.

Although the step-over zone represents the best area for hydrocarbon traps, this is

not the only area with strong potential. Another locality is defined by the northeast-

trending strike-slip Windy Ridge Fault that extends from the southern part of the map

area to T6N, R4W, section 3 (Plate 1). As depicted on cross-section A-A', Miocene

oblique-slip faults and normal Eocene faults in the subsurface probably intersect the

northeast-trending Windy Ridge fault (Plate 1) creating ideal structural traps for natural

gas deposits adjacent to its length.

Within the central study area, Grande Ronde (Grouse Creek) flows comprise the

highlands. Individual flow units can not always be recognized in hand sample, making it

difficult to identify offsets due to faulting. There is definitely more post-middle Miocene

faulting than was observed; in fact, most basalt exposures in quarries are abundantly

faulted with small throws (refer to Structure section for localities). However, without

saturated sampling for x-ray fluoresence and paleomagnetic analysis to define separate

flows, identification of major faults and their associated displacements are difficult to

determine. The latest movement on faults, from observed outcrops within the Columbia

River Basalt Group, predominantly displays strike-slip faulting with only minor dip-slip



172

(up to 14°). A few problems arise in areas of thick basalt flows, which are the extra cost

and time associated with drilling through thick basalt sequences and the diminished

resolution of 2-D and 3-D seismic through such sections. The highest topography in the

Clatskanie quadrangle correlates well with thick basalt deposits. These locations may not

be cost effective for natural gas exploration.

In conclusion, the step-over associated with the Scappoose-Clatskanie fault (Plate

1, Figures 53 & 54 (Structure section)) represents a new possible extension of the Mist

Gas Field with the best potential for commercial reserves. If the Clark and Wilson

sandstone and the upper Cowlitz mudstone are present with substantial thickness, this

area could prove to be productive and profitable. The step-over in this area definitely

deserves more research (e.g., 2-D and 3-D seismic) in terms of hydrocarbon exploration.
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GEOLOGIC HISTORY

Throughout the Tertiary, the Oregon and Washington convergent margin was

defined by the eastward subducting oceanic Farallon plate (later, the Juan de Fuca Plate)

beneath the continental North American plate. In the early Eocene, the subduction zone

was located near the modern Cascade Range, which created a volcanic arc (e.g., Clarno

and Challis volcanics) in what is now central Oregon and Washington (Duncan and

Kulm, 1989; Armentrout and Suek, 1985). Oceanic seamounts formed on the Farallon

plate, and were carried into the trench due to convergence. The buoyant volcanic islands

and thickened oceanic crust could not be subducted, which locked the subduction zone

and ultimately forced a break in the Farallon plate to the west on the outer shelf/slope of

western Oregon and Washington, near the present location of the Cascadia Subduction

Zone. The initial breaking of the oceanic crust occurred during reorganization of the

subduction margin in the middle to late Eocene would have created weak zones (possibly

leaky transform faults) in a north-south trend where volcanism could have propagated in

the forearc. The reconstruction of the convergent margin may have also caused initiation

of the middle Eocene Tillamook and Grays River tholeiitic volcanics in these weakened

zones in the middle-late Eocene. Alternatively, the Tillamook and Grays River volcanics

may represent the initial stages of forearc magmatism east of the new subduction zone

before the arc developed into the western Cascade Range position. Tillamook and Grays

River volcanism formed large shield volcanoes as oceanic islands offshore the middle
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Eocene coastline that created localized changes in depositional environments and

segmented the forearc into two local basins in northwest Oregon.

After subsidence of the Tillamook Volcanics due to thermal cooling and

coinciding with emplacement of the Grays River Volcanics, during the middle-late

Eocene, local marine forearc basins (Nehalem and Astoria basins) formed where deltaic

sediments (Hamlet and Cowlitz formations) accumulated. Figure 55 is a late Eocene

environmental reconstruction that of the submerged, slightly older, Tillamook Volcanic

high and the subaerial Grays River Volcanics oceanic shield volcanoes that were present

during deposition of the middle to late Eocene Cowlitz and Oligocene Pittsburg Bluff

formations. The Clark and Wilson sandstone member of the Cowlitz Formation

represents a deltaic lowstand systems tract (LST) that diminished with a subsequent

transgression and deposition of the bathyal upper Cowlitz mudstone during a

transgressive and highstand systems tract (TST, HST). The Cowlitz Formation was

deposited over the central and southern map area with thickness varying according to

paleotopography. In the northwest part of the study area, an oceanic island (Grays River

Volcanics shield volcano) was growing in the forearc onto which the deltaic C&W

sandstone and deep-marine upper Cowlitz mudstone onlapped and thinned (Plate 1,

cross-section A-A').

After deposition of the Cowlitz Formation, but before deposition of the Keasey

Formation, a major late Eocene extensional event produced abundant normal faulting

throughout the Nehalem basin that may be attributed to initial forearc extension. This

tectonic episode created the structural traps that later confined the natural gas of the Mist
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Gas Field. An example of the pre-Keasey faulting is illustrated in cross-section A-A'

(Plate 1), where the Windy Ridge Volcanic High is dissected in the subsurface with the

faulting terminated against the Keasey Formation unconformity.

Following deposition of the Cowlitz Formation, further transgression in the late

Eocene created a deep-marine outer shelf to bathyal environment (approximately 900

meters depth) in which the Keasey Formation (upper Eocene to lower Oligocene) was

deposited (Weaver, 1953). The tuffaceous, marine clayey-siltstone of the Keasey

Formation represents a period of active Western Cascade arc volcanism. The coal-

bearing Cowlitz C&W member micaceous arkosic sandstone and upper Cowlitz

micaceous mudstone contain K-feldspar, quartz, and mica derived from the Idaho

batholith. In contrast, the Keasey Formation has little carbonaceous material because the

siltstone was derived from normal hemipelagic sedimentation and Western Cascade

calcalkaline volcanic eruptions that blanketed the margin of the forearc. However, the

abundance of siliceous diatoms in the upper Keasey suggests a high-fertility region of

coastal upwelling during the late Eocene to early Oligocene or perhaps an abundance of

silica dissolved from glass shards. The transgression that occurred between the upper

Cowlitz mudstone and the Keasey Formation may also have been directly related to

forearc extension and subsidence associated with the onset of Western Cascade arc

volcanism.

Deposition of the Pittsburg Bluff Formation in the early Oligocene represents

renewed regression during a transgressive systems tract (TST). The gradational to

erosional contact between the Pittsburg Bluff and Keasey formations represents a local
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unconformity or sequence boundary (Van Wagoner and others, 1990). Erosion of the

Keasey Formation prior to deposition of the Pittsburg Bluff Formation has been

recognized with 2-D seismic reflection profiles in areas of paleo-highs such as the Windy

Ridge Volcanic High in cross-section A-A' (Plate 1) (Huggins, personal communication,

2001). Basinward from such highs, the contact between the formations may be a

conformable gradational contact as observed in the measured stratigraphic section along

Highway 47 (Plate 2). The Pittsburg Bluff Formation, East Fork member was restricted

in the study area to a middle shelfal marine environment that ranged from 330 feet (100

meters) to a shallow nearshore environment (Moore, written communication, 2000),

whereas the Keasey Formation was deposited below effective wave base at a depth of

approximately 3016 feet (914 meters) (Weaver, 1953). The major regression between

units caused an approximate 2640 feet (800 meter) drop in sea-level.

Locally near the Clatskanie High in the northern part of the study area, Pittsburg

Bluff sedimentation during the Oligocene was different from the dominant shallow-

marine tuffaceous silty-sandstone of the East Fork member. Along the shoreline of the

mafic volcanic island, a local nearshore basaltic pebbly sandstone unit (Conyers Creek

member) has been recognized and mapped in the Pittsburg Bluff Formation by this study

(Plate 1). Figure 55 depicts the Grays River Volcanic high that was subaerially exposed

as an island during deposition of the upper Eocene Cowlitz Formation and the Oligocene

Pittsburg Bluff Formation. The high produced nearshore intrabasinal basaltic lithic sands

compared to the surrounding shelf where deltaic tuffaceous and arkosic sands were

deposited. Interbedded with the shoreface strata is a fluvial basalt pebble conglomerate
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that was derived from the Grays River flows and represents erosion of the subaerial high.

Also during later Pittsburg Bluff time, an extrabasinal fluvial polymict cobble-boulder

conglomerate filled an incised valley in the northern study area (Figure 55). This unit is

as much as 125 feet (38 meters) thick. This local member has been defined in this study

as the Clatskanie Conglomerate member of the Pittsburg Bluff Formation. The unit

contains metamorphic, chert, sedimentary quartzite, and andesite clasts and represents a

deposit of the proto-Columbia River drainage system, which carried the river detritus

from the Western Cascade volcanic arc, the granitic Idaho batholith, the metamorphic

North Cascades, Okanogan Highlands, and British Columbia (Niem, written

communication, 2002). The base of the Clatskanie Conglomerate represents a sequence

boundary with the fluvial system representing another lowstand systems tract (LST) that

locally incised the transgressive systems tract (TST) of the tuffaceous, shallow-marine

East Fork member.

The presence of the Scappoose Formation (of Van Atta and Kelty, 1985) defines a

major unconformity and a sequence boundary during the early Miocene. The basal

fluvial conglomerate beds of the Scappoose Formation are composed locally of recycled

Pittsburg Bluff and Keasey tuffaceous siltstone rip-ups and a fluvial basalt conglomerates

derived from the Wapshilla Ridge flow unit of the Grande Ronde, Columbia River Basalt

Group. During this period, much of the Grande Ronde lava flows of the Columbia River

Basalt Group had yet to reach the Nehalem Basin, but were present to the east where

clasts were eroded and transported by a fluvial system into the map area. The basal

Scappoose unconformity marks a regression that caused the initial Scappoose fluvial
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system to incise the Oligocene tuffaceous shelf deposits during a lowstand systems tract

(LST).

A second phase of the Scappoose Formation, directly above the basal

conglomerate, records a transgressive systems tract (TST) during which tuffaceous

diatom-bearing marine siltstone was deposited during a minor transgression. A

subsequent regression during the early to middle Miocene caused the final retreat of sea-

level marking the change to a fluvial system of arkosic cross-bedded sandstone derived

from extrabasinal continental granitic sources. A meandering fluvial system prograded

over the marine siltstone of the Scappoose Formation during a lowstand systems tract

(LST), which was followed by initiation of the Columbia River Basalt Group into the

Nehalem Basin, which capped the Tertiary units of the area.

The flood basalts of the Grande Ronde Formation of the Columbia River Group

erupted from widespread fissures near the Oregon-Washington-Idaho border in the early

Miocene, 17.5 Ma and flowed down the ancestral Columbia River Valley to the Miocene

coastline (Tolan and others, 1989). The first Miocene basalts to reach the study area

were the Wapshilla Ridge flow unit for which 1-2 flow(s) occupied low topographic

areas. The second pulse of subaerial basalt of the Grouse Creek unit was emplaced as a

minimum of six distinct flows that originally filled low-lying areas and eventually

engulfed the entire study area capping older Tertiary units. The final flows were the

sparsely glomerophyric Winter Water unit, which may have originally been much more

extensive than at present. The Wapshilla Ridge and Grouse Creek now units of the

Columbia River Basalt Group were deposited during a magnetic reversal interval that
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correlates to the R2 magnetostratigraphic stage, while the Winter Water flows were

emplaced during a normal N2 stage (Reidel and others, 1989).

The inundation of basalt flows originally filled topographic lows and eventually

created a volcanic plateau in the thesis area. Throughout the early-middle Miocene and

coinciding with emplacement of the Columbia River Basalt Group flows, a fluvial system

created Scappoose interbeds (Ts2, Plate 1) between successive flows. After deposition of

the Columbia River Basalt Group a post-middle Miocene tectonic episode, possibly

related to the modem compressive oblique plate convergence setting, uplifted the Oregon

Coast Range. Wrench faulting in this oblique convergence setting with a north-south

shear couple has resulted in dominant northwest-trending right-lateral and northeast-

trending left-lateral oblique-slip faults, which are best displayed in the Columbia River

Basalt outcrops (Niem and Niem, 2002). Rotation of crustal blocks occurred during the

Tertiary throughout the Coast Range (Prothero and Hankins, 2000). Displacement

between blocks has been accommodated by minor oblique-slip faults.

Since the Miocene, antecedent Quaternary streams have down-cut and dissected

the basaltic landscape, creating the modem valleys and canyons. Major Quaternary

slumps, translational block landslides, and debris flows of the Columbia River Basalt

Group have and are contributing to the hummocky, stream-dissected topography of the

area.
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CONCLUSIONS

The results of this study have been based on four months of geologic mapping of

the Clatskanie 7.5 minute quadrangle with two cross-sections and two measured

stratigraphic sections (Plates 1 and 2, Figure 29). Unit determinations were constructed

from lithology, macro and microfossil determinations, x-ray fluoresence geochemical

analysis of basalts, paleomagnetic study, petrographic determinations, and stratigraphic

relationships. From this information, the geologic map of the 7.5-minute Clatskanie

quadrangle with newly defined structures and stratigraphy was produced. There are

many important contributions that this investigation has added to the understanding of

structure and stratigraphy in the northern Oregon Coast Range.

The following are the major results of this thesis:

1) A middle to late Eocene oceanic island volcano comprised of Grays River Volcanics

is centered immediately northwest of the map area. This shield volcano is defined by

a gravity anomaly and is centered near the Champlin Puckett exploration well 13-36-

58. The subaerial basalt is tholeiitic in composition and has distinctive pilotaxitic

flow texture. The flows are best viewed along the cliffs of Highway 30 west of the

town of Clatskanie. The Cowlitz, and Pittsburg Bluff formations onlap this

paleohigh, which created thinning and eventual truncation of each unit to the north

upon the remnant flanks of the volcanic high (Plate 1, cross-section A-A').
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2) The upper part of the upper Eocene-lower Oligocene Keasey Formation consists of

deep-marine diatom-bearing tuffaceous siltstone the crops out in the southwestern

part of the Clatskanie quadrangle and was largely formed during siliceous explosive

volcanism from the nearby western Cascade volcanic arc.

3) This study recognized three members of the Oligocene Pittsburg Bluff Formation.

From oldest to youngest, these are: the Conyers Creek member, the Clatskanie

Conglomerate member, and the East Fork member. The first two members are local

distinct lithofacies, defined as new informal members in this study. The 40 feet (12

meter) thick Conyers Creek member is a nearshore to beach pebbly basaltic to lithic

arkosic micaceous sandstone with some molluscan fossils of lower Oligocene age

(Warren and others, 1945). This member occurs near the base of the formation. In

the proposed type section along Conyers Creek, the unit is interbedded with the

shallow-marine East Fork member. Thin section study shows that the basaltic clasts

were derived from Grays River Volcanics (probably from the Grays River Volcanic

paleohigh). A reference section along Palm Hill Drive contains laminated friable

shell-bearing micaceous arkosic lithic sandstone and basalt pebble conglomerate

overlain by the polymict cobble conglomerate, informally named the Clatskanie

Conglomerate member by this study.

Previously, the Clatskanie Conglomerate had been interpreted as a Pliocene-

Pleistocene incised valley deposit of the Troutdale Formation by Newton and Van

Atta (1976) or equivalent to the Gries Ranch conglomerate of southwest Washington

by Niem and Van Atta (1973). The informal member consists of two distinct units: 1)
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A basal polymict, clast-supported, fluvial cobble-boulder conglomerate up to 125 feet

(38 meters) thick and 2) an overlying moderately consolidated fine- to medium-

grained arkosic sandstone approximately 70 feet (21 meters) thick. The lens-like

Clatskanie Conglomerate can be traced %2 mile northward along Palm Hill Drive and

has been identified in the subsurface to the south in water well 2491 (Plate 1). The

conglomerate is channeled into the East Fork member along Highway 47 and is

underlain by the Conyers Creek member along Palm Hill Drive (Plate 1). The

proposed type section of the Clatskanie Conglomerate member is in a quarry along

Highway 47, immediately south of the town of Clatskanie. Quartzite, schist, and

andesitic to dacitic clasts indicate parent rocks in the Western Cascade volcanic arc,

in eastern Oregon-Idaho-Montana and in British Columbia. The clasts were

transported by a high energy competent river, of the proto Columbia River.

4) The East Fork member of the Pittsburg Bluff Formation also contains calcareous

concretionary lenses with associated chemosynthetic molluscan fossils from a

shallow-marine shelfal environment locally rich in methane gas. Such deposits are a

result of three possible methane sources: 1) gas hydrate, 2) methane cold-seep, or 3) a

local reducing environment with decaying organic material (e.g., a whale carcass or

abundant plant remains).

5) The lower to middle Miocene Scappoose Formation in the study area has been further

defined and correlated to the Scappoose Formation of Van Atta and Kelty (1985).

The basal deposit of the Scappoose Formation is a fluvial basalt and tuffaceous

mudstone/siltstone rip-up pebble to cobble conglomerate. Chemical analyses and
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basalt stratigraphy indicate the basalt was largely derived from low MgO, high TiO2,

R2 Wapshilla Ridge flows of the Grande Ronde Basalt Formation of the lower to

middle Miocene Columbia River Basalt Group. The stratigraphy of the Scappoose

Formation is characterized by a basal, fluvial conglomerate of a lowstand systems

tract (LST) with an overlying diatom-bearing marine siltstone (approximately 50 feet

(15 meters) thick) part of a transgressive and highstand systems tract (TST, HST) and

capped by a fluvial fine- to medium-grained, poorly consolidated arkosic sandstone of

a second lowstand systems tract (LST).

6) The lower to middle Miocene Columbia River Basalt Group in the study area consists

of three distinct members of the Grande Ronde Basalt Formation that are confined to

the R2 and N2 magnetic zones. The lowest member is the R2 Wapshilla Ridge unit,

which is present as 1-2 subaerial, aphyric basalt flow(s) overlain by a local fluvial

basalt conglomerate derived from the underlying flow(s) (Plate 1). The Wapshilla

Ridge sequence represents the onset of the Columbia River Basalt Group into the area

with initial infilling of paleovalleys. These Wapshilla Ridge flow(s) are restricted to

isolated parts of the field area. The middle Columbia River Basalt sequence is

composed of the R2 aphyric Grande Ronde Formation, Grouse Creek flows, which

comprise the thickest volcanic unit in the study area with at least six individual

subaerial flows with well developed entablature and/or colonnade. The Grouse Creek

flows engulfed the area and completely covered all the older Tertiary sedimentary and

volcanic units. The youngest eruptive sequence is the N2 Winter Water unit

containing plagioclase phenocrysts and glomerocrysts that crops out in a small area in
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the southwest part of the Clatskanie quadrangle capping the Tertiary stratigraphy

(Platel).

7) The northwest-trending Scappoose-Clatskanie lineament defines an oblique-slip fault

with both normal and dextral displacement in the northeast part of the Oregon Coast

Range. In the northwest part of the study area, the upthrown southern fault block of

Grays River Volcanics is juxtaposed against the northern downdropped block of

Columbia River Basalt Group flows (Grouse Creek unit), with a vertical offset of

approximately 360 feet (109 meters) (Plate 1). This fault zone has been traced

southeastward out of the study area to the town of Scappoose as a lineation defined

by Haas (1983). From geologic mapping and a SLAR image, this lineation appears to

be two segments, with a right stepover within a dextral system that has created a zone

of extension with multiple normal faults forming horst and grabens. Projected along

trend, the Clatskanie-Scappoose fault is recognized in a northwest trending 2-D

seismic reflection profile, which depicts a normal fault dipping northward with the

northern block downdropped approximately 800 feet (242 meters) (Huggins personal

communication, 2001). Also possibly associated with the faulting is a thinning of the

middle to upper Eocene Cowlitz Formation along the length of the Scappoose-

Clatskanie fault, which is either a function of 1) syntectonic deposition, 2) onlap onto

the Grays River Volcanic paleohigh.

8) Through geologic mapping by this study and subsurface seismic interpretations

provided by Enerfin Resources and Northwest Natural Gas, two major tectonic

episodes have been identified during the Tertiary. The first event occurred in the late
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Eocene after deposition of the middle to late Eocene Cowlitz Formation, but post-late

Eocene Keasey Formation deposition. This episode was dominated by extension and

normal faulting that terminates at the Keasey unconformity (depicted in cross-section

A-A', Plate 1). The second event created dextral displacement, which occurred in the

post-middle Miocene after emplacement of the Columbia River Basalt Group. This

later episode marks a shift to a wrench tectonic setting as a result of oblique

subduction of the Farallon plate (Juan de Fuca Plate) beneath the North American

continental margin. The fault pattern of both periods is dominated by northwest-

trending and subordinate northeast-trending conjugate faults.

9) The southwestern part of the thesis area lies in the Mist Gas Field. Natural gas

(methane) is produced from the deltaic C&W sandstone reservoir from horst and

graben fault traps associated with the northwest-trending Windy Ridge Volcanic High

of Grays River Volcanics. The potential for additional natural gas accumulations in

the Clatskanie quadrangle resides in the subsurface presence of the Cowlitz C&W

sandstone in horst and graben fault traps in the central and northeastern part of the

study area and in stratigraphic pinchouts onto the Clatskanie High to the northwest.

Field mapping suggests a right stepover in the dextral Scappoose-Clatskanie fault

zone has produced extensional faulting manifested as horst and grabens, ideal

structural traps for natural gas accumulations. If the Clark and Wilson reservoir

sandstone is thick enough in this stepover zone with an overlying upper Cowlitz

mudstone or Keasey Formation seal additional exploration (2-D and/or 3-D seismic

and drilling) in this area could be highly productive.



187

REFERENCES CITED

Armentrout, J.M. and Suck, D.H., 1985, Hydrocarbon exploration in Western Oregon and
Washington: American Association of Petroleum Geologists Bulletin, v. 69, no. 4,
p. 627-643.

Balsillie, J.H. and Benson, G.T., 1971, Evidence for the Portland Hills Fault: The Ore
Bin, v. 33, no, 6, p. 109-119.

Barron, J., 2002, United States Geological Survey, Menlo Park, California, personal
communication.

Beck, M.E., Jr., and Burr, C.D., 1979, Paleomagnetism and tectonic significance of
Goble Volcanic Series, southwestern Washington: Geology, v. 7, no. 4, p.175-
179.

Beeson, M.H., Fecht, K.R., Reidel, S.P., and Tolan, T.L., 1985, Regional correlations
within the Frenchman Springs Member of the Columbia River Basalt Group; new
insights into the middle Miocene tectonics of Northwestern Oregon: Oregon
Geology, v. 47, no. 8, p. 87-96.

Beeson, M.H., Perttu, R., and Perttu, J., 1979, The origin of the Miocene basalts of
coastal Oregon and Washington: Oregon Geology, v. 41, no. 10, p. 159-166.

Berkman, T.A., 1990, Surface-subsurface geology of the middle to upper Eocene
sedimentary and volcanic rock units, western Columbia County, northwest
Oregon: Corvallis, Oregon, Oregon State University masters thesis, p. 1-413.

Blodgett, R.B., 2002, Oregon State University, Corvallis Oregon: personal
communication.

Bruer, W.G., Alger, M.P., Deacon, R.J., Meyer, H.J., Portwood, B.B., and Seeling, A.F.,
1984, Correlation section 24, northwest Oregon: American Association of
Petroleum Geologists, Pacific Section, chart.

Deer, W.A., Howie, R.A., and Zussman, J., 1992, An introduction to the rock-forming
minerals (2d edition): New York, John Wiley & Sons, p. 458.

Diller, T.S., 1916, Guidebook of the Western United States, Part D., The Shasta route
and the coast line: U. S. Geological Survey Bulletin 614, p. 146.



188

DOGAMI, 2002, The oil, gas and geothermal regulatory and reclamation program at
DOGAMI: www.oregongeology.com/oil/oilhome.htm.

Duncan, R.A. and Kulm, L.D., 1989, Plate tectonic evolution of the Cascades arc-
subduction complex: The eastern Pacific ocean and Hawaii: Geological Society of
America, The Geology of North America, v. N, p. 413-437.

Evarts, R.C., 2001, U.S. Geological Survey, Menlo Park California: personal
communication.

Folk, R.L., Andrews, P.B., and Lewis, D.W., 1970, Detrital sedimentary rock
classification and nomenclature for use in New Zealand: New Zealand Journal of
Geophysics, v. 13, Fig. 8, p. 955.

Goedert, J.L. and Squires, R. L., 1990, Eocene deep-sea communities in localized
limestones formed by subduction-related methane seeps, southwestern
Washington: Geology, v. 18, p. 1182-1185.

Haas, N., 1983, A geophysical study of the North Scappoose Creek- Alder Creek-
Clatskanie River Lineament, along the trend of the Portland Hills Fault, Columbia
County, Oregon: Portland State University, masters thesis, p. 1-109.

Hagstrum, J.T., 2002, U.S. Geological Survey, Menlo Park California: personal
communication.

Hedeen, C.D., 1999, Stratigraphy, paleontology, and paleoenvironment of the middle
Tertiary Keasey Formation, northwest Oregon: Eugene, Oregon, University of
Oregon, masters thesis, p. 1-180.

Henriksen, D.A, 1956, Eocene stratigraphy of the lower Cowlitz River-eastern Willapa
Hills area southwestern Washington: Washington Division of Mines and Geology,
Bulletin 43, p. 122.

Hodge, E.T., 1983, Geology of the lower Columbia River: Geological Society of
America Bulletin, v. 19, no. 6, p. 831-930.

Hooper, P.R., Reidel, S.P., Brown, J.C., Bush, J.H., Holden, G.S., Kleck, W.D.,
Robinette, M., Sundstron, C.E., and Taylor, T.L., 1976, Major element analyses
of Columbia River Basalt, Part I: Pullman, Basalt Research Group, Washington
State University, Open File Report.

Huggins, D., 2001, Enerfin Resources Incorporated, Auburn, California: personal
communication.



189

Kadri, M.M., 1982, Structure and influence of the Tillamook uplift on the stratigraphy of
the Mist area, Oregon: Portland, Oregon, Portland State University, masters
thesis.

Kamenev, G.M., Nadtochy, V.A., and Kuznetsov, A.P., 2001, Conchocele bisecta
(Conrad, 1849) (Bivalvia: Thyasiridae) from cold-water methane-rich areas of the
Sea of Oshkosk: The Veliger, v. 44, no. 1, p. 84-94.

Kelty, K.B., 1981, Stratigraphy, lithofacies, and environment of deposition of the
Scappoose Formation in central Columbia County, Oregon: Portland, Oregon,
Portland State University, masters thesis.

Kenitz, S., 1997, Correlation of volcanic rocks within middle upper Eocene (Narizian
stage) sedimentary rocks in the Mist Gas Field area, Columbia County, Oregon:
Portland, Oregon, Portland State University, masters thesis, p. 1-70.

Ketrenos, N.T., 1986, The Stratigraphy of the Scappoose Formation, the Astoria
Formation, and the Columbia River Basalt Group in Northwestern Columbia
County, Oregon: Portland Oregon, Portland State University masters thesis, p. 1-
78.

Kleibacker, D.W., 2001, Sequence Stratigraphy and Lithofacies of the middle Eocene
upper McIntosh and Cowlitz Formations, Geology of the Grays River Volcanics,
Castle Rock-Germany Creek area, southwest Washington: Corvallis, Oregon,
Oregon State University, masters thesis, p. 1-215.

Livingston, V.E., 1966, Geology and mineral resources of the Kelso-Cathlamet area,
Cowlitz and Wahkiakum Counties, Washington: Washington Division of Mines
and Geology, Bulletin 54, p. 110.

Magill, J., Cox, A., and Duncan, R., 1981, Tillamook volcanic series: Further evidence
for tectonic rotation of the Oregon Coast Range: Journal of Geophysical
Research, v. 86, no. B4, p. 2953-2970.

Mangan, M.T., Wright, T.L., and Swanson, D.A., 1986, Regional correlation of the
Grande Ronde Basalt flows, Columbia River Basalt Group, Washington, Oregon,
and Idaho: Geological Society of America Bulletin, v. 97, p. 1300-1318.

McKnight, B.K., Niem, A.R., Franklin, S.T., and Luczai, J.A., 1992, Lithofacies of
the Pittsburg Bluff Formation-implications for forearc basin evolution and arc
volcanism during the late Eocene and Oligocene in NW Oregon: Geological
Society of America Abstracts with Programs, v. 24, no, 5, p. 69.



190

McKnight, B.K., Niem, A.R., Kociolek, P., and Renne, P., 1995, Origin of freshwater-
diatom-rich pyroclastic-debris-flow deposit in a shallow-marine Tertiary forearc
basin, NW Oregon: Journal of Sedimentary Research, v. 65, no. 3, p. 505-512.

Meyer, J., 2001, Northwest Natural Gas, Portland Oregon, personal communication.

Moore, D.M., and Reynolds, R.C. Jr., 1997, X-ray diffraction and identification and
analysis of clay minerals (second edition): New York, Oxford University Press, p.
157.

Moore, E.J., Research Associate, Department of Geosciences, Oregon State University,
written communication, June 19, 2000.

Moore, E.J., 1976, Oligocene marine mollusks from the Pittsburg Bluff Formation in
Oregon: U.S. Geological Survey Professional Paper 922, p. 1-66.

Moore, R.C., and Vokes, H.E., 1953, Lower Tertiary crinoids from northwestern Oregon:
U.S. Geological Survey Professional Paper, 233E, p. 113-147.

Mumford, D.F., 1988, Geology of the Elsie-lower Nehalem River area, south-central
Clatsop and northernmost Tillamook counties, northwestern Oregon: Corvallis
Oregon, Oregon State University masters thesis, p. 1-392.

Newton, V.C., and Van Atta, R.O., 1976, Prospects for natural gas production and
underground storage pipe-line gas in the Upper Nehalem River Basin Columbia-
Clatsop Counties, Oregon: Oregon Department of Geology and Mineral
Industries, Oil and Gas Investigations 5, p. 3-17.

Niem, A.R., 2002, Oregon State University, Corvallis Oregon, personal communication.

Niem, A.R., MacLeod, N.S., Snavely, P.D., Jr, Huggins, D., Fortier, J.D., Meyer, H.J.,
Seeling, A., and Niem, W.A., 1992, Onshore-offshore geologic cross section,
northern Oregon Coast Range to continental slope: Oregon Department of
Geology and Mineral Industries Special Paper 26, 2 plates, p. 1-10.

Niem, A.R., McKnight, B.K., and Meyer, H.J., 1994, Sedimentary, volcanic, and tectonic
framework of forearc basins and the Mist Gas Field, Northwest Oregon:
Geological Field Trips in the Pacific Northwest, Geological Society of America
Annual Meeting, p. 1-39.

Niem A.R., Niem, W.A., and Houston, R., in press, Geology of the Pittsburg 7.5-
minute quadrangle, Oregon: U.S. Geological Survey Open-File Report, scale
1:24,000.



191

Niem, A.R. and Van Atta, R.O., 1973, Cenozoic stratigraphy of northwestern Oregon and
adjacent southwest Washington: Beaulieu, J.D., ed., Geologic field trips in
northern Oregon and southern Washington; Trip 3, Cenozoic stratigraphy,
Oregon-Washington, Oregon Department of Geology and Mineral Industries,
Bulletin 77, p. 75-92.

Niem, W.A., Niem, A.R., 2002, Bedrock architecture, natural resources, and geologic
hazards of the Oregon Coast Range forearc: Geological Society of America,
Cordilleran Section Meeting, Abstracts with programs, p. A-33.

Niem, W.A., Niem, A.R., and Snavely, P.D., Jr, 1992, Early and Mid-Tertiary oceanic
realm and continental margin-western Washington-Oregon coastal sequence; in
Burchfiel, B.C., Lipman, P.W., and Zoback, M.L., eds, The Cordilleran Orogen:
Conterminous U.S.: Geological Society of America The Geology of North
America, v. G-3, p. 265-270.

Ogihara, S., 2000, Composition of clinoptilolite from volcanic glass during burial
diagenesis: Clays and Clay Minerals, v.48, no. 1, p. 106-110.

Olmstead, D.L., 1982, Oil and gas exploration and development in Oregon, 1981: Oregon
Geology, v. 44, p. 27-3 1.

Payne, C.W., 1998, Lithofacies, stratigraphy, and geology of the Middle Eocene type
Cowlitz Formation and associated volcanic and sedimentary units, Eastern
Willapa Hills, southwest Washington: Corvallis, Oregon, Oregon State University
masters thesis.

Philips, W.M., Korosec, M.A., Schasse, H.W., Anderson, J.L., and Hagen, R.A., 1986,
K-Ar ages of volcanic rocks in southwest Washington: Isochron/West, v. 47,
p. 18-24.

Philips, W.M., Walsh, T.J., and Hagen, R.A., 1989, Eocene transition from oceanic to
arc volcanism, southwest Washington: Proceedings of workshop XLIV;
geological, geophysical, and tectonic setting of the Cascade Range, U. S.
Geological Survey Open-File Report 89-178, p. 199-256.

Prothero, D.R., and Hankins, K.G., 2000, Magnetic stratigraphy and tectonic rotation of
the Eocene-Oligocene Keasey Formation, northwest Oregon: Journal of
Geophysical Research, v. 105, no. B7, p. 16,473-16,480.



192

Prothero, D.R., and Hankins, K.G., 2001, Magnetic stratigraphy and tectonic rotation of
the Lower Oligocene Pittsburg Bluff Formation, Columbia County, Oregon:
Magnetic stratigraphy of the Pacific Coast Cenozoic: Pacific Section Society for
Sedimentary Geology, Book, 91, p. 201-209.

Prothero, D.R., Nesbitt, E., Niem, A.R., and Kleibacker, D.W., 2001, Magnetic
stratigraphy and tectonic rotation of the upper middle Eocene Cowlitz and Hamlet
Formations, western Oregon and Washington: Magnetic stratigraphy of the
Pacific Coast Cenozoic: Pacific Section Society for Sedimentary Geology, Book,
91, p. 75-95.

Ramsay, J.G., and Huber, M.I, 1987, Modern Structural Geology: Volume 2: Folds and
Fractures: New York, Academic Press, p.527-535.

Rarey, P.J., 1986, Geology of the Hamlet-North Fork of the Nehalem River area,
southern Clatsop and northernmost Tillamook counties, northwest Oregon:
Corvallis Oregon, Oregon State University masters thesis, p. 1-457.

Reidel, S.P., 1983, Stratigraphy and petrogenesis of the Grande Ronde basalt from the
deep canyon country of Washington, Oregon, and Idaho: Geological Society of
America Bulletin, v. 94, p. 519-542.

Reidel, S.P., Tolan, T.L., Hooper, P.R., Beeson, M.H., Fecht, K.R., Bentley, R.D.,
and Anderson, J.L., 1989, The Grande Ronde Basalt, Columbia River Basalt
Group; Stratigraphic descriptions and correlations in Washington, Oregon, and
Idaho: Geological Society of America Special Paper 239, p. 21- 53.

Robertson, C. L., 1997, Surface-subsurface facies and distribution of the Eocene Cowlitz
and Hamlet Formations, Northwest Oregon: Corvallis, Oregon, Oregon State
University, masters thesis, p 1-158.

Ryan, H.F. and Stevenson, A.J., 1995, Cruise report for C1-94-OW: reconnaissance high
resolution geopulse data acquired for seismic hazard studies along the Columbia
River from July 18-22, 1994: U.S. Geological Survey Open-File Report 95-668,
p. 37.

Schenck, H.G., 1927, Marine Oligocene of Oregon: University of California Publications
in Geological Sciences, 16, no. 12, p. 449-460.

Schmela, R.J., and Palmer, L.A., 1972, Geologic analysis of the Portland Hills-
Clackamas River alignment, Oregon: The Ore Bin, v. 34, no. 6, p. 93-103.

Simpson, R.W. and Cox, A., 1977, Paleomagnetic evidence for tectonic rotation of the
Oregon Coast Range: Geology, v. 5, p. 585-589.



193

Snavely, P.D., Jr, Wagner, H.C., and Lander, D.L., 1980, Interpretation of the Cenozoic
geologic history, central Oregon continental margin: Cross-section summary:
Geological Society of America Bulletin, v. 91, p. 143-146.

Stormberg, G.J, 1991, The Mist Gas Field, N.W. Oregon: source rock characterization
and stable isotope (C, H, N) geochemistry: Corvallis, Oregon, Oregon State
University, masters thesis, p. 1-191.

Swanson, D.A., Wright, T.L., and Bentley, R.D., 1979, Revisions in stratigraphic
nomenclature of the Columbia River Basalt Group: U. S. Geological Survey
Bulletin 1457-G, p. 59.

Tolan, T.L., and Beeson, M.H., 1984, Intracanyon flows of the Columbia River Basalt
Group in the lower Columbia River Gorge and their relationship to the Troutdale
Formation: Geological Society of America Bulletin, v. 95, p. 463-477.

Tolan, T.L., Reidel, S.P., Beeson, M.H., Anderson, J.L., Fecht, K.R., and Swanson, D.
A., 1989, Revisions to the estimates of the areal extent and volume of the
Columbia River Basalt Group: Geological Society of America Special Paper 239,
p. 1-20.

Treasher, R.C., 1942, Geologic history of the Portland area: Oregon Department of
Geology and Mineral Industries Short Papers 7, p. 17.

Trehu, A.M., 2001, Oregon State University, Corvallis Oregon, personal
communication.

Trehu, A.M., Asudeh, I., Brocher, T.M., Luetgert, W.D., Mooney, W.D., Nabelek, J.L.,
and Nakamura, Y., 1994, Crustal Architecture of the Cascadia Forearc: Science,
v. 265, p. 237-243.

Van Atta, R.O., 1971, Stratigraphic relationships of the Cowlitz Formation, upper
Nehalem River basin, northwest Oregon: The Ore Bin, V. 33, no. 9, p. 165-181.

Van Atta, R.O. and Kelty, K.B., 1985, Scappoose Formation, Columbia County, Oregon:
New evidence of age relation to Columbia River Basalt Group: American
Association of Petroleum Geologists Bulletin, v. 69, no. 5, p. 688-698.

Van Wagoner, J.C., Mitchum, R.M., Campion, K.M., and Rahmanian, V.D., 1990,
Siliciclastic sequence stratigraphy on well logs, cores, outcrops: Concepts for
high-resolution correlation of time and facies: Tulsa, Oklahoma, AAPG Methods
in Exploration Series, no. 7, p.1-55.



194

Walsh, T.J., 1987, Geologic map of the Astoria and Ilwaco quadrangles, Washington and
Oregon: Washington Division of Geology and Earth Resources Open File Report
87-2, p. 1-30.

Warren, W.C., and Norbisrath, H., 1946, Stratigraphy of Upper Nehalem River Basin,
northwest Oregon: American Association of Petroleum Geologists, Bulletin, v.
30, no. 2, p. 213-237.

Warren, W. C., Norbisrath, H., and Grivetti, R. M., 1945, Geology of
northwestern Oregon, west of Willamette River and north of latitude
45°15': U.S. Geological Survey Oil and Gas Investigation Preliminary Map
42, scale 1:145,728.

Weaver, C.E., 1937, Tertiary Stratigraphy of western Washington and northwest Oregon:
University of Washington Publications in Geology, Seattle, v. 4, p. 226.

Weaver, C.E., 1953, Eocene and Paleocene deposits at Martinez, California: Washington
University Publications, Geology, v. 7, p. 1-102.

Wells, R.E., 1981, Geologic map of the eastern Willapa Hills, Cowlitz, Lewis, Pacific,
and Wahkiakum counties, Washington: U. S. Geological Survey Open File Report
81-674, 1 sheet, scale 1:62,500.

Wells, R.E. and Coe, R.S., 1985, Paleomagnetism and geology of Eocene volcanic rocks
of southwest Washington, implications for mechanisms of tectonic rotation:
Journal of Geophysical Research, v. 90, no. B2, p. 1925-1947.

Wells, R.E., Niem, A.R., MacLeod, N.S., Snavely, P.D. Jr., and Niem, W.A., 1983,
Preliminary geologic map of the west half of the Vancouver (Washington-
Oregon) 1° by 2° Quadrangle, Oregon: U.S. Geological Survey Open-file Report
83-0591, 1 sheet.

Wells, R.E., Snavely, P.D., Jr, MacLeod, N.S., Kelly, M.M., and Parker, M.J., 1994,
Geologic map of the Tillamook Highlands, northwest Oregon Coast Range
(Tillamook, Nehalem, Enright, Timber, Fairdale, and Blaine 15-minute
quadrangles): U.S. Geological Survey Open-File Report 94-21.

Wells, R.E., Weaver, C.S., and Blakely, R.J., 1998, Fore-arc migration in Cascadia and
its neotectonic significance: Geology, v. 26, no. 8, p. 759-762.



195

Wolfe, E.W., and McKee, E.H., 1968, Geology of the Grays River Quadrangle,
Wahkiakum and Pacific counties, Washington: Washington Division of Geology
and Earth Resources, Geologic Map GM-4, scale 1:62,500.

Wong, I.G., Hemphill-Haley, M.A., Liberty, L.M., and Madin, I.P., 2001, The Portland
Hills fault: An earthquake generator or just another old fault?: Oregon Geology, v.
60, no. 2, p. 39-50.

Yelin, T.S. and Patton, H.P., 1991, Seismotectonics of the Portland, Oregon, region:
Bulletin of the Seismological Society of America, v. 81, no. 1, p. 109-13.



196

APPENDICES



197

APPENDIX A:
UTM Sample Localities and Analyses

Columbia River Basalt and Gray River Volcanics samples

Sample # UTM location Analyses Sample # UTM location Analyses

DE-Swd-2 lOT 0489175 XRF
5102693 paleomag

DE-EML-2 10T 0488014 XRF
5099579 paleomag

DE-Swd-3 l OT 0489530 XRF
5102236 paleomag

DE-EML-3 10T 0488981 XRF
5099009 paleomag

DE-Swd-4 lOT 0489530 XRF DE-EML-5 10T 0488717 XRF
5102236 5098518 paleomag

DE-Swd-5 10T 0484606 XRF, paleomag
5106472 thin-section

DE-Hwy30-1 lOT 0482174 XRF, paleomag
5107467 thin-section

DE-Swd-6 10T 0484606 XRF, paleomag
5106472 thin-section

DE-EML-6 10T 0489477 XRF
5098511 paleomag

DE-Swd-7 10T 0484531 XRF, paleomag DE-NN-1 10T 0484987 paleomag
5106457 thin-section 5106019

DE-Swd-8 lOT 0489179 XRF, paleomag DE-NN-2 10T 0485270 XRF
5105766 paleomag 5106492

DE-Swd-9 10T 0489179 XRF, paleomag
5105766 paleomag

DE-SR-Q1 lOT 0489530 XRF, paleomag
5102236 thin-section

DE-RF-1 lOT 0484282 XRF
5099168 paleomag

DE-SR-Q2 1OT 0489530 XRF, paleomag
5102236 thin-section

DE-SR-1 10T 0488704 XRF DE-Bill-2-1 lOT 0489487 paleomag
5107562 paleomag 5106019

DE-SR-2 lOT 0488704 XRF
5107562 paleomag

DE-Bill-2-3 10T 0485911 XRF
5096670 paleomag

DE-SR-3 10T 0488704 XRF
5107562 paleomag

DE-JC-2-1 10T 0485150 XRF
5095783 paleomag

DE-BWF-1 10T 0490201 XRF DE-JC-2-2 lOT 0485823paleomag
5105710 5095334

DE-LVFM-1 1OT 0483381 XRF
5098138 paleomag

DE-JC-2-3 lOT 0486327 XRF
5095022 paleomag

DE-BWF-1 10T 0490201 paleomag DE-JC-2-4 10T 0486327 XRF
5105598 5095022 thin-section

DE-PHD-2-1 10T 0482192 XRF
5105811 thin-section
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Tertiary sedimentary unit samples

Sample # UTM Analyses
location

Sample # UTM Analyses
location

DE-Bill-2-2 lOT 0484635 macrofossils DE-Phd-2-2 lOT 0482192

5100398 5105811 thin-section
DE-MC-2-1 lOT 0487850 macrofossils DE-Phd-47-2-1 10T 0482192

5098447 5105811

DE-Swd-1 lOT 0486247 macrofossils DE-47-2 10T 0480611

5105128 5099070

DE-LVFM-3 10T 0481473 macrofossils DE-47-3 10T 0480518

5098078 5099227 thin-section
DE-CR-2-1 10T 0488176 macrofossils DE-47-K1 10T 0481311

5099598 5094602

DE-ER-2-1 10T 0483362 macrofossils DE-AG-1 lOT 0489280 macrofossils
5097217 5100263

DE-CCLR-1 1OT 0481164 macrofossils DE-CCLR-2 10T 0481623 macrofossils
5101733 5102322

DE-CC-1 10T 0481019 macrofossils DE-Con-2-2 lOT 0480566 macrofossils
5100375 5102755

DE-CC-2 10T 0483214 XRD DE-LVFM-2-1 lOT 0481000 macrofossils
5103951 thin-section 5098512

DE-CC-3 10T 0482335 macrofossils DE-LVFM-2 10T 0482716

5102383 5098273 thin-section
DE-CC-4 lOT 0482442macrofossils

5102235 thin-section
DE-JC-2-5 10T 0484725

5095403 thin-section
DE-CC-5 lOT 048232 XRD DE-Con-2-1 10T 0481576 macrofossils

5101653 5104567

DE-CC-6 10T 0484911 XRD DE-Hwy47-1 10T 0481328

5102299 5096426 thin-section
DE-CC-7 10T 0483146 XRD DE-AN-1 lOT 0481963

5103418 5106539

DE-CC-2-1 10T 0483095 DE-EML-1 lOT 0988983 macrofossils
5103854 5099210

DE-47-1 1OT 0481075macro/micro fossils DE-EML-4 10T 0489010 macrofossils
5096483 thin-section 5098534

DE-E47-1 10T 0480423 macrofossils
5100725 microfossils
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APPENDIX B:
Basalt thin-section descriptions

Columbia River Basalt and Grays River Volcanics thin-section petrology

DE-Swd-7: CRB Wapshilla Ridge: Small amounts of orthopyroxene. Predominantly
plagioclase grains in an opaque groundmass with vesiculation also present. Aphanitic
groundmass that is composed of seriate plagioclase. There are a few large plagioclase
grains that tend to be euhedral and zoned, but they are still fine-grained. The groundmass
is random and open for the plagioclase are not interlocking and are not aligned, but have
space between crystals, probably composed of interstitial glass. This is a tholeiitic basalt.
There are some larger grains, but still very fine-grained clinopyroxene with cleavage and
second order birefringence.

DE-JC-2-4: CRB Wapshilla Ridge: The groundmass is very fine-crystalline consisting of
random oriented plagioclase in an interstitial glass. The plagioclase are not in contact
with one another = open groundmass. There seems to be almost two populations of
plagioclase, one very fine grained and the other slightly larger euhedral, but still fine-
crystalline. In this sense it is porphyritic, but overall it is aphanitic because the entire
sample is fine-grained. Minor amounts of clinopyroxene. A few glomerocrysts of
crystals = slightly glomeroporphyric, but these are very small, -0.3 mm in radius.

DE-Swd-5: CRB Grouse Creek: Intergranular tholeiitic basalt in which augite occurs
between an interlocking of plagioclase that the crystals are larger than that of the first two
samples. The sample is approximately 60% plagioclase, 40% clinopyroxene = augite.
The abundance of plagioclase that are larger than the previous samples creates a lighter
color of the hand sample that is light gray rather than dark gray to black. There is a major
difference between these textures and may be a good distinction between different flows,
or a way to identify certain flows. All the crystals are finely-crystalline and the
clinopyroxene and plagioclase occur as the same grain size throughout the sample from
fine crystalline to cryptocrystalline. The sample is aphanitic.

DE-Phd-2-1: CRB Wapshilla Ridge: Aphanitic tholeiitic basalt. Interlocking plagioclase
(equigranular). Also interlocking, but to a much lesser degree are clinopyroxene that are
bladed. Between individual crystals are cryptocrystalline material with 2nd order
birefringence that is most probably clinopyroxene. The texture is senate and vitric with
glassy material between interlocking grains.

DE-SR-Q1: CRB Grouse Creek: Interlocking senate plagioclase that have an open
texture that predominantly infilled by clinopyroxene with 2nd order birefringence. The
clinopyroxene is cryptocrystalline with minor amounts fine-crystalline so that
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identification can be made. This texture is ophitic and overall is aphanitic in hand
sample. This sample could also be described as an interstitial texture with clinopyroxene
between euhedral plagioclase laths. This is also a tholeiitic basalt.

DE-Swd-6: CRB Grouse Creek: Tholeiitic aphyric basalt with a senate texture of the
plagioclase. The plagioclase are not all interlocking, but rather have an open texture
surrounded by opaque most probably vitric material with minor cryptocrystalline 2nd

order birefringence material. These minute crystals are possibly clinopyroxene. The
sample is very glassy with open vesicles. It may be that the vesicularity and the glass are
due to the same process. Vesicles are representative of flow tops, which tend to cool
creating glass.

DE-SR-Q2: CRB Grouse Creek: This sample is extremely close in composition and
texture to the previous sample DE-Swd-6. The plagioclase are seriate with a vitric
infilling in an open groundmass. The sample has less cryptocrystalline material in the
groundmass, but it is still present in a small %. There is the presence of larger crystals
(anhedral) of clinopyroxene with 2nd order birefringence. This sample is also a tholeiitic
aphyric basalt. Minor amounts of the plagioclase have grown in a radial pattern.

DE-Hwy30-l: Grays River Volcanics: This tholeiitic basalt is dominated by aphanitic
blade like plagioclase that are arranged in one dominate direction creating a parallel
orientation of the plagioclase (pilotaxitic texture). This feature is a flow texture of
aligned plagioclase. The plagioclase has a senate texture. The groundmass has traces of
cryptocrystalline material and what appears to be devitrified glass in minor amounts.
This sample also lacks distinguishable clinopyroxene, but it may be present in trace
amounts as cryptocrystalline material. This sample has vugs present that are infilled with
chalcedony. Some of the minor vugs have secondary calcite fill. No large phenocrysts of
plagioclase (as in Frenchman Springs) have been observed, nor large amphiboles or
pyroxene indicative of Tillamook Volcanics. The pilotaxitic texture is indicative of
Tillamook Volcanics or Grays River Volcanics.
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APPENDIX C
Tertiary Sedimentary Thin-section Descriptions

DE- H47-2-1: Pittsburg Bluff Formation, East Fork member tuff bed: Siltstone
predominantly composed of glass shards. Mainly uniformly small grains, with a few
larger pumiceous, highly vesicular shards. 95% glass shards of which some are
moderately altered. 5% quartz and feldspar angular to subrounded. The glass was
deposited in great abundance in a very calm environment for they do not appear to be
reworked, instead they are very angular. The shards range from minor spindled to oval
vesicles to bubble wall junctions to piped. Traces of hornblende, sponge spicules,
diatoms and possible radiolarians (marine origin) and a small population of brown glass
w/microlites. There is a very small amount of carbonaceous material.

DE-CC-2: Pittsburg Bluff Formation, East Fork member tuff bed: 94% glass shards
predominantly bubble wall junctions with minor piped shards. This is an airfall unit that
was deposited in calm waters. This unit has large sparse burrows (Thalassinoides)
throughout. The grains are mainly fine-grained, but there is a population of larger
pumiceous shards. 6% very fine plagioclase lath crystals and minor quartz. The large
pumiceous shards have large plagioclase phenocrysts. The glass is partially devitrified.
There is also a population of brown glass. Minor diatoms are present. The shards in this
sample although still fine, are coarser and better defined compared to sample DE-
Hwy47-1. This would be a good unit for tephrochronology for it may be a strong marker
bed for correlation.

DE-47-1: Keasey Formation: The sample is almost entirely diatoms. Diatomite (marine)
with abundant and various species. It is very difficult to tell, but -40% glass shards, 55%
diatoms, and 5% feldspar and quartz. The glass shards, as well as the diatoms, are
devitrified. There are trace amounts of sponge spicule fragments.

DE-JC-2-5: Scappoose Formation: 63% glass shards in a matrix that appears to be
mainly devitrified fragments of smaller shards. These are very fine-grained and hard to
distinguish individual grains, but they are mainly opaque with some birefringence in 2n'

mode from devitrification. 2% mica incuding muscovite and chlorite (or altered biotite).
22% quartz grains and 13% plagioclase feldspar. Traces of diatoms, hornblende, and
again a small population of brown glass shards. This thin-section has regions that have
heavily concentrated quartz and feldspar that may be associated with burrowing.

**The quartz and feldspar grains may have originated from a distal provenance, but they
are associated with fine and delicate glass shards that are more proximal to their source
for they are an airfall deposit from the explosive western Cascade volcanism. The
association of the quartz and feldspar with abundant glass shards means that sample is
texturally immature. The siltstones are from quiet low energy environments that
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originally had more compositionally mature sediments transported which then mixed
with airfall tephras from western Cascade volcanic vents.

DE-CC-4: Pittsburg Bluff Formation, Conyers Creek member: This sample has two
distinct populations of grains. 1) The first one is a more compositionally mature group of
fine to medium-grained sandstone composed of mainly quartz and feldspar with minor
chert. Although compositionally mature, they are texturally immature for they are
angular to subangular. There are minor volcanic clasts and muscovite in this population.
Out of this group, 65% is feldspar (mainly plagioclase with traces of microcline) with
35% quartz, including traces of chert. 2) The second population is composed of coarse
sand to pebble sized volcanic grains that have mainly parallel fine lath phenocrysts of
plagioclase (pilotaxitic texture). The parallel microlites are indicative of Tillamook,
Volcanics and/or Grays River Volcanics. There is opaque glass and other opaque
minerals in the groundmass of these volcanics. This population is compositionally
immature, but texturally mature for all the grains are extremely well rounded.
The sample has a good amount of matrix that has been highly weathered and altered.
Clay coatings encircle grains and they appear to be chlorititic or smectitic.
- This sample also contains abundant fossil molds. Between the two different

populations and the fossils, this sample originated in a marine environment dominated
by quartz and feldspar, in an environment conducive to the bivalves that had a fluvial
influence that transported the pebble volcanics. This is an interesting sample for it
indicates two separate environments converging. This sample has been identified in
the field and by molluscan fossils as Pittsburg Bluff Fm.

The sample is 10% pebble volcanics, 30% extremely altered matrix, only minor clay, and
60% quartz and feldspar population.

DE-PHD-2-2: Scappoose Formation: Traces of diatoms, radiolarians, fragments of
hornblende and possible augite. Most of the muscovite is in alignment with bedding, so
they are of parallel orientation. This is a sandy siltstone with -60% very fine-grained
groundmass composed of an abundance of tectosilicates. -25% of distinguishable quartz
and feldspar that are slightly lager than the fine groundmass. This is a distinct population
separate from the groundmass. -15% glass shards that are predominantly bubble wall
junction shards with lesser amounts of spindled and piped shards.

DE-LVFM-2: Scappoose Formation: 400 individual grains were identified
systematically using a microscope stage. 22- quartz: 69- feldspar: 288- lithic grains: 2-
muscovite: 19- chert. The sample is an altered sandstone that is very immature
compositionally. All grains are subangular to subrounded with heavy clay coatings on all
grains from diagenetic alteration. The feldspars are mainly stained pink (which should
mean they are k-feldspar), but the feldspars along with the lithic grains are extremely
altered.
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This is a medium-grained sandstone, moderately to well sorted. This sample has a blue
color in hand sample, which must be associated with clay alteration of the lithic grains.
The lithic grains are mainly volcanic in origin, with some metamorphic grains and minor
polycrystalline quartz.

DE-47-3: Scappoose Formation: Traces of microcline. A good amount of the lithics are
metamorphic, which is a different source than seen in the other samples. 400 points were
counted: 47- quartz, 68- feldspar, 222 lithics, 2- mica, 36- chert, 26- polycrystalline
quartz. The chert should be considered as lithics in the classification of this sample. This
sample may be pre CRB eruption, for the source is of a distinct metamorphic terrain.
This sample is also compositionally immature due to the abundant lithic fragments
present, but is slightly more compositionally mature than the previous sample DE-
LVFM-2. This sample does not have the clay coatings around the grains, but that may
just be a factor of the amount of weathering that occurred rather than the composition.
The majority of the feldspars are stained pink, approximately 2/3 of the total feldspars
implying K-feldspar. The polycrystalline quartz has straight boundaries that infers it
came from a high-grade metamorphic source. Because the polycrystalline quartz is high-
grade they should be considered as quartz, not lithic grains in the classification of the
sample. The sample is texturally mature due to the rounding of the grains present.

DE-CC-1: Pittsburg Bluff, East Fork member. Very fine-grained sandstone to siltstone.
This sample consists of 65% silt particles that are too fine to distinguish individual
grains, except for tiny micas (appear to be muscovite). The other 35% of the sample is
very fine- to fine-grained of which 20% of the total sample is composed of glass shards
with the majority of a piped or tubed variety with lesser bubble-wall junction shards and
traces of brown glass. The remaining 15% is dominated by angular very fine-grained
quartz with lesser feldspar (mainly plagioclase). The sample contains traces of
hornblende (some grains are secondarily etched from groundwater), augite, sphene,
fragments of sponge spicules, fragments of diatoms, and opaque grains too small to
determine mineralogy.
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Macrofossil Identifications reported from Ellen Moore, 2000

DE-Bill-2-2:
Gastropod:

Scaphander sp.
Bivalve:

Yolduz (Portlandia)? sp. cf. Y. (P.) chehalisensis (Arnold)
Keasey Formation?

DE-MC-2-1:
Scaphopod:

Dentalium sp.
Bivalve:

Litorhadia washingtonensis (Weaver)
Gries Ranch Formation? or Pittsburg Bluff Formation?

DE-Swd-1:
Bivalve:

Unidentified nuculanid

DE-LVFM-3:
Gastropod:

Turritella sp. cf. T pittsburgensis Moore
Scaphopod:

Dentalium sp.
Bivalve:
Thracia sp. cf. T. (T.) condoni Dali

Pittsburg Bluff Formation?

DE-CR-2- 1:
Bivalve:

Thyasira (Conchocele) bisecta (Conrad)

Early Oligocene to middle Miocene. In my studies I did not find it in
the Pittsburg Bluff Formation but did find it in the Astoria Formation.
Sometimes Thyasira is indicative of cold, methane-seep ecology and has
been recorded in such environments in the Pacific Northwest (Goedert and
Squires, 1990, Geology, v. 18, p. 1182-5). It is chemoautotrophic and
dependent upon a source of reduced sulfur. Thyasira may also indicate an
unusual environment rich in organic matter such as whale remains, wood
fines, or sunken logs.
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DE-ER-2-1:
Bivalve:

Panopea sp. cf. P. snohomishensis Clark
Pittsburg Bluff Formation?

DE-CCLR-1:
Unidentifed gastropod, Eosiphonalia? sp.
Pittsburg Bluff Formation??

DE-CC-4:
Gastropod:

Opalia? sp.
Scaphopod:

Dentalium sp.
Bivalves:

Acila? sp.
Litorhadia? sp. cf. L. washingtonensis (Weaver)
Spisula (Mactromeris) sp. cf. S. (M.) pittsburgensis (Clark) Pittsburg

Bluff Formation?

DE-CC-1:
Unidentified bivalve

DE-CC-3:
Gastropod:

Turrid? sp.
Scaphopod:
Dentalium sp.

Bivalve:
Pitar? sp. cf. P. dalli (Weaver)

Pittsburg Bluff Formation?
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DE-47-1:
Bivalve:

Unidentified nuculanid

DE-E47-1:
Scaphopod:

Dentalium sp.
Bivalve:

Litorhadia washingtonensis (Weaver)
Gries Ranch Formation? or Pittsburg Bluff Formation?

DE-AG-1:
Bivalve:

Litorhadia ? sp. cf. L. washingtonensis (Weaver) Gries Ranch
Formation? or Pittsburg Bluff Formation?

DE-EML-1:
Nothing identified

DE-EML-4:
Scaphopod:

Dentalium sp.
Bivalve:

Cochlodesma? sp.

DE-CLLR-2:
Gastropod:

Unidentified naticid
Bivalve:
Acila (Truncacila)? sp. cf. A. (T.) shumardi (Dall) Gries Ranch

Formation or Pittsburg Bluff Formation

DE-Con-2-1
Gastropod:
Scaphander ? sp.

Bivalve:
Nuculanid? sp.
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DE-Con-2-2
Gastropod:
Turritella sp. cf. T pittsburgensis Moore
Bivalve:
Acila (Truncacila) sp. cf. A. (T.) shumardi (Dall) Pittsburg Bluff
Formation?

DE-LVFM-2-1:
Unidentified gastropods-at least 2 species
Unidentified bivalve
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Diatom determinations

(Letter from John Barron, U.S. Geological Survey, 2002)

Dear Drew,

I received the 7 samples that Drew sent me from samples of diatom-bearing
marine tuffaceous Keasey, Pittsburg Bluff, and Scappoose formations
(Refugian to Saucesian?) from NW Oregon (Clatskanie 7.5-min quad) last
Friday.

I prepared strew slides and examined these in detail under the light
microscope. Besides sample DE-47-1 the tuffaceous diatomite from the
Keasey Fm., which contains abundant diatoms, I only observed diatom
fragments in samples OR Cst R DE-E47-1 (Scappoose Fm) and OR Cst R DE-CC-2,
(Pittsburg Bluff Fm.). These 3 samples were then further processed in
hydrogen peroxide and slides were made.

This is what I observed:

Sample OR Cst R DE-47-1 (tuffaceous diatomite from the Keasey Fm)
Abundant diatoms, moderately well preserved, but mainly fragments. Diatoms
are most like early Oligocene assemblages that have been described from the
literature, but I cannot entirely rule out a latest Eocene age. The
presence of Pyxilla spp and the absence of Cavitatus spp. implies an age
older than 30.9 Ma. The diatoms are dominantly shelf-dwelling marine taxa
and suggest moderate water depths -(perhaps >100 m, but probably <500 m or
so.

Diatoms include:
Pyxilla spp. forms resemble Pyxilla reticulata Grove & Sturt -few

Very rare forms that resemble Vulcanella hannae Sims & Mahood

Psuedotriceratium radiosoreticulatum (Grunow in Van Heurck) Fenner -very rare

Stephanopyxis turris (Greville & Arnott) Ralfs in Pritchard -few to common

Stephanopyxis sp. cf. superba (Greville) Grunow -few
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Other Stephanopyxis fragments, including unnamed forms illustrated by
Harwood and Bohaty (2001) from the lower Oligocene of Cape Roberts Project

Core CRP-3, Victoria Land Basin, Antarctica

Coscinodiscus demergitus Fenner (Cestodiscus) - very rare

Radialiplicata (commonly called Paralia) clavigera (Grunow in Van Heurck

Gleser -few

Actinoptycus sp.-rare

Kisseleviella sp. similar to form F of Scherer et al. (2000) -very rare

********************************************************************
Sample -OR Cst R DE-E47-1 (Scappoose Fm)
Diatoms -Rare, moderate to poorly preserved. Mostly fragments of marine
taxa but with some rare occurrences of freshwater diatoms (Aulacoseira
spp.). The diatoms look to have been subject to winnowing and mechanical
abrasion, such as one would expect in a high energy environment. The
assemblage appears to be post early Oligocene based on the absence of
fragments of the robust diatom Pyxilla. The absence of Thalassionema and
Thalassiothrix may be due to their removal by winnowing/abrasion, but I
would expect these and other definitive marine diatoms to be present if the
assemblage were younger than 18 Ma. So, my best guess is that the age is
early Oligocene to mid early Miocene in age.

Diatoms observed:
Coscinodiscus sp. fragments
C. marginatus
Stephanopyxis sp. fragments resembling those of sample DE-47-1
Stictodiscus sp. fragment
Paralia sulcata
Rhizosolenia sp. -apical horn only of a form like R. hebetata
Freshwater -Aulacoseira sp (aff. A. islandica)

********************************************************************
Sample - Cst R DE-CC-2, (Pittsburg Bluff Fm.)
Only very rare fragments of Stephanopyxis spp. observed. A marine
shelf-dwelling taxon. Not age diagnostic
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References:
Scherer R.P., Bohaty S.M. & Harwood D.M., 2000. Oligocene and lower
Miocene siliceous microfossil biostratigraphy of Cape Roberts Project Core
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Harwood, D.M.. and Bohaty, S.M., 2001. Lower Oligocene siliceous
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Best regards,
John Barron
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XRF analyses performed at Washington State University

Columbia River Basalt (CRB) and Grays River Volcanics (GRV) X-ray fluorescence chemistries

DE
Swd-3

Grouse

Creek

DE

Swd-4

Grouse

Creek

DE
Swd-5

Grouse

Creek

DE
Swd-6

Grouse

Creek

DE
Swd-7

Wapshilla
Ridge

DE
Swd-8

Grouse

Creek

DE
Swd-9

Grouse

Creek

Unnormalized Results (Weight %):
Si02 56.09 56.25 55.58 55.74 55.38 56.37 56.22
A1203 13.84 14.24 13.85 13.82 14.01 14.29 13.91
Ti02 1.985 2.091 1.997 2.027 2.354 2.060 2.049
FeO 11.33 10.82 10.92 11.34 11.07 9.87 10.40
MnO 0.173 0.164 0.188 0.183 0.193 0.177 0.191
CaO 6.85 6.71 7.21 7.07 7.41 7.30 7.30
MgO 3.31 3.27 3.67 3.47 3.07 3.64 3.60
K20 1.79 1.67 1.95 1.71 1.90 1.90 1.76
Na20 2.99 3.06 3.14 3.05 3.26 3.18 3.30
P205 0.334 0.340 0.352 0.331 0.379 0.357 0.357
Total 98.69 98.61 98.86 98.74 99.03 99.15 99.09

Normalized Results (Weight %):
Si02 56.83 57.04 56.22 56.45 55.92 56.86 56.74
A1203 14.02 14.44 14.01 14.00 14.15 14.41 14.04
Ti02 2.011 2.120 2.020 2.053 2.377 2.078 2.068
FeO* 11.48 10.97 11.04 11.48 11.18 9.96 10.49
MnO 0.175 0.166 0.190 0.185 0.195 0.179 0.193
CaO 6.94 6.80 7.29 7.16 7.48 7.36 7.37
MgO 3.35 3.32 3.71 3.51 3.10 3.67 3.63
K20 1.81 1.69 1.97 1.73 1.92 1.92 1.78
Na20 3.03 3.10 3.18 3.09 3.29 3.21 3.33
P205 0.338 0.345 0.356 0.335 0.383 0.360 0.360

Trace Elements (ppm):
Ni 6 6 10 3 7 8 7
Cr 26 25 25 25 27 26 25

Sc 36 36 36 32 34 42 34

V 323 333 342 326 416 337 341

Ba 785 798 687 688 701 740 700
Rb 53 58 47 49 52 49 44
Sr 320 335 324 315 342 338 321

Zr 179 185 168 185 183 175 183

Y 46 44 36 39 40 37 39

Nb 12.8 13.3 12.5 13.7 12.5 12.5 13.6
Ga 24 23 22 20 22 21 19

Cu 16 19 24 19 19 23 18

Zn 125 139 118 124 126 117 126

Pb 12 9 10 8 6 5 7
La 37 32 31 17 20 25 23

Ce 55 42 40 38 38 63 44
Th 7 9 8 5 5 5 4

Major elements are normalized on a volatile-free basis, with total Fe expressed as FeO.
"R" denotes a duplicate bead made from the same rock powder.
"t" denotes values >120% of our highest standard.
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Columbia River Basalt (CRB) and Grays River Volcanics (GRV) X-ray fluorescence chemistries

DE
RF-1

Grouse

Creek

DE
SR-1

Grouse

Creek

DE
SR-2

Grouse

Creek

DE
SR-3

Grouse

Creek

DE

BWF-1
Grouse

Creek

DE

LVFM-1
Grouse

Creek

DE

EML-2
Grouse

Creek
Unnormalized Results (Weight %):

SiO2 56.45 56.12 55.92 55.91 55.73 55.45 55.95
A1203 14.53 13.88 13.83 13.77 13.73 13.78 13.89
TiO2 2.105 1.974 2.043 2.019 2.039 2.018 2.044
FeO 9.21 11.02 10.82 11.21 11.02 11.68 10.60
MnO 0.154 0.179 0.188 0.192 0.192 0.178 0.189
CaO 7.24 7.01 7.03 7.11 7.23 6.99 7.13
MgO 3.53 3.47 3.44 3.53 3.54 3.46 3.46
K2O 2.02 1.77 1.80 1.84 1.83 1.72 1.85
Na2O 2.99 3.08 3.12 3.19 3.16 2.97 3.05
P2O5 0.368 0.318 0.344 0.348 0.353 0.345 0.352
Total 98.59 98.82 98.54 99.12 98.83 98.59 98.51

Normalized Results (Weight %):
SiO2 57.26 56.79 56.75 56.41 56.39 56.24 56.80
A1203 14.74 14.05 14.04 13.89 13.89 13.98 14.10
TiO2 2.135 1.998 2.073 2.037 2.063 2.047 2.075
FeO* 9.34 11.15 10.98 11.31 11.15 11.85 10.76
MnO 0.156 0.181 0.191 0.194 0.194 0.181 0.192
CaO 7.34 7.09 7.13 7.17 7.32 7.09 7.24
MgO 3.58 3.51 3.49 3.56 3.58 3.51 3.51
K2O 2.05 1.79 1.83 1.86 1.85 1.74 1.88
Na2O 3.03 3.12 3.17 3.22 3.20 3.01 3.10
P2O5 0.373 0.322 0.349 0.351 0.357 0.350 0.357

Trace Elements (ppm):
Ni 11 4 7 9 6 9 5
Cr 29 24 25 28 30 24 26
Sc 39 20 36 31 37 36 32
V 337 312 336 325 332 339 330
Ba 885 687 724 696 699 785 734
Rb 52 49 50 47 47 51 52
Sr 372 311 315 310 313 333 315
Zr 180 180 185 181 182 180 180
Y 41 37 38 37 38 46 37
Nb 13.0 12.8 14.3 12.9 13.5 13.1 12.5
Ga 22 23 24 26 20 20 23
Cu 25 18 23 19 20 19 20
Zn 128 120 122 119 119 124 123
Ph 8 6 6 11 7 10 6
La 26 35 4 13 18 41 25
Ce 45 52 36 70 48 59 51
Th 6 5 4 4 3 7 5

Major elements are normalized on a volatile-free basis, with total Fe expressed as FeO.
"R" denotes a duplicate bead made from the same rock powder.
"t" denotes values >120% of our highest standard.
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Columbia River Basalt (CRB) and Grays River Volcanics (GRV) X-ray fluorescence chemistries

DE

EML-3
Grouse

Creek

DE

EML-5
Grouse

Creek

DE

Hwy30-1

Grays River

Volcanics

DE

EML-6
Grouse

Creek

DE

NN-2

Grouse

Creek

DE

SRQ-1

Grouse

Creek

DE

SRQ-2

Grouse

Creek

Unnormalized Results (Weight %):
Si02 56.27 55.70 49.47 55.93 56.35 57.10 57.23
A1203 14.15 13.73 15.05 14.04 14.12 14.80 14.24
Ti02 2.023 2.030 3.848 2.000 2.053 2.177 2.089
FeO 10.41 11.10 11.52 10.87 9.80 8.16 9.35
MnO 0.187 0.185 0.160 0.186 0.166 0.172 0.203
CaO 7.26 7.07 9.65 7.14 7.07 7.30 7.02
MgO 3.66 3.41 3.60 3.70 3.60 3.59 3.41
K20 1.83 1.75 1.06 1.67 1.77 1.61 1.89
Na20 3.23 3.01 3.37 3.15 3.14 3.46 3.28
P205 0.347 0.340 0.590 0.338 0.342 0.381 0.358
Total 99.37 98.33 98.32 99.02 98.41 98.75 99.07

Normalized Results (Weight %):
Si02 56.63 56.65 50.32 56.48 57.26 57.82 57.76
A1203 14.24 13.96 15.31 14.18 14.35 14.99 14.37
Ti02 2.036 2.065 t3.91 2.020 2.086 2.205 2.109
FeO* 10.48 11.29 11.72 10.98 9.95 8.26 9.44
MnO 0.188 0.188 0.163 0.188 0.169 0.174 0.205
CaO 7.31 7.19 9.82 7.21 7.18 7.39 7.09
MgO 3.68 3.47 3.66 3.74 3.66 3.64 3.44
K20 1.84 1.78 1.08 1.69 1.80 1.63 1.91
Na20 3.25 3.06 3.43 3.18 3.19 3.50 3.31
P205 0.349 0.346 0.600 0.341 0.348 0.386 0.361

Trace Elements (ppm):
Ni 9 6 19 10 9 18 9

Cr 27 26 21 25 25 25 26
Sc 33 33 27 33 35 38 36
V 332 323 382 346 350 359 343
Ba 716 743 246 699 749 864 740
Rb 48 49 14 43 47 36 52
Sr 339 316 484 321 337 345 334
Zr 172 180 304 166 173 190 183

Y 35 40 41 34 37 48 38
Nb 11.0 13.0 48.8 12.5 12.6 13.2 12.4
Ga 19 23 25 23 20 24 23
Cu 23 18 64 22 22 20 18

Zn 124 127 129 119 126 138 125
Pb 7 8 1 4 8 7 9

La 13 19 25 14 15 9 23
Ce 68 53 76 45 58 58 49
Th 7 6 5 7 6 7 5

Major elements are normalized on a volatile-free basis, with total Fe expressed as FeO.
"R" denotes a duplicate bead made from the same rock powder.
"t" denotes values >120% of our highest standard.
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Columbia River Basalt (CRB) and Grays River Volcanics (GRV) X-ray fluorescence chemistries

DE

Bill-2-3
Grouse

Creek

DE
JC-2-1

Wapshilla
Ridge

DE

JC-2-3
Wapshilla

Ridge

DE

JC-2-4
Wapshilla

Ridge

DE
PHD-2-1

Wapshilla
Ridge

Unnormalized Results (Weight %):
Si02 56.82 54.91 55.34 56.15 53.94
A1203 14.02 13.77 14.00 14.15 15.76
TiO2 2.037 2.292 2.339 2.417 2.333
FeO 10.17 11.74 11.18 9.71 9.69
MnO 0.188 0.193 0.201 0.174 0.190
CaO 7.00 7.22 7.40 7.19 6.75
MgO 3.44 3.53 3.19 3.29 3.73
K20 1.89 1.79 1.93 2.06 1.17
Na20 3.30 3.20 3.17 2.94 2.66
P205 0.350 0.372 0.385 0.387 0.427
Total 99.22 99.02 99.13 98.47 96.65

Normalized Results (Weight %):
Si02 57.27 55.45 55.82 57.02 55.81
A1203 14.13 13.91 14.12 14.37 16.31
Ti02 2.053 2.315 2.359 2.455 2.414
FeO* 10.25 11.86 11.27 9.86 10.02
MnO 0.189 0.195 0.203 0.177 0.197
CaO 7.06 7.29 7.46 7.30 6.98
MgO 3.47 3.56 3.22 3.34 3.86
K20 1.90 1.81 1.95 2.09 1.21
Na20 3.33 3.23 3.20 2.99 2.75
P205 0.353 0.376 0.388 0.393 0.442

Trace Elements (ppm):
Ni 7 10 11 8 23
Cr 23 27 24 25 29
Sc 32 43 33 38 44
V 320 407 410 387 349
Ba 735 686 702 814 799
Rb 55 44 48 61 24
Sr 315 330 339 333 323
Zr 180 175 177 195 206

Y 37 36 37 39 49
Nb 12.6 11.7 12.5 12.9 14.2
Ga 21 23 21 22 25
Cu 18 18 17 19 17
Zn 120 121 124 128 142

Pb 6 9 8 8 10
La 24 23 33 29 34

Ce 53 56 55 36 63
Th 5 5 6 5 5
Major elements are normalized on a volatile-free basis, with total Fe expressed as FeO.
"R" denotes a duplicate bead made from the same rock powder.
"t" denotes values >120% of our highest standard.
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APPENDIX G
Water Well Log 2491

NOTICE TO WATER WELL CONTRACTOR
The

h `e rmm rep rt are to be WATER WELLflied with the
STATE ENGINEER, SALEM. OREGON 9731 STATE OF OR

within 30 day, from the date e-,a or p'of Well completion."`3
(1) OWNER:
Name Elmer J G. Hearn
Address Route Box136

C atskan a Orezorr - -

(2) LOCATION OF WELL:

County Qollllnbia Driller's well number 7
SW Ye SW ti Section 7 D. 7 i<T R. !aW ytbi

Bearing and distance from section or subdivision corner

;EPORTI
GGON OtCV,

(11) WELL TESTS:

State Well No..__..2

State Permit No... s- .,... ..._..._._

Drawdown is amount water level is
lowered below static level

Was a pump teat made? Yes No If yes, by whom?
Yield: gal./min. with ft. drawdown after hr,.

Bailer teat $ gal./min, with 52 ft. drawdown after 2 hra.

Artesian flow q.pm. Date 7-10- 64
Temperature of water Was a chemical analysis made? Yea No

(12) WELL LOG: Diameter of Well below casing W.__._....._

Depth drilled 225 it. Depth of completed well 225 ft.
Formation: Describe bly( color. character sire of material and structure, and

d and nature of the material in eachshow thickness of sQui tart and the kin
stratum penetrated, with at least one entry for each change of formation.

MATERIAL FROM TO
(3) TYPE OF WORK (check):

Well IX Deepening Reconditioning Abandon Cla ellow 2 90
tandonment, describe material and procedure In Item 19. Cla Blue 20 aS

4

PROPOSED USE (check): (5) TYPE OF WELL: Sand Stone, era
Rotary Driven Sand& gravel u' - i i 175Domestic iX Industrial Municipal
Cable Jetted a & gravel water beari 175 225

Irrigation Test Well Other Dug Bored

(6) CASING INSTALLED: Threaded welded M

6.....= Diam, from _..225 ft. to ft. Gale _..s 50
Dia)n. from ,......_. ft. to ft. Gas.
Diam. from ...._._..__.ft. W__ It. Gage

(7) PERFORATIONS: Perforated? Yes W No

Type of perforator used
Size of DeriorationR 1n. by 1n.

perforations from .._._._.
_.LL

it. to ._...".. St.
perforations from __.-.. ft. to _....... ft.
perforations. f_ronn_ _. _...__._....r__ fit, to _.....___,.._.,. it.
perforations from .. .-..v it to ft.

... pertonttons,from _..... .,._.r.__..._._ 4L .__..._._._._._..._ it.to

(8) SCREENS: Well screen Installed? Yes No

Manufacturer's Name ._.._..._._.............-.._..._.T_
Type .... Model No.

(9) CONSTRUCTION:

Well seal-Material used In sea, ...CeUIent.y.sand.T.....grave-i__..
Depth of seal _-IS..,,-,._.? ft. Was. a packer need}
Diameter of well bore to bottom of seal _...-.-J1.._-...__ In.
Were any loose strata cemented off? Yes :M No Depth
Was a drive shoe used? (s[Yee No
Was well gravel packed? Yea No
Gravel placed from ft. to

Size of gravel:

- ft.
Did any strata contain mrueuable water? Yes 79 No
Type of water? depth of strata
Method of sealing strata oft

(10) WATER LEVELS:

Work started
Date well drlllfn

(13) PUMP:

7-1 n,9 64 Completed
machine moved off of well

Manufacturer's Name.-..Type:

Water Well Contractor's Certification:

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and belief.

NAME --. gjhe a1_ i?P_...Dr lling.......__
(Parts, flan or corporation) (Type or print)

Address _._..1 2Q...i;o1. Iliay.._&3A3.2...A7. t eQOngviel3 , 47aatt
Drilling Machine Operator's License No......._362_.................

0 2 f'1...Static level 175 ft. below land surface Date [Signed] .oL ..
w u co ir tor( e n r)

Artesian pressure be. per square inch Date Contractor's License No 4L') Date 0 13x 19A4. ff.._ .__..__.._., . _

(USE ADDITIONAL SHEETS IT NECESSARY(

21,1964

...


