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The upper Eocene to lower Oligocene Oswald West mudstone is

the oldest formation (informal) in the Green Mountain-Young's

River area. This 1,663 meter thick hemipelagic sequence was depos-

ited in a low-energy lower to upper slope environment in the Coast

Range forearc basin. The formation ranges from the late Narizian

to the early Zemorrian(?) in age and consists of thick-bedded bio-

turbated foraminiferal claystone and tuffaceous siltstone. Rare

glauconitic sandstone beds also occur. In the eastern part of the

study area, the upper part of the Oswald West mudstone is inter-

bedded with the upper Refugian Klaskanine siltstone tongue. This

informal unit consists of thick bioturbated sandy siltstone and

silty sandstone that is a lateral deep-marine correlative of the

deltaic to shallow-marine Pittsburg Bluff Formation in the north-

eastern Coast Range.

Discontinuous underthrusting of the Juan de Fuca oceanic

plate at the base of the continental slope of the North American

plate caused extensive uplift and subsidence along the Oregon

continental margin throughout the Cenozoic (Snavely et al., 1980).

Initiation of Oregon Coast Range uplift and accompanying erosion

in the early Miocene, coupled with a global low stand of sea level

(Vail and Mitchum, 1979), stripped most of the Oligocene (Zemor-

rian) Oswald West strata and in places much of the uppermost

Eocene (upper Refugian) Oswald West strata in the field area, cre-

ating an unconformity. Deformation accompanying uplift included a

system of east-west-trending, oblique-slip faults.



The Pillarian-to-Newportian Astoria Formation unconformably

overlies the Oswald West mudstone and reflects deposition off-

shore from an open, storm-dominated coast during an early-to-

middle Miocene transgression. Deposition of the Big Creek sand-

stone and Silver Point mudstone members of the Astoria Formation

was controlled in part by submarine paleotopography that developed

as a result of early Miocene deformation of the Oswald West strata.

The up to 200 meter thick Big Creek member varies from storm-

deposited laminated sandstone to bioturbated mollusk-bearing silty

sandstone that accumulated during fair weather conditions on the

inner to middle shelf. Overlying and perhaps in part laterally

equivalent to the Big Creek member is the up to 200 meter thick,

deeper marine Silver Point member which consists of two litholo-

gies: 1) interbedded, micaceous, turbidite sandstones and lami-

nated mudstone; and 2) laminated bathyal mudstone that inter-

tongues with and caps the turbidite sequences. The turbidite

lithology is composed of two facies: 1) an underlying sand-rich

facies, transitional between the shallow-marine Big Creek member

and bathyal Silver Point strata, that was deposited on the outer

shelf by storm-induced turbidity currents; and 2) an overlying

sand-poor facies that was deposited at bathyal depths. The turbi-

dite facies channelized, and at some places removed the underlying

Big Creek member and were deposited directly over Oswald West mud-

stone. The Astoria depositional sequence ranges, from inner to

outer neritic to bathyal facies and reflects continued deepening

and anoxic depositional conditions of the Astoria basin through

the middle Miocene. Big Creek and Silver Point sandstone petrology

reflects volcanic sources from an ancestral western Cascades vol-

canic arc and metamorphic and granitic basement rocks farther east

via an ancestral Columbia River drainage system. Diagenetic ef-

fects include: (a) formation of local calcite concretionary

cements; and (b) formation of pore-filling smectite from altera-

tion of volcanic rock fragments.

At least six middle Miocene Columbia River Basalt intrusive

episodes affected the Green Mountain-Young's River area soon after



deposition of the Astoria Formation. These basalt sills and dikes

include normally polarized and reversely polarized low Mg0 high

TiO
2'

low Mg0 low TiO
2'

and high Mg0 Grande Ronde basalt chemical

subtypes and two porphyritic Frenchman Springs Member basalts

(Ginkgo and Kelly Hollow(?) petrologic types). These basalt in-

trusions are virtually indistinguishable, based on chemistry, from

subaerial flows of the plateau-derived Columbia River Basalt Group

subtypes at nearby Nicolai Mountain and Porter Ridge. This corre-

lation supports the Beeson et al. (1979) hypothesis that the intru-

sions are not of local origin but formed by the invasion of the

flows into the Miocene shoreline sediments to form "invasive"

sills and dikes. Many dikes were emplaced along northeast- and

northwest-trending faults, and some (i.e., Ginkgo) cut older sills

(Grande Ronde). A laterally extensive Frenchman Springs sill oc-

curs under an older widespread Grande Ronde sill. From this older

over younger intrusive relationship, a mechanism of "invasion" of

sediment from overlying lava flows is difficult to envision.

A pulse of rapid subduction starting in the middle Miocene

(Snavely et al., 1980) was accompanied by renewed uplift, inten-

sive block faulting, and continued development of the earlier

formed Coast Range uplift. Left-oblique northeast-trending faults

and conjugate northwest-trending right-oblique faults offset

Grande Ronde and Frenchman Springs dikes and sills. This conju-

gate fault pattern may reflect oblique east-west convergence

between the North American and Juan de Fuca plates.

The Silver Point mudstones and Oswald West mudstones have

high total organic carbon contents, up to 5.5%, but are thermally

immature and may act only as a source for biogenic gas(?) in the

subsurface. Suitable reservoir rocks, such as the gas-producing

upper Eocene Cowlitz Formation C & W sandstone, may pinch out be-

fore reaching the Green Mountain-Young's River area and are yet to

be penetrated by exploration drilling. Post-middle Miocene fault

traps abound in the area, although these faults might also breach

subsurface natural gas reservoirs in the Green Mountain-Young's

River area.
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GEOLOGY OF THE GREEN MOUNTAIN-YOUNG'S RIVER AREA,

CLATSOP COUNTY, NORTHWEST OREGON

INTRODUCTION

Purpose

This study is part of a continuing geological investigation

of the northwest Coast Range of Oregon. During the past several

years, most of Clatsop County has been mapped by Oregon State

University graduate students working under the direction of Dr.

Alan R. Niem. This thesis, along with five M.S. theses in pro-

gress (Goalen, D. Nelson, Mumford, Rarey, and Safley), will com-

plete the first detailed geologic mapping (scale 1:15,840 to

1:31,680) of Clatsop County. The primary contributions of this

study are: 1) a geologic map of the Green Mountain-Young's River

area (scale 1:15,840); 2) a description of the facies variations,

depositional environments, and provenances of the sedimentary

units in the area and correlation of these units to the regional

stratigraphy of the northwest Oregon Coast Range; 3) determination

of the intrusive history of the basalts in the area and the rela-

tions to the Columbia River Basalt Group; 4) an interpretation of

the tectonic history of the area; and 5) evaluation of the area

hydrocarbon potential in light of recent discoveries of commercial

quantities of natural gas in nearby Mist, Oregon.

Location and Accessibility

The study area is located in central Clatsop County, 97 kilo-

meters northwest of Portland and 19 kilometers south of Astoria

(fig. 1). The 80 square kilometer area includes the upper reaches

of the Youngs River and the North, Middle, and South Forks of the

Klaskanine River.

Access to the area is provided by State Route 202 on the east

and U.S. Highway 101 on the west. Although the region is heavily
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forested, numerous logging roadcuts, quarries, and streams provide

adequate exposure (see outcrop distribution on Plate I). Most of

the land and logging roads in the area are owned by Crown Zeller-

bach Corporation.

Previous Work

The earliest work on the Tertiary System of the Pacific

Northwest was presented in Conrad's 1848 publication of J. K.

Townsend's descriptions of Miocene mollusks that were collected

near Astoria. In 1849, Dana described a "Tertiary Formation" at

Astoria, presumably the Astoria Formation later described by Howe

in 1926 (Moore, 1963).

Early geological reconnaissance of Clatsop County was under-

taken by Diller (1896) and Washburne (1914). Both men travelled

through parts of the Green Mountain-Young's River area. Diller

ventured through the western part of the area, but he did not

specifically describe the geology. Washburne noted basalt "inter-

stratified" with sandstone and "shale" and collected molluscan

fossils in the northeastern part of the area. He described Green

Mountain as a volcanic "neck."

Geologic investigations that have included the Green Moun-

tain-Young's River area subsequent to Washburne's work have in-

volved numerous workers. On an oil and gas reconnaissance map of

northwestern Oregon, Warren et al. (1945) mapped undifferentiated

middle Tertiary sedimentary rocks in the area. They identified

molluscan fossil assemblages from two localities on the South

Fork of the Klaskanine River as representing Blakeley(?) molluscan

stage (Oligocene) and Pittsburg Bluff Formation equivalents. They

mapped "Columbia River" intrusives, including Green Mountain, in

the study area.

During the last 20 years, the study area has been included in

several mapping projects. On Wells and Peck's (1961) compilation

map of western Oregon, Astoria Formation strata were mapped

throughout the study area. Undifferentiated, Oligocene, tufface-



ous sandstone intercalated with minor shale and tuff was mapped

in the southeast corner of the Green Mountain-Young's River area.

In the study area, Wells and Peck show several Tertiary basalt

bodies, including Eels Ridge and Green Mountain, intruding the

Astoria Formation. In 1963, Dodds mapped (1:62,500) Paleogene

strata as Astoria Formation mudstone and the Astoria Formation

strata as post-Astoria Formation sandstone. In an environmental

geology study of Clatsop and Tillamook counties, Schlicker et al.

(1972) mapped (1:62,500) undifferentiated Oligocene to Miocene

sedimentary rocks and middle to upper Miocene basaltic intrusive

rocks in the Green Mountain-Young's River area. Cooper (1981),

in a doctoral study of the Astoria Formation, mapped (1:48,000)

undifferentiated upper Eocene to lower Miocene mudstone and sand-

stone, the Big Creek sandstone and Silver Point mudstone members

of the Astoria Formation, and coastal basalt intrusives and ex-

trusives in the area. Pfaff (1981), as part of a geophysical

thesis, studied intrusions in the South Fork of the Klaskanine

River and in the lower Youngs River. Her evaluation of the in-

trusions infers that they are shallow bodies that do not extend

deep into the crust.

Methods of Investigation

Field Work

4

Field work was completed during the summer of 1980 and the

fall of 1981. Mapping was done on aerial photographs at a scale

of 1:24,000 and on topographic maps, provided by Crown Zellerbach

Corporation, at a scale of 1:12,000. Data later were transferred

to enlarged, 1:15,840 (4 inches/mile), U.S. Geological Survey 15-

minute topographic maps of Saddle Mountain, Cannon Beach, and

Svensen quadrangles and the 7 1/2-minute Olney quadrangle. Linea-

tions on U2 infrared photographs were field-checked for possible

structural significance.

Attitudes of sedimentary strata, basalt intrusive contacts
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and structural features were measured with a Brunton compass.

Lithologic descriptions were augmented by the use of a grain size

chart and a Geological Society of America Rock-Color Chart (1970).

Field terminology of the basalt units was based on the work of

Snavely et al. (1973), Swanson et al. (1979), Bentley (1977;

pers. comm., 1982), and Goalen (in prep.).

Rock and fossil samples were collected for future reference

and laboratory work. Oriented basalt samples were collected for

fluxgate magnetometer analysis to determine polarity and magneto-

stratigraphy.

Laboratory Methods

Thin sections and heavy mineral grain mounts of the sedimen-

tary rocks were used in determining provenance, depositional en-

vironments, and diagenesis. Modal analysis of 16 sandstone

samples from the Astoria Formation and the Oswald West mudstone

was done (Appendices III and IV). Tetrabromoethane, sp. gr.

2.94, was used to separate heavy minerals, from 2 to 4 phi size

fractions, used in provenance determination.

X-ray diffraction and scanning electron microscopy were used

on two Astoria Formation sandstone samples for diagenetic evalua-

tion. Scanning electron microscopy was performed by Al Solner

of the Department of Botany at 0.S.U. Clay mineralogy of the less

than two micron fraction was determined using the 0.S.U. Depart-

ment of Soils Norelco X-ray diffractometer. Pretreatment of

clays followed methods outlined in Harward's 1976 Soils class

notes (Reed Glasmann, Doctoral candidate, 0.S.U. Soils Depart-

ment, pers. comm., 1981). Clay pretreatment included cation

saturation, solvation with ethylene glycol and glycerol, heating

to 300°C and 500°C, and control of relative humidity (see M.

Nelson, 1978 for detailed procedure).

Twelve samples from the Astoria Formation and the Oswald West

mudstone were sent to the Amoco Production Company Petroservices

Group in Tulsa, Oklahoma for maturation and permeability determi-
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nation (Appendix VII).

Age and environmental interpretation of the sedimentary units

were aided by identification of mollusks, microfossils, and trace

fossils (Appendix I). Dr. Ellen Moore, of the U.S. Geological

Survey, identified, dated, and provided ecological data on mollus-

can fossils collected in the thesis area. Dr. C. Kent Chamberlain,

of Valero Producing Company, Denver, provided trace fossil identi-

fication and ecological interpretation. Three types of microfos-

sils were recovered from the field area. These were identified

and environmental interpretations were provided by: Dr. Kristin

A. McDougall, foraminifera; Dr. John Barron, marine diatoms; Dr.

J. Platt Bradbury, non-marine diatoms; and Drs. David Bukry and

Laurel M. Bybell, coccoliths, all of the U.S. Geological Survey.

See Appendix II for the techniques used to process the microfos-

sils.

Analyses of selected basalt samples included determination of

remanent magnetism with a fluxgate magnetometer (Doell and Cox,

1964), which was provided by Dr. Shaul Levi of the O.S.U. College

of Oceanography. Major oxide analysis of 25 basalt samples was

provided by Dr. Peter Hooper of Washington State University using

X-ray fluorescence.
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REGIONAL STRATIGRAPHY

Throughout most of the Tertiary, a forearc basin occupied

western Oregon and Washington west of the Cascade arc (Niem, 1976).

This marginal basin developed in response to subduction of the

Farallon oceanic plate beneath the North American plate. Several

periods of underthrusting are recorded by the geology of the

Oregon Coast Range and adjacent continental shelf and slope

(Snavely et al., 1977; 1980).

In the northern Oregon Coast Range, the basement rocks are

the lower to middle Eocene Tillamook Volcanics (Warren et al.,

1945). These rocks vary in chemical composition from tholeiitic

pillow lavas and breccias to an overlying sequence of alkalic

subaerial basalt and basaltic andesite flows and associated pyro-

clastic rocks (Snavely et al., 1968; 1970).

The Tillamook Volcanics probably represent accreted oceanic

crust and oceanic islands formed at the Farallon-Kula spreading

ridge (Magill et al., 1981; Duncan, 1982). The Tillamooks were

rotated up to 46° clockwise during accretion as indicated by

paleomagnetic investigations of Magill et al. (1981).

Unconformably overlying the Tillamook Volcanics is the mid-

dle Eocene
1

(Narizian) Cowlitz Formation. This 350 meter thick

unit, though not exposed in the thesis area, is of regional im-

portance because it is the producing formation at the Mist gas

field, 24 kilometers east of the study area (Newton, 1979;

Olmstead, 1980, 1981). The Cowlitz in the eastern and central

northern Oregon Coast Range consists mostly of thick, shallow-

marine sandstone. Some overlying deep-marine mudstones and turbi-

dite sandstones within the Cowlitz Formation occur southeast of

the thesis area (Timmons, 1980; Olbinski, 1983; D. Nelson, in

prep.). The shallow-marine sandstones pinch out in deep-marine

mudstones in southwestern Clatsop County (Mumford, in prep.;

Rarey, in prep.). East of the Green Mountain-Young's River

1 Age follows the revised time scale of Armentrout (1981).
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area, along the Columbia River near Goble, Washington, the Cowlitz

Formation interfingers with the Goble Volcanics (Wilkinson et al.,

1946). The intrusions and basaltic lava flows of the Goble Vol-

canics might be arc tholeiites (Beck and Burr, 1979).

Although neither the Goble nor Tillamook Volcanics crop out

in the thesis area, wildcat drilling several kilometers northwest

of the area encountered evidence of Goble or Tillamook basalt 1,743

meters (5,720 ft) below sea level. The well is known as the Stand-

ard Oil of California (Socal) Hoagland well and was drilled in

1955 (M. Nelson, 1978; Tolson, 1976).

In the northeastern Oregon Coast Range, the 500 meter thick

Keasey Formation is an upper Eocene, (upper Narizian to lower

Refugian) tuffaceous mudstone (McDougall, 1975) that unconformably

overlies the Cowlitz Formation (Warren et al., 1945; Kadri, 1982;

Olbinski, 1983; D. Nelson, in prep.). The Keasey mudstone is

present throughout much of southeastern Clatsop County and western

Columbia County. In the upper Nehalem River Valley, the Keasey is

disconformably overlain by the upper Eocene to lower Oligocene

(upper Refugian to lower Zemorrian) Pittsburg Bluff Formation

(Warren et al., 1945; Moore, 1976). The 250 meter thick Pittsburg

Bluff Formation consists mostly of shallow-marine, bioturbated,

tuffaceous sandstone and minor sandy siltstone (Van Atta, 1971;

Niem and Van Atta, 1973). North and west of the Nehalem River

Valley, both the Pittsburg Bluff sandstone and the Keasey mud-

stone grade laterally into the deep-marine Oswald West mudstone

(fig. 2; Cressy, 1974; Smith, 1975; Tolson, 1976; Neel, 1976;

Penoyer, 1977; M. Nelson, 1978; Coryell, 1978; Murphy, 1981; D.

Nelson, in prep.; Goalen, in prep.).

The Oswald West mudstone (informal) consists of 500 meters of

thick-bedded, bioturbated claystones and siltstones of Oligocene

to early Miocene age (Zemorrian to Saucesian) at the type section

along Short Sands Beach (Cressy, 1974). Unfortunately, the base

of the unit is not exposed at the type section. Subsequent map-

ping in western Clatsop County has included middle to upper Eocene

(Refugian and Narizian Stages) strata in the Oswald West mudstone
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(Neel, 1976; Tolson, 1976; Penoyer, 1977; M. Nelson, 1978). Lower

Oligocene to upper Eocene (Zemorrian to possible Narizian) Oswald

West mudstone is the most widespread unit in the Green Mountain-

Young's River area. In the northwestern Oregon Coast Range, the

upper Oswald West mudstone are deep-marine equivalents of the

Scappoose Formation (Cressy, 1974; Tolson, 1977; Coryell, 1978;

M. Nelson, 1978; Murphy, 1981).

The shallow-marine to deltaic Scappoose Formation disconform-

ably overlies the Pittsburg Bluff Formation in the northeastern

Oregon Coast Range (Warren, et al., 1945; Van Atta, 1971; Niem and

Van Atta, 1973). The Scappoose Formation is Oligocene to early

Miocene (Zemorrian to early Saucesian) in age. Kelty (1981)

recognized middle Miocene Columbia River Basalt clasts in the up-
.

per part of the Scappoose Formation near Mist, Oregon. This datum

suggests that the Scappoose Formation is in part middle Miocene in

age. The Scappoose Formation does not occur in the Green Moun-

tain-Young's River area.

The lower to middle Miocene Astoria Formation unconformably

overlies the Oswald West mudstone in the northwestern Oregon Coast

Range (Cooper, 1981). The Astoria Formation includes 600 meters

of "deltaic" sandstone (Angora Peak sandstone member, Cressy,

1974), shallow-marine sandstone (Big Creek sandstone member,

Coryell, 1978), and deep-marine turbidite sandstone and mudstone

(Silver Point mudstone member, Smith, 1975; Cooper, 1981). In

Oregon, the Astoria Formation is restricted to marine embayments

that existed in northern and western Clatsop County, at Tillamook,

and Newport (Moore, 1963; Cooper, 1981). The Silver Point and Big

Creek members (informal) occur in the Green Mountain-Young's River

area.

Unconformably overlying the Astoria and older Tertiary Forma-

tions are several basalt formations of the middle Miocene Columbia

River Basalt Group. On the northeast flank of the Oregon Coast

Range, there are several subaerial flows of Grande Ronde, Frenchman

Springs, and Pomona basalts (Snavely et al., 1973; Swanson et al.,

1979; Murphy and Niem, 1982; Goalen, in prep.). These lavas were
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erupted on the Columbia River Plateau, up to 500 kilometers to the

east of Clatsop County (Swanson et al., 1979). The basalts flowed

via an ancestral Columbia River down to the middle Miocene strand-

line to form thick sequences of pillow lavas and breccias overlain

by subaerial flows in the northern Oregon Coast Range (Snavely and

Wagner, 1963; Murphy, 1981; Murphy and Niem, 1982). West of the

strandline, contemporaneous basalt sills and dikes, remarkably

similar petrologically and geochemically to the subaerial Columbia

River Basalt units, intruded older rocks (Snavely et al., 1973).

The coastal intrusives are associated with thick sequences of

overlying submarine pillow basalts, hyaloclastites, and basalt

breccias along the present central and northern Oregon and south-

western Washington coastlines. The middle Miocene coastal basalts

are coeval with the Grande Ronde and Frenchman Springs basalts of

the Columbia River Basalt Group and were formally named the Depoe

Bay Basalt and Cape Foulweather Basalt respectively by Snavely

et al., (1973). In southwest Washington, a coastal intrusive

equivalent of the Pomona Member has been informally named the

basalt of Pack Sack Lookout (Snavely et al., 1973). Intrusions of

both Frenchman Springs and Grande Ronde petrologic types occur in

the study area.



12

A NORTHWESTERN-NORTHEASTERN OREGON COAST RANGE STRATIGRAPHIC
PROBLEM

In 1945, Warren et al. noted that the stratigraphy of the

northeastern Oregon Coast Range is not distinguishable in the

northwestern Oregon Coast Range. The sand-rich lithologies of the

shallow-marine Pittsburg Bluff and Scappoose formations pinch out

to the northwest in deep-marine mudstone (fig. 3). These facies

changes pose major stratigraphic nomenclature problems in the

northwestern Oregon Coast Range. For example, in the upper

Nehalem River valley (fig. 1) Pittsburg Bluff sandstone and silt-

stone overlies Keasey mudstone and underlies Scappoose Formation

sandstone. North and west of the Nehalem Valley, both the Scap-

poose and Pittsburg Bluff sandstones pinch out in deep-marine mud-

stone. Without the occurrence of Pittsburg Bluff sandstone, the

Keasey mudstone lithology is indistinguishable from overlying

"Pittsburg Bluff mudstone" and "Scappoose mudstone." Because the

Pittsburg Bluff and Scappoose Formations are defined in their type

areas as predominantly sandstone units, the deep-marine mudstone

facies of the northwestern Oregon Coast Range should not be in-

cluded in these sandstone-rich units. It is proposed in this

study that the deep-marine mudstone facies of the Keasey, Pitts-

burg Bluff, and Scappoose formations be included in the Oswald

West mudstone (informal) of Cressy (1974) (fig. 3).

Within the Green Mountain-Young's River area, the Pittsburg

Bluff Formation pinches out in the Oswald West mudstone. For this

reason strata lithologically similar to and coeval with the Keasey

Formation are included in the Oswald West mudstone.
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STUDY AREA STRATIGRAPHY

The stratigraphic nomenclatures used in the eastern and

western parts of the northern Oregon Coast Range merge in the

Green Mountain-Young's River area (figs. 2 and 3). Six Tertiary

rock units crop out in the study area (fig. 4). The oldest rocks

are upper Eocene to lower Oligocene (Narizian to Zemorrian) deep-

marine mudstones and siltstones of the Oswald West mudstone (in-

formal, Tow on Plate I). Interbedded near the top of the Oswald

West mudstone in the study area is a deep-marine sandstone and

mudstone sequence which is informally called the Klaskanine tongue

of the Pittsburg Bluff Formation. The upper Eocene to lower

Oligocene (upper Refugian to lower Zemorrian) Pittsburg Bluff

Formation (Tpb on Plate I) crops out only in the southeast part

of the study area. The lower to middle Miocene (Saucesian)

Astoria Formation disconformably overlies the Oswald West mudstone

and Pittsburg Bluff Formation in the thesis area. Two members of

the Astoria Formation are exposed in the Green Mountain-Young's

River area. They are the shallow-marine Big Creek sandstone mem-

ber (Tbc
1

and Tbc
2
) and the Silver Point member (Tspl1, Tspl2,

Tspu3, and Tspu4 on Plate I).

Two units of the middle Miocene Columbia River Basalt Group

crop out over much of the area as intrusives and minor submarine

extrusives. In previous regional work (i.e., Cooper, 1981), cor-

relative coastal basalts have been called the Depoe Bay and Cape

Foulweather basalts after Snavely et al. (1973). Because the pe-

trology and intrusive sequence of the coastal basalts are essen-

tially identical to units in the Columbia River Basalt Group, the

Columbia River Basalt nomenclature (Swanson et al., 1979) is used

in this study. Both Grande Ronde and Frenchman Springs petrologic

types occur in the Green Mountain-Young's River area.
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OSWALD WEST MUDSTONE

Nomenclature and Regional Distribution

The name Oswald West mudstone was proposed by Cressy (1974)

for a 500 meter thick section of deep-marine, tuffaceous mudstones

of late Oligocene to early Miocene (Zemorrian to Saucesian) age.

The type section is located along Short Sands Beach, at Oswald

West State Park, 28 kilometers southwest of the Green Mountain-

Young's River area (fig. 1). At the type locality, the Oswald

West mudstone is unconformably overlain by middle Miocene Astoria

Formation shallow-marine sandstone. The base of the Oswald West

is not exposed in the type area (Cressy, 1974). Neel (1976) and

Smith (1975) extended the definition of Oswald West mudstone to

include upper Eocene (Refugian) tuffaceous mudstones and glauco-

nitic sandstones in the Sugarloaf Mountain-Tillamook Head area.

The Oswald West mudstone has been mapped in the area surrounding

the Green Mountain-Young's River area by Penoyer (1977), Tolson

(1976), Coryell (1978), M. Nelson (1978), Goalen (in prep.), D.

Nelson (in prep.), and Rarey (in prep.) (fig. 1).

Neel (1976) and Smith (1975) tentatively divided the Oswald

West mudstone into three parts based on subtle lithologic differ-

ences. The "upper part" (upper Oligocene to lower Miocene) is

composed of thin-bedded to structureless, tuffaceous, sandy silt-

stone with rarer interbeds of very fine-grained sandstone turbi-

dites. This "upper part" correlates with the Oswald West mudstone

type section. The "middle part" (upper Eocene to Oligocene) in-

cludes thick-bedded, tuffaceous mudstone and glauconitic sandstone.

Deep-marine glauconitic sandstone and siltstone equivalent to the

Pittsburg Bluff Formation are included in the "middle part." The

"lower part" (upper Eocene) consists of dark gray, thick-bedded

mudstone with less abundant siltstone and thin tuff beds. Within

the Green Mountain-Young's River area, the Oswald West mudstone

lithologies of Neel (1975) and Smith (1975) are recognizable.
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Distribution

The Oswald West mudstone occurs throughout most of the Green

Mountain-Young's River area (see Plate I). Since the Oswald West

mudstone consists predominantly of tuffaceous mudstone, the unit

has little resistance to erosion and forms rounded hills and topo-

graphic lows. It forms small outcrops in stream beds, such as in

the Youngs River at locality 312 (SW 1/4 sec. 15, T6N, R8W). Log-

ging roadcuts provide most exposures of Oswald West mudstone,

though these outcrops are usually deeply weathered. Resistant

concretionary horizons form extensive stream bed exposures, such

as at the confluence of Elk Creek and the South Fork of the Klas-

kanine River (NW 1/4 sec. 12, T6N, R8W). Weathered outcrops are

dark yellowish orange (10 YR 6/6) and are associated with chippy

(lcm) mudstone talus. Fresh exposures are grayish black to black

(N2 to N1).

Lit ho logy

Within the field area, the Oswald West mudstone is a sequence

of tuffaceous mudstone at least 1,663 meters thick. Because of

poor exposure, the thickness estimate is based on a wildcat well

drilled by Diamond Shamrock Corporation in the thesis area south

of Green Mountain. Rare waterlain tuff interbeds (1-4 cm) and con-

cretionary beds delineate bedding, but overall, the mudstones are

structureless as a result of thorough bioturbation. Examples of

tuff bed localities occur along the Elk Mountain Mainline (locali-

ty 64, SW 1/4 sec. 30, T7N, R8W) and in a Grande Ronde Basalt

quarry located immediately north of the Middle Fork of the Klas-

kanine River (locality 330, SE 1/4 sec. 27, T7N, R8W). In the

South Fork of the Klaskanine River, concretionary bedding is ob-

servable at locality 265 (NW 1/4 sec. 32, T7N, R8W, fig. 5).

The upper part of the unit consists of structureless, tuf-

faceous claystone and mudstone. A discontinuous 0.3 to 1 meter

thick glauconite sandstone bed and thin, arkosic, fine-grained
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Fig. 5. Discontinuous concretionary bedding in Oswald West mud-

stone (Tow). Note typical "chippy" talus. Locality 265,

NW 1/4 sec. 32, T7N, R8W.
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sandstone dikes occur along Simmons Ridge Road in the NE 1/4 sec-

tion 27, T7N, R8W (locality 126). This baked, dusky yellow green

(10GY 3/2) glauconite bed is overlain by sandy, carbonaceous silt-

stone and has been intruded by two thin (0.3 m) middle Miocene

Grande Ronde Basalt sills.

Spherical concretions (5-20 cm), with nuclei of whole crabs,

and elongate concretions (15-60 cm) commonly occur along bedding

planes (localities 257, 259, in the South Fork of the Klaskanine

River, NW 1/4 sec. 12, T6N, R8W). Bedding is rarely discernible

in deeply weathered outcrops. However, where exposures are fresh,

structureless sandy and clayey siltstones are commonly interbed-

ded (-0.6-1.0 m) (locality 259, in the Klaskanine River, locality

310, in Elk Creek, NW 1/4 sec. 12, T6N, R8W).

The best exposures of the upper Oswald West mudstone are in

the South Fork of the Klaskanine River from locality 257 to local-

ity 307 (NW 1/4 sec. 12, T6N, R8W). Here the unit is composed of

structureless, medium gray (N5), sandy siltstone. Very fine-

grained biotite, muscovite, and carbonaceous debris are also

present, but highly disseminated in this siltstone.

More typical exposures of the Oswald West mudstone occur

south of Youngs River. Here, the unit is exposed in road cuts

as deeply weathered, structureless, grayish orange (10 YR 7/4)

siltstone and mudstone. Bedding is rarely discernible. Exposures

along Youngs River are rare, and are generally small and thorough-

ly bioturbated (locality 312, SW 1/4 sec. 15, T6N, R8W).

Ribbon-shaped Helminthoida fecal traces (Chamberlain, written

comm., 1982) occur in the Oswald West mudstone (126, NE 1/4 sec.

27, T7N, R8W between the South and Middle Forks of the Klaskanine

River). Helminthoida traces are pervasive at the type locality of

Oswald West mudstone and indicate bathyal deposition (Cressy,

1974).

At Klaskanine River locality 271 (SE 1/4.sec. 2, T6N, R8W)

primary bedding structures have not been completely obliterated by

bioturbation. At this site thin beds (1-2 cm) of laminated mud-

stone are interbedded with thin-bedded, laminated, sandy siltstone.
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The sandy siltstones (possible Bouma intervals Tde) may indi-

cate transport of coarse detritus via turbidity currents.

A molluscan fossil locality, M12 of Warren et al. (1945) is

in the thesis area. Locality M12 is located where Highway 202

crosses Elk Creek (NW 1/4 sec. 12, T6N, R8W), and was dated as

Blakeley(?) age (Oligocene).

Foraminifera occur throughout the Oswald West. However, sur-

ficial weathering has removed diagnostic forms from most outcrops.

The most common arenaceous forms are Cyclammina pacifica and

Bathysiphon sp. (McDougall, written comm., 1982). These two for-

aminifers commonly survive surficial weathering and thus are ob-

servable in outcrop (locality 64, SW 1/4 sec. 30, T7N, R8W on Elk

Mountain Mainline), but are not age diagnostic. Bathysiphon sp.

does indicate bathyal deposition (McDougall, pers. comm., 1981).

Common calcareous foraminifera in the Green Mountain-Young's River

area include Martinotiiella communis, Dentalina consobrina, and

Eggerella subconica.

The deep-marine pelecypods Propeamusium sp. cf. P. clallamen-

sis and Delectopecten sp. (Moore, written comm., 1981) as well as

diatoms and coccoliths occur in the Oswald West strata of the

study area (Appendix I). Diatoms were recovered from one locality

south of Youngs River (locality 101, SW 1/4 sec. 23, T6N, R8W).

Coccoliths were retrieved from well cuttings of the Diamond Sham-

rock Corporation Crown Zellerbach 31-17 well drilled in the study

area (located south of Green Mountain). Coccolith species are

listed in Appendix I, and were identified by Dr. David Bukry

(paleontologist, U.S. Geological Survey). Fish bones, pyritized

diatoms and radiolaria occur with foraminiferal assemblages

(McDougall, written comm., 1982). Fish scales(?) (2-5 mm) are

observable in outcrop (locality 106, SW 1/4 sec. 34, T7N, R8W,

Klaskanine Mainline).

Contact Relations

The lower contact of the Oswald West mudstone is not exposed
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in the study area. However, southeast of the thesis area, Keasey

Formation strata, which are equivalent to the lower Oswald West

mudstone, are disconformable with the middle-to-upper Eocene Cow-

litz Formation (D. Nelson, in prep.). Within the study area, the

Oswald West mudstone and the Pittsburg Bluff Formation (the

Klaskanine tongue, informal) intertongue. The Oswald West-Pitts-

burg Bluff contacts are not exposed, but are assumed to be con-

formable on the basis of continuity of age and paleoecologic inter-

pretations between the two units. A more detailed description of

the Oswald West-Klaskanine tongue contacts is in the Contact Rela-

tions section of the Pittsburg Bluff Formation.

The upper contact of the Oswald West mudstone with the over-

lying Astoria Formation is disconformable. The lower to middle

Miocene Astoria Formation overlies Oswald West strata that vary

from lower upper Eocene to lower Oligocene (upper Narizian to

lower Zemorrian). At locality 235, north of Eels Ridge (NW 1/4

sec. 12, T6N, R8W), the Oswald West-Astoria Formation (Big Creek

sandstone member) contact is exposed. The contact is a paracon-

formity, though the mapped distribution of the Big Creek sandstone

member indicates that it was deposited over an irregular surface.

A more detailed discription of the Oswald West-Astoria contact is

in the Contact Relations sections of the Astoria Formation.

Age

The Oswald West mudstone ranges from probable lower upper

Eocene to lower Oligocene (upper Narizian to lower Zemorrian) in

the Green Mountain-Young's River area. This age range is based

on benthic foraminferal, molluscan, coccolith, and diatom assem-

blages. Probable early late Eocene (late Narizian) foraminiferal

assemblages (McDougall, written comm., 1982) from the Oswald West

mudstone were collected southeast sf Eels Ridge (locality 59,

center sec. 24, T6N, R9W) and east of Barth Falls (locality 285,

SE 1/4 sec. 28, T7N, R8W).

Refugian (upper Eocene) Oswald West mudstone occurs through-
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out the central and southeast sections of the study area. The

Diamond Shamrock Corporation Crown Zellerbach 31-17 well, located

immediately south of Green Mountain, penetrated upper Eocene

strata exclusively. Coccolith (Bukry, written comm., 1982, cocco-

lith zones CP-15b or CP-16ab, fig. 2) and foraminiferal (McDougall,

written comm., 1982) assemblages indicate that strata equivalent

to the Refugian foraminiferal stage probably occur to at least

1,021 meters depth in the subsurface.

Collections of Oligocene fossils were recovered from the

study area. A Zemorrian Stage foraminiferal assemblage was col-

lected in the South Fork of the Klaskanine River by Cooper (1981;

locality 4-7-74, NW 1/4 sec. 31, T7N, R8W).

Correlation

Recent workers in western Clatsop County have mapped all

pre-Astoria Formation sedimentary strata as the Oswald West mud-

stone of Cressy (1974) (i.e., Smith, 1975; Neel, 1976; Tolson,

1976; Penoyer, 1977; M. Nelson, 1977; Coryell, 1978). These work-

ers suggested that the Oswald West mudstone includes deep-marine

facies equivalents of the Pittsburg Bluff and Scappoose sand-

stones, and the Keasey Formation. This usage of the Oswald West

mudstone does not discriminate the Keasey Formation, a predomi-

nantly mudstone facies in its type area (Van Atta, 1971). At the

type locality at Short Sands Beach, the Oswald West mudstone is

late Oligocene to early Miocene, and is a bathyal facies coeval

to the shallow-marine Scappoose Formation (Warren et al., 1945;

Cressy, 1974). Only the lowermost strata of the type section of

Oswald West mudstone might be coeval with the uppermost Oswald

West mudstone in the Green Mountain-Young's River area.

Correlation between Oswald West mudstone in the Green Moun-

tain-Young's River area and Oswald West mudstone in western

Clatsop County relies on biostratigraphy and geologic mapping.

Plate IV is a schematic fence diagram of the Oswald West mudstone

correlations proposed in this thesis; it is based on biostrati-
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graphic and lithologic controls described in this and adjacent

theses, and should be referred to during the following discussion.

Refugian (upper Eocene) Oswald West mudstone of the study area is

coeval with the "lower part" and "middle part" of the Oswald West

mudstone of Smith (1975), Neel (1976), Tolson (1976), Coryell

(1978), and M. Nelson (1978). Thick glauconitic sandstones report-

ed in the "middle part" of the Oswald West of Neel (1976) and Smith

(1975), might correlate to glauconitic beds near the top of the

"lower unit" of Coryell (1978) and middle unit of M. Nelson (1978).

These glauconitic strata are apparently upper Eocene (Refugian)

(Smith, 1975; Neel, 1976) and might correlate to glauconite sand-

stones near the top of the Oswald West mudstone in the Green Moun-

tain-Young's River area (locality 126, NE 1/4 sec. 27, T7N, R8W).

Rarey (in prep.) shows that these thick glauconitic sandstones

(late Refugian to Zemorrian) might be lateral offshore facies of

the Pittsburg Bluff Formation in the Hamlet-Onion Peak area. These

mappable glauconite sandstones could be used to separate litholo-

gically similar formations where Oswald West mudstone directly

overlies Keasey Formation mudstone and there is no intervening

Pittsburg Bluff Formation sandstone. This use of glauconite as a

mapping tool in northwest Clatsop County remains to be proven.

Glauconite sandstones at the top of the Oswald West mudstone at

Westport (Murphy, 1981), 20 kilometers northeast of the thesis

area (fig. 1), overlie upper Oligocene strata (Murphy, 1981) and

therefore do not correlate with the glauconite sandstones of

western Clatsop County.

Much of the Oswald West mudstone includes deep-marine facies

of Oligocene and Eocene units that occur in the northeastern

Oregon Coast Range. All but the uppermost Refugian and Zemorrian

Oswald West mudstone in the study area correlates to the Keasey

Formation. South of Youngs River (locality 115, NW 1/4 sec. 23,

T6N, R8W) a Refugian foraminiferal assemblage includes species

typical of the Keasey Formation (McDougall, pers. comm., 1981).

These species are Lenticulina cultratus, Cibicides elmaensis,

Dentalina consobrina, Pseudonodosaria inflate, Lenticulina
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inornata(?), and Quinqueloculina imperialis. The probable upper

Narizian Oswald West mudstone, in the Green Mountain-Young's River

area, is coeval with the upper Narizian, type Keasey Formation

mudstone in southwestern Columbia County (McDougall, 1975). The

upper Narizian to lower Refugian (upper Eocene) Jewell member

( Keasey Formation) (informal) of D. Nelson (in prep.) is coeval

with the lower Oswald West mudstone of the Green Mountain-Young's

River area (Plate IV). The tuffaceous Jewell mudstone, which

occurs southeast of the study area, was included in the Keasey

Formation by Warren and Norbisrath (1946).

A sandy, micaceous laminated mudstone interval penetrated by

the Diamond Shamrock Crown Zellerbach 31-17 well might correlate

to the Refugian Vesper Church formation (informal) of Olbinski

(1983). The Vesper Church formation consists of thin-bedded

turbidites, and is restricted in Clatsop County to the vicinity

of the Nehalem River to south of Porter Ridge (fig. 1). Olbinski

(1983) states that the Vesper Church formation conformably over-

lies the Jewell member of the Keasey Formation. The lithological-

ly distinct Vesper Church formation was included in the lower

Pittsburg Bluff Formation by Warren and Norbisrath (1946) and

Kadri (1982). D. Nelson (in prep.) retained Vesper Church as a

member of the Keasey Formation in the Jewell area.

The uppermost part of the Oswald West mudstone in the Green

Mountain-Young's River area correlates to the upper Eocene to

lower Oligocene Pittsburg Bluff Formation (Klaskanine tongue,

informal). The sandy Klaskanine tongue probably pinches out in

the central part of the field area in the subsurface, west of the

Diamond Shamrock Crown Zellerbach 31-17 well (see Plate II, cross

section A-A").

Regionally, Oswald West mudstone in the study area is coeval

with the Bastendorff and Tunnel Point formations of the Coos Bay

area (Baldwin, 1981). The Refugian and Narizian age Oswald West

mudstone may be correlated to the Alsea Formation and upper

Narizian Nestucca Formation (Snavely and MacLeod, 1974) of the

central Oregon Coast Range. The lower part of the Lincoln Creek
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Formation and the Gries Ranch Formation of southwestern Washington

are also correlative to the Oswald West mudstone (Warren et al.,

1945; Armentrout et al., 1980; Wells, 1981).

Petrography

The Oswald West mudstone consists predominantly of tuffaceous

mudstone, siltstone, and rare glauconitic sandstones. Because the

difficulty in making thin sections of clay-rich rocks, only two

Oswald West lithologies, siltstone and glauconite sandstone, were

studied.

Framework grains in the tuffaceous siltstone are sickle-

shaped glass shards (25%) (fig. 6). The shards are in a matrix of

detrital and authigenic clay which gives the mudstone a felted

texture under crossed nicols. Monocrystalline quartz silt (6%)

and muscovite (4%) are other minor terrigenous components.

The medium-grained, glauconite sandstones (greensands) are

composed of rounded glauconite pellets (60%) and silty clay

matrix (35%). A minor amount of well rounded, medium-grained,

monocrystalline quartz (4%) and albite-twinned plagioclase (<1%)

sand is present throughout the glauconitic sandstone. Euhedra of

authigenic pyrite occur in trace amounts in the matrix. Limonite

rims oxidized grains of glauconite.

Environment of Deposition

The tuffaceous Oswald West mudstone was deposited in a fore-

arc basin that occupied western Oregon and Washington through

most of the Tertiary (Niem, 1976). Extensive volcanism in the

western Cascade magmatic arc contributed abundant shard-rich

debris to the deep forearc basin. Within the Green Mountain-

Young's River area, probable upper Narizian and lower Refugian

hemipelagic mudstones of the lower part of the Oswald West mud-

stone were deposited in the middle to lower slope environment.

Depths of at least 1,500 to 2,000 meters are indicated by the paleo-
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Fig. 6. Photomicrograph of tuffaceous mudstone from the Oswald

West mudstone (Tow), plane light. The glass shards

(S) are in a matrix of authigenic and detrital clay (c).

Quartz silt (Q) also is present. Locality 115, NW 1/4

sec. 23, T6N, R8W.
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ecology of the benthic foraminfera present in Oswald West mud-

stone (McDougall, written comm., 1982). The presence of the trace

fossil Helmenthoida (Chamberlain, written comm., 1982) and the

bivalve Delectopecten sue. (Moore, written comm., 1981) also indi-

cate bathyal deposition. The thick, structureless character of

the mudstone reflects extensive bioturbation.

Mixed assemblages (samples 74, 115, 267) of neritic and bath-

yal benthic foraminifera occur in the Oswald West mudstone

(McDougall, written comm., 1982). This suggests intermittent

transport of sand-sized material to the lower slope via turbidity

currents or resuspension of outer shelf sands by bottom currents

or storm waves and slumping (Kulm et al., 1975).

During periods of high river discharge and coastal storm

erosion, very-fine sand (e./., foraminifers) and finer grained

silt and clay are transported in suspension to the continental

shelf. During winter storm periods, continental shelf sediments

are resuspended and transported to the continental slope as low

density flows (Kulm et al., 1975).

Hemipelagic deposition continued through most of the Refugian.

In the Diamond Shamrock Crown Zellerbach 31-17 well, the laminated

mudstone interval thought to correlate with the Vesper Church for-

mation (informal), was deposited at bathyal depths, as interpreted

from foraminiferal assemblages 2020, 3010, 3340, and 4050

(McDougall, written comm., 1982).

The pelletal glauconite sandstones in the upper part of the

Oswald West mudstone are concentrations of fecal pellets formed by

mud-ingesting infauna worms) during times of slow sedimenta-

tion under slightly reducing conditions (McRae, 1972). Relict

glauconite sands presently occur on the Oregon continental shelf

and upper slope (Kulm et al., 1975; Kulm and Scheidegger, 1979).
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PITTSBURG BLUFF FORMATION

Nomenclature and Regional Distribution

The first usage of the term "Pittsburg Bluffs" was by

Hertlein and Crickmay in 1925, but they did not formally designate

a formation. In 1927, Schenck described the "Pittsburg Bluff

sandstone" as being disconformably underlain by the "Keasey

Shale." Schenck correlated the Pittsburg Bluff to the Eugene For-

mation, the Tunnel Point Sandstone, and the Yaquina Formation.

The term Pittsburg Bluff Formation was proposed by Weaver in 1937

for all middle Oligocene rocks in Columbia County. He designated

the type area as exposures between Pittsburg and Mist on the

Nehalem River (Moore, 1976).

The areal extent of the Pittsburg Bluff Formation in north-

western Oregon was mapped by Warren et al. (1945). They divided

the Pittsburg Bluff into two informal members: 1) a basal marine

to terrestrial sandstone; and 2) an overlying sandy, tuffaceous

shale (Moore, 1976). Warren et al. (1945) also reported the

Pittsburg Bluff Formation to be unconformably underlain by the

"Keasey Shale" and unconformably overlain by "beds of Blakeley

age" (Scappoose Formation). Warren and Norbisrath (1946), in

their publication on the stratigraphy of the upper Nehalem River

basin, note that in general the Pittsburg Bluff Formation is

characterized by a nearshore megafauna assemblage. They describe

the upper contact with the Scappoose Formation as disconformable

(Moore, 1976). In 1976, Moore published an extensive study on the

molluscan fauna from the Pittsburg Bluff Formation.

The name Klaskanine tongue is informally proposed herein for

a deep-marine facies of the Pittsburg Bluff Formation that occurs

in the Green Mountain-Young's River area. The Klaskanine tongue

is an interbedded sequence of tuffaceous sandy siltstone and

lesser amounts of silty sandstone which crops out in the south-

eastern part of the area. The name Klaskanine tongue was adopted

from the South Fork of the Klaskanine River because the unit is
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partially exposed along the upper reaches of the river (Plate I).

This tongue is distinguished from the Pittsburg Bluff Formation

east of the study area as a silty, deep-marine facies.

Distribution

The surface distribution of the Klaskanine tongue is limited

to the southeastern part of the study area (Plate I). The Pitts-

burg Bluff Formation occurs in the subsurface in the central part

of the field area, as indicated by the Diamond Shamrock well lo-

cated south of Green Mountain (Plate II, A-A" and C-C'). In the

upper reaches of the South Fork of the Klaskanine River, the

Pittsburg Bluff is predominantly silty sandstone and forms resist-

ant bluffs (i.e., along Highway 202 near the intersection with the

Youngs River Mainline).

Fresh sandstones of the Pittsburg Bluff Formation are medium

gray (N5) and weather to dark yellowish orange (5 YR 5/6). The

siltstones and mudstones vary from light to medium dark gray (N7

to N4) and weather to grayish orange (10 YR 7/4) forming chippy

talus (<2 cm).

Lit ho logy

The Klaskanine tongue is approximately 159 meters thick in

the Diamond Shamrock well and probably pinches out northwest of

the well (Plate II, A-A" and Plate IV).

Strata in the Klaskanine tongue include: 1) structureless to

thickly bedded, tuffaceous mudstone; 2) bioturbated, sandy silt-

stone; and 3) silty sandstone. Rare tuff beds (3-5 cm) and

laminated mudstone beds also occur in the Klaskanine tongue.

In the upper reaches of the Youngs River and the South Fork

of the Klaskanine River, the Klaskanine tongue consists of struc-

tureless mudstone and sandy siltstone. At locality 317, light

gray (N7) sandy siltstone with minor fine-grained mica is exposed

(N 1/2 sec. 23, T6N, R8W). Nearby on Spur 10, structureless car-
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bonaceous mudstone is exposed. Light gray (N7), carbonaceous mud-

stone also occurs in the valley of the South Fork of the Klaska-

nine River (locality 302, SW 1/4 sec. 24, T6N, R8W).

Bluff-forming Klaskanine tongue sandstone is restricted to the

southeasternmost part of the Green Mountain-Young's River area.

At localities M13 and 13, the sandstone is massive, silty and bio-

turbated (SE 1/4 sec. 12, T6N, R8W). Fossil bivalve and crab frag-

ments, as well as arenaceous foraminifers, are common. Bluff-

forming, silty sandstone also is exposed at locality 117 along

Falls Creek Road (SW 1/4 sec. 24, T6N, R8W).

In the South Fork of the Klaskanine River, upstream from

locality 306 to locality 303 (W 1/2 sec. 12, T6N, R8W), outcrops

are characterized by well-laminated, medium dark gray (N4) mud-

stones and siltstones. The laminations are formed by concentra-

tions of muscovite, biotite, carbonaceous matter, and very fine-

grained sand (fig. 7). A few beds of carbonaceous material up to

two centimeters thick are interbedded with siltstone and mudstone

(locality 306, SW 1/4 sec. 12, T6N, R8W).

A molluscan fossil locality, M13 of Warren et al. (1945) is

in the thesis area. Locality M13, located in the South Fork of

the Klaskanine River (SE 1/4 sec. 13, T6N, R8W) at the intersec-

tion of Highway 202 and the Youngs River Mainline, was identified

as Pittsburg Bluff Formation. Faunal lists of this collection is

included in Appendix I.

Contact Relations

Though not exposed, the lower contact of the bathyal Pitts-

burg Bluff Formation is assumed to be conformable with the Oswald

West mudstone. The two units intertongue in the Green Mountain-

Young's River area (e.g., sec. 23, T6N, R8W). In the type area

(the upper Nehalem River valley) (fig. 1), shallow-marine Pitts-

burg Bluff sandstone and siltstone disconformably overlie the

upper bathyal (Moore, 1976) mudstones of the Keasey Formation

(Warren et al., 1945; Warren and Norbisrath, 1946; Van Atta, 1971).
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Fig. 7. Carbonaceous laminations in the Klaskanine tongue sandy
siltstone of the Pittsburg Bluff Formation (Tpb). Local-

ity 306, SW 1/4 sec. 12, T6N, R8W.
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D. Nelson (in prep.) and Rarey (in prep.) report upper Eocene

to lower Oligocene Pittsburg Bluff Formation sandstone and silt-

stone conformably underlie and possibly interfinger with Oligocene

(Zemorrian) Oswald West mudstone. Pittsburg Bluff strata occur

along the southeast border of the Green Mountain-Young's River

area (fig. 1; Plate I) (D. Nelson, in prep.). At Westport, 20

kilometers northeast of the study area (fig. 1), the upper contact

of the upper Eocene to lower Oligocene Pittsburg Bluff Formation

has been described as disconformable with the upper Oligocene

Oswald West mudstone (Murphy, 1981).

The Pittsburg Bluff Formation contact with the middle Miocene

Astoria Formation is not exposed in the area. The contact is

assumed to be disconformable based on mapped distribution (Plate

I) and the disparity of ages between the units. See the contact

relation sections of the Astoria Formation for further discussion.

Age

The Pittsburg Bluff Formation, in the Green Mountain-Young's

River area, ranges in age from late Eocene to early Oligocene.

This range is based on the age of the underlying Oswald West mud-

stone and molluscan fossil assemblages within and nearby the study

area. A foraminiferal collection from Oswald West mudstone pene-

trated 616 meters below the surface, in the Crown Zellerbach 31-17

well south of Green Mountain, and underlying the Klaskanine tongue

is interpreted as Refugian in age (late Eocene, McDougall, written

comm., 1982), and a coccolith assemblage (from the same depth) of

Coccolithus formosus and Isthmolithus recurvus correlates to coc-

colith zones CP15b and CP16ab of Bukry (1981) and NP19-21 of

Martini (1971) (latest Eocene or earliest Oligocene, Bukry, writ-

ten comm., 1982). These coccolith zones correlate to the Refugian

to early Zemorrian foraminifera stages (fig. 2) and confirm the

foraminiferal age as Refugian.

In 1945, Warren et al. collected a molluscan assemblage from

the Pittsburg Bluff Formation (Blakeley? age) in the Green Moun-
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tain-Young's River area. This assemblage was collected at the

intersection of Highway 202 and the Youngs River Mainline (SE 1/4

sec. 13, T6N, R8W). East of Saddle Mountain, five kilometers

south of the study area, Pittsburg Bluff Formation strata similar

to the Klaskanine tongue contain Oligocene age coccoliths equiva-

lent to the Zemorrian Stage (D. Nelson, in prep.).

Correlation

The Klaskanine tongue (informal) is a deep-marine facies of

the Pittsburg Bluff Formation (Plate IV). To the east of the

Green Mountain-Young's River area, the Klaskanine tongue has been

mapped in part as an upper member of the Pittsburg Bluff Formation

(Goalen, in prep.). Within the thesis area, the pinch-out of

Pittsburg Bluff sandstone (Plate II, A-A" and Plate IV) makes dif-

ferentiation of the Oswald West mudstone and Keasey Formation mud-

stone unreliable.

Murphy (1981) reported the occurrence of Pittsburg Bluff For-

mation sandstone in the Westport area (fig. 1 and Plate IV), (late

Eocene, late Galvinian molluscan stage, fig. 2). This occurrence

is coeval with the Klaskanine tongue of the Green Mountain-Young's

River area, though the Pittsburg Bluff of Murphy (1981) is a shal-

low-marine fine-grained sandstone facies, whereas the Klaskanine

tongue is largely a deep-marine sandy siltstone facies.

In western Clatsop County, deep-marine sandstone and silt-

stone correlatives of the Pittsburg Bluff Formation Klaskanine

tongue have been included in the Oswald West mudstone (Plate IV).

Northeast of the Green Mountain-Young's River area (fig. 1; Plate

IV), M. Nelson (1978) noted that the "middle part" of the Oswald

West mudstone was coarser grained than the "lower part." He mapped

two thick, very fine-grained sandstone "bodies" (nine and 18

meters thick) within the middle Oswald West mudstone. Fossils

from the sandstone-rich "middle part" of M. Nelson are late Eocene

to early Oligocene in age (Galvinian to early Matlockian molluscan

stages; M. Nelson, 1978). South of M. Nelson's thesis area (fig.
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1), Tolson (1976) did not report any significant intervals of

upper Eocene to lower Oligocene sandstone.

South of the Green Mountain-Young's River area (fig. 1, Plate

IV), the "middle part" of the Oswald West mudstone of Penoyer

(1977) correlates with the Pittsburg Bluff Formation of the study

area (Plate IV). This "middle part" is a well indurated sequence

of thickly bedded, fine-grained sandstone and tuffaceous siltstone.

This fossiliferous "lower Blakeley stage" (early Oligocene) unit

contains a bathyal trace fossil assemblage of Chondrites, Helmen-

thoida, and Scalarituba (Penoyer, 1977). The bathyal "middle part"

of the Oswald West mudstone of Penoyer should probably be included

in the deep-marine Klaskanine tongue (informal) of the Pittsburg

Bluff Formation. West of Penoyer's area, Smith (1975) and Neel

(1976) (fig. 1, Plate IV) noted a significant increase of silt-

and sand-sized detritus in the "middle parts" of the Oswald West

mudstone in the Necanicum Highway area (fig. 1). Rarey (in prep.)

has mapped the Pittsburg Bluff sandstone and a lateral deep-marine

glauconitic sandstone and laminated siltstone facies of the Pitts-

burg Bluff Formation south of Penoyer's area in the vicinity of

Necanicum junction.

Within western Oregon, the Pittsburg Bluff Formation cor-

relates with the Tunnel Point Sandstone at Coos Bay, the upper

part of the Eugene Formation in the central Willamette Valley, and

the Alsea Formation near Newport (Moore, 1976).

Petrology

Sandstone interbeds of the Pittsburg Bluff Formation can be

classified as arkosic wackes (Williams et al., 1954) (fig. 8) and

contain abundant diagenetic clay matrix (45%). Framework com-

ponents in order of decreasing abundance include monocrystalline

quartz, plagioclase, oligoclase, muscovite, and rock fragments.

Lithic fragments include chert and quartzite. Abundant ferrugin-

ous cement (20%) might originate from decomposition of intermedi-

ate to basic volcanic lava fragments. Volcanic rock fragments are
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rare (<1%) and poorly preserved. The interiors of feldspar grains

are cloudy, indicating partial replacement by clay. The very fine-

grained framework grains are well sorted, angular, and equant.

Because the matrix is apparently diagenetic, this sandstone was

originally deposited as a texturally mature and mineralogically

submature sediment (Folk, 1951). Point counted porosity is only

about 2% for this highly altered sandstone.

Environment of Deposition

The Pittsburg Bluff Formation of the Green Mountain-Young's

River area probably was deposited on the outer continental shelf

to upper slope. The paleoecology of molluscan faunas collected

in the South Fork of the Klaskanine River by Warren et al. (1945)

indicate deposition in water depths of 20 to 180 meters (Moore,

1976). The bivalve Delectopecten(?) sp. cf. D. peckhami, collect-

ed in the Youngs River (locality 317, NE 1/4 sec. 23, T6N, R8W),

suggests a water depth of 200 to 600 meters, although living

species of Delectopecten occur at depths of 20 to 1,965 meters

(Moore, written comm., 1982).

Molluscan genera present in both the Pittsburg Bluff Forma-

tion and modern deposits presently live on both sand and mud

bottoms. The gastropod Turritella lives buried just beneath the

sea floor in soft mud or sand, while the bivalve Nemocardium

(Keenaea) lives on outer shelf sand bottoms. Thracia exists on

muddy sea bottoms (Abbott, 1954 in Moore, 1976).

The Pittsburg Bluff depositional setting can be compared to

the modern Oregon continental shelf (as proposed by D. Nelson, in

prep.) and upper continental slope. Kulm et al. (1975) describe

four sedimentary facies on the present day Oregon continental

slope. These modern facies are: 1) the sand facies; 2) the mud

facies; 3) the mixed sand and mud facies; and 4) the glauconite

facies. A mud facies with interbedded glauconitic and forami-

niferal sands and thin sand-silt layers characterizes modern sedi-

mentation on the upper slope (Kulm and Scheidegger, 1979). A
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thick, sand-silt facies, relic of earlier regressions, also oc-

curs on the modern upper continental slope of Oregon (Kulm and

Scheidegger, 1979).

Modern sedimentation on the middle to outer Oregon shelf is

dominated by the mud facies. Material for the modern mud facies

is derived from river discharge and the dispersal of suspended

silt and clay in three turbid layers in the water column. In the

winter season, suspended material bypasses the continental shelf

and is deposited on the continental slope. During the summer

months, wave activity is reduced allowing silt- and clay-sized

detritus to settle on the continental shelf (Kulm et al., 1975).

The modern sand facies occurs along the inner shelf and in a

few small patches on the outer continental shelf. The modern

outer shelf sands are relic sands of previous regressions. The

Quaternary mixed sand and mud facies occurs where deposition of

the modern mud facies over the relic sand facies is slow enough to

allow mixing by burrowing organisms. The recent glauconitic

facies occurs on the continental shelf edge and upper slope and as

isolated patches on topographic highs (Kulm et al., 1975).

Molluscan paleoecology of the Pittsburg Bluff Formation indi-

cates that the sandstone in the upper South Fork of the Klaskanine

River was deposited at depths corresponding to the inner to outer

continental shelf (20-200 m) (sand facies of Kulm et al., 1975).

Sand and silt laminations in the Pittsburg Bluff Formation in the

South Fork of the Klaskanine River (e.2.., locality 306, SW 1/4

sec. 12, T6N, R8W) correspond to interbedded thin sand-silt layers

in the modern mud facies of the upper slope (Kulm and Scheidegger,

1979). No equivalent of the modern glauconite facies occurs in

the Pittsburg Bluff Formation in the thesis area, but thick glau-

conite beds in the Pittsburg Bluff have been noted elsewhere in

Clatsop County (Plate IV).

In the type area, the Pittsburg Bluff Formation has been

interpreted to represent shallow-marine (10-20 m) and terrestrial

environments (Moore, 1976). Paleoecology indicates that the

paleobathymetry during the late Eocene deepened north and west of
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the Pittsburg Bluff type area (Snavely and Wagner, 1963; Snavely

et al., 1975; McDougall, 1980). Fifteen kilometers northeast of

the Green Mountain-Young's River area (at Porter Ridge) molluscan

assemblages from sandstone-rich Pittsburg Bluff Formation indicate

deposition in water depths of 50 meters or less (Goalen, in prep.).

Immediately southeast of the thesis area, the Pittsburg Bluff was

deposited on the continental shelf at water depths of up to 200

meters (Nelson, in prep.). The presence of the deep-marine mol-

lusk Delectopecten in the muddy Klaskanine tongue suggests that

the Pittsburg Bluff Formation in the thesis area was deposited

near the shelf-slope break. From this, one can postulate that

the regional distribution of the Klaskanine tongue (Plate IV)

roughly corresponds to the edge of the late Eocene-early Oligocene

continental shelf.
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ASTORIA FORMATION

Introduction

The first study of Astoria Formation strata was presented in

an 1848 publication by T. A. Conrad. Conrad described and dated

Miocene mollusks collected by J. K. Townsend and J. D. Dana at

Astoria, Oregon. In 1909, W. H. Dall divided the type Astoria

Formation into Oligocene and Miocene units along the Columbia

River at Astoria, Oregon (Moore, 1963). Arnold and Hannibal

(1913) extended the name "Astoria series" to strata exposed along

the southern shore of Tillamook Bay and the sea cliffs near New-

port along the central Oregon coast.

The type section of the Astoria Formation was defined by

Howe (1926) at Astoria, Oregon. He described and mapped three

informal members: 1) a lower 45 meter thick sandstone member; 2)

a 1,000 meter thick middle "shale" member; and 3) a 15 to 60 meter

thick sandstone member (Moore, 1963). Howe considered the strata

at the type area to be entirely middle Miocene in age.

Since 1926, the type Astoria Formation has been covered by

sand dredged from the Columbia River and by growth of the city of

Astoria. Because of this urbanization, correlation and mapping of

the Astoria Formation elsewhere in western Oregon and western

Washington has been difficult. Mapping of the Astoria Formation

since 1926 has been based largely on biostratigraphy instead of

lithology (i.e., biostratigraphic correlation with the type area;

Moore, 1963). This has resulted in confusion concerning the

lithostratigraphy of the formation.

Recent workers have been attempting to remove some of the

lithostratigraphic ambiguity concerning the Astoria Formation in

western Oregon Cressy, 1974; Smith, 1975; M. Nelson, 1978;

Cooper, 1981). These workers have defined new reference sections

for mappable members of the Astoria Formation. The Astoria Forma-

tion in Clatsop County, Oregon has been subdivided into four in-

formal members: 1) the fluvial to shallow-marine Angora Peak sand-
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stone; 2) the shallow-marine Big Creek sandstone; 3) the overlying

and interfingering, deep-marine Silver Point mudstone; and 4)

the overlying deep-marine Pipeline sandstone and mudstone (Cooper,

1981).

The Big Creek sandstone (Tbc on Plate I) and Silver Point

mudstone members (Tspl and Tspu on Plate I) occur in the Green

Mountain-Young's River area (fig. 9). These members cover a

quarter of the area and cap many of the higher, stream dissected

hills and ridges, particularly around intrusions (e.g.., Green Moun-

tain and Eels Ridge). Most outcrops are limited to logging road-

cuts. Natural exposures of the Astoria Formation are rare, be-

cause most of the major streams, such as the Youngs River, have

cut down through the Miocene section and are now eroding and ex-

posing upper Eocene to lower Oligocene strata.

Big Creek Sandstone Member

Nomenclature and Regional Distribution

The Big Creek member was designated as an informal member of

the Astoria Formation by Cooper (1981). The type section is at

Big Creek, 10 kilometers northeast of the Green Mountain-Young's

River area. In the type area, the Big Creek is 335 meters thick

and consists mainly of shallow-marine, fine-grained sandstone and

minor cross-bedded, coarse-grained sandstone.

Within the Green Mountain-Young's River area, two informal

units are distinguished in the Big Creek member. Unit A (My is

poorly exposed and consists of one thick interval of moderately

sorted, parallel-laminated to planar or cross-bedded "clean" sand-

stone, and two intervals of massive, thoroughly bioturbated, silty

sandstone. Unit B (Tbc2) is a well exposed sequence of predomi-

nantly thinly interbedded, bioturbated and "clean," parallel-lami-

nated sandstone (fig. 10).
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silty, fossiliferous
bioturbated sandstone

laminate c ean" fine-

to medium-grained
sandstone

planar cross-bedded
sandstone

Fig. 10. Schematic sections of the- lower to middle Miocene Big
Creek sandstone member in the Green Mountain-Young's
River area. Unit A is poorly exposed in the northern
part of the study area. Unit B occurs in the vicinity
of Eels Ridge (plate I). Unit A was deposited in
slightly shallower water than the laterally equivalent
Unit B. See text for further discussion.
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Distribution

The Big Creek member is well exposed along Barney Creek Road

(sec. 11, T6N, R8W), Spur 69, and Rock Creek Cross Over (sec. 13,

T6N, R9W) near Eels Ridge in the southwest part of the study area.

Additional exposures of Big Creek sandstone are along unnamed log-

ging roads in the northeast part of the area (sec. 25, 26, 28,

T7N, R8W) and northwest of Green Mountain on Spur 57 (W 1/2 sec.

36, T7N, R9W).

Litho logy

Within the study area, the Big Creek sandstone member con-

sists entirely of micaceous, arkosic, and lithic sandstones. The

Big Creek sandstone is thinly to very thickly bedded. Two sand-

stone lithologies predominate: 1) silty, bioturbated, fossilifer-

ous sandstone; and 2) moderately sorted, laminated to structure-

less sandstone. Surficial weathering has undoubtedly destroyed

primary structures in structureless, "clean" sandstone. The

"clean," fine- to medium-grained sandstone varies from pale yel-

lowish green (10 YR 8/2) on fresh surfaces to grayish orange (10

YR 7/4) on weathered exposures. Bioturbated, "dirty" sandstone is

medium dark gray (N4) in fresh exposures, and weathers to grayish

orange (10 YR 7/4) (locality 42, SE 1/4 sec. 11, T6N, R9W).

Articulated and disarticulated pelecypods and gastropods in the

"dirty," carbonaceous sandstone include Spisula (Mactomeris)(?)

sp cf. S. (M.) albaria, Patinopecten(?) sp., Katherinella angusti-

frons, Nuculana epacris, Anadara sp. cf. A. devictia, and Prisco-

fusus(?) sp. P. medialis (Moore, written comm., 1981).

The Big Creek sandstone member is up to 200 meters thick in

the Green Mountain-Young's River area. The 200 meter thickness

was calculated from the areal distribution and dip of the Big

Creek member in the Alder area, located northwest of Green Moun-

tain (Plate I).
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Unit A. Unit A is restricted to the northern part of the area

(rbc
l'

Plate I). It occurs northeast of the South Fork of the

Klaskanine River and in the vicinity of Green Mountain. In the

northeastern part of the area, Unit A consists of a bioturbated,

silty sandstone at least 20 meters thick overlain by laminated

sandstone of undetermined thickness (secs. 25 and 26, T7N, R8W).

In turn, the laminated sandstone is overlain by an interval (30

meters(?)) of bioturbated, silty sandstone.

Near the base of Unit A, in an extensive Grande Ronde Basalt

quarry north of Barth Falls (NW 1/4 sec. 28, T7N, R8W), approxi-

mately 20 meters of bioturbated, silty sandstone are exposed.

Here, Unit A sandstone is carbonaceous and fossiliferous. Pyri-

tized, articulated pelecypods abundant at this site, were

probably responsible for some of the bioturbation. Southeast of

Barth Falls (locality 128, SE 1/4 sec. 28, T7N, R8W) near the

base of the unit, Unit A is bioturbated, silty and fossiliferous.

The basal bioturbated interval is also exposed along spur 57 north

of Alder Hill, and to the west of the Wa Wa Mainline.

The middle part of Unit A is exposed in the northeastern and

northern part of the area. Here it is structureless, though at

locality 133 (NW 1/4 sec. 25, T7N, R8W) the sandstone has unidi-

rectional cross-lamination (foreset ripple lamination?) and is

medium-bedded (20 cm). This (133) is the only known occurrence

of cross-bedded Big Creek sandstone preserved in the study area.

Northwest of Green Mountain, "clean," structureless to planar

laminated sandstone caps Alder Hill (E 1/2 sec. 36, T7N, R8W).

The upper strata of Unit A occur along the northwest base of

Green Mountain. Here, the Big Creek member consists of biotur-

bated, silty, carbonaceous sandstone (66, 67, N 1/2 sec. 6, T7N,

R8W).

Unit B. Unit B is restricted

area, in the vicinity of Eels

B (Tbc
2

) is not known because

I). It is estimated to be at

to the southwestern part of the

Ridge. The exact thickness of Unit

of structural complications (Plate

least 30 meters thick along Barney
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Creek and 27 spurs (sec. 11, T6N, R9W). Unit B consists of alter-

nating, thin to very thick beds of laminated to massive sandstone

and bioturbated, silty sandstone (fig. 10). The bottom contacts

of individual laminated beds are sharp, whereas upper contacts

with bioturbated intervals are gradational. Each laminated-bio-

turbated "couplet" is a fining upward sequence. Carbonaceous

debris and mica occur in greater abundance in the bioturbated in-

tervals than in the laminated sandstone beds.

The lower 12 meters of Unit B consist of very thick beds of

bioturbated, silty sandstone (fig. 11) with rare thinner interbeds

(<2 m) of structureless to laminated moderately sorted sandstone.

The silty sandstone is fossiliferous and very fine-grained. The

middle part of Unit B consists mainly of laminated, fine-grained

sandstone. The upper part of Unit B is comprised of thinly (<2cm)

to thickly interbedded, bioturbated, silty sandstone and "clean"

sandstone (fig. 10). The upper part of Unit B is well exposed on

Spur 27 (NE 1/4 sec. 11, T6N, R9W).

Contact Relations

In the study area, the Big Creek sandstone member is in dis-

conformable contact with the underlying Oswald West mudstone. A

sharp planar contact between the shallow-marine, laminated Big

Creek sandstone and the deep-marine Oswald West mudstone is ex-

posed along an unnamed logging road immediately north of Eels

Ridge (locality 235, NW 1/4 sec. 12, T6N, R9W). A similar paracon-

formable relationship was noted in the Big Creek sandstone type

area (10 km northeast) by Coryell (1978) and Cooper (1981).

Regional mapping indicates that the Big Creek member, and its

lateral correlative the Angora Peak sandstone member, unconform-

ably overlie upper Eocene (Refugian), Oligocene (Zemorrian), and

lower Miocene (lower Saucesian) strata in the northwestern Oregon

Coast Range (Cressy, 1974; Smith, 1975; Neel, 1976; Tolson, 1976;

Penoyer, 1977; M. Nelson, 1978).

The localized distribution of the Big Creek member around
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Fig. 11. Fossiliferous silty bioturbated sandstone of Big Creek

sandstone (Tbc2; Unit B). Two well preserved gastro-

pods lie to the right of the chisel. Locality 42, NE

1/4 sec. 11, T6N, R9W.
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Green Mountain, Eels Ridge, and Barth Falls suggests that the

member was deposited on a highly irregular, erosional surface.

For example, in the SE 1/4 section 28 (T7N, R8W) Big Creek sand-

stone overlies upper Narizian (lower upper Eocene) Oswald West

mudstone (fossil locality 285) whereas only three kilometers away

the middle Miocene Big Creek member overlies upper Ref ugian (upper-

most Eocene) strata (fossil locality 265, NE 1/4 sec. 31, T7N, R8W;

Plate I).

The upper contact of the Big Creek sandstone member with the

overlying Silver Point member is conformable, though it might in

part be unconformable. This relationship is discussed in the

Contact Relations section of the Silver Point mudstone member.

Age

Regionally, the Big Creek sandstone member ranges from early

to middle Miocene (Pillarian to Newportian) in age (Cooper, 1981).

Within the thesis area, the Big Creek member is probably late

Pillarian to Newportian (early to middle Miocene) in age. This

age range is based on molluscan and diatom fossil collections from

adjacent theses areas and within the Green Mountain-Young's River

area (fig. 2).

Several molluscan assemblages were collected from the Big

Creek sandstone member in the study area. These assemblages were

collected west of Eels Ridge and east of Barth Falls (Appendix I).

These collections contain diagnostic Astoria Formation fauna, such

as Spisula (Mactromeris)? sp. cf. S. (M.) albaria and Panope

(Panope) abrupta (Moore, written comm., 1981). The presence of

Patinopecten? sp. (locality 128, NE 1/4 sec. 28, T7N, R8W) sug-

gests that part of the Big Creek member is Newportian or younger

age (Addicott, 1981).

The occurrence of the nonmarine diatom Melosira canadensis

(transported to the marine environment) (Bradbury, written comm.,

1982) in the Big Creek sandstone (locality 188, NE 1/4 sec. 24,

T6N, R8W) suggests a middle to late Miocene age for the unit.



48

Prior to this occurrence, M. canadensis had not been recognized

in strata as old as middle Miocene (Barstovian-12.5-16.5 m.y.;

Bradbury, written commn., 1982). Because the diatom sample was

collected from strata intruded by a Grande Ronde Basalt dike, the

Big Creek strata must be at least middle Miocene in age or older.

Grande Ronde Basalt has been dated elsewhere as 14 to 16.5 m.y. by

Swanson et al. (1979) and 15.9 ± 0.3 m.y. by Niem and Cressy

(1973) (Depoe Bay Basalt).

At the type section, most of the Big Creek sandstone is

middle Miocene ( Newportian) in age (Cooper, 1981). Although the

base of the unit was not dated in the type area, the base several

kilometers west and north of the Green Mountain-Young's River area

is Pillarian (Addicott, 1976; Tolson, 1976; Coryell, 1978). Im-

mediately southwest of Eels Ridge, Tolson (1976) reported that the

lower part of the Angora Peak sandstone (correlative to Big Creek

sandstone) contains molluscan assemblages diagnostic of the

Pillarian-Newportian Stage boundary. Based on the presence of

Patinopecten sp. and Melosira canadensis, and the nearby Pillarian-

Newportian Angora Peak sandstone, the Big Creek sandstone member

is late Pillarian to Newportian (early to middle Miocene) in age

in the Green Mountain-Young's River area.

Correlation

Less than one kilometer outside of the study area (i.e.,

southwest of Eels Ridge), Tolson (1976) described a 133 meter

thick section of the shallow-marine Angora Peak sandstone member

(informal) of the Astoria Formation. The Angora Peak member is a

lateral equivalent of the shallow-marine Big Creek member (Cooper,

1981). The Angora Peak sandstone south of Eels Ridge can be

traced almost continuously to the Big Creek sandstone on the

south-central border of the Green Mountain-Young's River area.

This occurrence of Angora Peak sandstone is lithologically similar

to the Big Creek sandstone of this study. The upper part of the

Angora Peak member of Tolson (1976), consists of thickly interbed-
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ded, laminated, feldspathic sandstone and bioturbated silty sand-

stone much like Unit B of the Green Mountain-Young's River area.

Bioturbated, laminated, and cross-bedded sandstones occur in the

middle part of the "Angora Peak" sandstone of Tolson, and probably

correlate to Unit A in the Green Mountain study area. The lower

part of the "Angora Peak" member immediately southwest of Eels

Ridge includes littoral molluscan fossils, conglomeratic lenses,

and low angle and trough cross-bedding. This littoral facies does

not occur in the Big Creek member of the Green Mountain-Young's

River area.

This study contends that the Angora Peak sandstone of Tolson

should be renamed the Big Creek sandstone. The exposure is sepa-

rated from the type Angora Peak member, south of Tillamook Head,

which contains volcanic conglomerate and coal (Cressy, 1974). The

type Angora Peak member is lithologically distinct from the occur-

rence south of Eels Ridge. Tolson mapped the Angora Peak member

adjacent to Eels Ridge before the type Big Creek member was de-

fined by Coryell (1978) and Cooper (1981).

Coryell (1978) and M. Nelson (1978) mapped Big Creek sand-

stone along the northern border of the Green Mountain-Young's

River area. M. Nelson divided the Big Creek member into three

informal units: 1) a basal Pillarian (early Miocene) "lower unit"

of thin- to thick-bedded, fine- to very fine-grained sandstone; 2)

a Newportian (middle Miocene) "middle unit" of thin-bedded to

structureless siltstone and mudstone; and 3) a Newportian "upper

unit" with the same lithology as the "lower unit." Both Unit A

and B of this study are coeval with the Big Creek member of M.

Nelson (1978).

The Oswald West mudstone "Falls Creek siltstone member" of

Penoyer (1977) should be included in the Big Creek sandstone

member. Penoyer's "Falls Creek" member occurs only two kilometers

south of Big Creek strata in the Green Mountain-Young's River area

(NE 1/4 sec. 24, T6N, R8W). The "Falls Creek" member consists

primarily of feldspathic siltstones and sandstones. Minor inter-

beds of micaceous sandstone and mudstone occur in the upper part
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of the member. The lower contact of the "Falls Creek" member with

the Oswald West mudstone has been intruded by a Grande Ronde

Basalt sill. No Tertiary units overlie the "Falls Creek" member.

Molluscan fossil assemblages from the "Falls Creek" member indi-

cate inner neritic deposition during "Temblor" time (Penoyer,

1977). Rocks of "Temblor" age have been correlated to the New-

portian molluscan stage (Addicott, 1976). The lithology, paleo-

ecology, and age of the "Falls Creek" member persuades this

author that the member should be renamed the Big Creek member.

Within the Astoria Formation, the Big Creek member of this

study is age correlative to 1) the lower member of the Astoria

Formation of Howe (1926) in the type area; 2) the Angora Peak mem-

ber at Tillamook Bay (Cooper, 1981) and in the type area near

Cannon Beach (Cressy, 1974); 3) the Newport member on the central

Oregon coast (Addicott, 1976; Cooper, 1981); 4) unit 1 and 2 of

the Astoria(?) Formation in southwest Washington (Wolfe and McKee,

1972); and 5) all but the lowermost part of the Astoria(?) Forma-

tion of Fowler (1965) in the Grays Harbor area (Addicott, 1976).

The Newportian Big Creek sandstone in the Green Mountain-

Young's River area is a time equivalent of the Temblor Formation

(Moore, 1963) of central California. "Temblor" Stage rocks of the

only California Neogene strata that can be confidently correlated

with Newportian rocks in the Pacific Northwest (Addicott, 1969).

Petrology

Classification. Big Creek sandstones range from lithic to arkosic

arenites and wackes (Appendix III; fig. 8). Most of the laminated

wackes (e.&., sample 207) probably were originally deposited as

arenites, as exemplified by concretionary sandstone (sample 188B).

Thin section study of concretionary, arkosic arenite shows little

or no development of diagenetic clay matrix. In this carbonate-

cemented rock, all framework grains are fresh. Early syngenetic

cementation has preserved the original quartzo-feldspathic compo-

sition. There is some replacement by sparry calcite cement along
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the framework grain boundaries. Less than 5% of the framework

grains are lithic fragments. Rare coccoliths, opalized sponge

spicules, and glass shards are well preserved.

Several post depositional processes can transform an arenite

to a wacke. In situ diagenetic alteration of lithic fragments to

clay (Cummins, 1962) could be a source of secondary matrix. Com-

paction of soft lithic grains, siltstone and volcanic clasts, into

the interstices of less maleable framework grains (e.g.., quartz)

(Dickinson, 1970) forming pseudomatrix occurs in the laminated Big

Creek sandstones. Bioturbated, silty sandstones are poorly sorted,

and probably were originally sorted sand and silt layers that were

mixed by sediment injesting infauna and redeposited as wackes.

Laminated, Big Creek sandstone framework grains (e.g.., sample

207) are well to moderately sorted, characteristic of prolonged

agitation in a wave- or current-dominated environment (Folk, 1980).

Big Creek sandstone that appears structureless, but moderately

sorted in outcrop shows evidence of lamination in thin section

(samples 233, 247, 251).

Framework grains are typically subrounded to subangular and

equant. Grain rounding increases with increasing grain size and

varies with composition. For example, volcanic rock fragments are

generally better rounded than more abrasion resistant quartz or

feldspar. Except in concretionary sandstone, all rock and detri-

tal minerals are in framework support.

Texturally and compositionally the Big Creek sandstone is

immature to mature (Folk, 1951). Because most of the matrix of

non-bioturbated sandstone is the result of diagenesis, the

textural immaturity does not reflect the primary texture of the

sandstone. The compositional immaturity suggests rapid erosion

and deposition from rugged source areas where mechanical weather-

ing largely prevailed over chemical weathering (Folk, 1951).

Mineralogy. Quartz and feldspar are the major framework minerals

of the Big Creek sandstone (Appendix III). The average feldspar

content is 12.8%, with 6.2% plagioclase and 6.6% potassium feld-
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spar. The plagioclase is predominantly labradorite (An 50-62) as

determined by extinction angles in albite-Carlsbad twins cut nor-

mal to 0101 (Kerr, 1959). The alkali feldspars are mostly ortho-

clase, along with rare grains of microcline. Monocrystalline

quartz and rare polycrystalline quartz averages 27%. Lithic frag-

ments (4-37%), mica (3-15%), glass shards (,15%), and shell frag-

ments (<1%) are the remaining framework constituents. Diagenetic

matrix ranges up to 37%, calcite cement up to 50%, whereas minor

ferruginous cement occurs sparsely. Primary detrital matrix is

composed of finely disseminated, carbonaceous plant debris and

clay. Medium to coarse sand-sized biotite flakes are twice as

abundant as muscovite.

Lithic constituents, in decreasing order of abundance are:

basalt with intersertal texture; well-rounded siltstone and clay-

stone rip-up clasts; metamorphic quartzite; quartz mica schist;

chert; and volcanic glass shards and pumice.

The variety of chemically metastable to stable heavy minerals

in the Big Creek member indicates a low degree of in situ weather-

ing. Grains of the metastable mineral hornblende have well devel-

oped cockscomb texture. The heavy mineralogy in decreasing order

of abundance is: magnetite, leucoxene, tourmaline, clinozoisite,

garnet, hypersthene, apatite, and zircon (Appendix IV). Garnet

occurs in pink, blue, and clear varieties. Hornblende is rela-

tively sparse in most samples. However, one sample (133) contains

green, brown, blue green, and basaltic hornblende (lamprobolite).

Provenance. Big Creek sandstone mineralogy indicates that source

terranes included igneous, sedimentary, and metamorphic rocks.

The Oligocene and Miocene andesitic flows and pyroclastic rocks

of the western Cascades (e..g., Ohanapecosh Formation - Hammond,

1979; Little Butte Volcanics and Sardine Formation - Peck et al.,

1964) might be sources of enstatite, hypersthene, green hornblende,

brown hornblende, and glass shards. The variable apatite abun-

dances (,18%) might indicate an intermediate volcanic source (Folk,

1980). The basaltic rock fragments, magnetite, leucoxene, augite,
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titaniferous augite, labradorite, and lamprobolite might have been

derived from the Eocene basaltic lavas and gabbroic rocks that

form much of the Oregon-Washington Coast Range volcanic basement

(e.&., Tillamook Volcanics) (Baldwin, 1981).

Quartz, biotite, muscovite, microcline, and orthoclase suggest

an acid igneous or high grade metamorphic source (Milner, 1962)

such as Mesozoic granitic plutons and metamorphic complexes of

Oregon, of the northern Cascades and Okanogan Highlands of north-

eastern Washington and the Blue Mountains of eastern Oregon (Yates,

1966; McKee, 1972; Baldwin, 1981), and the Rocky Mountains of Idaho

and Montana (Scheidegger et al., 1971). The tourmaline is schor-

lite, which is a common alteration mineral of hydrothermally al-

tered acid igneous rocks (Field et al., 1974). Zircon in the Big

Creek sandstone occurs both as well rounded and euhedral grains.

The euhedral zircon crystals probably were derived from an acid

igneous source. Less abundant, moderately well rounded zircon

grains and chert fragments might have been recycled from older

Tertiary and Mesozoic sandstone deposits. The Rocky Mountains of

Idaho and Montana include folded and faulted pre-Cambrian to Meso-

zoic clastic sedimentary rocks (Scheidegger et al., 1971) that

might be sources of rounded zircon. Well rounded siltstone and

claystone fragments probably originated as intraformational rip-up

clasts. The presence of blue green hornblende, staurolite, epi-

dote, and garnet indicate high rank metamorphic sources such as

the Klamath Mountains of California (Scheidegger, et al., 1971) or

the North Cascades (Misch, 1966). Clinozoisite, metamorphic

quartzite, gneissic and schistose clasts as well as strained mono-

crystalline and polycrystalline quartz suggest low to high rank

metamorphic source terranes (Milner, 1962) such as Mesozoic core

complexes in the Rocky Mountains, the north Cascade Mountains of

Washington and British Columbia, and the Oregon Klamath Mountains

(Scheidegger et al., 1971; McKee, 1972; Baldwin, 1981).

Dickinson and Suczeck (1979) devised a classification scheme

of detrital framework modes of sandstone that can be used to de-

termine plate tectonic provenance types (fig. 12A). This prove-
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Fig. 12. Plate tectonic classification of upper Eocene Pittsburg
Bluff Formation and middle Miocene Astoria Formation
sandstones in the Green Mountain-Young's River area. A)

Triangular QFL plot showing mean framework modes for
selected sandstone suites derived from different
provenances: Q is total quartzose grains, including
monocrystalline and polycrystalline varieties; F is
total feldspar grains (all are monocrystalline); L is
total unstable lithic fragments (all are polycrystalline)
(from Dickinson and Suczek, 1979). B) Green Mountain-

Young's River area sandstone samples: squares are
Pittsburg Bluff Formation; circles are Big Creek sand-
stone member; triangles are Silver Point member.
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nance classification was defined for sandstones with less than 25%

matrix or cement. Only three Big Creek sandstone thin sections

studied meet this criterion; they fall in the recycled orogen field

(fig. 12B). The remaining Big Creek samples (188B, 207) fall

immediately outside of the recycled orogen provenance. Diagenetic

alteration of clasts to matrix or cement might have selectively

removed less stable framework constituents (e./., volcanic lith-

ics), thereby decreasing the reliability of provenance determina-

tion.

Dickinson and Suczek (1979) suggest that rocks that plot in

the lower part of the recycled orogen field have sources from up-

lifted stratal sequences in subduction zones, along collision oro-

gens, or within foreland fold-thrust belts. Hence, the most likely

provenance for much of the Big Creek sandstone that is included in

this plate tectonic scheme is the Mesozoic rocks of northern Cas-

cades, Okanogan Highlands and the northwestern Rocky Mountains of

Idaho and Montana. These mountains include folded and faulted

sedimentary rocks, granitic rocks, and metamorphic rocks

(Scheidegger et al., 1971) that equate to the recycled orogen

field. These source rocks today occur in the Columbia River drain-

age system and must have been sources for the Big Creek sands in

Miocene time via an ancestral Columbia River drainage system. It

is interesting to note that even though the western Cascade vol-

canic arc was active in western Oregon at this time (Hammond,

1979), the Cascades contributed only minor detritus to the

Astoria forearc sequence. The abundance of the major Columbia

River derived sediment from the continental interior overwhelmed

Cascade derived detritus. Typical volcanic arc derived sediments

plot in the lower right section on the Dickenson and Suczek (1979)

diagram.

Diagenesis. The amount of diagenetic clay in the Big Creek sand-

stone varies from 1 to 37% in thin section (Appendix III). Clay

content increases with decreasing lithic content and grain size.

Scanning electron microscopy (SEM) and X-ray diffraction
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(figs. 13 and 14) of clay (:20 sized components shows that authi-

genic smectite (montmorillonite), zeolite, and mica and detrital

mica and kaolinite are present in the Big Creek sandstone. Two

lithologies from Unit B were analyzed: 1) a silty, bioturbated

sandstone (sample 42); and 2) a clean, laminated sandstone (sample

247).

SEM photomicrographs reveal that the laminated sample is

weakly cemented with authigenic clay (fig. 15). The clay is

present as grain coatings on altered framework minerals and as

pore fillings between grains. Primary interparticle porosity,

although reduced, is still high. X-ray diffraction study (fig.

13) indicates this clay is smectite (montmorillonite). The broad,

diffuse peak at 14A of the magnesium-saturated sample is indica-

tive of a poorly crystalline smectite which expands to 17A upon

glycerol treatment at relative humidity of 54%. Heating of the

potassium saturated sample to 500°C caused the peak to collapse to

101 which is also characteristic of smectite (Harward, 1976). The

honeycomb morphology of the clay cement is characteristic of

authigenic smectite in SEM micrographs (fig. 16) (Stanely and

Benson, 1979, their fig. 14).

Incipient quartz overgrowths on detrital quartz grains are

also revealed by SEM micrographs. The early development of clay

may inhibit extensive development of quartz overgrowths (Pittman,

1972).

X-ray diffraction analysis shows a weak mica peak at 10A

(fig. 13); in thin section study, angular muscovite flakes were

noted in the clean sandstone (sample 247). Therefore, some mica

is assumed to be detrital. However, a delicate or feathery miner-

al in some SEM micrographs (fig. 17) might be authigenic mica

(Glasmann, pers. comm., 1981). Other workers, Odom et al. (1979);

Tillman and Almon (1979), have identified a similar feathery or

filament-like mineral as illite or authigenic mica in the Ordo-

vician St. Peter Sandstone of Wisconsin and Illinois and the

Frontier Formation of Wyoming, respectively.
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Fig. 13. X-ray diffractogram of authigenic clays in the medium-

grained clean Big Creek sandstone (Unit B). Sample no.

247. See text for discussion.

Fig. 14. X-ray diffractogram of authigenic clays in the fine-

grained, silty Big Creek sandstone (Unit B). Sample

no. 42. See text for discussion.
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Fig. 15. Clean Big Creek sandstone Unit B. This scanning electron

micrograph (SEM) reveals the pervasiveness of clay authi-

genesis. Note that porosity is preserved. (A) is a clay

coating of a grain that was plucked out during sample

preparation. White bar is 100 microns long. Sample no.

247.
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Fig. 16. Clean Big Creek sandstone Unit B. Honeycomb morphology

of smectite is well preserved in this SEM micrograph (A).

The large detrital grain in the middle of the photograph

may be a clay-coated altered feldspar that has under-

gone partial dissolution. White bar is 10 microns long.

Sample no. 247.



Fig. 17. Clean Big Creek sandstone Unit B. SEM micrograph

shows authigenic smectite (A); (B) might be authigenic

mica. Clay with a similar feathery morphology has been

identified as illite by Odom et al. (1979) and Tillman

and Almon (1979). White bar is 10 microns. Sample no.

247.
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The silty, bioturbated Big Creek sandstone (sample 42) is

cemented by smectite; the clay occurs both in the authigenic

honeycomb habit and as structureless, detrital material that coats

framework grains (fig. 18). In situ leaching of feldspar grains

(fig. 19) might have been a source of aluminum to form authigenic

smectite. Another clay matrix source could have been from diage-

netic breakdown of volcanic rock fragments.

Zeolites occur in pores as alteration products in bioturbated

Big Creek sandstone (sample 42). Elongate prismatic crystals of

a pore-filling zeolite on earlier formed clay coats were identi-

fied in a SEM micrograph (fig. 20). This crystal morphology is

characteristic of phillipsite (Kastner and Stonecipher, 1979).

A 9A on the X-ray diffractogram also suggests the presence of the

zeolite clinoptilolite (fig. 14). Phillipsite is a metastable,

low-silica mineral that can precipitate directly in pore spaces

at the sediment-sea water interface and to sediment burial depths

of 100 meters. It also occurs as a late diagenetic product of

basaltic glass (Kastner and Stonecipher, 1979). Phillipsite is

a common precursor to clinoptilolite (Boles and Wise, 1979), which

generally developes at greater sediment burial depths (i.e., 100-

1,000 meters; Kastner, 1979; Iijma and Utada, 1966). Clinoptilo-

lite, a high silica zeolite, commonly forms from alteration of

silicic volcanic glass (Hay, 1978; Kastner and Stonecipher, 1979).

Dissolution of siliceous glass shards in the Big Creek sandstone

could be such a source.

Kaolinite forms the 7A peak on X-ray diffractograms (fig.

14), which is destroyed by heating to 500°C (Harward, 1976).

Kaolinite might occur as incipient alteration of potash feldspars

in the silty Big Creek sandstone (sample 42). Kaolinite altera-

tion of potash feldspar could have occurred as a weathering effect

in the source area before deposition, in as much as both fresh and

weathered orthoclase grains are present in thin section. Folk

(1981) suggested that the presence of both fresh and weathered

feldspars of identical composition in a sandstone suggests both

chemical weathering and intense mechanical erosion of feldspar in
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Fig. 18. Big Creek silty sandstone Unit B. Low porosity is

evident in this sample. Massive detrital clay fills
pores between sand grains (A and B). Diagenetic honey-

comb smectite also coats some grains (C). White bar is

100 microns. Sample no. 47.
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Fig. 19. Silty Big Creek sandstone Unit B. Cleavage on this
etched feldspar grain is well displayed on this SEM

micrograph. Etching may have resulted from in situ out-

crop weathering or early diagenetic dissolution by pore

fluids. White bar is 10 microns. Sample no. 47.
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Fig. 20. Big Creek silty sandstone Unit B. These pore-filling,

radiating laths have a pseudo-orthorhombic habit,
typical of phillipsite (Kastner and Stonecipher, 1979),

a low silica, unstable predecessor of clinoptilolite

(Boles and Wise, 1979). Phillipsite is a common alter-

ation product of glassy basalt rock fragments in marine

sandstones (Kastner and Stonecipher, 1979). White bar

is 10 microns. Sample no. 47.
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a warm, humid climate and a deeply dissected, source terrane.

Pseudo-hexagonal booklets of kaolinite, the authigenic habit, were

not observed in SEM study; this clay mineral is probably present

in the detrital matrix.

In summary, the Big Creek sandstone shows a paragenetic al-

teration sequence of: 1) local, early, calcite pore-filling

cement (concretions) and incipient quartz overgrowth; 2) mechani-

cal crushing of volcanic and siltstone rock fragments and mica by

compaction during burial; 3) widespread development of smectite

and mica(?) clay coats (diagenetic clay matrix) forming a weak rim

cement around grains and dissolution of feldspar and hornblende

(cockscomb dissolution texture); and 4) some pore filling by the

zeolites clinoptilolite and phillipsite. These alteration miner-

als and paragenetic sequence are similar to the alteration of shal-

lowly buried Tertiary volcanic and arkosic sandstones of the

Wyoming-Nebraska high plains and arc-derived sandstones in western

Washington and Alaska described by Stanley and Benson (1979) and

Galloway (1979), respectively. These Tertiary sandstones are

similar to the Big Creek sandstone in that they are rich in chemi-

cally unstable detrital feldspar and volcanic fragments and lack

significant chemical, quartz, or carbonate cement. Like the Big

Creek sandstone, these friable sands also are weakly cemented by

montmorillonite clay.

The weakly cemented, laminated Big Creek sandstone (sample

247) retains good primary interparticle porosity as indicated by

SEM micrographs (fig. 15). This is apparently the result of a

lack of bioturbation and detrital clay. Permeability is probably

low and has been reduced through formation of diagenetic clay rims

in pore throats. The bioturbated, silty sandstone (sample 42) had

initially low porosity because detrital clay fills pores between

sand grains (fig. 18). Galloway (1979) noted porosity changes of

10 to 15% from clay rim formation and mechanical compaction.

Permeability loss was more severe because the platy clay flakes

act like baffles extending into pore throats to retard flow.

The diagenetic alteration sequence of the Big Creek sandstone
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may be the consequence of shallow to intermediate burial depth,

and a chemical reaction between interstitial, meteoric water and

chemically unstable sediment at low temperatures. Stanley and

Benson (1979) suggest temperatures of 10 to 30°C and pressure of

less than one bar, whereas Galloway (1979) concluded that clay

rims form at less than 200°C and between 300 to 1,200 meters buri-

al depth by illuviation of colloidal particles onto grains. Clay

rims and other diagenetic changes Fe oxide cement) might

also be the result of later uplift and exposure to telogenetic

(i.e., present day) weathering processes.

Silver Point Mudstone Member

Nomenclature and Regional Distribution

The Silver Point member was designated as an informal member

of the Astoria Formation by Smith (1975). The type section is at

Silver Point, 2.5 kilometers south of Cannon Beach (fig. 1). At

the type section, the Silver Point member is 200 meters thick and

consists of rhythmically interbedded sandstones and mudstones.

The sandstone beds are graded to laminated and are composed of

fine- to very fine-grained feldspathic sandstone. The mudstones

are laminated, micaceous, and carbonaceous.

Smith (1975) and Neel (1976) noted that the Silver Point

member grades into a sand-poor upper part. Tolson (1976), M.

Nelson (1978), and Coryell (1978) informally divided the Silver

Point into lower (Tspl) and upper (Tspu) "tongues" based on a sand-

rich lower part and a sand-poor upper part. The lower tongue is

composed of rhythmically bedded, turbidite sandstones and mud-

stones, whereas the upper tongue is predominantly laminated mud-

stones with minor, discontinuous sandstone beds and laminations.

Both the upper and lower Silver Point members occur in the Green

Mountain-Young's River area (fig. 9).
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Distribution

The lower Silver Point member (Tspl) is well exposed along

Elk Mountain Mainline and unnamed logging roads in the northwest

part of the study area (sec. 26, T7N, R9W). In the east part of

the area, the lower Silver Point member is best exposed along Spur

130-F (NE 1/4 sec. 2, T6N, R8W). Good exposures of both the lower

and upper Silver Point member (Tspl2 and Tspu3) crop out along

Mable Creek Road south of Snow Peak (NW 1/4 sec. 15, T6N, R8W,

Plate I). The upper Silver Point member is best exposed along

Spur 127-F and Elk Mountain Mainline (near the South Fork of the

Klaskanine River; NW 1/4 sec. 13 and SE 1/4 sec. 2, T6N, R8W).

The upper Silver Point is also well exposed along the Youngs River

Mainline and Spurs 132, 136, and 127 (sec. 13, 14, 15, T6N, R8W).

The Silver Point member forms many prominent hills in the area

because it is more resistant to erosion than the underlying Oswald

West mudstone. Much of the Silver Point member has been intruded

and baked by middle Miocene basalt (e. .&., west of Eels Ridge).

The baking has enhanced the Silver Point member resistance to

erosion. Logging roadcuts provide most exposures in as much as

the major streams in the area (e.1., the South Fork of the Klaska-

nine River) have cut through most of the Miocene section.

Fresh Silver Point mudstones are medium dark gray (N4) and

weather to grayish orange (10 YR 7/4). Sandstones are light

bluish gray (5B 7/1) and weather to yellowish gray (5YR 8/1).

Weathered outcrops are associated with chippy mudstone and sand

talus.

Lower Silver Point Mudstone Member Lithology

Within the study area, the lower Silver Point member can be

subdivided informally into two mappable subunits. The lower part

is called Unit 1 (Tspli) and the upper part is called Unit 2

(Tspl2). Unit 1 is generally thickly interbedded, laminated to

graded and bioturbated sandstones and mudstones. Unit 2 is thinly
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interbedded, laminated sandstones and mudstones.

Unit 1. Unit 1 is up to 100 meters thick around Eels Ridge and

along the South Fork of the Klaskanine River. The thickness esti-

mate was calculated from the areal distribution and attitude of

the unit.

Unit 1 includes thickly to moderately interbedded sandstone

and mudstone. The sandstone is fine- to very fine-grained and

feldspathic. Sandstone beds are typically laminated or graded,

though bioturbated sandstones do occur (locality 15, NW 1/4 sec.

12, T6N, R8W). Sandstone beds have sharp bottom contacts and

graded upper contacts with the mudstone interbeds (Bouma sequences

Tabe). Mudstone interbeds are laminated, the laminations being

formed by concentrations of muscovite, biotite, and carbonaceous

plant debris. At locality 292 (SW 1/4 sec. 2, T6N, R8W); along

Elk Mountain Mainline), Unit 1 is well exposed in an abandoned,

Grande Ronde Basalt quarry. A five meter thick sequence of

moderately thick-bedded, laminated siltstones and sandstones

(Bouma sequences Tbde) is exposed. Here, the sandstone to shale

ratio is approximately 1:3. Flaggy talus occurs at the base of

this baked outcrop. Between Rock Creek and Osgood Creek, Unit 1

consists of thick-bedded (0.6 meter), graded, medium-grained sand-

stone and medium (5 cm) beds of laminated mudstone (locality 212,

NW 1/4 sec. 19, T6N, R8W). East of the South Fork of the Klaska-

nine River (locality 281, SE 1/4, sec. 12, T6N, R8W-Spur 131-G),

a six meter thick sequence of Unit 1 is exposed. The lower four

meters consists of medium-interbedded (15 cm), laminated mudstone

and bioturbated, silty sandstone. Fecal ribbon trace fossils

(Scalarituba and Zoophycos?, Chamberlain, written comm., 1982) oc-

cur in the sandstone. This interbedded sequence is truncated by

several sandstone-filled channels. The individual channels are

up to 0.6 meters deep. The sandstone is graded, feldspathic, and

coarse- to fine-grained. At least 0.6 meters of laminated mud-

stone overlie the sandstone-filled channels.

Crab fragments and mollusks were collected at one locality in
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Unit 1 (locality 15, NW 1/4 sec. 12, T6N, R8W). The bivalves

Nuculana epacris and Nemocardium? occur at locality 15.

Unit 2. The thickness of Unit 2 varies throughout the study area

(Plate II, A-A' and C-C'). It is up to 200 meters thick east of

the South Fork of the Klaskanine River. The thickness estimate

was calculated from the areal distribution and attitude of the

unit.

Unit 2 (rsp12) is characterized by a rhythmic sequence of thin

(<2 cm), even bedded, fine- to very fine-grained sandstones and mud-

stones. Both the mudstone and the sandstone are micaceous and

carbonaceous. Feldspathic sandstone is ubiquitous and comprises

10 to 40% of Unit 2. Concentrations of carbonaceous plant debris,

coarse-grained mica flakes, and fine-grained sand form individual

laminations in mudstone beds. Fragments of carbonized wood and

plant stems (<25 cm) are common (e. .&., locality 175, SE 1/4 sec.

1, T6N, R8W).

Unit 2 is well exposed along Spur 130-F east of the South

Fork of the Klaskanine River. At locality 175 (SE 1/4 sec. 1,

T6N, R8W), the unit has been intruded and baked by a nine meter

thick Frenchman Springs basalt dike (rfsdi). Here, the typical

lithology of Unit 2 is well exposed (fig. 21). The parallel

laminated sandstone beds have sharp bottom contacts and grade into

overlying mudstone beds (Bouma sequences Tcd and Tde). Flame

structures (<3 mm high) also are locally abundant.

Intervening, dark gray (N3) mudstone beds contain the trace

fossil Planolites (grain-lined tubes; locality 166, NW 1/4 sec.

2, T6N, R8W). This form of Planolites is most like Yokoia kattoi

described from the Miocene of Japan. Y. kattoi comes from dark,

marine shales (Chamberlain, written comm., 1982)

Upper Silver Point Mudstone Member Lithology

The upper Silver Point member occurs throughout the central

part of the thesis area. Two distinct lithologies of the upper



Fig. 21. Lower Silver Point member (Unit 2, Tsp12). Gray mud-

stone has thin, fine-grained sand laminae and is inter-

bedded with thin, graded buff sandstone. Note carbon-

ized wood (c). Sample locality 175, SE 1/4 sec. 1,

T6N, R8W, Spur 130.
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Silver Point member occur in the Green Mountain-Young's River

area. In the central and east part of the area, the upper Silver

Point consists of laminated mudstones and siltstones (informally

named Unit 3, Tspu3), whereas west of Eels Ridge the member is a

finely laminated claystone (informally named Unit 4, Tspu4). The

maximum thickness of the upper Silver Point is estimated to be 200

meters, based on bedding plane attitudes in the Snow Peak area.

The original thickness can not be determined because the top of

the upper Silver Point member has been eroded.

Unit 3. Unit 3 is a dark gray (N3), laminated mudstone. The mud-

stone laminations are composed of biotite, muscovite, and com-

minuted plant debris. Thin sandstone beds are rare, though very

fine-grained, light gray (N7) sand and mica occur as discontinuous

laminae. Elongate, calcareous concretions (0.6 m long) occur

along some bedding planes and contain diatoms, coccoliths, carbon-

aceous debris, and burrows (e..&., locality 256, SE 1/4 sec. 24,

T6N, R8W). No identifiable mollusks or microfossils were found

in Unit 3 in the Green Mountain-Young's River area.

Typical outcrops of Unit 3 occur east of Mable Creek along

the Youngs River Mainline. Weathered outcrops are dark yellowish

brown (10 YR 4/2). Along the Youngs River, fresh, dark gray (N3)

siltstone is exposed (locality 311, NE 1/4, sec. 22, T6N, R8W).

Here, laminations in siltstone are composed of mica, comminuted

plant debris, and very fine-grained feldspathic sand. At locality

192, a roadcut outcrop of laminated siltstone is exposed (along

Spur 108 west of Snow Peak, SW 1/4 sec. 9, T6N, R8W). Rare, fine-

grained, sandstone beds are interbedded with the siltstone. The

sandstone beds are thin (1-5 cm), graded, and have sharp bottom

contacts and graded upper contacts (Bouma sequence Tae). Here,

the sandstone to shale ratio is 1:10.

Unit 4. Unit 4 of the upper Silver Point member (Tspu4) rims an

unnamed hill capped by a middle Miocene Grande Ronde Basalt sill

(Plate I). Unit 4 is best exposed along the 200 line and 263 spur
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logging roads (sections 3, 4, 9, 10, 16 T6N, R9W). The claystone

weathers to moderate yellowish brown (10 YR 5/4), whereas fresh

exposures are grayish black (N2). Weathered outcrops have dis-

tinctive "shaly" parting. This fissility distinguishes Unit 4

from the underlying Oswald West mudstone.

Unit 4 consists predominantly of well laminated, foraminifer-

al claystone with discontinuous sand laminations. Some lamina-

tions are composed of comminuted plant debris, mica, and forami-

nifera. Well laminated claystone is exposed along the 200 line

at locality 200 (SW 1/4 sec. 9, T6N, R9W).

Contact Relations

The Silver Point member disconformably overlies the Oswald

West mudstone and the Pittsburg Bluff Formation in the east part

of the Green Mountain-Young's River area. Around Green Mountain

and Eels Ridge, the Silver Point member conformably overlies the

Big Creek member. The lower Silver Point and upper Silver Point

members intertongue (Plate I, fig. 9).

Both the upper and lower Silver Point members are in uncon-

formably overlie the Oswald West mudstone. The contacts are not

exposed in the thesis area, but unconformity is inferred from

the disparity of ages between the lower to middle Miocene Silver

Point member and the upper Eocene to Oligocene Oswald West mud-

stone. The difference in ages of Oswald West mudstone underlying

Silver Point member strata suggests that the Silver Point member

was deposited over an irregular Oswald West mudstone surface.

For example, south of Green Mountain the Silver Point member over-

lies uppermost Eocene (upper Refugian) Oswald West mudstone

(locality 74, SE 1/4 sec. 17, T7N, R8W). Only three and a half

kilometers to the southwest, the Oswald West mudstone is early

late Eocene (upper Narizian) (locality 59, center sec. 24, T6N,

R9W).

The lower Silver Point member unconformably overlies the

Pittsburg Bluff Formation in the southeast corner of the study
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area (Plate I). The contact is not exposed, but the disparity

of ages between the two units indicates an unconformable relation-

ship. The Pittsburg Bluff Formation in the study area ranges in

age from late Eocene to early Oligocene. The Silver Point member

in contact with the Pittsburg Bluff Formation is probably no older

than late early Miocene (Pillarian) (locality 15, NW 1/4 sec. 12,

T6N, R8W).

At the type area of the Silver Point member, a shallow-marine

sandstone (the Angora Peak sandstone) lies between the Silver

Point and the Oswald West mudstone (Smith, 1975; Neel, 1976).

North of the Green Mountain-Young's River area, Coryell (1978) and

M. Nelson (1978) mapped shallow-marine Big Creek sandstone be-

tween the Oswald West mudstone and the Silver Point member. Map-

ping by Neel (1976), Tolson (1976), Penoyer (1977), and Cooper

(1981) north and east of the Silver Point type area and south of

the Big Creek type area (fig. 1) has shown that the Silver Point

member commonly directly overlies the Oswald West mudstone.

Tolson (1976) and Neel (1976) noted that the lower Silver

Point member disconformably overlies the Oswald West mudstone,

whereas Penoyer (1977) mapped both the upper and lower Silver

Point tongues in disconformable contact with the Oswald West mud-

stone. Penoyer also noted that Astoria Formation sandstone-

filled channels cut into the underlying Oswald West mudstone. On

the southwest side of Elk.Mountain, conglomeratic channels occur

near the Oswald West-lower Silver Point contact (Goalen, in prep.).

D. Nelson (in prep.) and Goalen have mapped upper Silver Point

mudstone directly overlying Oswald West mudstone. The upper

Silver Point member unconformably overlies the Pittsburg Bluff

Formation in the area adjoining the southeast corner of the Green

Mountain-Young's River area (D. Nelson, in prep.).

In the study area, Unit 1 of the lower Silver Point member

(Tspl1) overlies the Big Creek member (Tbc2) (fig. 9). This con-

tact is not exposed, though it is probably gradational. For ex-

ample, the occurrence of thick-bedded, laminated Big Creek sand-

stone (Unit B) east of Eels Ridge suggests that Unit B grades into
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the overlying Unit 1 of the lower Silver Point member (as at

locality 2CP-33, NE 1/4 sec. 23, T6N, R9W-Spur 93). The ubiqui-

tous mudstone interbeds of the lower Silver Point member Unit 1

distinguish it from the Big Creek sandstone Unit B.

Unit 1 of the lower Silver Point member grades upward into

Unit 2 in the vicinity of the South Fork of the Klaskanine River.

West of the Klaskanine River, Unit 1 consists of moderately thick-

ly interbedded, laminated siltstones and sandstones (locality 292,

NW 1/4 sec. 12, T6N, R8W, Elk Mountain Mainline). East of the

river, the lower Silver Point member is thin- to very thinly inter-

bedded, laminated siltstone and sandstone (Unit 2; 164, NW 1/4 sec.

12, T6N, R8W, Spur F-2).

The 100 meter thick Unit 1 is apparently a gradational facies

of the lower Silver Point member. The Big Creek member Unit B

grades into the overlying Unit 1 of the lower Silver Point member,

and upsection Unit 1 commonly grades to Unit 2.

At Big Creek, the upper part of the Big Creek member is fine-

to very fine-grained laminated sandstone with thin interbeds of

laminated mudstone (Cooper, 1981). Cooper (1981) described a

transitional facies at the Silver Point member-Angora Peak sand-

stone (Big Creek member lateral equivalent) contact at Cape

Meares, Tillamook County. He noted that the upper part of the

Angora Peak sandstone consists of thickly interbedded sandstone

and siltstone. Upsection, the thick sandstone beds become more

thinly bedded and mudstones make up a greater percentage of the

strata. He included rocks with greater than 50% sandstone in

the Angora Peak member.

Tolson (1976) noted a similar transitional relationship con-

tact between the "Angora Peak" sandstone member (equals Big Creek

member of this study) and the lower Silver Point member immediate-

ly south of Eels Ridge. Tolson stated that the "Angora Peak"

member fines upward and incorporates increasing numbers of mud-

stone interbeds. Over 15 meters (upsection), the "Angora Peak"

sandstone grades into very fine-grained, thinly interbedded sand-

stones and carbonaceous mudstones of the lower Silver Point member.
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Tolson suggests that the "Angora Peak" sandstone and lower Silver

Point member intertongue in the subsurface of Eels Ridge.

The lower Silver Point member both underlies and intertongues

with the upper Silver Point member in the study area (fig. 9).

East of the South Fork of the Klaskanine River, the lower Silver

Point member directly overlies the Oswald West mudstone and the

Pittsburg Bluff Formation and is overlain by Unit 3 of the upper

Silver Point mudstone (Tspu3). Between Green Mountain and the

Klaskanine River, thin, even-bedded sandstones and mudstones of the

lower Silver Point member Unit 2 (Tspl2) form a tongue within Unit

3 of the upper Silver Point member (Tspu3) (Plate I; fig. 9). The

ubiquitous sandstone beds of the lower Silver Point member distin-

guish the unit from the upper Silver Point member. In the Green

Mountain-Eels Ridge area, Unit 3 of the upper Silver Point member

overlies Unit 1 of the lower Silver Point member, and in turn Unit

1 overlies Unit B of the Big Creek member (Tbc2). West of Eels

Ridge, Unit 4 of the upper Silver Point member (Tspu4) overlies

Unit 1 of the lower Silver Point member ("Espy. Similarly, Rarey

(in prep.) notes that the upper and lower parts of the Silver

Point member appear to be lateral correlatives to each other south

and east of Saddle Mountain.

There are no lower Silver Point-upper Silver Point contacts

exposed in the thesis area. The contact is presumed to be grada-

tional. For example, on the east end of the Youngs River Main-

line Unit 2 of the lower Silver Point member consists of rhythmi-

cally interbedded (7 cm), laminated mudstones and sandstones, with

a sandstone to shale ratio of 1:4 (locality 196, SE 1/4 sec. 13,

T6N, R8W). Westward along the Mainline, sandstone interbeds be-

come increasingly rare; the Silver Point member grades into a dark

gray (N2) mudstone with discontinuous, sandy laminae (Tspu3) (lo-

cality 194, SE 1/4 sec. 14, T6N, R8W).

The contact relation between Units 3 and 4 of the upper

Silver Point member is unclear. Presumably Unit 4 is a lateral

facies of Unit 3 (fig. 9).

East of Eels Ridge, the lower Silver Point member (rspli) is
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overlain by middle Miocene Grande Ronde Basalt extrusive breccias

(Tgrx4). See the section on the Physical Character of Frenchman

Springs and Grande Ronde Basalt Intrusions for further discussion.

Age

Regionally, the Silver Point member ranges from early to

middle Miocene in age (Pillarian to early Newportian molluscan

stages, fig. 2) (Cooper, 1981). Within the Green Mountain-Young's

River area, the Silver Point member is Pillarian to Newportian in

age. This age is based on molluscan fossil collections from ad-

jacent theses areas and within the Green Mountain-Young's River

area.

The lower Silver Point member (Tspli and Tsp12) in the north-

western part of the study area (sec. 26, T7N, R9W, Plate I) is at

least in part Pillarian (early Miocene) in age. This age is de-

termined from continuous mapping of lower Silver Point strata from

the Young's River Falls area of Tolson (1976). Cooper (1981) col-

lected Acila gettysburgensis and Molopophorous newcombei(?) from

lower Silver Point strata two kilometers west of the Green Moun-

tain-Young's River area. These species are diagnostic of the

Pillarian molluscan stage of Addicott (1976).

Only one lower Silver Point member molluscan assemblage was

collected in the Green Mountain-Young's River area. This assemb-

lage includes Nuclulana epacris and a possible Nemocardium(?) sp.

(Moore, written comm., 1981; 1982), and is from locality 15 in the

southeast part of the area (NW 1/4 sec. 12, T6N, R8W). Both lower

and upper Silver Point strata overlie the Pillarian to Newportian

(lower Miocene) Big Creek member in the study area. The upper and

lower Silver Point members are intruded by Grande Ronde Basalt

secs. 1, 2, 9, 11, 13, 15, 18, 22, 24, T6N, R8W). Grande

Ronde Basalt has been radiometrically dated as 14 to 16.5 m.y. by

Swanson et al. (1979). Where the Pillarian to Newportian Big

Creek member is overlain by Silver Point strata, the Silver Point

member can be bracketed to the lower Newportian on the basis of
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intrusion by 14 to 16.5 m.y. Grande Ronde Basalt.

No Miocene fossils were recovered from Unit 4 of the upper

Silver Point member in the Green Mountain-Young's River area.

Equivalent strata south and west of the study area contain a

foraminiferal assemblage indicative of the Saucesian Stage (early

to middle Miocene; Tolson, 1976). An age definitive coccolith as-

semblage collected four kilometers west of the study area by this

author limits Unit 4 to coccolith zone CN4 (500 line logging road,

NE 1/4 sec. 2, T6N, RlOW; Bukry, written comm., 1982). Coccolith

zone CN4 spans the early to middle Miocene boundary and corresponds

to: 1) the upper part of the Saucesian foraminiferal stage; and

2) the middle part of the Newportian molluscan stage (fig. 2).

Three foraminiferal assemblages from the westernmost part of

the Green Mountain-Young's River area suggest a late Eocene to

Oligocene age for both Unit 4 of the upper Silver Point member and

Unit 1 of the lower Silver Point member (localities 18, 24, 204;

McDougall, written comm., 1982). The vertical succession, lithol-

ogy, and fossil assemblages collected immediately outside of the

study area suggest that the three foraminiferal collections in

question (16, 18, 204) were reworked from the Oswald West mud-

stone. A late Eocene foraminiferal assemblage in the Oswald West

mudstone was collected only one kilometer southeast of Eels Ridge

(locality 59, SW 1/4 sec. 24, T6N, R9W). Immediately south and

southwest of Eels Ridge, Tolson (1976) reported molluscan assem-

blages indicative of early to middle Miocene age in the Angora

Peak sandstone (equivalent to the Big Creek sandstone of this

study). Tolson also collected a foraminiferal assemblage diagnos-

tic of the Saucesian Stage (early to middle Miocene) in strata

equivalent to Unit 4 of the upper Silver Point member. Tolson's

fossil collections, as well as the coccolith assemblage collected

by this author west of the Green Mountain study area, strongly

suggest that the Silver Point member west of Eels Ridge is early

to middle Miocene in age. The vertical succession of the Astoria

Formation south and north of the study area (Tolson, 1976) indi-

cates that Silver Point strata should occur west of Eels Ridge.



78

The Astoria Formation lithologies reported by Tolson are identical

to the units occurring west of Eels Ridge in the Green Mountain-

Young's River area. It is unlikely that faulting has displaced

upper Eocene strata lithologically and stratigraphically similar

to the expected Miocene sequence into the area west of Eels

Ridge. In summary, from the geology within and adjacent to the

area west of Eels Ridge one must conclude that the Silver Point

strata in question are lower to middle Miocene.

Correlation

The Pillarian part of the lower Silver Point member in the

northwest part of the study area is coeval with the lower sand-

stone and mudstone members of the type Astoria Formation described

by Howe (1926). The lower Silver Point is time correlative to the

lowermost Pillarian Angora Peak and Big Creek sandstone members of

the Astoria Formation (Cressy, 1974; Cooper, 1981). The Pillarian

lower Silver Point member in the Green Mountain-Young's River area

is coeval with: 1) Unit 1 of the Astoria(?) Formation of Wolfe and

McKee (1972) in southwest Washington; 2) Astoria(?) Formation of

Fowler (1965) in the Grays Harbor area; 3) the middle part of the

Clallam Formation of the northern Olympic Penninsula; and 4) all

but the lowermost Nye Mudstone of the Newport embayment on the

central Oregon coast.

Within the Green Mountain-Young's River area, the Newportian

part of the lower Silver Point member and the upper Silver Point

member are age correlative to: 1) the upper sandstone member of

Howe (1926) in the type area of the Astoria Formation; 2) the

Silver Point member at Tillamook Bay (Cooper, 1981); 3) the New-

port member of the Astoria Formation at Newport, Oregon (Addicott,

1976; Cooper, 1981); 4) Units 2 and 3 of the Astoria(?) Formation

in southwest Washington (Wolfe and McKee, 1972); and 5) all but

the lowermost Astoria(?) Formation of Fowler (1965) in the Grays

Harbor basin (Addicott, 1976).

Unit 4 of the upper Silver Point member is equivalent to the
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Airplane mudstone of Tolson (1976). This correlation is based on

continuous mapping from the Seaside-Young's River Falls area of

Tolson (1976).

The Pillarian part of the Silver Point member is coeval with

the "Vaqueros" stage rocks, California, whereas the Newportian

Silver Point member is coeval with "Temblor" stage rocks of the

California Coast Range. The Temblor rocks are the only California

Neogene strata that can be confidently correlated with Newportian

rocks in the Pacific Northwest (Addicott, 1976). Thus, the

Temblor Formation (Moore, 1963) of central California is coeval

in part with the Silver Point member in the Green Mountain-Young's

River area.

Petrology

Classification. The Silver Point sandstone varies from lithic to

arkosic arenite to wacke (Appendix III, figs. 8, 12). The wackes

probably originally were deposited as arenites, as demonstrated

in a concretionary sandstone in Unit 3 of the upper Silver Point

member (sample 256). Early calcite cementation in this sample

inhibited in situ post depositional formation of clay matrix from

alteration of the volcanic rock fragments and other unstable

minerals by pore fluids.

The Silver Point arenites (samples 72 and 189B) are well

sorted, whereas wackes are poorly sorted because of the presence

of matrix. The wacke framework grains are subrounded to subangu-

lar and equant. Grain rounding varies with composition. For

example, volcanic rock fragments are generally better rounded than

more abrasion resistant quartz or feldspar (fig. 22). Except in

concretions (sample 256), all detrital grains are in framework sup-

port.

Texturally, the graded, poorly sorted Silver Point sandstones

are immature (Folk, 1951). The grain size is mainly very fine

sand, though rare coarse sand occurs. Compositionally, the feld-

spathic sandstones are immature (Folk, 1980), although because most
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Fig. 22. Birefringent, authigenic clay rims and cements framework
grains in this medium-grained lower Silver Point member
lithic arenite (sample no. 72). Framework grains include

monocrystalline quartz (q), albite-twinned plagioclase
(p), metamorphic quartzite (Q) and volcanic rock fragments

(v), (crossed nicols). Note angular quartz (q) and well-

rounded volcanic clasts (v).
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of the matrix is diagenetic the sandstone was originally deposited

as texturally submature sediment. This submature interpretation

suggests fairly rapid erosion and deposition.

Mineralogy. Quartz and feldspar are the major framework minerals

in the Silver Point sandstone (Appendix III). The average feld-

spar content is 12% which includes 5.6% plagioclase and 6.4%

potassium feldspar. The plagioclase is predominantly labradorite

(An 50-62) as determined by the Schuster method and the extinction

angles in albite-Carlsbad twinned grains cut normal to {010}

(Kerr, 1959). The potassium feldspars are mostly orthoclase,

along with rare grains of microcline.

Monocrystalline quartz and rare polycrystalline quartz aver-

age 25%. Lithic fragments (1-13%), muscovite and biotite (522%),

and shell fragments (<1%) are the remaining framework constituents.

Disseminated carbonaceous plant material forms minor, primary ma-

trix, though in one sample (7A) it comprises 24% of the rock.

Lithic constituents in decreasing order of abundance are:

basalt, metamorphic quartzite, quartz mica schist, well rounded

siltstone and claystone rip-up clasts, chert, andesite, and

granitic rock fragments.

The presence of chemically metastable and stable heavy

minerals in the Silver Point sandstone indicates a low degree of

in situ weathering and diagenesis (Pettijohn et al., 1972).

Leucoxene, magnetite, tourmaline, and zircon are the major heavy

minerals (Appendix IV). In order of decreasing abundance clino-

zoisite, garnet, hypersthene, epidote, apatite, augite, enstatite,

clinopyroxene, green hornblende, and lamprobolite (basaltic horn-

blende) complete the suite. Tourmaline occurs in blue and green

varieties of elbanite and more abundant brown schorlite. Garnet

is clear, light blue, pink and rarely, brilliant apple green.

The apple green garnet is probably uvarovite, whereas the other

varieties might include andradite and grossularite.



82

Provenance. Like the Big Creek sandstone, Silver Point sandstone

mineralogy indicates that source terranes included igneous, sedi-

mentary, and metamorphic rocks. The Oligocene and Miocene calc-

alkaline flows and pyroclastic rocks of the western Cascades (e.g.,

Ohanapecosh Formation, Hammond, 1979; Little Butte Volcanics and

Sardine Formation, Peck et al., 1964) might be a source of ande-

sitic rock fragments, enstatite, hypersthene, and green horn-

blende. The variable apatite content (<11%) may indicate an

intermediate volcanic source (Folk, 1980). Basaltic rock frag-

ments, magnetite, leucoxene, augite, titaniferous augite, labra-

dorite, and basaltic hornblende might have been derived from the

Eocene basaltic lavas and gabbroic rocks that form much of the

Oregon-Washington Coast Range basement, as well as Oligocene and

Miocene basaltic lavas in the western Cascades (Hammond, 1979).

Microcline, orthoclase, granitic rock fragments, muscovite,

and biotite suggest an acid igneous source terrain (Milner, 1962),

such as the North Cascades and Okanogan Highlands of eastern

Washington, the Blue Mountains of eastern Oregon (Baldwin, 1981)

and the Rocky Mountains of Idaho and Montana (Scheidegger et al.,

1971). Schorlite is a common alteration mineral of hydrothermally

altered acid igneous rocks (Field et al., 1974). Zircon occurs

both as well rounded and euhedral cyrstals. The more abundant

euhedral grains probably were derived from an acid igneous source.

Rounded zircon grains and chert fragments might have been recycled

from older sandstone deposits (Milner, 1962). The Rocky Mountains

include folded and faulted clastic sedimentary rocks (Scheidegger

et al., 1971). Well rounded siltstone and claystone fragments

probably originated as intraformational rip-up clasts. The bril-

liant, apple green garnet, uvarovite, indicates a possible source

from the Mesozoic chromium peridotites (Winchell and Winchell,

1951; Milner, 1962) of the Blue Mountains of northeastern Oregon

or the Klamath Mountains (Baldwin, 1964). Staurolite, clinozoi-

site, metamorphic quartzite, gneissic and schistose clasts suggest

low to high rank metamorphic source terranes (Milner, 1962) such

as the Rocky Mountains, the North Cascade Mountains and Okanogan
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Highlands of Washington and British Columbia, and the Klamath

Mountains (Scheidegger et al., 1971, McKee, 1972; Baldwin, 1981).

Dickinson and Suczek (1979) devised a classification scheme

of detrital framework modes of sandstones that can be used to

determine plate tectonic provenance types (fig. 12A). This

classification was defined for sandstones with less than 25%

matrix or cement. Only two Silver Point sandstone thin sections

studied (samples 72 and 189B) meet these criteria; they plot in

the recycled orogen field. Of the remaining Silver Point samples,

one is in the recycled orogen field, three are in the continental

block field, and two fall immediately outside the recycled orogen

field. Diagenetic alteration of unstable clasts to matrix or

cement might have selectively removed less stable constituents

(e..g., volcanic lithics), decreasing the reliability of provenance

determination.

Recycled orogen provenances include deformed and uplifted

stratal sequences in subducted zones, along collision orogens,

or within foreland fold-thrust belts. Continental block prove-

nances include shields and platforms or faulted metamorphic and

plutonic basement blocks (fig. 12A; Dickinson and Suczek, 1979).

The most likely provenance for the Silver Point sandstone that is

included in this plate tectonic scheme is the North Cascades and

Okanogan Highlands of eastern Washington and the Blue Mountains of

eastern Oregon. These mountains include folded and faulted Trias-

sic to Jurassic sedimentary rocks, Jurassic to Cretaceous granitic

batholiths, and high and low grade metamorphic rocks (Misch, 1966;

Scheidegger et al., 1971) equating to the foreland fold-thrust

belt of the recycled orogen field. Additional sources could be

the Idaho batholith and pre-Cambrian Belt rocks of western Idaho

which would be largely uplifted basement blocks and highly dis-

sected magmatic arcs of the continental block field.

In summary, the Silver Point and Big Creek sandstones have

very similar mineralogies and textures. This similarity indicates

that the major sedimentary sources of both units were the same.

Niem (1976) postulated that the Astoria Formation sediments were



transported by an ancestral Columbia River. The primary prove-

nances of the North Cascades and Okanogan Highlands of eastern

Washington, the Blue Mountains of eastern Oregon, and the Rocky

Mountains of Idaho and Montana suggested by the heavy and light

mineralogies of both the Big Creek and Silver Point members sup-

port this hypothesis. The western Cascades of Oregon and

Washington were a secondary volcanic source of Astoria Formation

sands that probably were transported to the Astoria Basin by an

ancestral Columbia River.

Environment of Deposition

Introduction

84

Within the Green Mountain-Young's River area, the sedimentary

facies of the Astoria Formation represent a transgressive sequence

that was deposited on a storm-dominated continental shelf and

slope. The oldest unit is the Big Creek sandstone member (fig.

9). Two facies (Unit A and B) of this shallow-marine sandstone

were deposited on the inner shelf near storm wave base (fig. 23).

The Silver Point member is composed of lower and upper parts.

The lower part of the Silver Point member consists of two facies.

The sandy turbidite facies (Unit 1) is transitional between neritic

and bathyal environments (fig. 23). Unit 2 of the lower Silver

Point member is a silty turbidite facies that was deposited at

bathyal water depths. The bathyal, upper part of the Silver Point

member includes two coeval hemipelagic units (Unit 3 and Unit 4).

Unit 3 is primarily a siltstone to mudstone, whereas Unit 4 is a

distinctive laminated claystone. This difference in lithology in-

dicates that Unit 4 was probably more distal to terrigenous sedi-

ment sources than Unit 3.
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Big Creek Sandstone Member

In the Green Mountain-Young's River area, the Big Creek

member was deposited on the continental shelf (fig. 23). Abun-

dant mollusks in thick, bioturbated sandstone beds indicate inner

neritic deposition (Moore, written comm., 1981). Articulated

bivalves include Anadara sp. cf. A. devincta, Katherinella

angustifrons and Spisula (Mactromeris)(?) sp. cf. S. (M.)(?)

albaria. A trace fossil assemblage of Chondrites(?) and Plano-

lites suggests outer neritic to upper bathyal deposition (Chamber-

lain, written comm., 1982).

Unit A is not as well exposed as Unit B; environmental inter-

pretation of Unit A is not definitive based solely on data collect-

ed from the unit. Unit A data is evaluated in context with the en-

vironmental interpretation of Unit B. Therefore, the environmental

implications of Unit B are reported first. The environmental ex-

planation of Unit A will follow the interpretation of Unit B.

Within Unit B, the occurrence of bioturbated beds of sand-

stone that are truncated by the erosional bases of overlying paral-

lel laminated sandstone indicates that hydrodynamically quieter

periods separated the events that produced the laminated inter-

vals. Bourgeois (1980) interpreted an analogous sequence, "the

parallel laminated and burrowed sand and silt facies" in the

Cape Sebastian Sandstone (Cretaceous of southwest Oregon) to rep-

resent storm events (laminated intervals) and intervening quiet

periods of deposition (bioturbated zones). Bourgeois suggested

that the parallel laminated and burrowed sand and silt facies of

the Cape Sebastian Sandstone (environmental equivalent to Unit B)

was deposited on the outer shelf, seaward of storm wave base

(fig. 24).

The thickness of burrowed intervals in Unit B varies from

five centimeters to seven meters. The depth of normal burrowing

is 20 to 30 centimeters (Schafer, 1972) indicating that the bur-

rowed sandstone of Unit B represents relatively long periods of

time when bioturbation kept up with the sedimentation rate. Un-
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doubtedly many storm intervals were thoroughly bioturbated and

were a source of sand in the burrowed zones. Reineck and Singh

(1972) suggested that "suspension clouds" of sand and silt move

seaward in the last stages of storm activity. Fallout of sand

from suspension clouds could form the laminated "storm" intervals

in Unit B. Much of the bioturbated sand and silt were probably

supplied by normal settling of turbid layers during interstorm

periods (Kulm et al., 1975). See the depositional environment

setting of the Pittsburg Bluff Formation for a more thorough dis-

cussion of the Kulm et al. (1975) model of sediment dispersion

across the continental shelf.

From the limited exposures of Unit A, it can be inferred that

the unit consists of bioturbated, silty sandstones in the bottom

and upper parts, whereas the middle part is laminated to cross-bed-

ded. Fossils in both bioturbated intervals indicate that the unit

was deposited on the inner continental shelf at depths similar to

Unit B.

Unit A might be roughly the same facies as Unit B, but sedi-

mentary structures in the middle part of Unit A indicate that it

was deposited in slightly shallower water, at least in part above

storm wave base. Foreset lamination (locality 133) indicates that

Big Creek tractive currents such as wave motion were active.

Coryell (1978) postulated that strata equivalent to Unit A might

be littoral in origin. Planar laminated and cross-bedded sands

occur in the nearshore to beach zone on the modern Oregon coast

(Clifton et al., 1971).

The thick, bioturbated strata of Unit A do not easily fit into

the foreshore to beach model of Coryell. However, most of the

mollusks enclosed in Unit A can range into the intertidal zone.

Unit A is most likely a slightly shallower facies than Unit B.

Because Unit A was deposited (at least in part) landward of storm

wave base, tractive currents were active and could have formed the

foreset laminations that occur rarely in Unit A.

In summary, the Big Creek member in the Green Mountain-

Young's River area shows a paleobathymetric trend (fig. 23). In
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the northeast part of the study area, Unit A was in part deposited

landward of storm wave base. Southwest, in the vicinity of Eels

Ridge, Unit B was deposited below storm wave base. The provenance

of the sand in the Big Creek member, of the Green Mountain-Young's

River area, indicates that the main sediment supply was an

ancestral Columbia River. Sand was probably transported from the

shoreface and the "Columbia" river mouth by storm surge and was

rapidly deposited during the waning stages of storm activity

(fig. 24).

Silver Point Mudstone Member

Silver Point member facies in the Green Mountain-Young's

River area record a gradual deepening of the Astoria Basin during

early to middle Miocene time (fig. 23). Lower Silver Point strata

include two facies. The older rocks, (Unit 1) was deposited on

the upper continental slope. Units 3 and 4 of the upper Silver

Point member were subsequently deposited as upper bathyal facies.

Unit 1 of the lower Silver Point member was deposited on the

outer continental shelf. Bivalves collected from the unit are

Nucluana epacris and Nemocardium(?) sp. (Moore, written comm.,

1981). Modern species of Nemocardium live on outer shelf, sandy

bottoms at depths of 20-140 meters (Abbott in Moore, 1976). Unit

1 contains the trace fossil assemblage of Zoophycos and Scalari-

tuba. These ichnofossils might indicate outer neritic to upper

bathyal deposition (Chamberlain, written comm., 1982).

Unit 1 is a transitional facies between the shallow-marine

Big Creek member and the bathyal turbidites of Unit 2. Unit 1

includes turbidites (Bouma sequences Tae, Tbe) that were deposited

below storm wave base. Deposition of alternating, graded to lami-

nated sands and laminated muds on the outer continental shelf has

been attributed to storm-induced turbidity currents (Hayes, 1967;

Hamblin and Walker, 1979) and "suspension cloud" settling (Reineck

and Singh, 1972).

Apparently some modern shelf turbidites are a result of storm



90

activity (Hayes, 1967). Hayes reports that sand was transported

from the Galveston, Texas coast at least 23 kilometers seaward on

the continental shelf by a turbidity current generated by a hurri-

cane. He postulates that seaward flowing density currents were

driven by the seaward return of storm waters (e.g., fig. 24).

Hamblin and Walker (1979) indicate that shallow-marine turbidites

of the Fernie Formation (Jurassic), of the southern Canadian Rocky

Mountains, were deposited by storm-induced turbidity currents.

Their primary reasoning for storm-induced turbidity currents is

the lack of a steep paleobathymetry in the Fernie basin necessary

for slump-induced turbidity current generation.

Reineck and Singh (1972) point out that storm-induced "sus-

pension clouds" could transport sand to the outer continental

shelf. Fallout from these "suspension clouds" would form lamin-

ated sand beds or "rhythmites." Storm deposits of this type are

typically less than 20 centimeters thick (Reineck and Singh,

1972). Many sandstone beds in Unit 1 of the lower Silver Point

member are significantly thicker than 20 centimeters (elm) and

have scoured bases; some sandstones occur as lenses or channel

deposits. This evidence suggests that at least the thicker sand-

stone beds, if not all, were deposited by turbidity currents.

Silt and clay in such suspension clouds probably would bypass

the shelf. Sand-sized detritus might settle out of the suspension

cloud on the outer shelf. Most silt and clay probably represent

normal hemipelagic deposition during the summer season (Kulm et

al., 1975). See the depositional environment section of the

Pittsburg Bluff Formation for a discussion of the Kulm et al.

model of sediment dispersion on the modern continental shelf of

Oregon.

Laminations in the mudstone interbeds of Unit 1 are well pre-

served. This indicates low biological activity by infauna, from

either rapid deposition or an anoxic environment.

The only biologic environmental indicator recovered from Unit

2 of the lower Silver Point member is the trace fossil Planolites

(locality 166, NW 1/4 sec. 2, T6N, R8W). These grain-lined tubes
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are not well understood, so that an environmental interpretation

based on these burrows cannot be made (Chamberlain, written comm.,

1982).

Unit 2 was probably deposited in deeper water than Unit 1.

Unit 2 represents bathyal deposition, most likely on the upper

continental slope (fig. 23). Equivalent strata southwest of the

study area contain upper bathyal foraminiferal assemblages (Neel,

1976; Cooper, 1981). Bouma sequences Tde characterize the unit.

Both storm-induced turbidity currents and shelf margin slumping

probably were active during Unit 2 deposition.

Unit 3 represents predominantly hemipelagic deposition at

bathyal depths, although rare Bouma sequence Tde sandstones do

occur. Strata equivalent to Unit 3 north of the study area con-

tain foraminiferal assemblages diagnostic of middle to upper

bathyal water depths (fig. 23) (M. Nelson, 1978; Murphy, 1981).

Because Units 3 and 2 intertongue in the Green Mountain-Young's

River area (fig. 9), it is assumed that the low sandstone con-

tent of Unit 3 reflects a greater distance from turbidite channels

as a result of channel migration or lobe switching, as well as

gradual subsidence of the Astoria basin.

Unit 4 is coeval with Unit 3 of the upper Silver Point member.

Unit 4 contains much less sand-sized detritus than Unit 3. Most

sand-sized material is biogenic (foraminifers) or could have

floated to the site of deposition (plant debris). The unit is

composed mostly of laminated claystone with rare wispy laminae of

very fine-grained sand indicating that Unit 4 was distal from a

coarse sediment supply.

Well preserved laminae in the claystones indicate that in-

faunal activity was low. Low biologic activity often is associ-

ated with anoxic environments which are common on the continental

slope (McDougall, 1980).

Unit 4 is analogous to the modern continental slope mud

facies of Kulm and Scheidegger (1979), which represents hemipe-

lagic sedimentation (i.e., from suspension in the water column).

Sand laminae and probable reworked Eocene foraminifera in Unit 4
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might reflect slumping and resuspension of material from the outer

shelf and upper slope.

Depositional Model

Widespread deposition of the Big Creek member (Units A and B)

occurred on the inner continental shelf during late Pillarian to

early Newportian time (early Miocene). Unit A was deposited near

or above storm wave base on the inner shelf. Unit B is in part

coeval with or overlies Unit A. Deposition of Unit B occurred

seaward of storm wave base (fig. 24); bioturbation of the unit

increases in the upper part suggesting a deepening of the Astoria

Basin during early Newportian time. Coeval lower Silver Point

member deposition was probably occurring at outer shelf depths in

the northwest part of the study area (Plate I, figs. 9B, 23).

The Astoria Basin continued to deepen throughout Silver Point

time (late Pillarian to Newportian: early to middle Miocene). Ap-

parently much of the Big Creek member was eroded as a result of

Silver Point deposition (fig. 9A); in some areas (e.g., the South

Fork of the Klaskanine River), the Silver Point member directly

overlies Eocene to Oligocene Oswald West mudstone and Pittsburg

Bluff Formation. Channelization of the Silver Point member

through the Big Creek member occurs east of the Green Mountain-

Young's River area on the southwest side of Elk Mountain (Goalen,

in prep.). Here, a lower Silver Point member channel was cut into

the Oswald West mudstone. On the northeast side of Elk Mountain,

Big Creek sandstone directly overlies Oswald West mudstone.

Unit 1 of the lower Silver Point member is a transitional

facies beween the inner neritic Big Creek member and bathyal Units

2, 3, and 4 of the Silver Point member (fig. 23). Unit 1 sand-

stone deposition was predominantly via storm-induced turbidity

currents. The presence of the transitional, outer shelf Unit 1

suggests that the Astoria Basin gradually deepened during late

early to early middle Miocene time.

The overlying Unit 2 of the lower Silver Point member marks



93

the initiation of bathyal deposition. Slumping of detritus on

the upper continental slope transported sand and late Eocene

foraminifers to the sites of Unit 3 and 4 deposition.

The Astoria Formation depositional model is quite similar to

the model for the Jurassic Fernie-Kootenay Formation transition

(Hamblin and Walker, 1979) in the southern Canadian Rocky Moun-

tains. Half of the Jurassic facies described by Hamblin and

Walker also occur in the Astoria Formation of the Green Mountain-

Young's River area. The Fernie-Kootenay transition is a prograda-

tional sequence and so the facies occur in the opposite order

(turbidite-shallow-marine sandstone-fluvial) of the Astoria Forma-

tion facies (fluvial-shallow-marine sandstone-turbidite). Only

the shallow-marine to turbidite facies of the Astoria Formation

occur in the Green Mountain-Young's River area. Beach and fluvial

facies of the Astoria Formation lie southwest and northeast of the

study area (fig. 25; Cressy, 1974; Smith, 1975; Tolson, 1976;

Coryell, 1978; Cooper, 1981).

The Fernie-Kootenay facies are designated A, B, C, D, E, and

F (fig. 25). Facies A is composed of thinly interbedded, silty

turbidites. Facies B is a sequence of thin- to thickly inter-

bedded sandy turbidites that were deposited below storm wave base

by storm-induced turbidity currents. Facies C consists of inter-

bedded, sharp-based, hummocky cross-stratified sandstone and bio-

turbated siltstone. This unit was deposited above storm wave

base by storm generated turbidity currents, as deduced by the

sharp bases with oriented sole marks. The upper parts of these

turbidites were reworked by storm waves to form hummocky cross-

stratification. Facies D is composed of thick, planar bedded sand-

stones with low angle dips and truncations. This facies is typical

of shoreface deposition. Facies E is a unit of very thick,

trough cross-bedded sandstone and was deposited in a fluvial en-

vironment. Facies G consists of interbedded coals and siltstones.

Sandstone lenses were cut into the coals and siltstones in this

swampy overbank deposit (Hamblin and Walker, 1979).

The Astoria Formation facies in the Green Mountain-Young's
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Fig. 25. Comparison of Astoria Formation facies with the Fernie-

Kootenay transition facies of Hamblin and Walker (1979).

The stratigraphic sequence of the progradational Fernie-

Kootenay facies is reversed for easy comparison with

the transgressive Astoria Formation facies. See text

for discussion.
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River area (Units A and B of the Big Creek member, Units 1 to 4 of

the Silver Point member) are similar to Facies A, B, and C of the

Fernie-Kootenay transition (fig. 25). Units A and B of the Big

Creek member are similar to Facies C. Facies C of Hamblin and

Walker (1979) was deposited above storm wave base, in part by tur-

bidity currents. The Big Creek facies were deposited below storm-

wave base. Beds in Unit A and B do not have sole marks, and were

deposited via sand fallout of storm-induced turbid layers in the

water column. Facies B of Hamblin and Walker is analogous to Unit

1 of the lower Silver Point member. Both are sandy turbidite

sequences that were deposited by storm generated turbidity cur-

rents. Unit 1 is transitional between the inner neritic Big Creek

member and the bathyal facies of the lower Silver Point. Facies B

of the Fernie Formation is transitional between the shallow-marine

sandstone of Facies C and the distal turbidites of Facies A. The

Fernie-Kootenay Facies A is analogous to Unit 2 of the lower

Silver Point member, although the rocks of the Fernie Facies A

were deposited by storm-induced turbidity currents. A major dif-

ference between Hamblin and Walker's Facies A and the Silver Point

member is that Facies A was deposited on a continental shelf,

distal from sand sources, whereas much of the Silver Point member

(Units 2-4) was deposited on the continental slope at bathyal

depths. Because Units 2, 3, and 4 were deposited on the conti-

nental slope, many of the turbidites with possibly reworked Eocene

foraminifers were deposited by slump-induced turbidity currents

rather than storm-induced turbidity currents. Lithologies similar

to the upper Silver Point member do not occur in Hamblin and

Walker's Facies A. This reflects continuous sand transport to the

site of deposition throughout Facies A deposition, whereas very

little sand was transported to the site of upper Silver Point

deposition.

In summary, the facies of the Astoria Formation in the Green

Mountain-Young's River area indicate deposition occurred offshore

from an open, storm-dominated coastline. This model is not unlike

Quaternary to Recent sedimentation off the northern Oregon coast.
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The major sediment source of the Astoria Formation was an ancestral

Columbia River (Niem, 1976) that drained the Rocky Mountains, North

Cascades, Okanogan Highlands, Blue Mountains, and the Cascade Moun-

tains, as indicated by the igneous and metamorphic provenances of

the sandstones in the formation.
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MIDDLE MIOCENE BASALT

Introduction

Middle Miocene basalt intrusives and thick sequences of sub-

marine breccias and pillow lavas are common along the northern and

central coast of Oregon and southwestern Washington. In 1973,

Snavely et al. formally named the older Depoe Bay and younger Cape

Foulweather basalts and informally named the basalt of Pack Sack

Lookout, the youngest coastal basalt. These three basalt petro-

logic types are virtually identical compositionally, petrolog-

ically, and chronostratigraphically to units of the coeval Colum-

bia River Basalt Group of eastern Oregon, eastern Washington, and

Idaho. The Depoe Bay Basalt correlates to the Grande Ronde

Basalt; the Cape Foulweather Basalt is coeval to the Frenchman

Springs Member of the Wanapum Basalt, and the basalt of Pack

Sack Lookout is consanguineous to the Pomona Member of the Saddle

Mountains Basalt (Table 1). Feeder vents of Columbia River Basalt

flows on the Columbia River Plateau are located up to 500 kilo-

meters east of the "vents" for the "coastal basalts" (Snavely

et al., 1973).

Snavely et al. (1973) considered the coastal submarine

basalts, breccias, and pillow lavas to have been locally erupted

based on the presence of local "feeder" dikes and sills. It is

unclear how magma sources 500 kilometers apart could erupt petro-

logically identical basaltic lavas essentially simultaneously

while calc-alkaline material was being erupted in the intervening

Cascade volcanic chain (Snavely et al., 1973).
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Table 1

Stratigraphic relations of middle Miocene basalt units in the
Oregon and Washington Coast Ranges

Coastal Basalt
Petrologic Types Columbia River Basalt Group

Pack Sack Lookout Pomona Member
Cape Foulweather Frenchman Springs Member
Depoe Bay Grande Ronde Basalt

Coastal Versus Plateau Origin

That three successive coastal basalt units erupted simultane-

ously with compositionally identical Columbia River Basalt units

suggests: 1) one large magma chamber fed both eruptive centers

such that identical tholeiitic lavas erupted in the vicinity of

the Oregon-Washington-Idaho tristate area and in the coastal area

of northern Oregon and Washington; or 2) two separate magma cham-

bers existed, one under the tristate region and one under the

Oregon-Washington coastal region. Remarkably, these two magma

bodies evolved and erupted essentially identical lavas simultane-

ously; or 3) only one magma body existed, probably under the

Columbia Plateau, and some magma was transported to the coastal

region within or below the lithosphere or subaerially. In this

way, some of the lavas venting on the plateau could be "erupted"

simultaneously in the coastal region. Each of these three hypo-

theses has problems related to contamination of magma, mechanics

of emplacement, and other geologic constraints.

Snavely et al. (1973) suggested three petrologic models to

explain the origin of the consanguineous basalt magmas.

(1) The magma was derived from partial melting of eclogite

in the mantle of the subducted Juan de Fuca plate. Most of this

melt rose along deep fractures in the Columbia Plateau, but some

of the identical melt migrated up a subducted slab of the Juan de

Fuca plate. This magma then ascended fractures in the North
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American Plate under the Oregon and the southwest Washington

coastline to form the coastal intrusions and associated submarine

flows.

(2) The thoeliitic magma could have resulted from a zone of

partial melting generated in a broad, horizontal shear zone at the

lithosphere-asthenosphere boundary of the westward-moving North

American plate. This zone of uncoupling at the base of the litho-

sphere would have been determined by the location of the solidus.

The magma chamber from such a process would be thin and widespread.

Deep-seated fractures at the coast and on the Columbia Plateau

could tap the basalt magma chamber simultaneously.

(3) The tholeiitic basalt magma might have been generated

within the asthenosphere in a zone of partial melting. This

liquid would fractionate as it rose toward the lithosphere. When

this magma encountered the base of the lithosphere (i.e., North

American Plate) the melt spread laterally and vented simultane-

ously from deep-seated fractures on the Columbia Plateau and at

the coastline.

It seems unlikely that identical tholeiitic basalts could

have erupted 500 kilometers apart while the intervening calc-

alkaline Cascade volcanic chain was active. One would expect some

compositional variation, at least on the scale of trace element

contamination, between the coeval magmas.

Recent detailed mapping and correlation of the Columbia River

Basalt Group in western Oregon and Washington (e.g., Beeson and

Moran, 1979; Anderson, 1980) has shown that all the known middle

Miocene "coastal" basalt units have plateau-derived, chemical

correlatives present in western Oregon and Washington.

The consanguineous "coastal" and Columbia Plateau basalts

have the same paleomagnetic signatures. Two paleopole positions

determined for the Depoe Bay Basalt of the Oregon Coastal region

are the same as recorded in two successive Grande Ronde flows in

southwestern Washington. The paleopole positions recorded in the

Cape Foulweather Basalt also occur in chemically similar Frenchman

Springs flows (Choiniere and Swanson, 1979). The Pomona Member
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has been traced and paleomagnetically sampled from near the erup-

tive vents in Idaho through the Columbia River Gorge to near the

Washington coast. The paleomagnetic signature of the Pomona Member

and the flows and intrusions of the basalt of Pack Sack Lookout

are the same (Magill et al., 1982).

None of the three models proposed by Snavely et al. (1973)

resolve the petrologic enigma of how chemically identical basalt

magmas could be erupted from widely separated vents without any

contamination or change in composition.

Beeson et al. (1979) proposed a one-vent hypothesis, in which

the middle Miocene "coastal" basalts were not erupted from local

vents but were derived from Columbia River basalt flows that were

erupted from fissures on the Columbia Plateau. Beeson et al.

suggested that some of the plateau-derived Columbia River basalts

flowed westward along an ancestral Columbia River valley and

entered the sea northeast of the Green Mountain-Young's River

area. At the middle Miocene strandline the plateau-derived ba-

salts formed thick "coastal" basaltic breccias and pillow lavas.

In addition, Beeson et al. suggested that the basalt lavas found-

ered in semiconsolidated "deltaic" to shallow-marine strata to

form "invasive" sills and dikes. Recent chemical and paleomag-

netic analyses (e.&., Magill et al., 1982) support this invasive,

one-vent hypothesis of Beeson et al. (1979). However, a mechanism

of emplacement of these ' ?Columbia River Basalt" sills and dikes

has not yet been proposed. Somehow the subaerial flows would

have to be transported deep into the subsurface. Within an explo-

ration well in the Green Mountain-Young's River area, a probable

sill of the Grande Ronde petrologic type occurs over one kilometer

below sea level (Plate III), only 20 kilometers south of the area

of "invasion" near Porter Ridge at 300 meters above sea level.

Although this study could neither prove nor disprove the one-vent

hypothesis of Beeson et al. (1979) over the two-vent hypothesis

of Snavely et al., 1973), field and laboratory evidence is sup-

portive of the invasive hypothesis of Beeson et al. Evidence sup-

porting the "invasive" hypothesis will be discussed further in a
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later section.

On the basis of similar trace element and major element chem-

istry, magnetic polarity, isotopic composition, and chronostrati-

graphic position, all of the middle Miocene coastal basalts ( i.e.,

Depoe Bay, Cape Foulweather, and Pack Sack Lookout) can be cor-

related to subaerial, plateau-derived counterparts. The subaerial

flows have been traced from their eruptive centers in the Oregon-

Idaho-Washington tristate area to the middle Miocene strandline

near Nicolai Mountain and Porter Ridge (Hill, 1975; Swanson et al.,

1979; Beeson and Moran, 1979; Murphy, 1981; Magill et al., 1982;

Goalen, in prep.). Because the more detailed Columbia River Basalt

Group stratigraphy is well established in the literature (e.g.,

Swanson et al., 1979), and the middle Miocene basalt intrusions in

the Green Mountain-Young's River area fit this terminology so well,

Columbia River Basalt nomenclature rather than the more generalized

coastal basalt stratigraphy and terminology is used in this study.

In light of the controversy over the coastal basalt origin, the

use of Columbia River Basalt terminology, rather than local coastal

basalt names for the intrusive and extrusive basalts in the study

area, is controversial. Although the nomenclature applies to sub-

aerial flows on the Columbia Plateau, it is used here for middle

Miocene basalt intrusions which are identical to the sub-aerial

flows in chemistry, petrology, age, and magnetic polarity. In

order to remind the reader that the basalts in the study area are

intrusions and not subaerial flows, the term petrologic type is

used. Also, the reader is reminded that the names are not applied

in a strictly stratigraphic sense, because the rocks occur as in-

trusions, not as flows.

Nomenclature and Regional Stratigraphy

Russell (1893) was the first to describe Tertiary basalts

of the Columbia Plateau and use the name "Columbia lavas." In

1901, he applied the name "Columbia River basalt," not only to

flows presently defined as Columbia River Basalt Group, but also
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to Eocene to Recent lavas that extend over much of eastern

Washington and Oregon, southern Idaho, and northeastern California

(Waters, 1961).

Merriam (1901) restricted the name Columbia River basalt to

middle and upper Miocene basalts on the Columbia Plateau. While

Merriam's work was in progress, Smith (1901) suggested the name

Yakima basalt for the flows of the Columbia Plateau. Until Dr.

Aaron Waters redefined the nomenclature in 1961, the terms Yakima

basalt and Columbia River basalt were synonymous.

Based on stratigraphic, chemical, and petrologic differences,

Waters (1961) introduced a two-fold subdivision to Columbia River

Basalt stratigraphy: the older Picture Gorge Basalt; and younger

Yakima Basalt. He recognized chemical variants within these two

units. More recently, numerous workers have developed a more re-

fined stratigraphy for the Columbia River Basalt using variations

in major and trace element chemical analyses, age, magnetic polar-

ity, lithology, and relative stratigraphic position Wright

et all., 1973; Bigham and Grolier, 1966; Swanson and Wright, 1976).

The most recent stratigraphy of the Columbia River Basalt is

by Swanson et al. (1979). They elevated the Columbia River Basalt

to group status (fig. 26). The Yakima Hasalt of Waters (1961)

was elevated to subgroup level. The Yakima Basalt subgroup con-

tains three formations: 1) the Grande Ronde Basalt; 2) the Wana-

pum Basalt; 3) and the Saddle Mountains Basalt. The older, lesser

known Picture Gorge Basalt and Imnaha Basalt were given formation

status within the Columbia River Basalt Group. Only the Grande

Ronde Basalt, the Frenchman Springs Member of the Wanapum Basalt,

and the Pomona Member of the Saddle Mountains Basalt flowed into

western Oregon and Washington via an ancestral Columbia River

valley (fig. 27; Beeson and Moran, 1979).

The middle Miocene basalt units in the Green Mountain-Young's

River area are correlative to the Grande Ronde Basalt and the

Frenchman Springs Member of the Wanapum Basalt (fig. 26). These

basalts occur as thick sills, thinner dikes, and minor extrusive

submarine breccia (Plate I, units Tgr, Tfs). The basalts form



103

kows Glow. Au:, vonwros rerun ow st.o. .. .c.g
1... I

.4,.. r K

.0e,1 I

W
Z
t
0
...,

X

w
zU

;

0
4-)

M
o4

0
0
.

0m
R0
0
f...

4
0
4
aa
6
z
lc

2.

SADDLE
MOUNTAINS
BASALT

LOWER MONUMENT MEMBER 6 N

EROSIONAL UNCONFORMITY
ICE HARBOR MEMBER
BASALT OF GOOSE ISLAND. 8.5 N

BASALT OF MARTINDALE 8.5 R

BASALT OF BASIN CITY 8.5 N

EROSIONAL UNCONFORMITY

BUFORD MEMBER R

ELEPHANT MOUNTAIN MEMBER 10.5 N,T

Wz
!.!

6

x
,...

AA
0
0
Z

O.
O.

m

tc
0
4m
cc
w
>

.t. t

m
Zm
4
0U

EROSIONAL UNCONFORMITY

MATTAWA FLOW N

POMONA MEMBER 12

EROSIONAL UNCONFORMITY

ESOUATZEL MEMBER N

EROSIONAL UNCONFORMITY
WEISSENFELS RIDGE MEMBER
BASALT OF CTIPPRY CRrrK."

N

BASALT OF LEWISTON ORCHARDS N

ASOTIN MEMBER N

LOCAL EROSIONAL UNCONFORMITY

WILBUR CREEK MEMBER N

UMATILLA MEMBER N

LOCAL EROSIONAL UNCONFORMITY

WANAPUM
BASALT

PRIEST RAPIDS MEMBER R,

ROZA MEMBER R--1

FRENCHMAN SPRINGS MEMBER N,

ECKLER MOUNTAIN MEMBER

BASALT OF SHUMAKER CREEK Ni

BASALT OF DODGE NI

BASALT OF ROBINETTE MOUNTAIN Ni

GRANDE
RONDE
BASALT

11

Ni

w
Z
Li

O;
..
v.1

k

0

W
0=
C.7

- 1La <

L.- .
,,,
c

al,
U
...
A.

Ft,

N,

54

R,

IMNAHA
BASALT

T

Ne

R.

Fig. 26. Columbia River Basalt Group stratigraphy. Dark bars

indicate members recognized in the Green Mountain-Young's
River area (modified from Swanson et al., 1979).



48°

46°

44°

104

SL - approximate mid-late
Miocene strandline

PV - Pomona vents

CJ - Chief Joseph dike swarm

NM - Blue Mountains

PB - Pasco Basin

A

17] Pomona Mbr
>u)

mo

14M

03z
J

FrenchmanSbr prings
M

Grande Ronde Basalt WU0I en

Picture Gorge Basalt

Imnaha Basalt

Fig. 27. Inferred original distribution of the Columbia River
Basalt Group (modified from Swanson et al., 1979;
Snavely et al., 1973; Magill et al., 1982).

0



105

resistant ridges and cap the more prominent peaks of the area

(e..&., Green Mountain and Snow Peak). Further stratigraphic sub-

division of the Grande Ronde and Frenchman Springs basalts is

based on major oxide geochemistry (high or low Mg0 and Ti02) and

magnetic polarity.

Grande Ronde Basalt

Nomenclature and Regional Distribution

The name Grande Ronde Basalt was originally suggested by

Taubeneck (1970) for a group of Yakima Basalt flows in the Chief

Joseph dike swarm region of eastern Oregon. The Grande Ronde

Basalt was formally designated a formation within the Yakima

Basalt Subgroup by Swanson et al. (1979) (fig. 26).

The Grande Ronde Basalt is the most widespread and voluminous

of the Columbia River Basalt units (fig. 27). This basalt under-

lies the entire Columbia Plateau, excluding the area in north-

central Oregon underlain by Picture Gorge Basalt (fig. 27). Volu-

metrically, the Grande Ronde Basalt may exceed 275,000 cubic kilo-

meters (Reidel et al., 1982). Regionally, the thickness of the

unit varies considerably. The Grande Ronde is over 3.2 kilometers

thick at Rattlesnake Mountain in the Pasco Basin (Reidel et al.,

1982). It is 830 meters thick at the type section in southeastern

Washington (Camp et al., 1978) and is more than 600 meters thick

in the Blue Mountains (Swanson et al., 1977; 1979). Variations

in the thickness of the basalt reflect paleotopography, ponding,

and proximity to fissures and dikes.

Several Grande Ronde lavas flowed into the Willamette Valley

and lower Columbia River embayment (Beeson and Moran, 1979). At

least five Grande Ronde Basalt flows are traceable to within 19

kilometers of Astoria, where they formed thick, pillow-palagonite

"lava delta" complexes as the flows poured into the middle Miocene

sea (Murphy, 1981). The lavas flowed into the sea 15 kilometers

northeast of the Green Mountain-Young's River area in the Nicolai
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Mountain-Gnat Creek area (Murphy, 1981). Here, marine fossils and

glauconite pellets lie between Grande Ronde pillow lavas.

Regionally, the Grande Ronde Basalt consists of aphyric to

finely crystalline, tholeiitic lavas. There also are a few

sparsely phyric flows. Most flows within the formation lack

distinctive physical characteristics for mapping individual sub-

units on a regional basis (Swanson et al., 1979). The Grande

Ronde Basalt has been subdivided into four units based on normal

and reverse magnetic polarity (R1, N1, R2, N2, fig. 26) (Swanson

and Wright, 1976). This magnetostratigraphy has proven successful

in regional field mapping throughout the Columbia Plateau (Hooper

et al., 1976). R
2

and N
2
Grande Ronde flows have been recognized

in western Oregon by Beeson and Moran (1979), Murphy (1981), and

Goalen (in prep.). Magnetostratigraphy, along with geochemical

and physical characteristics such as abundance of very small

phenocrysts, has been used to make further subdivisions within the

Grande Ronde Basalt. For example, within the N
2
magnetic unit of

the Grande Ronde Basalt, two subunits on the eastern Columbia

River Plateau have been defined by Wright et al. (1973) based on

the Mg0 content. The units are referred to simply as high Mg0 and

low Mg0 Grande Ronde Basalt. The high Mg0 N2 basalt generally

contains greater than 4% Mg0 and the low Mg0 basalt has less than

3.6% Mg0 (Table 2). This subdivision has been recognized by Nathan

and Fruchter (1974) on the western Columbia River Plateau and by

Anderson (1978) in the Clackamas River drainage in the western

Cascades. Two high Mg0 N2 subaerial flows overlie the low Mg0 N2

Grande Ronde flows in the Willamette Valley and in the northern

Oregon Coast Range (Beeson and Moran, 1979; Murphy, 1981).

Murphy (1981) and Goalen (in prep.) show that the low Mg0

Grande Ronde Basalt flows can be subdivided into high and low TiO
2

subunits. High TiO2 low Mg0 Grande Ronde Basalt generally has

greater than 2.25% TiO
2'

whereas low TiO
2
low Mg0 basalt has less

than 2.1% TiO
2

(Table 2). The low TiO
2
flows overlie the high

TiO
2
flows in the Nicolai Mountain-Porter Ridge area (Murphy,

1981; Goalen, in prep.). Similarly, Long et al. (1980) have used



Table 2

Average chemical compositions of Grande Ronde Basalt and Depoe Bay Basalt in western Oregon and Washington and on the

Columbia Plateau2

Col no. 1 2 3 4 5 6 7 8 9 10 11 12

no. analyses 26 8 8 30 1 4 4 7 13 5 5 17

SiO
2

52.1 56.94 56.76 55.92 55.5 56.13 55.95 55.11 55.0 53.85 53.67 53.92

A1203 14.1 14.39 13.86 15.05 14.0 13.79 13.25 14.80 14.4 14.75 14.21 14.38

T102 2.0 2.06 1.92 2.07 2.5 2.41 2.27 2.33 1.9 1.98 1.84 1.85

Fe203 2.6 5.67 2.0 2.4 5.98 2.00 2.1 5.83 2.0

Fe0 9.8 6.49 9.68 9.9 6.84 10.41 9.5 6.68 9.68

Mn0 0.21 0.18 0.17 0.20 0.22 0.19 0.18 0.20 0.21 0.24 0.23 0.20

Ca0 6.9 7.04 6.75 6.99 6.6 7.15 6.86 6.80 7.9 8.87 8.58 8.46

Mg0 3.4 3.24 3.11 3.44 3.5 3.22 3.09 3.29 4.3 4.39 4.26 4.96

K
2
0 1.4 1.60 1.58 1.63 2.3 1.97 1.95 1.94 1.0 1.28 1.26 1.24

Na20 3.5 2.32 3.39 2.70 2.9 2.32 3.39 2.77 3.3 2.06 3.13 2.32

P
2
0
5

0.40 0.30 0.35 0.33 0.34 0.33 0.38 0.37 0.32 0.26 0.31 0.28

Col. no. Source

1 Snavely et al., 1973: Depoe Bay Basalt
2 This Report: BCR-1 values

3 This Report: International standard values
4 Beeson, written comm.: low MgO Grande Ronde Basalt
5 Snavely et al., 1973: Depoe Bay Basalt

6 This Report: BCR-1 values
7 This Report: International standard values
8 Beeson, written comm.: low Mg0 Grande Ronde Basalt
9 Snavely et al., 1973: Depoe Bay Basalt

10 This Report: BCR-1 values
11 This Report: International standard values
12 Beeson, written comm.: high Mg0 Grande Ronde Basalt

2
see Appendices V and VI for values and sample locations

correction factor

from Goalen (in prep.)

+0.18

+0.54

+0.14

+0.01

+0.29

+0.13

+0.02

- 1.07

- 0.05

Subunit - this report

low Mg0 low T102
low 1.1g0 low T102

low Mg0 low T102
low MgO low T102
low Mg0 high TiO2
low Mg0 high T102
low Mg0 high TiO2
lo4 MgO high TiO2
high Mg0
high Mg0
high Mg0
high Mg0
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high and low TiO2 subdivisions in low Mg0 Grande Ronde Basalt to

define a low Mg0 high TiO
2
subtype in the Pasco Basin, Washington.

Chemistry

Fourteen Grande Ronde Basalt petrologic type samples underwent

X-ray fluorescence analyses for 11 major oxides (Appendix V).

These values were standardized against an international standard

(Hooper, written comm. to J. Goalen, 1981). Published Columbia

River Basalt analyses are standardized against the U.S. Geological

Survey silicate rock standard BCR-1 (Flanagan, 1967). Use of the

international standard causes minor variations in oxide values for

comparison to geochemical samples run on BCR-1 (Hooper, written

comm. to J. Goalen, 1981). J. Goalen (M.S. candidate, 0.S.U.

Geol. Dept., written comm., 1981) has devised correction factors

for each major oxide, except for ferrous and ferric iron, to con-

vert international standard values to BCR-1 values
3

(Table 2).

The middle Miocene Grande Ronde Basalt intrusives and sub-

marine extrusives in the Green Mountain-Young's River area have

typical Grande Ronde Basalt and Depoe Bay Basalt chemistry (Table

2). A silica variation diagram of the study area basalt analyses

shows clustering of the more silicic Grande Ronde Basalt versus

the more mafic (higher MgO, FeO, CaO) Frenchman Springs Basalt

(fig. 28). This clustering is most pronounced in the P205 field.

Comparison of the compositional fields of Depoe Bay-Grande Ronde

and Cape Foulweather-Frenchman Springs values reported by Snavely

et al. (1973) match the compositional fields of the basalts of the

Green Mountain-Young's River area relatively well (fig. 28).

The overlap of the Grande Ronde and Frenchman Springs fields

is the result of two anomalous samples, 223A and 328 (noted on

Al
2
0
3
versus SiO

2'
fig. 28). Sample 223A is apparently depleted

in silica relative to other Grande Ronde Basalt samples. Thin

section microscopy indicates that this sample is weathered, sug-

3
Major oxide values in text are corrected to BCR-1
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gesting that Si02 could have been removed. Sample 328 is also

weathered such that the values for most of the definitive major

oxides have been depleted or enriched. Only the P205 and TiO
2

values for these two samples are unaffected.

Variations in Mg0 and TiO2 distinguish three petrologic sub-

units of Grande Ronde Basalt in the study area (fig. 29A). These

geochemical units are referred to as: 1) low Mg0 high Ti02; 2)

low Mg0 low Ti02; and 3) high MgO.

The low Mg0 low TiO2 - low Mg0 high TiO2 geochemical break

was noted in plateau-derived Grande Ronde Basalt in the Nicolai

Mountain-Gnat Creek area, 15 kilometers northeast of the Green

Mountain-Young's River area (Murphy, 1981). This same grouping

of high and low TiO2 subtypes within low Mg0 Grande Ronde Basalt

was noted by Long et al. (1980) in the Pasco Basin, south-central

Washington. Wright et al. (1973) noted the high and low Mg0 break

in the Grande Ronde Basalt section on the Columbia Plateau. High

Mg0 Grande Ronde Basalt typically has greater than 4% Mg0 by

weight. Numerous other workers have used this geochemical subdi-

vision (e..a., Nathan and Fruchter, 1974; Beeson and Moran, 1979;

Murphy, 1981).

Comparison of Mg0 versus TiO2 plots of unpublished analyses

of Grande Ronde Basalt provided by M. H. Beeson (written comm.,

1982) and published Depoe Bay Basalt analyses (Snavely et al.

1973) shows that the three geochemical subunits of this study

also occur in the plateau-derived Columbia River Basalt and the

"coastal" basalts (Table 2, fig. 29). The average TiO2 content of

the low Mg0 high TiO2 subunit varies from 2.27 to 2.5 weight per-

cent, while the low Mg0 low TiO2 subunit averages 1.92 weight

percent TiO
2

(Table 2).

Distribution and Classification

Basalts of the Grande Ronde petrologic type are concentrated

as thick sills and thinner dikes in the eastern half of the Green

Mountain-Young's River area (fig. 30). One widespread, thick sill
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crops out in the extreme western part of the area, and a small

pile of submarine extrusive breccia associated with a dike is in

section 18, T6N R8W.

Four discrete Grande Ronde subunits can be distinguished in

the Green Mountain-Young's River area (Plate I, fig. 30, Table 3).

These subunits are recognized using the magnostratigraphy of the

Grande Ronde Basalt developed by Swanson and Wright (1976), the

Mg0 subdivision of the N2 flows of Wright et al. (1973), and the

high and low TiO2 subtypes within the low Mg0 units (Table 3).

These basalt subunits from oldest to youngest are:

(1) reversely polarized (R2), low Mg0 high TiO2 sills and

dikes (Tgrs1, Tgrd1);

(2) a reversely (R2) polarized, low Mg0 low TiO2 sill and

dike (Tgrs2, Tgrd2);

(3) normally (N2) polarized, low Mg0 low TiO2 sills and

dikes (Tgrs3, Tgrd3); and

(4) normally (N2) polarized, high Mg0 sills, dikes, and ex-

trusive breccias (Tgrs4, Tgrd4, Tgrx4).

The R2, low Mg0 high TiO
2
basalt (Tgrs1, Tgrd

1
) occurs as a

series of 15 to 61 meter thick sills and a few thin dikes along

the South Fork of the Klaskanine River (Plate I, secs. 1, 2, 3,

11, T6N, R8W; fig. 30). The R2, low Mg0 low TiO2 basalt (Tgrs2,

Tgrd2) forms a sill and dike in section 34, T7N, R8W. The N2,

low Mg0 low TiO2 basalt (Tgrs3, Tgrd3) forms 15 to 50 meter thick

sills and "ring-shaped" dikes in the Barth Falls-Klaskanine River

area in the northeastern part of the study area (secs. 25, 26, 27,

28, 33, 34, 35, 36, T7N, R8W) and a large sill in the western

corner of the area (along spur 200 line, secs. 3, 4, 9, 10, T6N,

R9W). The N2 high Mg0 basalt (Tgrs4, Tgrd4, Tgrx4) forms thick

sills (e.g., Snow Peak), extrusive breccia (Tgrx4) that forms the

divide between Rock Creek and Osgood Creek, and a few dikes in the

central and southeastern part of the study area (fig. 30; Plate I,

secs. 4, 10, 13, 15, 18, 21, 22, 24, T6N, R8W).



Table 3

Basalt intrusive units in the Green Mountain-Young's River area compared with Columbia River Basalt
Group stratigraphy in western Oregon (A) from Beeson and Moran, 1979; (B) from Bentley, 1977).

Fm.

Polarity
Chemical
subunit

Intrusive unit,
this study
(map symbol -
see Plate I)

Correlative
subaerial unit,
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Criteria for Field Identification

Grande Ronde Basalt in the study area is finely crystalline

(aphyric to phyric) and dark gray to black (N2 to N1). Relative

crystal size and the presence or lack of very small phenocrysts

can be used along with magnetic polarity and geochemistry to help

identify each of the Grande Ronde subtypes. High Mg0 basalt sills

and dikes tend to be more coarsely crystalline than low Mg0 in-

trusions of equivalent thickness. However, this difference in

crystallinity can not be applied to very thick intrusions (>50 m)

which are coarser as a result of slow cooling rates.

Among the low Mg0 basalts, subunits can be recognized on the

basis of presence or lack of small rare plagioclase phenocrysts.

Unfortunately, the plagioclase phenocrysts in the Grande Ronde

Basalt are easily overlooked in outcrop because of relative

scarcity and small size. These sparsely phyric basalts typically

contain fewer than 10 phenocrysts per square meter of basalt out-

crop, and the phenocrysts are only 1 to 5 mm long.

In the study area, the normally polarized, low Mg0 low TiO2

Grande Ronde Basalt (Tgrs
3
and Tgrd

3
) is sparsely phyric. In

contrast, the older, reversely polarized, low Mg0 low TiO2 basalt

(Tgrs2 and Tgrd2) is typically aphyric (i.e., no small pheno-

crysts). The oldest basalt sills and dikes in the thesis area are

the reversely polarized, low Mg0 high TiO2 petrologic subtype

(rgrsi and Tgrdi). This Grande Ronde basalt subtype forms sills

and dikes that are rarely phyric (10 phenocrysts per square meter).

However, this basalt (Tgrsi and Tgrdi) has a higher percentage

(10%) of opaque minerals in the groundmass, which can be seen with

a hand lens, than the younger, sparsely phyric low Mg0 low TiO2

petrologic type (Tgrs3 and Tgrd3).

These field criteria (crystal size, presence or lack of small

plagioclase phenocrysts, and abundance of opaque minerals in the

groundmass) are not infallible. It is necessary to follow initial

field identifications with chemical analyses of major oxides,

petrography, and measurements of magnetic polarity to accurately
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identify the four Grande Ronde petrologic subtypes in the area.

Age and Correlation

The Grande Ronde Basalt petrologic type within the Green

Mountain-Young's River area can be correlated on the basis of

chemistry, paleomagnetism, and lithology. The major element chem-

istry and paleomagnetism is so similar to the plateau-derived

Grande Ronde Basalt that the high and low MgO, high Si02 basalts

of the study area are correlated to the Columbia River Basalt

Group (Table 2).

On the Columbia River Plateau, Grande Ronde Basalt erupted

between 16.5 and 14.5 m.y.a. (Reidell et al., 1982; Swanson et

al., 1979). Snavely et al. (1973) report an age range of 14 ± 2.7

m.y. to 16 ± 0.6 m.y. (K /Ar) for Depoe Bay Basalt on the northern

Oregon coast. The Neahkahnie Mountain sill (Depoe Bay Basalt),

25 kilometers southwest of the study area, has been radiometrically

dated as 15.9 ± 0.3 m.y. (Niem and Cressy, 1973).

The youngest rocks intruded by the Grande Ronde Basalt petro-

logic type in western Oregon are sandstones and mudstones of the

early to midddle Miocene Astoria Formation. In Clatsop County,

mudstone interbeds within piles of Grande Ronde petrologic type

pillow basalt contain fauna indicative of middle Miocene age

(Saucesian to Relizian(?) foraminiferal stages). Localities with

age-diagnostic fossils within mudstone interbeds in the Grande

Ronde Basalt petrologic type (mapped as Depoe Bay Basalt) include

Big Creek (Murphy, 1981) and Sugarloaf Mountain (Neel, 1976).

Within the Green Mountain-Young's River area, one Grande

Ronde petrologic type intrusion has been radiometrically dated at

20 m.y. (Alan Seeling, 1981, pers. comm. to A. R. Niem). This

microgabbro sill is located at 1,573 meters (5,161 ft) in the

Diamond Shamrock Company Crown Zellerbach well 31-17 (Plate I,

sec. 17, T6N, R8W; Plate III), and has low Mg0 high TiO2 Grande

Ronde Basalt chemistry (Tgrs1). Thin section microscopy of basalt
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chips from this intrusion indicates that the rock is altered.

This writer does not consider the 20 m.y. date diagnostic because

the rock was altered and the dating techniques and confidence in-

terval have not been reported.

Two Grande Ronde Basalt petrologic type subunits were en-

countered in the Diamond Shamrock 31-17 well. Rock chips re-

covered from well cuttings were used to reconstruct the stratig-

raphic section drilled and X-ray fluorescence analyses were done

on the basalts present (Appendices V, VI; Plate III). A low Mg0

low TiO
2
Grande Ronde intrusion (Tgrs1) occurs at 518 to 538

meters (1,699-1,765 ft) (samples CZ -1, CZ-2). A low Mg0 high

TiO
2
Grande Ronde sill (Tgrs

1
) exists at 1,573 to 1,713 meters

(5,161-5,620 ft) and is repeated at 1,765 to 1,858 meters (5,791-

6,095 ft) (Plate III). There is a 52 meter thick section of

sheared mudstone (Tow) between the two intervals of this high

TiO
2
basalt. Apparently a high-angle fault has repeated this low

Mg0 high TiO2 intrusion. The younger Grande Ronde petrologic type

subunit, low Mg0 low TiO2 (Tgrs3), overlies the older low Mg0 high

TiO
2

(Tgrs1) subunit.

The four Grande Ronde subunits can be correlated to equiva-

lent subaerial Grande Ronde Basalt flows in the Plympton Creek

area (Goalen, in prep.) and in the Nicolai Mountain area (Murphy,

1981) northeast of the study area. This correlation of intrusions

to subaerial flows supports the one vent invasive hypothesis of

Beeson et al. (1979). Equivalent subaerial Grande Ronde flows

have been traced from the Columbia River Gorge into western Oregon

by Beeson and Moran (1979), by Anderson (1978), and by Vogt

(1981). From this correlation to subaerial flows, the relative

age of each of the subunits of this study can be deduced. The R2,

low Mg0 high TiO2 subunit (Tgri) is equivalent to the lowest of

six subaerial flows in the Plymptom Creek area (LMHT2 of Goalen,

in prep.). The R2, low Mg0 low TiO2 subunit (Tgr2) is correla-

tive to the second oldest flow in the Plympton Creek section

(LMLT1 of Goalen, in prep.). The N2, low Mg0 low TiO2 subunit

(Tgr3) is the youngest of the low Mg0 subunits and is coeval to
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LMLT
2

of Goalen (in prep.). The youngest Grande Ronde petrologic

type subunit in the Green Mountain-Young's River area has high

Mg0 chemistry (Tgr4) and correlates to the high Mg0 subunit of

Goalen (in prep.).

Ten subaerial Grande Ronde flows have been traced into west-

ern Oregon (Beeson and Moran, 1979; Anderson, 1978; Vogt, 1981)

(Table 3). Three R2, low Mg0 flows, five N2, low Mg0 flows and

two N2, high Mg0 flows occur in western Oregon. Two N2, low Mg0

flows, at least two R2, low Mg0 flows, and two high Mg0 flows

reached northeastern Clatsop County 15 kilometers northeast of

the Green Mountain-Young's River area (Murphy, 1981; Goalen, in

prep.).

Frenchman Springs Member of the Wanapum Basalt

Nomenclature and Regional Distribution

The name "Frenchman Springs member" was informally proposed

by Mackin (1961) for a thick section of glomeroporphyritic basalt

lavas within the Wanapum Basalt in eastern Washington. Formal

definition of the Frenchman Springs Member was made by Swanson et

al. in 1979. Not all Frenchman Springs flows are porphyritic, but

all are distinguished from the Grande Ronde Basalt by high Fe203,

high TiO
2'

and low SiO
2
contents (Wright et al., 1973). All

Frenchman Springs basalts have normal polarity (N2) (Rietman, 1966;

Kienle et al., 1978) (fig. 26; Table 3).

The Frenchman Springs Member is widespread throughout the

Columbia Plateau (fig. 27) and is generally separated from the

underlying Grande Ronde Basalt by the Vantage interbed (Swanson

et al., 1979). At least three subaerial Frenchman Springs flows

reached western Oregon (Table 3) (Beeson and Moran, 1979; Beeson,

pers. comm., 1981). In the vicinity of Nicolai Mountain, northeast

of the study area, Frenchman Springs basalt flowed into the middle

Miocene sea and formed submarine pillow and breccia complexes

(Murphy, 1981).
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Chemistry

Eleven Frenchman Springs Member petrologic type samples from

dikes and sills in the study area underwent X-ray fluorescence

analysis for 11 major oxides (Appendix V, Plate I). These values

were originally standarized against an international standard, and

have been corrected to reflect the BCR-1 standard. See the

chemistry section for the Grande Ronde Basalt for further discus-

sion of this issue.

The Frenchman Springs petrologic type intrusions in the Green

Mountain-Young's River area have typical Frenchman Springs Member

and Cape Foulweather Basalt chemistry (Table 4) and have normal

remanent magnetism. When plotted on a silica variation diagram,

major oxide values of the study area basalts show a distinct clus-

tering of Frenchman Springs and Grande Ronde petrologic types (fig.

28). The Frenchman Springs Member petrologic type is more mafic

(higher in CaO, FeO, MgO, TiO
2
) than the more silicic Grande Ronde

Basalt petrologic type. Examination of the P
2
0
5
versus SiO

2
field

in figure 28 shows two distinct clusters of Frenchman Springs

petrologic type samples. This same P205 subdivision is apparent

on a TiO
2

versus P
2
0
5
diagram (fig. 31A). The two groups of inter-

mediate and high P
2
0
5

Frenchman Springs petrologic type correspond

to an informal geochemical classification of the plateau-derived

Frenchman Springs basalts under development by Dr. M. H. Beeson

of Portland State University (pers. comm., 1982) (Table 5). With-

in the Green Mountain-Young's River area, Frenchman Springs basalt

with 0.63 to 0.67 weight percent P205 is called subunit Type I and

corresponds to the Ginkgo unit of Mackin (1961).

Subunit Type II, Frenchman Springs petrologic type, possibly

the Kelly Hollow unit of Bentley (1977), contains 0.49 to 0.56

weight percent P
2
0
5

(Table 5). Unpublished geochemical analyses

of plateau-derived Frenchman Springs basalt (Beeson, written comm.,

1982) and published analyses of "coastal" Cape Foulweather Basalt

(Snavely et al., 1973) are plotted on figure 31. The composition-

al fields defined by these analyses correspond well to the anal-
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Table 4

Average chemical compositions of Frenchman Springs Member and Cape Foulweather

Basalt in western Oregon and Washington and on the Columbia Plateau4

Col. no. 1 2 3 4 5 6 7 correction factor

no. analyses 21 6 6 25 5 5 21 (Goalen, in prep.)

SiO
2

AI
2
0
3

TiO
2

Fe
2
0
3

51.9 52.63 52.45 51.54 52.94 52.76 51.06

13.9 13.81 13.27 14.63 14.09 13.55 14.76

3.0 2.97 2.83 3.05 2.27 2.13 2.94

3.6 6.85 2.00 -- 6.48 2.00

Fe0 10.9 7.85 12.51 -- 7.42 11.76

Mn0 0.22 0.23 0.22 0.23 0.22 0.21 0.22

Ca0 7.9 8.13 7.84 8.09 8.20 7.91 8.30

MgO 4.1 3.63 3.50 3.96 3.80 3.67 4.32

1.0 1.21 1.19 1.10 1.50 1.48 1.15

3.0 2.22 3.29 2.04 2.23 3.30 1.99

0.69 0.64 0.69 0.59 0.52 0.57 0.49

K
2
0

Na
2
0

P
2
0
5

+0.18

+0.54

+0.14

+0.01

+0.29

+0.13

+0.02

-1.07

-0.05

Col. no. Source Subunit - this report

1

2

3

4

5

6

7

Snavely et al., 1973: Cape Foulweather
Basalt

This Report: BCR-1 values

This Report: international standard

values
Beeson, written comm.: Type I,

Frenchman Sp. Mbr

This Report: BCR-1 values

This Report: international standard

values
Beeson written comm.: Type II,

Frenchman Sp. Mbr

4

Ginkgo
Ginkgo

Ginkgo

Ginkgo
Kelly Hollow(?)

Kelly Hollow(?)

Kelly Hollow(?)

see Appendices V & VI for values and sample locations
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Fig. 31. (A) TiO2 verses P205 plot of Frenchman Springs Member
petrologic type of the Green Mountain-Young's River

area. Dashed lines in (A) denote compositional envelopes
of Cape Foulweather and Frenchman Springs basalts from

western Oregon. (B) Data points from Snavely et al.

(1979) and Beeson (pers. com., 1982). See Appendix VI

for compositional values and sample locations. See text

for discussion.
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Table 5

Classification of the plateau-derived Frenchman Springs Member.
Values of P

2
0
5
in the Green Mountain-Young's River area area

slightly higher: Type I = 0.63-0.67±.04; Type II = 0.49-0.56±.04.

Subunit # flows Informal
Crystallinity Type %P

2
0
5

west OR name

rare, very large
phenocrysts

II 0.46-0.51 1 Kelly Hollow(?)

common (.1%), very I 0.56-0.64 2 Ginkgo
large phenocrysts
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yses of the Frenchman Springs petrologic type samples from the

Green Mountain-Young's River area. The lack of significant over-

lap in the Type II field probably reflects weathering and/or

compositional calibration of study area samples.

Distribution and Classification

The Frenchman Springs Member on the Columbia Plateau has been

divided into several petrologic subtypes (Bentley, 1977). The

oldest petrologic subunit is the Ginkgo basalt informally named

by Mackin (1961) (Table 3). This basalt typically contains abun-

dant large (>1 cm) phenocrysts of plagioclase. There are up to

400 phenocrysts per square meter; therefore, the rock is called

abundantly phyric. This distinctively porphyritic basalt is the

most widespread of the Frenchman Springs Member petrologic type

subunits in the Green Mountain-Young's River area (Plate I,

Tfsd1, Tfss
1
). The Ginkgo basalt (Type I) forms more than 20 thin

dikes (1-15 m thick) and a 25 meter thick sill in the valley of

the South Fork of the Klaskanine River and in the northwest corner

of the study area (Plate I).

The second subunit of the Frenchman Springs petrologic type

that occurs in the study area is the Kelly Hollow(?) basalt (Type

II) (Table 3) (nomenclature of Bentley, 1977). This basalt con-

tains few large plagioclase phenocrysts (20 phenocrysts per square

meter), and it is referred to as rarely phyric. It is restricted

to the thick sills (>240 m) capping Eels Ridge and Green Mountain

(Plate I, Tfss2).

Dr. M. H. Beeson of Portland State University (pers. comm.,

1982) is developing an informal chemical subdivision for the

basalt flows of the Frenchman Springs Member in the Willamette

Valley and western Cascades based on weight percentage of P205

(Table 5). Type I (0.63-0.67% P205) corresponds to the Ginkgo

basalt petrologic type. Type II (0.49-0.561% P205) probably in-

cludes the Kelly Hollow petrologic type (fig. 31; Tables 3 and 5).
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Criteria for Field Identification

The porphyritic Frenchman Springs Member (Plate I, Tfs) is

distinguished from the aphyric to sparsely phyric Grande Ronde

Basalt (Plate I, Tgr) by its distinctive glomeroporphyritic tex-

ture. Large plagioclase phenocrysts (many >1 cm long) of labra-

dorite in an aphanitic to fine-grained groundmass are readily dis-

tinguished from the rare small plagioclase phenocrysts of the

Grande Ronde Basalt petrologic type. The Kelly Hollow(?) basalt

petrologic type (Tfss2) might be initially mistaken for Grande

Ronde basalt because the Frenchman Springs Kelly Hollow(?) subunit

contains very few, large phenocrysts (i.e., sparsely phyric), and

extensive quarrying at an outcrop might be necessary to locate

them.

Ginkgo and Kelly Hollow(?) basalt petrologic type subunits

can be readily distinguished from each other in the field. Both

of these basalts generally have a medium-crystalline, dark gray

(N3) groundmass and are glomeroporphyritic. However, the Ginkgo

basalt (Type I) is relatively phenocryst-rich compared to the

younger Kelly Hollow(?) basalt (Type II). Ginkgo basalt is

abundantly phyric, containing 300 to 400 glomerocrysts per square

meter (Bentley, 1977). In the Green Mountain area, the Ginkgo

subunit contains up to 1% phenocrysts.

The phenocryst abundance of the Kelly Hollow(?) subunit can

vary significantly from outcrop to outcrop; hence the term randomly

phyric is sometimes used (Bentley, pers. comm., 1982). On the

Columbia Plateau, the Kelly Hollow basalt has a very low but vari-

able glomerocryst content of 10 to 100 per square meter (Bentley,

1977). Within the study area, the Kelly Hollow(?) has approxi-

mately 10 to 20 glomerocrysts per square meter (i.e., a phenocryst

abundance of much less than 0.50%). Also, only two intrusives,

Green Mountain and Eel Ridge, in the study area have Kelly Hol-

low(?) chemistry (Plate I). The Ginkgo petrologic type intrusions

have higher P205 values (>0.56%) than the Kelly Hollow(?) petro-

logic type intrusions (<0.51%).
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Age and Correlation

The Frenchman Springs petrologic type basalt within the Green

Mountain-Young's River area can be correlated on the basis of

chemistry, remanent magnetism, and lithology. Major element values

indicate that the Frenchman Springs petrologic type in the study

area is essentially the same as plateau-derived Frenchman Springs

Member flows (Table 4).

On the Columbia Plateau, up to ten Frenchman Springs Member

basalt flows were extruded 13.4 m.y.a. (Kienle et al., 1978).

Type II (Kelly Hollow) flows overlie the abundantly phyric Type

I (Ginkgo) flows in central Washington and northern Oregon

(Bentley, 1977). Within the Green Mountain-Young's River area,

a dike of Type I Frenchman Springs petrologic unit cuts a low Mg0

high TiO2 Grande Ronde Basalt petrologic type sill (fig. 32).

Grande Ronde Basalt ranges in age from 16.5 to 14.5 m.y. (Reidell

et al., 1982; Swanson et al., 1979; Snavely et al., 1973). This

cross-cutting relation indicates that the Type I petrologic type

is younger than 16.5 m.y., suggesting it could correspond to the

13.4 m.y. age of plateau-derived Frenchman Springs basalt of

Kienle et al. (1978).

One Frenchman Springs petrologic type subunit was encountered

in the Diamond Shamrock Crown Zellerbach 31-17 well (Plate I, sec.

17, T6N, R8W, Plate III). Rock chips recovered from the well

cuttings were used to reconstruct the stratigraphic section pene-

trated by the well, and X-ray fluorescence analyses were performed

on the basalts present (Appendices V, VI; Plate III). A Kelly

Hollow(?) intrusion intersects the well at 640 to 675 meters

(2,100-2,215 ft) depth. This sill(?) occurs between two Grande

Ronde Basalt petrologic type intrusions. The oldest basalt, low

Mg0 high TiO2 Grande Ronde petrologic type (Tgrsi), occurs deepest

in the well; the next oldest basalt is low Mg0 low TiO2 Grande Ronde

petrologic type. The youngest basalt, Kelly Hollow(?) Frenchman

Springs Member petrologic type (Tfss2) occurs between the two older

Grande Ronde Basalt petrologic type intrusions. This relation of



Fig. 32. Brecciated Frenchman Springs Ginkgo basalt (Tfsdi). This

Ginkgo dike intruded the trace of a high-angle fault cut-

ting a low Mg0 high TiO2 Grande Ronde Basalt sill (Tgrsi).

Subsequent to Ginkgo dike intrusion, the fault was reacti-
vated and brecciated the dike (locality 182, NW 1/4 sec.

2, T6N, R8W, Highway 202).
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a younger intrusion between two older intrusions can be explained

by the dike-like nature of many of the area basalts. Similarly,

in the valley of the South Fork of the Klaskanine River, a later-

ally extensive Ginkgo sill occurs 30 meters stratigraphically be-

low a low Mg0 high TiO2 Grande Ronde sill (sec. 2, T6N, R8W) and

a low Mg0 low TiO
2

(Tgrs3) Grande Ronde sill (secs. 33, 34, T7N,

R8W). This is a rather curious relationship between the Grande

Ronde and Frenchman Springs petrologic type intrusions. One would

expect progressively younger intrusions to be emplaced higher in

the stratigraphic section as in the Gulf of California (Einsele

et al., 1980). In the Gulf of California, diabase intrusions

were progressively intruded higher in the stratigraphic section

because deeper (older) sediments were more dewatered from overbur-

den and baking by older intrusions, and therefore more difficult

to intrude laterally. That sills in the Green Mountain-Young's

River area are in no regular vertical order in the stratigraphic

section might support the one vent "invasive" hypothesis of Beeson

et al. (1979). Since "invasive" intrusions would be fed by sub-

aerial reservoirs rather than deep-seated magma chambers, the

vertical distribution of "invasive" sills in the sedimentary

country rock might be irregular, as the "coastal" basalt is. The

mechanics of emplacement of widespread "invasive" sills are not

known.

At least two Ginkgo (Type I) and one Kelly Hollow (Type II)

plateau-derived flows occur in western Oregon (Beeson and Moran,

1979; Murphy, 1981). The Frenchman Springs Member is separated

from the underlying Grande Ronde Basalt by the Vantage interbed.

On the north side of Nicolai Mountain, a Kelly Hollow(?), rarely

phyric Frenchman Springs basalt flow overlies the Vantage interbed

and at least six Grande Ronde Basalt flows (Murphy, 1981).

Physical Character of Frenchman Springs and Grande Ronde Basalt
Intrusions in the Green Mountain-Young's River Area

Both the Frenchman Springs and Grande Ronde Basalt petrolog-

ic types crop out as dikes and sills in the study area. The one
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small pile of submarine extrusive breccia exposed in the divide

between Rock Creek and Osgood Creek (sec. 18, T6N, R8W) is high

Mg0 Grande Ronde Basalt petrologic type.

Grande Ronde Basalt dikes range from 0.6 to 18 meters thick,

and Frenchman Springs basalt dikes from one to 15 meters wide.

Dikes of both petrologic types average five meters thick. Sills

display a greater range in thickness; Grande Ronde Basalt sills

vary from 2.5 to 76 meters thick and average 24 meters. Frenchman

Springs basalt sills range from 0.08 to 244 meters thick, averag-

ing 40 meters.

The Columbia River Basalt sills and dikes in the Green Moun-

tain-Young's River area display intrusive relationships with the

adjacent sedimentary country rocks. The dikes cut across bedding

at high angles (e.g., locality 175, SE 1/4 sec. 1, T6N, R8W,

Tfsd
1
) and sills are concordant or inclined at low angles to bed-

ding (locality 301, SW 1/4 sec. 33, T7N, R8W, Tfss1). Both sills

and dikes commonly pinch and swell along outcrop. For example, a

high Mg0 Grande Ronde dike trending north-south in section 24,

T6N, R8W varies in thickness along strike from 4.5 meters (local-

ity 185) to 3.3 meters (locality 187) to 9 meters (locality 189)

to 0.8 meters (locality 188) within 1.2 kilometers. A Ginkgo sill

(Tfss1) in the South Fork of the Klaskanine River (locality 301,

S 1/2 sec. 33, T7N, R8W) swells from approximately nine meters to

greater than 30 meters, pinching to about six meters thick within

90 meters along strike.

Some basalt dikes fed overlying sills. For example, at local-

ity 181 (NE 1/4 sec. 3, T6N, R8W) a six meter thick dike of low

Mg0 low TiO2 Grande Ronde Basalt, exposed on Highway 202, swells

to 18 meters wide 80 meters west of the roadbed. Similarly, a set

of porphyritic Ginkgo basalt dikes in section 36, T7N, R9W fed a

sill that caps Alder Hill (Plate I). A porphyritic Ginkgo sill

that apparently fed a Ginkgo dike is exposed in the valley of the

South Fork of the Klaskanine River (locality 182, NW 1/4 sec. 2,

T6N, R8W). Here at a small quarry on Highway 202, a brecciated

Ginkgo dike (Tfsd1) cuts a thick low Mg0 high TiO2 Grande Ronde
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Basalt petrologic type sill (rgrsi; fig. 32). Immediately south-

west, at the stream bed of the South Fork of the Klaskanine River,

there is a thick Ginkgo sill. Evidently magma from the Ginkgo

sill was injected upward along a pre-existing fault that cut the

overlying Grande Ronde sill. The Ginkgo dike was sheared subse-

quent to intrusion by renewal of movement along the fault.

Basalt intrusive contacts are typically sharp and irregular,

especially lower baked contacts of sills (fig. 33). Dike contacts

are commonly faulted and display slickensides and thin zones of

fault gouge (<0.5 m) composed of ground-up basalt (e.&., locality

105, NW 1/4 sec. 34, T7N, R8W). Upper Eocene and middle Miocene

sedimentary country rocks are usually baked and bleached light

gray to white (N7 -N9). The width of the baked zones, which ranges

from 15 centimeters to 20 meters, varies directly with the thick-

nesses of the intrusions (locality 301, SW 1/4 sec. 33, T7N, R8W;

fig. 33). Basalt intrusion margins are commonly altered to a light

gray (N7) clayey material (locality 325, NW 1/4 sec. 35, T7N,

R9W). This material probably formed from accelerated weathering

of basaltic glass in the quenched border of the intrusions. An

abundance of tectonic fractures along intrusive margins and inter-

action with groundwater or pore water from intruded strata may

have increased alteration of the intrusive margins.

Jointing in dikes and sills is columnar, blocky, or platy.

In thick intrusions (>15 m), equally spaced intersecting horizon-

tal and vertical (to intrusion walls) joints form a blocky joint-

ing pattern (locality 33, NE 1/4 sec. 14, T6N, R9W). Joint spacing

is typically three to 30 centimeters. The joint patterns in some

intrusions merge into fracture patterns related to later faulting.

For example, at locality 283 (SW 1/4 sec. 2, T6N, R8W) a change in

the joint pattern of a 30 meter thick, low Mg° high TiO2 Grande

Ronde sill (rgrsi) is traceable over an interval of nine meters.

Within this interval, vertical columnar jointing becomes platy and

in turn is replaced by pervasively sheared basalt associated with

a fault zone.

Strata adjacent to intrusive contacts generally show little
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Fig. 33. A sharp, but irregular contact at the base of a Ginkgo

sill (Tfssi). Light gray, baked to white Oswald West
mudstone (Tow) underlies the sill located on the South
Fork of the Klaskanine River (locality 301, SW 1/4 sec.

33, T7N, R8W).
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or no deformation. Notable disruption of bedding is present at

locality 175 (SE 1/4 sec. 1, T6N, R8W, along logging road 130).

Here, a nine meter thick Frenchman Springs dike (Ginkgo, Tfsdi)

cuts well-bedded, lower Silver Point turbidite sandstones and

mudstones. Numerous concordant apophyses were fed by the dike,

slightly folding the strata (fig. 34).

A small pile (up to 85.m thick) of high Mg0 Grande Ronde sub-

marine breccia is exposed in the southwestern part of the study

area (Plate I, SW 1/4 sec. 18, T6N, R8W). The basalt breccias

form a steep-sided hill and unconformably overlie lower Silver

Point member strata. Apparently the breccia pile was fed by an

associated, northeast-trending high Mg0 dike (locality 223). The

breccia is composed of 80% angular basalt clasts and 20% palagonite

matrix. The clasts range from one to 60 centimeters in diameter,

averaging 20 centimeters and have a median diameter of 10 centi-

meters. A two meter thick pod of tuffaceous, laminated mudstone

caps the breccia pile.

Within the Green Mountain-Young's River area, dike emplace-

ment was controlled by prior faulting. Most, if not all, of the

dikes follow trends of mapped faults in the study area (Plate I).

Most dikes trend north-northwest, as do many of the faults. Many

of the dikes and sills were subsequently cut and offset by newer

and reactivated oblique strike-slip faults (e.,E., locality 182,

NW 1/4 sec. 2, T6N, R8W). Gouge zones in the intrusives range

from less than one centimeter to two meters in thickness and com-

monly contain subhorizontal slickensides. Gouge zones are exposed

in numerous basalt quarries in the area. Further description of

faulting and the relation to dike emplacement is included in the

Structural Geology section.

Basalt Petrography

Introduction

The geochemical and field differences between Columbia River



Fig. 34. A sill-like apophysis of porphyritic Ginkgo basalt

(Tfssi) intruded and deformed these lower Silver Point

member turbidites (Tsp12). Note hammer for scale
(locality 175, SE 1/4 sec. 1, T6N, R8W).
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Basalt petrologic type subunits in the Green Mountain-Young's

River area are reflected in the petrography. The Wanapum

(Frenchman Springs Member) and Grande Ronde basalts are very dif-

ferent microscopically. Within the Grande Ronde petrologic type,

a crude classficiation of petrologic subtypes can be made from

thin section study. The two Frenchman Springs Member subtypes,

Ginkgo and Kelly Hollow(?), can be easily distinguished in thin

section.

Grande Ronde Basalt

The Grande Ronde petrologic type is generally aphanitic to

fine-grained. Rare, but ubiquitous, small (0.5-5 mm long) pheno-

crysts of plagioclase occur within the groundmass. Average ground-

mass mineralogy is typical of tholeiitic basalts (Williams et al.,

1954) and is composed of 62% subhedral to anhedral plagioclase,

15% clear to light brown augite, and 10% opaque minerals. Devit-

rified glass and deuteric alteration minerals comprise the remain-

ing 13% (fig. 35). The groundmass textures are typically sub-

ophytic to intersertal. Only the slowly cooled, central parts of

thick (>30 m) Grande Ronde sills are holocrystalline. Thin dikes

and the cooling margins of many intrusions contain an interstitial

mesostasis of light brown sideromelane.

Labradorite (An
52-58

) phenocrysts make up much less than 1%

of the Grande Ronde petrologic type, and are typically subhedral

to euhedral. Concentric zoning is not uncommon. Former grain

boundaries are marked by rims of opaque dust and apatite inclu-

sions.

Augite occurs both as anhedral to subhedral groundmass grains

and up to 10% subhedral to euhedral microphenocrysts (0.3-0.5 mm

long). Measured augite 2V angles are moderate (30-50°) and posi-

tive, suggesting subcalcic augite. Augite in tholeiitic basalt is

commonly subcalcic (Williams et al., 1954). Rare hourglass

zoning, suggestive of titaniferous augite, occurs in some sub-

hedral microphenocrysts. Chlorophaeite commonly rims augite crys-
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Fig. 35. Grande Ronde Basalt low Mg0 low TiO2 petrologic type

photomicrograph (crossed nicols) with typical mineralogy

of subophitic, albite-twinned labradorite microlites (P)

and augite (A) and minor interstitial, devitrified

groundmass (G). Sample 109, SW 1/4 sec. 36, T7N, R8W.
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tals. Yellowish brown nontronite occurs at boundaries and part-

ings of augite crystals in weathered samples.

Opaque mineral grains comprise a significant part (average

10%) of the Grande Ronde Basalt petrologic type mineralogy in the

Green Mountain-Young's River area. Determination of the composi-

tion of the opaque crystals can not be made from transmitted light

microscopy, so the opaque grains in this study are referred to by

the most likely mineralogy, magnetite/ilmenite. Opaque grains

generally occur in two sizes:

1) as intergranular, large "skeletal" grains and needles

(0.1-1 mm long); and

2) as very fine dust.

Opaque dust is disseminated in sideromelane glass, as dust rings

within plagioclase phenocrysts, and along parting surfaces of py-

roxene grains (diallage). The larger opaque grains vary from an-

hedral needles and blebs to octahedral crystals with "skeletal"

octahedral parting typical of magnetite.

Small anhedra (<0.1 mm) of pleochroic, brown hypersthene(?)

occur as an intergranular accessory mineral in low Mg0 high TiO
2

Grande Ronde Basalt intrusions within the study area. Williams

et al. (1954) noted that hypersthene commonly occurs as an acces-

sory mineral in tholeiitic basalt.

An interstitial mixture of quartz and alkali feldspar occurs

in many of the thicker, Grande Ronde Basalt intrusives of the

study area. Intersertal chlorophaeite with feldspar microlites

is a common deuteric alteration product between plagioclase grains.

The four Grande Ronde petrologic subtypes can not be reliably

recognized solely by thin section microscopy. From the samples

studied in this paper, a very generalized classsification scheme

can be inferred:

1) Low Mg0 high TiO2 (Tgrl) intrusions contain accessory

anhedral hypersthene(?) and typically 10% or more opaque minerals

(magnetite/ilmenite);

2) Low Mg0 low TiO2 (Tgr2, Tgr3) intrusions generally contain

less than 7% opaque minerals (magnetite/ilmenite); and
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3) High Mg0 intrusions (Tgr4) generally contain greater than

10% opaques.

Textures and mineralogies of the Grande Ronde Basalt petro-

logic type within the study area are typical of middle Miocene

tholeiitic basalts of western Oregon. The major mineralogy of

plagioclase, augite, and opaque minerals has been reported by

other workers for the Depoe Bay "coastal" basalts (e.g., Snavely

et al., 1973; Coryell, 1978) as well as for the plateau-derived

Grande Ronde Basalt (e.g., Waters, 1961; Swanson et al., 1979).

Pyroxenes in fine-grained tholeiitic basalt are typically sub-

calcic augite and accessory anhedral hypersthene (Williams et

al., 1954). Glassy silicic residuum has been reported by Snavely

et al. (1973) for Depoe Bay Basalt; intergrowths of quartz and

alkali feldspar within the groundmass are common in tholeiitic

lavas (Williams et al., 1954).

Frenchman Springs Member

Frenchman Springs basalt intrusions generally display the

same glassy to crystalline groundmass textures and mineralogy as

the Grande Ronde basalt sills and dikes, with a few important

differences. For example, a subophitic to intersertal intergrowth

of augite and labradorite (An
52-56

), magnetite/ilmenite, and

chlorophaeite is common to both basalt petrologic types. However,

very large (1 to 2 cm) ubiquitous phenocrysts (<1%) of albite-

twinned labradorite (An
56-60

) occur only in Frenchman Springs

basalt and are particularly evident in the Ginkgo petrologic

subtype.

Also, apatite occurs as long, intergranular laths as much as

seven millimeters long in the groundmass of the Kelly Hollow(?)

basalt subtype in the Frenchman Springs basalt (fig. 36). The

presence and hexagonal to tabular habit of this ubiquitous

mineral prevents thin section misidentification of the rarely

phyric Kelly Hollow(?) petrologic subtype of the Frenchman Springs

as "non-porphyritic" Grande Ronde Basalt. The abundance of apatite
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Fig. 36. Characteristic apatite lath (Apl) in Kelly Hollow(?)
petrologic subtype of Frenchman Springs basalt (plane
light). Note the hexagonal section of apatite (Apx).
Part of a large plagioclase phenocryst is in the upper
left corner of the photomicrograph. Also present are
magnetite/ilmenite crystals (mag), greenish chlorophaeite
(ch), and augite. This basalt sample is from the sill
that forms Green Mountain (locality 329, NW 1/4 sec. 7,

T6N, R8W).
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also helps to explain the relatively high P205 content (0.49-0.56%)

of the Kelly Hollow(?) basalt compared to the Grande Ronde Basalt,

which consistently contains less than 0.40 percent P205 (Table 2;

Appendix V).

Both Ginkgo and Kelly Hollow(?) basalts are porphyritic, but

the paucity of plagioclase phenocrysts (10 per square meter and

rare in thin section) and a lower P
2
0
5
content (Table 4) in the

Kelly Hollow(?) petrologic type easily distinguishes it from the

Ginkgo. Overall, the Frenchman Springs basalt petrologic types

are finely crystalline and porphyritic to glomeroporphyritic.

The glomeroporphyritic texture is produced by aggregates of al-

bite-twinned plagioclase phenocrysts. An exception to the por-

phyritic texture occurs in the center of the thick Green Mountain

sill which is gabbroic and in which groundmass crystals average

five millimeters long.

Frenchman Springs petrologic type alteration products are

similar to those described for the Grande Ronde Basalt petrologic

type. Radiating crystals of chlorophaeite and feldspar have re-

placed devitrified, interstitial basaltic glass (sideromelane).

Augite crystal boundaries are partly altered to chlorphaeite,

with diallage(?) along cleavages. Deuteric alteration of the

very thick, Kelly Hollow(?) gabbro sill that forms Green Mountain

is unique within the study area. A siliceous micrographic inter-

growth of quartz and alkali feldspar occurs between labradorite

and augite crystals (fig. 37). Within individual plagioclase

phenocrysts, alkali feldspar(?) occurs along cleavages. Similar

alteration occurs in the Youngs River Falls "ring dike," located

seven kilometers northwest of Green Mountain as noted by Tolson

(1976).

In summary, the Frenchman Springs petrologic type in the

Green Mountain-Young's River area has textures and mineralogy

typical of both the plateau-derived Frenchman Springs Member and the

"coastal" Cape Foulweather Basalt. The mineralogy of the "coast-

al" and plateau-derived basalts is primarily a plagioclase-augite-

opaque groundmass with large labradorite phenocrysts (Snavely



Fig. 37. Micrographic intergrowth (G) of deuteric silicic residuum

of quartz and alkali feldspar between augite (A) and lab-

radorite (P) crystals of the gabbroic Frenchman Springs
Kelly Hollow(?) sill that forms Green Mountain (crossed

nicols; locality 329, NW 1/4 sec. 7, T6N, R8W).
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et al., 1973; Swanson et al., 1979). Silicic residuum has been

reported in the Cape Foulweather Basalt (Snavely et al., 1973).

Fine-grained tholeiitic basalt commonly has intergrowths of alkali

feldspar and quartz in the interstices of the groundmass (Williams

et al., 1954).

The two Frenchman Springs Member subtypes distinguishable by

macroscopic study and geochemical analysis are distinct from each

other in thin section. The older Ginkgo basalt has abundant

glomerocrysts of labradorite, whereas the Kelly Hollow(?) contains

rare glomerophenocrysts. The Kelly Hollow(?) basalt has large

apatite laths in the groundmass; apatite in the Ginkgo basalt is

restricted to inclusions within labradorite phenocrysts.
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QUATERNARY DEPOSITS

Mapped Quaternary deposits are divided into two categories:

1) recent stream deposits (Qal); and 2) rock fall/landslide de-

posits (Qls).

Mapped stream deposits (Qal) occur in the Youngs River val-

ley, located in the southwest part of the study area (Plate I).

This unit includes older alluvial terraces and modern alluvial

material. The terraces and modern alluvial material are composed

of poorly sorted, subangular to rounded basalt cobbles, pebbles,

and minor quartzo-feldspathic sand. The river terraces have been

incised, up to 10 meters, by the Youngs River. This downcutting

suggests uplift and entrenchment of the stream (Beaulieu, 1973).

Rockfall/landslide debris (Qls) is present on the southwest

side of Green Mountain (Plate I). Exposure is limited to the ad-

jacent Youngs River where the stream has removed material smaller

than boulder size. The debris is composed of colluvium derived

from the Green Mountain sill. Subrounded to angular gabbro

boulders, up to five meters in diameter, occur in the Youngs

River stream bed. Evidently the event or events that caused this

masswasting occurred after the present northwest-trending course

of the Youngs River was established. The section of the river

adjacent to the rockfall/landslide has been displaced approximate-

ly 250 meters westward (Plate I, NE 1/4 sec. 12, T6N, R9W). The

deposit apparently dammed the Youngs River, allowing a large

amount of river gravel (Qal) to accumulate upstream in the vicin-

ity of Rock Creek and Osgood Creek.
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STRUCTURAL GEOLOGY

Regional Structure

The regional structure of the northern Oregon Coast Range is

defined a gentle, northward-plunging uplift or upwarp. This

Coast Range uplift is cored by lower to upper Eocene volcanics

that form the Tillamook highlands (Niem and Van Atta, 1973).

Overlying Eocene, Oligocene, and Miocene strata dip 10-30° north,

east, and west of the Tillamook highlands. An elongate north-

northeast-trending Bouguer gravity anomaly in northeast Clatsop

and northwest Columbia counties marks the northward continuation

of the Tillamook volcanic basement in the subsurface to the

Columbia River (Bromery and Snavely, 1964; Berg and Thiruvathukal,

1967). This gravity high forms a saddle between the exposed

Tillamook Volcanics on the south and the correlative Eocene Cres-

cent Volcanics of the Willapa Hills, southwest Washington (Wells,

1981). To the west and east of this gravity high are the thick,

sediment-filled Astoria and Nehalem basins respectively (fig. 38).

Within the northern Oregon Coast Range, broad amplitude folds

in Tertiary sedimentary strata trend northwest, and high-angle

reverse and normal faults strike northeast and northwest (Snavely

and Wagner, 1964; Newton and Van Atta, 1976; Bruer, 1980). Recent

studies (e.1., Olbinski, 1983; D. Nelson, in prep.; Goalen, in

prep.; this study) have demonstrated that by using middle Miocene

dikes as piercing points, a significant component of strike-slip

offset has occurred on many of these high-angle faults in north-

west Oregon.

Local Structure

The Green Mountain-Young's River area is located within the

Astoria basin on the north-northwest flank of the northern Oregon

Coast Range uplift. Generally strata north of the study area dip

gently north to northwest (M. Nelson, 1978; Coryell, 1978). How-



143

Fig. 38. The regional structural features of the northern Oregon

Coast Range. The Tillamook Highlands are where the
volcanic core of the Coast Range are exposed. Modified

after Wells and Peck (1961).
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ever, within the Green Mountain-Young's River area numerous high-

angle conjugate northeast- and northwest-striking faults, many

with oblique slip, have disrupted the regional stratal dip and

have created a complex fault pattern (Plates I, II, A-A" and C-C').

A similar structural pattern occurs west, east, and south of the

study area (Tolson, 1976; Goalen, in prep.; D. Nelson, in prep.).

Small drag folds in the sedimentary strata are commonly associated

with the conjugate faults (e. .&., locality 306, SW 1/4 sec. 12,

T6N, R8W; Plate II). These drag folds, as well as the effect of

numerous basalt intrusions and slumps, have created a complex pat-

tern of attitudes in the study area (Plate I).

Within the study area, there are two major fault patterns:

1) an older set of east-west-trending high-angle faults; and 2)

a younger set of northeast- and northwest-trending conjugate

shears with oblique left-lateral and oblique right-lateral motion

respectively; associated with this conjugate fault system are

north-south oriented faults.

Faults

Two sets of faults can be distinguished in the Green Moun-

tain-Young's River area. One set consists of at least two east-

west-trending faults, referred to herein as the Klaskanine River

and Youngs River faults (fig. 39). The second set of faults is a

series of northeast- and northwest-trending faults that extensively

cut most of the study area (fig. 40). Both sets of faults have

had oblique slip (Plates I, II). The east-west-trending faults

appear to be older than the northeast-northwest set. The north-

east-northwest set cuts middle Miocene Columbia River Basalt

petrologic type intrusions locality 292, SW 1/4 sec. 2,

T6N, R8W), whereas the youngest rocks cut by the east-west set

are lower middle Miocene Astoria Formation strata locality

291, NW 1/4 sec. 15, T6N, R9W).

East-west faults. There are two major east-west faults recognized
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in the Green Mountain-Young's River area. These faults occur

within and near the east-west-trending sections of the South

Fork of the Klaskanine River and the Youngs River. Hence, this

writer informally refers to these faults as the Klaskanine River

fault and the Youngs River fault (fig. 39). Both faults dip

steeply to the north and show oblique reverse separation of Oswald

West and Astoria Formation strata (fig. 39; Plates I, II, Tow,

Tspl, Tspu).

East-west fault trends can be traced as right-stepping linea-

tions on aerial photographs and topographic maps. East-west-

trending segments of the valleys of the South Fork of the

Klaskanine and Youngs rivers follow the fault traces (Plate I).

These rivers show a strong east-west orientation only where

riverine erosion has cut down into the Oswald West mudstone (Tow).

Only the westernmost extension of the Youngs River fault has

significantly offset early to middle Miocene strata (Tspli, Tspu4).

Here, the fault deformed Silver Point strata such that the dip

changes from a gentle 6° to 60° within 100 meters on the 200

line logging road (SW 1/4 sec. 9, T6N, R9W). This same fault is

exposed two kilometers to the east at locality 291 (NW 1/4 sec.

15, T6N, R9W). Here, laminated upper Silver Point mudstone

(Tspu4) is cut by a ten centimeter thick gouge zone. The fault

dips 60° north. The hanging wall is sheared and subhorizontal

slickensides are preserved in the gouge zone. Reverse left-

lateral separation is inferred from the "stepped," subhorizontal

slickensides and juxtaposition of lower Silver Point strata

(Tspli) next to the upper Silver Point member (Tspu4, sec. 16,

T6N, R9W). The right-stepping trend of the Youngs River fault is

typical of left-lateral slip faults (Bonilla, 1979). The continu-

ation of the Youngs River fault east of Eels Ridge from locality

291 (NW 1/4 sec. 15, T6N, R9W) and the existence of the Klaskanine

River fault are based primarily on the linear river valleys traced

on stereo U2 aerial photos and topographic maps. Other than west

of Eels Ridge, none of the east-west faults are exposed in out-

crop. Along the western extension of the Klaskanine River fault,
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immediately west of a large Frenchman Springs petrologic type in-

trusion (Tfss,), the fault photolineation V's uphill and down-

stream where it crosses a saddle on a ridge and small creek val-

ley, respectively. This lineation pattern suggests to the author

that the Klaskanine River fault dips steeply northward (NW 1/4

sec. 31, T7N, R8W).

The strong parallelism between the Youngs River and the

South Fork of the Klaskanine River is probably the result of

regional or local structural control such as faulting (fig. 41).

The Lewis and Clark River and the Necanicum River five and 10

kilometers southwest of the Green Mountain-Young's River area show

a similar east-west trend (fig. 41). East-west-trending faults

have been mapped in the Little Fishhawk Creek area (D. Nelson, in

prep.) and in the Buster Creek area (01binski, 1983), 10 and 15

kilometers southeast of the study area, respectively.

The amount of slip is not determinable for the east-west

faults because a lack of piercing points such as offset vertical

dikes. Fossil collections support the existence and amount of

heave on the east-west set of faults. For example, lower Refugian

(middle upper Eocene) strata (locality 74, SE 1/4 sec. 17, T6N,

R8W) are exposed at 220 meters above sea level on the hills 0.75

kilometers south of the Youngs River fault, whereas immediately

north of the fault probable upper Refugian strata in the Diamond

Shamrock Crown Zellerbach 31-17 well are at 440 meters below sea

level.

Northeast-northwest Faults. The northeast-northwest fault set con-

sists of numerous northeast-southwest- and northwest-southeast-

trending, oblique slip faults. A contoured stereonet plot of s-

poles of measured fault planes in the Green Mountain-Young's River

area clearly demonstrates that most of the faults strike northeast

and dip steeply both to the northwest and southeast (fig. 42). A

second maximum of the northwest-trending faults are not shown be-

cause of a lack of measured field data of exposed fault planes but

field relations suggest the existence of abundant northwest-trending
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Fig. 41. East-west- and northwest-trending lineations. Note

parallel drainages of major streams in Clatsop County;

this probably reflects a regional structural pattern.
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Fig. 42. Contoured stereonet plot of s-poles of fault planes in

the Green Mountain-Young's River area. Most faults are

oriented northeast and dip steeply northwest and south-

east.
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faults (see discussion of Relation Between Fault and Dike Orienta-

tions).

The apparent offset of many middle Miocene basalt dikes

indicates that northwest-trending faults usually have right-

lateral separation, whereas northeast striking faults commonly

display left-lateral throw (e.g., NE 1/4 sec. 28, T7N, R8W). This

pattern suggests that the northeast-northwest faults are a conju-

gate shear system that might have formed as a result of right-

lateral, distributed shear between the obliquely converging North

American and Juan de Fuca plates (Atwater, 1970; Beck, 1980).

The north-south oriented faults (e.22, center sec. 1, T6N, R8W)

might be "P" Reidel shears (Tchalenko, 1970), secondary faults

associated with the northeast-northwest conjugate system.

The northeast-northwest set of faults cuts Oswald West and

Astoria strata as well as middle Miocene Grande Ronde and French-

man Springs petrologic type intrusions. This set of faults demon-

strates both normal and reverse separation as deduced from juxtapo-

sition of stratigraphic units. For example, at locality 220 a

N10E fault dips 52° northwest, with the north side the upthrown

block (NW 1/4 sec. 3, T6N, R9W). Oswald West mudstone (Tow, upper

Eocene to Oligocene) is on the hanging wall block, while Silver

Point turbidites (Tspl1, lower to middle Miocene) occur on the

footwall block. In the southeast quarter of section 3, T6N, R9W,

two northwest-trending faults have normal displacement.

The most recent motion involving the northeast-northwest

fault set was oblique slip, as indicated by slickensides. Most

slickensides are subhorizontal, averaging a 20° to 40° plunge from

horizontal. Most slickensides occur in five centimeter to two

meter thick fault gouge zones, best exposed in quarries of middle

Miocene basalt intrusions. For example, in the southeast corner

of the study area, a left-lateral fault trending N70E, 80NW is

exposed in a high Mg0 Grande Ronde petrologic type dike quarry

(Tgrd4, locality 189, SE 1/4 sec. 24, T6N, R8W). Here, the north-

south striking dike terminates against lower Silver Point member

turbidites (Tsp12). This contact is defined by a two meter thick
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gouge zone of sheared basalt. Two, 30 centimeter long blocks of

lower Silver Point strata are enclosed in the gouge zone. The

relative heave on the fault is estimated as reverse from "steps"

developed on the slickensides.

The fault trends can be traced as lineations on aerial photo-

graphs and topographic maps. Many middle Miocene basalt dikes

were intruded along pre-existing fault zones, such as in the vicin-

ity of Alder Hill (rfsd
l'

secs. 35, 36, T7N, R9W). This

relation between faults and intrusions is discussed in a later

section. Juxtaposition of Miocene and Eocene units, and anoma-

lously high and variable dips, were used to trace faults (e..g.,

locality 306, NW 1/4 sec. 12, T6N, R8W). Basalt outcrops and

quarries contain the best evidence of faulting. For example,

immediately west of the South Fork of the Klaskanine River, a low

Mg0 high TiO2 Grande Ronde Basalt petrologic type quarry has an

extensive system of shears exposed (Tgrsi, locality 292, SW 1/4

sec. 2, T6N, R8W). Here, sub-vertical joints are sheared, with

gouge zones varying from three centimeters to two meters thick.

"Steps" developed on the slickenside surfaces suggest left-lateral

translation as does the map pattern of the lower Silver Point

(Tspl
l'

Plate I). The lower Silver Point contact has approximate-

ly 80 meters of throw, whereas the measured vertical separation

is 75 meters as estimated from cross section C-C' (Plate II). The

poles of measured slickensides at this quarry project onto a fault

plane oriented N5E, 50 NW. The slickensides are subhorizontal,

plunge 5 to 50°, and trend northeast; most of the slickensides

plunge less than 20°, especially those associated with thicker

shear zones (1-2m) in the quarry.

Age. The period of activity for the east-west and northeast-

northwest fault sets overlapped. The east-west set ceased

activity prior to the intrusion of the middle Miocene basalts, as

this fault set does not offset any of the basalts. The trace of

the Klaskanine River fault has been intruded by the Frenchman

Springs petrologic type basalt sill in the southernmost part of
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section 33, T7N, R8W (Tfssi).

The traces of the Youngs River and the Klaskanine River

faults are best displayed where the Youngs and Klaskanine Rivers

have eroded through the Miocene section. This suggests to the

author that the offset of the middle Miocene strata at the western

end of the Youngs River fault might be the result of Neogene

reactivation of the east-west fault. Similarly, the Little Fish-

hawk Creek fault, located ten kilometers south of the Green

Mountain-Young's River area has greater Paleogene strata offset

than Neogene stratal displacement (D. Nelson, in prep.). The

east-west faults were active prior to the early middle Miocene

and ceased motion by the time of Grande Ronde Basalt petrologic

type intrusion (16.5 m.y., Swanson et al., 1979).

The intrusion of middle Miocene basalt dikes along pre-exist-

ing northeast- and northwest-trending faults indicates that the

northeast-northwest fault system was active prior to intrusion.

Northeast-northwest conjugate faulting evidently continued through

the period of basalt intrusion since, as noted earlier, many of

the Columbia River Basalt petrologic type intrusions were sheared

and offset after emplacement. Thus, northeast-northwest faulting

was active prior to basalt intrusion (16.5-13.4 m.y., Swanson et

al., 1979) and continued until at least the late middle Miocene

since Frenchman Springs petrologic type intrusions (13.4 m.y.)

have been sheared (Tfssi, SE 1/4 sec. 2, T6N, R8W).

Probable Structures

Northwest-trending, parallel segments of the Youngs River

and the South Fork of the Klaskanine River probably reflect a

regional structural grain (fig. 43). Both the Lewis and Clark

River and the Necanicum River (five and 10 kilometers south,

respectively) have a similar pattern of northwest-trending seg-

ments (fig. 41). No clear evidence of fault offset or folding re-

lated to this trend occurs in the Green Mountain-Young's River

area. Northwest-trending, broad amplitude folds in Tertiary sedi-
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mentary strata have been noted as regional structural features

in the northern Oregon Coast Range (Snavely and Wagner, 1964;

Newton and Van Atta, 1976; Bruer, 1980). The northwest-trending

lineations noted in this study might correspond to these regional

folds or northwest trending faults associated with conjugate

faulting.

Some of the northwest-trending lineations of the Green Moun-

tain-Young's River area continue into adjacent areas and have

been mapped as various structures. North of the study area, the

northern extension of a northwest lineation followed by the South

Fork of the Klaskanine River (sec. 30, T7N, R8W) has been mapped

as a fault by M. Nelson (1978). This fault was inferred on the

basis of disparity of dips between strata on opposite sides of

the river. The northwest-trending part of the Youngs River paral-

lels the axes of two small folds mapped immediately southwest of

the river by Tolson (1976). Southeast of the Green Mountain-

Young's River area, the Youngs River lineation is offset 2.4 kilo-

meters east (or steps left) and has been mapped by Penoyer (1977)

as a high-angle fault east of Saddle Mountain. This same north-

west-trend is parallel to the linear, northeastern margin of the

pile of Grande Ronde Baslt petrologic-type submarine extrusive

breccias (mapped as Depoe Bay Basalt) that comprise Saddle Moun-

tain.

Southward from the confluence of the South Fork of the

Klaskanine River and Elk Creek, the South Fork of the Klaskanine

River is again oriented northwest-southeast (fig. 43). Apparently

no horizontal or vertical offset occurred along this northwest-

trending lineation since neither the sedimentary units nor the

basalt intrusions were cut. The gentle wrapping of the Pittsburg

Bluff and Astoria Formation map pattern around this northwest-

trending lineation is suggestive of anticlinal folding (Plates I

and II, C-C'). This same "anticlinal" map pattern occurs im-

mediately south of the Green Mountain-Young's River area (D.

Nelson, in prep.). The strike and dip pattern of the affected

rock units is complex and does not confirm the existence of an
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anticline. Slumping and unmapped, small faults within the struc-

ture could cause a variable bedding attitude pattern.

Relation Between Fault and Dike Orientations

Stereonet Plots. Comparison of stereonet s-pole plots of fault

and intrusion orientations measured in the Green Mountain-Young's

River area indicates a remarkable parallelism (fig. 44). The

s-pole plot of the faults indicates that the majority of shears

strike northeast and dip steeply northwest and southeast (fig.

44A). The stereonet plot of the middle Miocene basalt intrusions

shows a bimodal distribution (fig. 44B). Shallowly dipping in-

trusions, sills and inclined sheets, plot toward the center of the

diagram. Steeply inclined dikes are predominately oriented north-

northwest (fig. 44B).

Discussion. From the stereonet plots, it can be inferred that many

of the middle Miocene basalt dikes intruded the northeast-north-

west set of conjugate faults. The dikes clearly did not propagate

their own fissures since one would expect dike instigated fissures

to be roughly parallel in the direction of least principle stress

(a
3
), which in turn is controlled by the regional stress regime

during intrusion (Anderson, 1951; Ode, 1957; Johnson, 1970). Some

of the dikes in the Green Mountain-Young's River area occur as

intersecting intrusions not unlike the conjugate fault pattern of

the area (e.&., Plate I, Tfsdi, T7N, R9W).

Intersecting dikes and sills can form apparent "ring dikes."

A "ring dike" of this type occurs in the eastern part of the study

area in the vicinity of California Barrel Road. Here, the north-

east half of the three kilometer wide "ring" is defined by a

north-northeast-trending dike and a northwest-trending dike (Tgrd3,

secs. 35, 36, NE 1/4 sec. 26, T7N, R8W). Sills comprise the south-

west half of the "ring" (Tgrs3, NE 1/4 sec. 3, T6N, R8W; secs. 34,

27, T7N, R8W). The Youngs River Falls "ring dike," located one

kilometer west of the study area, is actually three Frenchman
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Springs petrologic type dikes, mapped as Cape Foulweather Basalt,

that intruded along at least two parallel northeast-trending

faults and an intersecting northwest-trending fault. Hence, these

features are not invasive filled river meanders as suggested by

Pfaff (1981), nor are they ring dike structures around a major

eruptive center like Cape Foulweather is to the south (Snavely

et al., 1973).

Structural Implications

In summary, stratigraphic separation of several hundred

meters along the east-west faults uplifted and juxtaposed upper

Narizian Oswald West strata against upper Refugian Oswald West

strata. Lower middle Miocene Big Creek sandstone and Silver Point

mudstone were deposited unconformably over this irregular terrain.

Right-lateral shear between the North American and Juan de Fuca

plates (Atwater, 1970; Beck 1980) affected the northern Oregon

Coast Range, forming a system of northwest- and northeast-trending

conjugate faults and reactivated some east-west-trending faults.

Middle Miocene Grande Ronde and Frenchman Springs dikes intruded

along some of the conjugate faults. After intrusion ceased, fault-

ing continued associated with the general uplift of the northern

Oregon Coast Range, creating a complex, conjugate fault pattern

characterized by northwest-trending oblique, right-lateral and

northeast-trending left-lateral oblique slip faults.

Paleomagnetic studies on nearby middle Miocene basalts indi-

cate that local small block rotation of the intrusions occurred.

D. Nelson (in prep.) has demonstrated that segments of Grande

Ronde petrologic type dikes were rotated up to 11° clockwise as an

effect of nearby oblique slip faulting. The mechanism of rotation

is fairly simple and requires that small fault bounded blocks to

have been rotated during movement on a nearby northeast- and north-

west-trending oblique slip faults (D. Nelson, in prep.). Similar

rotations have been noted for the 12 m.y. Pomona Member in south-

western Washington. The Pomona flow has undergone progressively
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greater clockwise rotation at paleomagnetic sample sites from east

to west (Magill et al., 1982). This paleomagnetic data suggests

that regional right-lateral shear and associated rotation of small

blocks is a result of oblique, east-west convergence of the North

American and Juan de Fuca plates (Beck, 1980; Magill et al., 1982).

Alternatively, the general low dip of the Miocene and upper

Eocene strata and their juxtaposition, the high-angle faults, and

lack of thrust faults suggest mainly vertical displacement with

minor strike-slip separation. This vertical offset might be re-

lated to volcanic basement block faulting during the northern

Oregon Coast Range anticlinal uplift. Kadri (1982) came to this

conclusion after analyzing a similar surface fault pattern around

the Mist gas field, 25 kilometers east of the Green Mountain-

Young's River area. This writer favors the distributed shear

hypothesis of Beck (1980), although basement block faulting

probably affects the structural grain of the region.
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GEOLOGIC HISTORY

The Tertiary geology of western Oregon has been affected by

episodic periods of compression, extension, and translation.

These tectonic regimes were probably a result of varying rates of

oblique east-west convergence of the Farallon (Juan de Fuca)

oceanic plate with the North American continental plate (Snavely

et al., 1980).

A thick sequence of lower to middle Eocene tholeiitic basalts

comprises the basement of western Oregon and Washington. Within

the northern Oregon Coast Range, these submarine pillow lavas and

breccias are known as the lower Tillamook Volcanics (Snavely et

al., 1980). This very thick pile of oceanic basalts, and the

anomalously thick Coast Range crust (15-20 km as determined from

seismic data, Tatel and Tuvel, 1955; Berg et al., 1966; Langston

and Blum, 1977) reflect an oceanic island complex, not unlike the

present day Hawaiian Islands (Magill et al., 1981). This island

chain was probably formed at a Kula-Farallon spreading ridge hot

spot and collided with North America in the early Eocene (Duncan,

1982). Subsequent to collision, a deep marginal or forearc basin

formed in the area now occupied by the Oregon-Washington conti-

nental shelf, Oregon-Washington Coast Range, and Willamette Val-

ley-Puget Lowlands. This forearc basin was floored by oceanic

crust, and was quickly filled in the south by a thick deltaic-tur-

bidite sequence (Tyee-Fournoy formations; Snavely et al., 1977).

A period of major underthrusting in the middle late Eocene

resulted in regional uplift and segmentation of the large forearc

basin into several smaller basins. This underthrusting was accom-

panied by local alkalic-basaltic volcanism (Snavely et al., 1977).

A thick sequence of subaerial basaltic andesites, andesites, mud-

flows, and minor volcanoclastics and submarine breccias of the

Tillamook Volcanics cap the emergent oceanic island complex in the

northern Oregon Coast Range (Magill et al., 1981). This under-

thrusting also initiated a regional pattern of northwest-trending

folds (Bruer, 1980) and faulting and a regional unconformity at
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the base of the upper middle Eocene. This late Eocene unconform-

ity occurs between the Tillamook Volcanics and the overlying vol-

canic conglomerate of the Cowlitz Formation.

During the middle and late Eocene, Cascade subduction was

initiated near the present day shelf-slope break, west of the

older Challis-Absaroka trench near the Cascades (Snavely et al.,

1980; Magill et al., 1981). The upper Tillamook Volcanics and

their correlatives in the Oregon Coast Range were rotated clock-

wise up to 46° between the Cascade trench and the Challis-Absaroka

trench. By the end of the Eocene, Challis-Absaroka subduction was

no longer active and the Oregon Coast Range was sutured to the

North American plate (Magill et al., 1981).

In the northern Oregon Coast Range, the middle to upper Eo-

cene (upper Narizian) Cowlitz Formation was deposited during a

transgression (fig 45; supercycle Tc of Vail and Mitchum, 1979).

As the sea level rose, shallow-marine, arkosic and basaltic

sandstones were onlapped by deep-marine (continental slope) mud-

stones and minor arkosic turbidite sandstones (Olbinski, 1983; D.

Nelson, in prep.).

There is a regional unconformity between the Cowlitz Forma-

tion and the overlying Keasey Formation, an eastern equivalent of

the Oswald West mudstone. This unconformity is supported by seis-

mic interpretation (Bruer, 1980) and geologic mapping in the

Jewell-Newhalem River valley area (Olbinski, 1983; D. Nelson, in

prep.). This upper Eocene unconformity is not manifested in the

Green Mountain-Young's River area since the sandstone-rich Cowlitz

Formation has not been traced north of the Jewell area.

In the Green Mountain-Young's River area, foraminiferal

assemblages indicate that late Eocene hemipelagic sedimentation

(late Narizian to Refugian) was on the lower continental slope

(lower bathyal, >1500 m). The lower and middle Oswald West mud-

stone was deposited at greater depths than consanginous sediments

in the Nehalem Basin. For example, the paleobathymetry of the

Keasey Formation of the northeast Coast Range is significantly

shallower than correlative Oswald West strata in the Green
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Mountain-Young's River area. McDougall (1980) reported that most

of the tuffaceous mudstones of the Keasey type section along (up-

per Narizian to basal Refugian) Rock Creek was deposited on the

upper continental slope (upper bathyal, 200-600 m). Molluscan

assemblages north of Rock Creek indicate a middle slope paleo-

bathymetry (middle bathyal, 600-800 m, Moore, 1976). In con-

trast, the lower and middle Oswald West mudstones in the study

area were deposited on the lower continental slope (lower bathyal).

Other workers (e.. Snavely and Wagner, 1963; McDougall, 1980)

have suggested that the late Eocene continental margin deepened

to the west from Columbia County to western Clatsop County.

Hemipelagic sedimentation of the Oswald West mudstone con-

tinued through the early Oligocene (early Zemorrian Stage) in the

Green Mountain-Young's River area. Bioturbation and rare glauco-

nite sandstones in the upper Oswald West in the study area indi-

cate slow sedimentation rates under slightly reducing conditions.

The abundance of tuffaceous detritus (i.e., shards) in the thick-

bedded, bioturbated Oswald West mudstone reflect extensive ex-

plosive acidic eruption during the late Eocene (Refugian). This

probably reflects initiation of the western Cascade Volcanic arc

(Hammond, 1979; Kadri, 1982).

A thin-bedded turbidite sandstone and mudstone sequence of

the Vesper Church formation of Olbinski (1983) or lower Pittsburg

Bluff Formation of Kadri (1982) accumulated during the late Eo-

cene (late Refugian) in the Jewell-Birkenfeld area. A lateral,

finer grained facies of this unit was penetrated in the Green

Mountain-Young's River area by the Diamond Shamrock Crown Zeller-

bach 31-17 well (Plate III).

By the latest Eocene (latest Refugian) in the Nehalem River

Valley area, southeast of the Green Mountain-Young's River area,

the Pittsburg Bluff Formation was deposited unconformably over the

deep-marine mudstones of the Keasey Formation (Warren et al.,

1945). This sequence reflects progradation of deltaic to shallow-

marine (10-30 m), sandstones westward (Van Atta, 1971). These

arkosic and tuffaceous sandstones pinch out and undergo a facies
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change to thick-bedded, sandy siltstone of the Klaskanine tongue

in the Green Mountain-Young's River area. Mollusks in the

Klaskanine tongue suggest upper slope to outer shelf deposition

(outer neritic to upper bathyal).

A major angular unconformity exists between the upper Eocene

to lower Oligocene Oswald West mudstone and the overlying lower

to middle Miocene Astoria Formation. The upper part of type

Oswald West mudstone southwest and northwest of the Green Mountain-

Young's River area is upper bathyal and Oligocene to lower Miocene.

East of the study area, sandstones, coals, and conglomerates of

the deltaic Scappoose Formation were deposited at the same time as

the type Oswald West mudstone. Much of the 400 meter thick, type

Oswald West mudstone (Zemorrian to upper Saucesian) is missing

from the Green Mountain-Young's River area. This same lower Mio-

cene unconformity also occurs at the top of the Oligocene to lower

Miocene Oswald West mudstone at its type section along Short Sands

Beach (Cressy, 1974; Cooper, 1981). This unconformity coincides

with a slight fall in global sea level during the early Miocene

(fig. 45; at the base of supercycle Te of Vail and Mitchum, 1979).

This unconformity might also correspond to initiation of Coast

Range uplift during the early Miocene (Snavely et al., 1977).

Perhaps in response to regional uplift, a system of east-west-

trending faults in the Green Mountain-Young's River area was

active during the late Oligocene to early Miocene and obliquely

offset Oswald West strata.

Astoria Formation deposition occurred offshore from an open,

storm dominated coast line. Arkosic and lithic sandstones of the

Astoria Formation were derived from an ancestral Columbia River

drainage basin that included the Tertiary western Cascade volcan-

ics and Mesozoic plutonic and metamorphic terrains of eastern

Oregon and Washington and the pre-Cambrian strata and Mesozoic

batholiths of the Idaho-Montana Rocky Mountains. The sedimenta-

tion sequence of the Astoria Formation recorded a major eustatic

sea level rise during the early to middle Miocene (fig. 45, super-

cycle Te of Vail and Mitchum, 1979).
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Successive deposition of inner to outer neritic to slope

facies occurred during Astoria time in the northwesten Oregon

Coast Range. In the study area, bioturbated silty and "clean"

sandstones of the Big Creek sandstone member reflect inner shelf

fair weather and storm deposition respectively. The two facies

(Units A and B) of this shallow-marine sandstone were deposited

near storm wave base. Unit A was deposited above storm wave base,

while the overlying Unit B was deposited below wave base reflect-

ing a gradual deepening of the basin during the early to middle

Miocene. The overlying sandy turbidite facies (Unit 1) of the

Silver Point member is transitional between neritic Big Creek and

bathyal Silver Point deposition. Probable upper slope deposition

(bathyal) and channelization, and in some places removal of the

Big Creek member by erosion active immediately preceeding deposi-

tion of Unit 2 of the Silver Point member, succeeded neritic depo-

sition in the Green Mountain-Young's River area. As the Astoria

Basin deepened and the supply of coarse sediment shifted northward

(Cooper, 1981), hemipelagic deposition dominated the middle Mio-

cene upper Silver Point basin (Units 3 and 4) and input of sand

sized detritus was rare. Erosion of older Oswald West mudstone

and submarine slumping transported sand and Eocene foraminifers

to the site of Unit 4 deposition. Well laminated claystones in

Unit 4 reflect an anoxic bathyal environment.

By the end of Astoria Formation deposition during the middle

Miocene, a system of conjugate northwest- and northeast-trending

oblique slip faults was active in the Green Mountain-Young's River

area and possibly throughout the northern Oregon Coast Range.

This faulting was a response to oblique, east-west convergence of

the Juan de Fuca oceanic plate and the North American continental

plate (Coe and Wells, 1982; Magill et al., 1982). The entire

western margin of North America as acted as a broad, right-lateral

transform zone throughout most of the Tertiary (Atwater, 1970).

During the late middle Miocene, at least six basalt intrusive

episodes occurred in the Green Mountain-Young's River area (13.4-

16.5 m.y.a.). Four Grande Ronde Basalt petrologic subtypes (high
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and low Mg0 and TiO
2'

R
2

and N
2
) and two Frenchman Springs Member

petrologic subtype basalts (Ginkgo and Kelly Hollow ?) were em-

placed as thick gabbroic to basaltic sills and dikes. Many of the

dikes were emplaced along pre-existing northeast- and northwest-

trending faults and were subsequently sheared by oblique motion

that post dated the latest intrusions (late middle-to-late Mio-

cene?).

Renewed convergence in the late middle Miocene caused addi-

tional uplift of the Oregon Coast Range (Snavely et al., 1977).

Oblique transcurrent or block faulting and deformation of the

broad, regional anticlinal upwarp of the northern Oregon Coast

Range continued through the Pliocene (Kuim and Fowler, 1974).

Continued uplift of the western margin of Oregon and subsequent

fluvial dissection and mass wasting carved the present day topo-

graphy of the Green Mountain-Young's River area.
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HYDROCARBON GEOLOGY

Exploration for hydrocarbons in the Pacific Northwest has in-

creased dramatically since the discovery of Oregon's first com-

mercial gas field in 1979. The gas field is located near the set-

tlement of Mist in Columbia County, 25 kilometers east of the

Green Mountain-Young's River area. The Mist field has eleven com-

pleted gas wells and produces ten million cf/d from at least eight

gas pools (Olmstead, 1983). The thermogenic(?) natural gas is

recovered from the 180 meter thick Clark and Wilson (C & W) sand-

stone reservoir of the upper Eocene Cowlitz Formation (Bruer,

1980). The cap rock is upper Eocene Keasey Formation mudstone.

Other arkosic sandstones with potential for natural gas production

in the Cowlitz Formation occur in eastern Clatsop County (Newton,

1979; Olbinski, 1983; D. Nelson, in prep.).

The Green Mountain-Young's River area is on a subparallel

structural trend with the Mist gas field, but is on the west flank

of the northern Oregon Coast Range upwarp. As a result, leasing,

drilling, and geophysical surveys in the vicinity of the study

area have intensified over the past three years. In 1981, a

record of $310 per acre was paid for state lands leased in Clatsop

County (Olmstead, 1982), while county land immediately southeast

of the study area has been leased for $330 per acre (Olmstead,

1983). State lands leased in 1981 in Clatsop County form a strip

that follows the northwest trending Klaskanine River structural

lineation (figs. 43 and 46).

Ten unsuccessful wells have been drilled nearby and within

the study area (fig. 46). All but the Standard Oil of California

(Socal) Hoaglund #1 and Lower Columbia Oil and Gas (LC) Brown #1

were drilled in the past three years. All ten wells were dry

(Olmstead, 1982; 1983) but gas shows have been reported for ONGD

Johnson 33-33 and DSC B.C. 11-4 (AAPG Explorer, 1982; Olmstead,

1982).

Recent drilling activity in Clatsop County has been localized

east of the Green Mountain-Young's River area (fig. 46). Here,
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Fig. 46. Index map of Oregon State lands leased in 1981 and 1982,

wells drilled, and well site permits issued as of Sep-

tember 1983 (modified from Olmstead, 1982; 1983).
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two unsuccessful wells (DSC Clatsop Co. 33-11 and DSC Watzek 22-19)

were drilled during the first half of 1983. The target for these

wells was the Clark and Wilson sand, projected to be at about 1,524

(5,000 ft) meters (Oregon Geology, 1983a; 1983b). Three additional

sites are slated to be drilled nearby these two unsuccessful wells.

Diamond Shamrock completed the Crown Zellerbach (C.Z.) 31-17

well in the Green Mountain-Young's River area in July, 1981. This

dry well penetrated at least 1,663 meters of deep-marine, Refugian

Oswald West mudstone. Within the Oswald West mudstone, is a 158

meter thick interval of sandy, laminated mudstone that is equiva-

lent to the Vesper Church formation of Olbinski (1983) (fig. 47).

A 159 meter thick interval of bioturbated, sandy siltstone and

silty sandstone that was drilled is correlated to the deep-marine

facies of the Pittsburg Bluff Formation, Klaskanine tongue of this

study. The upper Narizian Cowlitz Formation, the probable target,

remains to be tested in the study area with deeper penetration.

Rock chips provided by Diamond Shamrock Company were used to

construct a lithologic log of the C.Z. 31-17 well (Plate III).

Foraminifers and coccoliths were picked from the chips for bio-

stratigraphic control of the well (Appendix I). Three middle Mio-

cene basalt intrusives were penetrated; basalt rock chips were

analyzed for major element composition (Appendix V). From top to

bottom these basalt intrusions are: 1) 18 meters of Grande Ronde

low Mg0 low TiO2 chemical subtype (Tgr2 or Tgr3, 515-533 m, 1,690-

1,749 ft); 2) 31 meters of Frenchman Springs Kelley Hollow(?)

chemical subtype (Tfsi, 643-674 m, 2,110-2,211 ft); and 3) 233

meters of Grande Ronde low Mg0 high TiO2 chemical subtype (Tgr1,

1,573-1,713 m, 5,161-5,620 ft and 1,765-1,858 m, 5,791-6,095 ft).

The Grande Ronde high TiO2 intrusion appears to be repeated in the

well due to a fault (Plate II, A-A"). This fault might correlate

to a northeast-trending fault located 0.5 kilometers northwest of

the drill site (Plate I, NW 1/4 sec. 17, T6N, R8W).

Even though the intrusions match the geochemistry of plateau-

derived subaerial Grande Ronde and Frenchman Springs basalts ex-

posed to the northeast in the Nicolai Mountain-Porter Ridge area
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Fig. 47. Correlation of simplified lithologic logs. Note arrows

correlating Columbia River Basalt petrologic type in-

trusives. The C.Z. well is in the Green Mountain-Young's
River area. The Watzek well is located 16 kilometers
east southeast of the C.Z. well. See figure 46 for well

locations. See Plate III for a more detailed log of the

C.Z. well. The Watzek well log was modified from
Olbinski (1983, Plate III).
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(Murphy, 1981; Goalen, in prep.), they do not occur in the same

stratigraphic order as the subaerial flows. The older Grande

Ronde Basalt should underlie the Frenchman Springs intrusion.

This can be explained by the dike geometry and faulting of many

of these intrusions in the study area (Plate I). The very thick,

gabbroic low Mg0 high TiO2 Grande Ronde intrusion at the bottom

of the well might be a slowly cooled sill since 67 meters of the

overlying Refugian mudstone show the bleaching effect of baking

by this intrusion (Plate III).

Ten Astoria and four Oswald West mudstone surface samples

were sent to the AMOCO Production Company Petroservices Group for

organic carbon, hydrocarbon maturation, porosity, and permeability

analyses (Appendix VII). Surface weathering may have reduced

both the quantity and quality of organic matter and may have

resulted in underestimation of petroleum generating abilities of

some of these source rock samples. The rocks are presently im-

mature, but are potential sources for gas based on both kerogen

and total carbon analysis. Total organic carbon content of the

four Oswald West mudstone samples ranges from 0.1 to 1.0 weight

percent and the ten Astoria Formation samples range from 0.1 to

5.5 weight percent, averaging 1.7%. All samples with greater

than 1% total organic carbon were fresh mudstones. These samples

indicate that both units have good to very good potential as

hydrocarbon source rocks (Appendix VII).

The vitrinite ref lectances (V.I.) of the Astoria samples

varied from 0.50 to 0.53, while the Oswald West mudstone samples

had values of 0.45 and 0.54. These vitrinite reflectance values

fall above the gas window of Dow (1977) (fig. 48). Although the

degree of weathering may have contributed to the immature rating,

the results generally conform to previous analyses from Clatsop

County (Mitchell, written com., 1982). These immature ratings do

not preclude the formation of biogenic gas methane) from

the Astoria and Oswald West formations.

No results on the two Big Creek sandstone samples (130B and

208) run for porosity and permeability were received. Analysis
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Fig. 48. Zones of petroleum generation and destruction (Dow, 1977).

Based on vitrinite reflectance values, the Green Moun-

tain-Young's River samples of Oswald West mudstone and

Astoria Formation plot above the dry gas window (shaded

box).
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involved taking a one inch plug (2.5 cm) from the sample. If the

sample breaks up while the plug is made, no data is generated

(Mitchell, written com., 1982). The samples sent for analysis

were friable and probably did not withstand the plug making pro-

cedure.

All the members of the Astoria Formation and the Oswald West

mudstone are breached by erosion and, therefore are not promising

subsurface reservoir targets. On the nearby inner continental

shelf, deeply buried Angora Peak sandstone member (equivalent to

Big Creek sandstone member of this study) and the overlying Silver

Point mudstone member of the Astoria Formation have been rated as

prime reservoir and cap rocks for future hydrocarbon exploration

(Snavely et al., 1977; Cooper, 1981).

In the onshore subsurface, the middle to upper Eocene Cowlitz

Formation has been the target in recent hydrocarbon exploration.

Geologic mapping by Olbinski (1983), D. Nelson (in prep.), and

Mumford (in prep.) shows that the shallow-marine C & W arkosic

sandstone, which produces gas at Mist, probably pinches out to the

south and west of the Jewell area, but might be in the subsurface

to the north and east. Hence, the C & W sandstone has been the

target for recent wildcat drilling immediately southeast of Green

Mountain-Young's River area.

The Cowlitz Formation cropping out in the Nehalem River-

Jewell area has been interpreted as a predominantly shallow-marine

basaltic to arkosic sandstone with a basal basalt conglomerate

overlain by deeper marine mudstone-turbidite sandstone units (Van

Atta, 1971; Timmons, 1980; Olbinski, 1983; D. Nelson, in prep.).

The graded, channelized, sandy turbidites in the Jewell area are

considered shallow-marine delta slope or storm remobilized outer

shelf sands deposited below storm wave base (D. Nelson, in prep.).

The C & W sandstone at Mist might be neritic, hummocky-bedded,

storm deposits (Jackson, 1983).

Since significant quantities of feldspathic, micaceous sand

were transported to the outer shelf and upper slope by turbidity

or storm-induced currents (D. Nelson, in prep.), Cowlitz sand
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might have been transported northwestward down the continental

slope via submarine channels into the Green Mountain-Young's River

area. This postulated sandstone-rich facies has not been reported

for Cowlitz age (upper Narizian) strata penetrated in the Socal

Hoaglund well 10 kilometers northwest of the Green Mountain-Young's

River area. Only mudstone with thin, very fine-grained sand

laminae were penetrated (Tolson, 1976). However, thicker upper

Narizian deep-marine turbidite channelized equivalents of the

outer shelf to upper slope Cowlitz sandstones might exist in the

subsurface in the eastern part of the study area below the

Refugian mudstone which the DSC C.Z. 31-17 well bottomed in. The

faulted, Refugian Oswald West section, at least 1663 meters thick

in DSC C.Z. 31-17, would act both as impermeable cap rock and

source rock for biogenic gas. Post middle Miocene faulting could

have created structural traps (Plate II, A-A"). Breaching of

fault block reservoirs could also be a problem.

The scout ticket from the DSC C.Z. 31-17 well states that the

well bottomed in Eocene Tillamook basalt, the economic basement

in the region. Chemical analysis of the basalt in this study

indicates that the well actually bottomed in a middle Miocene

Grande Ronde Basalt intrusive (fig. 47). This emphasizes the

importance of doing detailed geochemical study of basalt units in-

truded in exploration wells.

The northwest-trending lineation paralleled by the Klaskanine

River is one of the more favorable locations for further gas ex-

ploration in the Green Mountain-Young's River area. Here, much of

the thick Refugian section has been eroded and upper Narizian,

deep marine Cowlitz sandstone equivalent strata could be expected

at relatively shallow depths. The abundance of Miocene intrusions

may have locally raised the geothermal gradient increasing hydro-

carbon maturation and act with baking of the mudstone as imperme-

able walls to reservoirs.

Further seismic study is needed. The abundance of discordant

dikes and sills cutting across the strata in the area will prob-

ably make a confusing seismic pattern, and many intrusions should
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be expected at depth, as drilling in the DSC C.Z. 31-17 well and

the Quintana Watzek well to the east has shown (fig. 47)

(Olbinski, 1983). The eastern part of the study area is not as

favorable for further exploration as the Jewell-Birkenfeld area to

the east where a thicker Cowlitz sandstone section (i.e., C & W

sand) and fewer intrusions are to be expected (Olbinski, 1983;

D. Nelson, in prep.). Drilling is presently active in the Jewell-

Birkenfeld area.
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APPENDIX I

Fossil Check List

Oswald West mudstone
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samples: M12 221A 235A 267

Pelecypod:
Nemocardium sp. aff. N. lorenzanum

x

x

94 98 125

-
-

126

(Arnold)

Thracia aff. T. trapezoides (Conrad)
Delectopectin sp.
Propeamusium sp. cf. P. clallamensis

samples:
Gastropod:

Aforia(?) sp. cf. A. clallamensis

101 115A

(Weaver)

naticid
Trace Fossils:

Helminchoida sp.

samples:
Diatoms:

Stephanopyxis grunowii (Grove & Strurt)

11 59 74 115A 220B 258

S. sp.

Cocinodiscus sp.

samples:
Foraminifera:

Cyclammina pacifica Beck x

x

-

x

x

x

x
x

-

-

-

-

-

x

x

x
x

x

x

x

x

x

x

-

x

x

-

-

x

x

x

x

x

x
-

-

-

x

-

-

-

-
-

-

x

-

-

-
-

-

-

-
-
-

-

-

C. samanica
C. sp.

Pseudonodosaria inflata Costa
Dorothia sp. A. of McDougall (1980)
Eggerella subconica Parr
E. elongates Blaisdell

,

Bathysiphon sp.
Uvigerina cocoaensis Cushman
Bulovina kleinpelli Beck
Haplophragmoides sp.
Anomalina californiensis Cushman &

Hobson
Nodosaria longiscata d'Orbigny
Quinqueloculina imperialis Hanna & Hanna
Stilostomella advena (Cushmana & Laiming)
Globorotalia insolita Jenkins
Globocassidulina globosa (Hantken)
Lenticulina cultratus (Montfort)
L. inornata (d'Orbigny)
Cibicides elmaesis Rau
C. memasleri

Martinottiella communis (d'Orbigny) - x
Gaudryina alazaensis Cushman - - - x
Gyroidina orbicularis planata Cushman x
Dentalina consobrina d'Orbigny - x - x
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2020 3010

samples: 265 267 285 310 -30 -20

Cyclammina pacifica Beck x - x x -

Pseudonodosaria inflata Costa - - x

Dorothia sp. A of McDougall (1980) x

Eggerella subconica Parr x - -

E. elongata Blaisdell x

Trochammina Aobigeriniformis (Parker
& Jones) - x

Uvigerina garzaensis Cushman & Siegfus x -

Bulovina kleinpelli Beck x

Haplophragmoides sp. x

H. obliquicameratus - x

Nodosaria longiscata d'Orbigny - x

N. sp. x

Plectofrondicularia packardi Cushman
& Scheneck x -

Quinqueloculina weaveri Rau - x

Lenticulina sp. - x

Cibicides sp. - x

Martinottiella communis (d'Orbigny) x x -

Gyroidina orbicularis planata Cushman x

Ammotium sp.
Alabamina sp. cf. A. kernensis Smith x

Fursenkoina bramlecti (Galloway & Morrey) x

Chilostomella oolina Schwager x -

Lagena sp. x

Globobuiimina pacifica Cushman x

Caucasina scheneki (Beck) x

Praeglobobulimina pupoides (d'Orbigny) - x

Aridorsalis umbonatus x

Dentalina consobrina d'Orbigny x

3340 4050 4- 73-

samples: -50 -60 7-74 8-74

Cyclammina samanica - x - -

Bathysiphon eocenica Cushman & Hanna x -

B. sp. x

Dentalina sp. x x

D. sp. A of Rau - - x

Gyroidina orbicularis planata Cushman .- x x

Cassidulina galvinensis Cushman & Frizzel x

Gaudryina alazanensis Cushman x

Bulimina cf. B. pupoides d'Orbigny - x x

Cornuspira sp. - x

Cibicides elmaensis Rau - x

Plectofrondicularia vaughani Cushman - x

Buccella mansfieldi oregonensis
(Cushman & Stewart) x

Cassidulina crassipunctata
Cushman & Hobson - x

Nonionincisism kernensis Kleinpell x

Anomalina californiensis Cushman & Hobson - x

Lenticulina sp. x

Dentalina cf. D. spinosa d'Orbigny - - x

Eponidesumbonatus sp. (Reuss) - x

Nodogenerina cf. N. advena Cushman
& Laimina - x

Plectofrondicularia cf. P. miocenica
Cushman x
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2020 3010 3340 4050 5010

samples: -30 -20 -50 -60 -20

Coccoliths:
Coccolithus formosus (Kamptner)
Isthmolithus recurvus (Deflandre)
Braardosphaera sp.
Cyclicargolithus floridanus (Roth & Hay) -

Dictyoccites scrippsae (Bukry & Percival) -

Chiasmolithus sp.
Rectinculofenestra scrippsae

Pittsburg Bluff Formation

x

x

samples: 13 317 M13

Pelecypod:
Delectopecten(?) sp. cf. D. peckhami (Gabb)
Nemocardium sp. aff. N. lorenzanum (Arnold)

Gastropod:
Turritella sp. cf. T. weatlandenis (Clark)
Knefastia washingtonensis (Weaver)

Trace Fossils:
Helminthoida(?)

Astoria Formation
Big Creek member Unit A samples: 66 67 128 130B

Pelecypod:
Patinopecten(?) sp.
Panope sp. cf. P. abrupta (Conrad)
Spisula (mactromeris)(?) sp. cf. S. (M.)

albaria (Conrad)
Saccella sp.
Cyclocardia sp. C. subtentra (Conrad)

Gastropod:
Hinis(?) sp. cf. H. lincolnensis

(Anderson)
Scaphopod:

Dentalium sp.

Big Creek member Unit B samples: 41A 42A 208 244A 249

Pelecypod:
Anadara sp. cf. A. devincta (Conrad)
Katherinella(?) sp.
K. angustifrons (Conrad)
Aequipectin sp.
Panope sp.
P. sp. cf. P. abrupta (Conrad)
Saccella sp. cf. S. calkinsi Moore

x
- x

x x

x x -

- x

x

x
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samples: 41A 42A 188

Gastropod:
Priscofusus(?) sp. cf. P. medialis

(Conrad)

naticid
Scaphopod:

Dentalium sp.
Trace Fossils:

Chondrites(?) sp.
Planolites sp.

Diatoms:
Melosira sp. cf. M. distans
M. canadensis

x

x

lower Silver Point member Unit 1 samples: 12 15 49 281D

Pelecypod:
Nuculana epacris Moore
Nemocardium(?) sp.

Trace Fossils:
Zoophycos sp.
Planolites sp.
Scalarituba sp.
grain lined tubes

lower Silver Point member Unit 2 sample: 166

Trace Fossils:
Planolites sp.

upper Silver Point member Unit 3 sample: 161

Trace Fossils:
Planolites sp.

upper Silver Point member Unit 4 samples: 18 24B 204

Foraminifera:
Cyclammina pacifica Beck x
C. sp. cf. C. japonica x

Dorothia sp. A. of McDougall (1980) x

Eggerella subconica Parr x x

E. elongata Blaisdell - x

Ammodiscus incertus (d'Orbigny) x -
A. coombsi - - x

samples: 18 248 204 2CP-34

Trochammina globigeriniformis
(Parker & Jones)

Bathysiphon eocenica (Cushman & Hanna)
B. sp.
Martinottiella communis (d'Orbigny)

Coccoliths:
Sphenolithus heteromorphus Deflandre
Calcidiscus macintyrei (Bukry &

Bramlette)

x

x

x
x

x

x



Oswald West mudstone
sample: age, environment
11: lat E, lo
59: prob. lat N, lo B
74: mid-lat N,B
94: UD
98: UD, N/B
101: prob..lat E, UD
115A: R, prob. B
125: UD

Pittsburg Bluff Formation
13: UD, N/B

Astoria Formation
Big Creek Member unit A
66: prob. M, iN
67: prob. M, iN

Big Creek Member unit B
41A: prob. M, iN
42A: prob. M, iN

Age & Environment Calls

126: UD, N/B
220B: lat WO, prob. lo B
221A: UD/B
235A: UD/B
258: lat E, lo B
265: lat E, lo B
267: lat E, lo B
285: prob. lac N, lo B

317: UD, B

128: New+, iN

188: H, UD
208: prob. M, iN

lower Silver Point Member unit 1
12: UD, N/B
15: prob. M, UD

lower Silver Point Member unit 2
166: UD

49: UD

upper Silver Point Member unit 3
161: UD

upper Silver Point Member unit 4
18: lat E/0, prob. lo B 204: prob. lac N, prob. lo

24B: lat E, lo B

UD

lat

mid

0
M
N

R

New+
prob.

- uadiagnostic
- late
- middle
- Eocene
- Oligocene
- Miocene
- Narizian
- Refugian
- Zemorrian
- Newportian or younger
- probable

B -

up B -
m B -

lo B -
N/B -
N -

iN -

oN -

195

310: lat E, lo B
2020-30: R, lo
3010-20: prob. R, lo B
4050-60: prob. R, lo B
4-7-74: R(2?), prob. up B
73-8-74: Z, prob. B
M12? "Blakeley" (0)

M13: "Pittsburg Bluff", ou N

130B: prob. M, iN

244A: prob. X, iN
249: prob. M, iN

281D: UD, N/B

2CP-23: coccolith zone CN4
(early mid. Mio)

Bathyal
upper Bathyal (200-600 m)
middle Bathyal (600-1500 m)
lower Bathyal (:1500 m)
outer Neritic to Bathyal
Neritic
inner Neritic (30-100 m)
outer Neritic (100-200 m)

M12 and M13 from Warren et al. (1945)
4-7-74 and 73-8-74 from Rau in Cooper (1981)



APPENDIX II

Microfossil Processing

Foraminifera:
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Non quantitative method used at U.S.G.S Paleontology and Stratig-
raphy Branch, Menlo Park, California.

I. SOLVENT - KEROSENE
5

1. Prepare clean processing area, label 1000 ml beakers,

2. Place about 75-100 grams of sample in beaker and oven
dry overnight (or longer) at 90°C

a. Clean up between samples to avoid contamination

3. Cover sample with solvent (kerosene)

a. Do in late afternoon and let stand overnight in
fume hood or/

b. Must stand at least 4-5 hours

4. Decant solvent carefully, cover with hot water (1/3-1/2
full) and add 1/2 tablespoon Na2CO3 (soda ash: defloccu-
lant, i.e. calgon or other water softener)

5. Heat to near boiling on oscillating hot plate for at
least 3 hours. Do not boil violently.

a. Take care to avoid contamination between samples.

6. Wash material through 63p or 75p sieve (4 or 4.25 phi) -
being careful to avoid splashing or washing floating
material over the edge of the sieve.

a. Add small amount of detergent to help wash off
kerosene

5
Solvent (process works best on clay rich sediments).
Principle of process: sediment completely dry (most pore
spaces free of water); kerosene allowed to penetrate pore
spaces; kerosene removed and water added: action of water
replacing kerosene forces rock to split apart. It is very
important that the sample be completely dry before each cycle.
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b. If muddy sample - wash small amount at a time and/
or gently tap side of sieve to avoid clogging.

7. Oven dry residue overnight (may need to dry longer).
Sample must be completely dry.

a. If sample does not break down, repeat steps 3
through 6. Do not repeat more than two times; then
proceed to process II. You may want to crush
sample a little.

b. If sample breaks down, repeat steps 3 through 6
unitl sample is thoroughly dissagregated and clean
(1 or 2 more cycles)

II. QUATERNARY 0 - OR INDUSTRIAL STRENGTH DETERGENT

1. Oven dry 75-100 grams of sample overnight

2. Cover sample with Quaternary 0 mixture

a. Use dilute mixture - follow dilution recipe

b. Use no more than 1 cup of Quaternary 0 - add water
to cover sample (beaker 1/3-1/2 full) - Use Quater-
nary 0 sparingly

3. Heat to just boiling on oscillating hot plate for at
least 2 hours

a. May need to add water

4. Follow step 6 for procedure I, but do not add detergent

5. Oven dry residue overnight

a. If sample isn't completely broken down repeat steps
1 through 4 once more

b. If sample still doesn't break down at all, consider
process III and/or IV

III. CRUSHING

1. Crush sample in mortar with pestle

2. Repeat process II
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IV. PEROXIDE H
2
0
2

(ONLY GOOD FOR ORGANIC RICH SEDIMENTS).

1. Oven dry sample overnight

2. Cover sample with water and heat on oscillating hot
plate.

a. Add a small amount of 10% peroxide and watch for
bubbling reaction. If no reaction, add a little
more (no more than 1/4 cup maximum). Watch sample
- reaction may become violent. Remove from heat

if too reactive. Wash down foam from reaction with
water or ethanol from a squirt bottle.

b. If no reaction, try using a small amount of 30%
peroxide. If still no reaction, then forget sample.
Use peroxide sparingly.

3. Oven dry sample and bottle.

V. Pick forams from recovered material using a 00 or 000 paint
brush to attach forams to numbered slide tray with gum trag-
lacanth. Be sure to look at an age diagnostic collection be-
fore picking (e..g., McDougall, 1980). Learn what the major
arenaceous forams (Cyclammina pacifica and Bathysiphon sp.)
look like; they are nondiagnostic. If a sample contains only
the fore mentioned, don't bother sending it to a micropaleon-
tologist.

Diatom and Coccolith Smear Slides:

A method described by John Barron, Paleontology & Stratigraphy
Branch, USGS, Menlo Park, California.

Preparation time is approximately five minutes per slide.

The mounting medium is Piccolyte, manufactured by Wards.

1. Grind up a piece, small fingernail size, of sample with
a mortar and pestle, use water to facilitate grinding.

2. Using a pipette or eye dropper, stir up the water/sample
mixture, and allow the large particles to settle (-15
seconds).
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3. Take up some of the suspended sediment with an eye drop-
per, and paint a prepared6 glass cover slip with it.

Allow the cover slip to dry on a hot plate. If a coat-

ing is too thin, the slide should be repainted.

4. Add a small dab, about the size of a dried split pea, of
piccolyte mounting medium on a glass slide, and place
the coated cover slide on top. Place this on a hot

plate (-400°F). The medium will bubble violently. The

volatiles will escape via the edge of the slide. When

1/2 the bubbles are large (:7mm), place the slide on a
cool surface, and position the cover slide with a tooth-
pick, fingernail, etc.

This procedure will produce a thin slide of concentrated

diatom-size detritus. Use at least a 400x objective on a petro-

graphic microscope.

The most diagnostic diatoms are quite small. Larger, broken

diatoms are generally not age diagnostic.

6 A prepared cover slip refers to removing the thin coat of oil
most cover slips come with. This oil coating tends to cause
the water solution to bead up. Lick the cover slip to remove
the oil.



APPENDIX III

PITTSBURG
BLUFF FM.

OSWALD
WEST MOST.

Thin section mineralogy of selected samples

ASTORIA FORMATION

Klaskanine
tongue

Samples 12 115A 126

Big Creek member lower Silver Point member upper Silver
Pt mbr
unit 3
256

unit A
233 188A

unit B
207 247 251B

unit
72

1

160A 7A 49

unit 2
145A 174A 18911

PRIMARY CONSTITUENTS

Quartz 18 6 4 30 10 23 35 37 36 39 18 20 21 26 29 8

Plagioclase 3 - tr 11 5 5 4 6 6 10 tr 2 12 7 2 6

Alkali Feldspar 5 - 8 3 7 8 7 4 15 7 3 5 8 5 3

Mica 6 4 4 3 12 15 6 1 9 2 4 11 22 -

VRF
basalt tr - 4 4 1 1 6 15 1 2 11 2 1 20

andesite
ash

- ,

-

-

25 -

-

1 15 -

-

-

5 -

- tr

-

SRF
chert 1 - - 3 1 1 1 3 3 tr 1 - 1

silt/mudstone - 12 - 4 9 12 - 4 2 - -

sandstone - - - - 2 -

MRF
quartzite 1 - 4 tr 1 1 3 3 6 1 2 4 2 1

gneiss - tr tr 2 - tr -

schist - - 3 - 2 4 15 3 - 1 - 2 -

PRI,

granite - - - - - 1 tr - - tr tr

Matrix - 35 - - - -

Opaques - - - tr tr - 1 -

Clinopyroxene - tr - - - - tr

Diatoms - - - - - - - - - - _ tr

Coccoliths - - - - tr - - - - - - tr

Macrofossil - - 3 - - - tr

Glauconite - - 60 - - - - - - - 1

Carbonaceous Plant Material - - 2 6 5 2 - - 24 3 7 1 7 10

Porosity 2 - - 8 4 1 1 2 - 3 - 4 8

DIACNENE1IC CONSTITUENTS

Clay 45 65 - 12 - 37 16 1 16 25 40 64 31 27 2 8

Calcite cement - - 50 - - - 5)

Silica cement tr - - - - -

Limonite 20 tr - - tr - -

Pyrite - - - - - it-



APPENDIX IV

HEAVY MINERALOGY OF SELECTED SAMPLES FROM THE ASTORIA FORMATION

Samples

Big Creek member lower Silver Point member

unit A unit B unit unit 2

53 133 57 232 16A 2128 281 2CP-33 193A 218A

NON-OPAQUE
MINERALS
Hornblende

Green - 25 - 3 2 - 3

Brown 2 24 - - - - - -

Blue -green 9 - - - - -

Basaltic 1 3 5 6 - - 1 7 11

Tourmaline 16 21 16 25 - 12 9 23 39

Staurolite 2 2 - 8 10 - 3 5 3

Zircon 25 12 9 10 33 12 9 26 21 21

Clinozoisite - 3 47 7 11 26 37 24 9 18

Augite 1 - - -
.1

2

11-Augite - - - 5 4 -

Clinopyroxene 3 3 2 8 11 5 2 2 -

Garnet 27 6 5 6 19 36 13 12 19 1

Hypersthene 5 11 8 . 3 - 8 10 2 5 2

Apatite 18 1 - 18 - - 11 7 -

Enstatite - - - - - 2 2 - -

Epidote 1 3 15 - - 9 - 3 6

Unknown - - - - - - 1 -

Total X w/o opaques 100 100 100 100 100 100 100 100 100 100

OPAQUE
MINERALS
Magnetite 30 29 37 78 78 79 28 75 57 8

Leucoxene 25 39 tr 5 6 18 1 7 70

Total 2 opaques 55 29 76 78 83 85 46 76 64 78



Sample
Number

33

111

328

CZ-3

CZ-4

47

65

182B

262B

298

327

09A

89B

95A

189C

223A

S102

52.25

52.16

53.55

53.09

52.77

52.02

52.43

52.58

52.51

53.03

52.13

53.80

53.91

53.56

54.59

52.48

A1203

13.73

13.13

14.03

13.46

13.42

13.87

13.43

13.51

12.71

13.34

12.76

13.89

14.97

13.95

13.87

14.36

1102

2.72

2.75

2.55

2.59

2.57

2.86

2.88

2.70

2.86

2.78

2.89

1.86

1.80

1.77

1.83

1.96

Fe203

6.65

6.84

6.18

6.40

6.34

6.87

6.94

6.77

6.88

6.77

6.89

5.81

5.54

5.99

5.84

5.97

FeO

7.61

7.83

7.08

7.33

7.27

7.87

7.95

7.75

7.88

7.76

7.89

6.65

6.35

6.86

6.69

6.83

Mn0

0.21

0.23

0.20

0.21

0.21

0.22

0.22

0.22

0.23

0.22

0.23

0.20

0.19

0.20

0.20

0.37

APPENDIX V

Geochemlcal Analyses
]

Ca0 MgO K20

8.06 3.94 1.27

7.84 3.82 1.75

7.73 2.60 1.75

7.86 3.94 1.31

8.06 4.04 1.30

7.66 3.66 1.34

7.87 3.53 0.89

7.85 3.50 1.01

7.83 3.41 1.77

7.83 3.31 0.68

8.02 3.56 1.42

8.24 4.10 1.81

8.23 4.98 0.79

9.04 3.82 1.20

8.47 4.10 0.80

8.93 4.28 1.71

Na20

3.00

3.06

3.73

3.25

3.46

2.93

3.13

3.42

3.23

3.56

3.49

3.32

2.97

3.31

3.28

2.78

P205

0.57

0.57

0.61

0.56

0.54

0.69

0.72

0.68

0.68

0.69

0.70

0.32

0.26

0.30

0.32

0.34

Total
X

100.01

99.98

100.01

100.00

99.98

99.99

99.99

99.99

99.99

99.97

99.98

100.00

99.99

100.00

99.99

100.01

Chem.
Type

low8
P
2
0
5

Rem.

Nag.

N2

CRB
unit

Ar
to

(.6

Enhigh
9

P
2
0
5

high
MgO

7 International standard values
8 Low P20 chemical type is equivalent to Kelly Hollow(?) subtype of Bentley (1977) and Type II subtype of

Beeson (1982, pers. comm.) See Table 5 for values.
9 High P205 chemical type is equivalent to the Ginkgo subtype of Bentley (1977) and Type I subtype of Beeson (1982,

pers. comm.).



Sample
Number

29A

103

109B

123

130A

277

CZ-1

CZ-2

252

160A

182A

CZ-5

181

S102

56.73

56.78

57.16

56.36

56.53

56.95

57.22

56.34

56.75

56.73

56.40

54.70

55.98

Al2 0
3

14.04

13.64

13.99

14.12

13.81

13.46

13.84

13.97

13.74

13.42

13.72

12.49

13.37

T10
2

1.99

1.90

1.93

1.93

1.85

1.94

1.91

1.92

1.94

2.28

2.25

2.35

2.20

Fe
2
0
3

6.02

5.66

5.45

5.68

5.67

5.77

5.35

5.53

5.73

5.72

5.94

6.30

5.94

FeO

6.90

6.49

6.35

6.51

6.49

6.61

6.12

6.34

6.56

6.55

6.80

7.21

6.81

Mu0

0.10

0.19

0.18

0.18

0.81

0.18

0.19

0.18

0.17

0.17

0.18

0.20

0.18

Ca0

6.40

6.97

6.81

6.69

6.76

6.96

6.62

6.73

6.80

6.71

6.87

7.15

6.72

hg0

3.06

3.18

3.10

2.98

3.13

3.04

3.20

3.31

2.96

3.13

3.00

3.13

3.09

K
2
0

1.24

1.71

1.58

1.72

1.88

1.33

1.73

1.73

1.32

1.97

1.19

2.65

1.98

Na20

3.05

3.13

3.20

3.49

3.36

3.39

3.60

3.60

3.66

3.45

3.27

3.46

3.36

1'2 0
5

0.37

0.35

0.36

0.35

0.33

0.37

0.33

0.34

0.36

0.39

0.38

0.37

0.16

Total
ro

99.99

100.00

100.01

100.01

99.99

100.00

100.00

99.99

99.99

100.02

100.00

100.01

99.99

Chem.
Type

low

Mg0
low
TiO

2

Rem.
Mag

N2

CRR
unit

0

112
low
MgO
high
T10

2



APPENDIX VI

Columbia River Basalt Group and Coastal Basalt Geochemical Analyses Compared with
the middle Miocene Basalts of the Green Mountain-Young's River area

Rock no.
SR59-35
SR61-96C
WCF59-1
SR61-96B
SR64-91A
SR64-81
SR63-127
SR61-20
MR68-33
KR69-144
MR68-31
SR62-64
STIL62-1A
SR61-22
SR61-21
SR61-26
SR61-32
SR61-27A
SR62-51
SR62-54
WGR63-71
WoGR64-343

WGR63-199
WoR64-13

McKFC65-238
WoR64-9

Rock no.
MR69-230

PART A

Depoe Bay Basalt from western Oregon and Washington
(petrologic subunits not used by Snavely et al. (1973);

see Snavely et al. for major oxide values)

low Mg0 low TiO2
(p. 399-402 of Snavely et al., 1973)

Location
Pillow, SW 1/4 se

Block in breccia,
Flow, SW 1/4 sec.
Pillow, SW 1/4 sec
Sill, SW 1/4 sec.
Dike, NW 1/4 sec.
Sill, SW 1/4 sec.
Flow, NW 1/4 sec.
Pillow, NE 1/4 sec
Flow, NE 1/4 sec.
Flow, NE 1/4 sec.
Flow, NW 1/4 sec.
Flow, SF 1/4 sec.
Dike, SE 1/4 sec.
Pillow, SE 1/4 sec
Dike, NW 1/4 sec.
Dike, SE 1/4 sec.
Pillow, SW 1/4 sec
Dike, NE 1/4 sec.
Pillow, SE 1/4 sec
Dike, SW 1/4 sec.
Intrusive, SE 1/4

Sill, NE 1/4 sec.
Intrusive, SE 1/4

Sill, SE 1/4 sec.
Sill, NW 1/4 sec:

204

c. 5, T9S, R11W, Cape Foulweather quad., OR
SW 1/4 sec. 5, T9S, R11W, Cape Foulweather quad., OR
8, T9S, R11W, Cape Foulweather quad., OR
. 5, T9S, R11W, Cape Foulweather quad., OR
1, T8S, R11W, Euchre Mtn. quad., OR
18, T5S, R10W, Hebo quad., OR
18, T5S, R9W, Hebo quad., OR
6, T3S, R1OW, Tillamook quad., OR
. 1, T3S, R11W, Tillamook quad., OR
24, T1S, R11W, Tillamook quad., OR
36, T2S, R11W, Tillamook quad., OR
19, T1S, R10W, Tillamook quad., OR
1, T3S, R11W, Tillamook quad., OR
6, T3S, R1OW, Tillamook quad., OR
. 6, T3S, R1OW, Tillamook quad., OR
5, T3N, R10W, Cannon Beach quad., OR
17, T5N, R1OW, Cannon Beach quad., OR
. 9, T3N, R1OW, Cannon Beach quad., OR
31, T4N, R1OW, Cannon Beach quad., OR
. 20, T4N, R1OW, Cannon Beach quad., OR
3, T1ON, R7W, Grays River quad., WA (Wolfe & McKee, 1972)
sec. 22, T1ON, R8W, Grays River quad., WA (Wolfe &

McKee, 1972)

31, T11N, R7W, Grays River quad., WA (Wolfe & McKee, 1972)
sec. 10, T9N, R9W, Knappton 71/2' quad., WA (Wolfe &

McKee, 1972)

10, T1ON, R10W, Chinook 71/2' quad., WA (Wolfe & McKee, 1972)
3, T1ON, R9W, Oman Ranch quad., WA (Wolfe & McKee, 1972)

low Mg0 high TiO
(p. 400-402 of Snavely et al., 1973)

Location
Dike, SW 1/4 sec. 29, T7N, R6W, Cathlamet quad., OR
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high MgO
(p. 399-402 Snavely et al., 1973)

Rock no. Location
WCF58-4 Dike, NW 1/4 sec. 9, T9S, R11W, Cape Foulweather quad., OR

SR62-39 Flow, Gull Island, Yaquina quad., OR

SE56-RI5 Sill, NW 1/4 sec. 14, T8S, R11W, Euchre Mountain quad., OR

MR69-148 Pillow, NE 1/4 sec. 24, T1S, R11W, Tillamook quad., OR

MR69-147 Feeder tube, NE 1/4 sec. 24, T1S, R11W, Tillamook quad., OR

MR69-145 Flow, NE 1/4 sec. 24, T1S, R11W, Tillamook quad., OR

MTIL68-39 Sill, SW 1/4 sec. 31, T6N, RIOW, Cannon Beach quad., OR

SR61-30 Dike, SW 1/4 sec. 17, T5N, R1OW, Cannon Beach quad., OR

SR61-23 Dike, NW 1/4 sec. 5, T3N, R1OW, Cannon Beach quad., OR

SR64-171 Pillow, SW 1/4 sec. 28, T6N, R8W, Saddle Mountain quad., OR

SR59-6 Sill, NE 1/4 sec. 17, T8N, R9W, Astoria quad., OR

GM61-27 Flow, SE 1/4 sec. 20, T16N, R8W, Grays Harbor County, WA (Wolfe 5.
McKee, 1972)

SR63-79 Block in breccia, NE 1/4 sec. 2, T17N, R1OW, Hoquiam 7;1' quad., WA
(Wolfe 6 McKee, 1972)



Part B

Columbia River Plateau-derived Grande Ronde Basalt from western Oregon and Washington

Rock no. Si02 A1203

(Beeson,

(low Mg-N
2
of Beeson,

T102 Fe203

written comm.,

Low Mg Low TIO,

1982)

1982)

Ca0 Mg0 K20 Na20 P205

written comm.,

Fe0 Mn0

MBSA1A 57.41 15.55 2.01 2.00 7.75 0.17 7.23 3.59 1.17 2.82 0.30

MBSA2 56.14 14.97 2.12 2.00 9.90 0.21 6.84 3.16 1.63 2.70 0.34

MBSA3 56.10 15.05 2.19 2.00 8.75 0.22 7.16 3.44 1.84 2.91 0.33

MBSA8 56.49 14.89 2.15 2.00 9.57 0.20 6.89 3.24 1.28 2.94 0.34

MBSA7 56.42 14.75 2.10 2.00 9.38 0.22 6.85 3.20 1.81 2.95 0.34

MBSA19 55.88 14.87 2.10 2.00 10.07 0.21 6.78 3.39 1.53 2.79 0.37

MBWS1 55.68 15.18 2.15 2.00 9.37 0.19 7.00 3.29 1.64 3.18 0.32

MBWS4 55.96 15.03 2.13 2.00 9.53 0.20 6.92 3.41 1.63 2.85 0.32

MWBS8 55.49 14.71 2.07 2.00 10.46 0.21 6.78 3.20 1.80 2.95 0.32

MBMA1 57.65 15.61 2.16 2.00 8.21 0.17 6.63 3.03 1.19 3.01 0.35

MBSF6 54.84 14.66 1.75 2.00 10.93 0.21 7.15 3.40 1.81 2.93 0.33

MBMRBA 56.61 14.97 2.10 2.00 9.71 0.24 6.91 3.36 0.66 3.09 0.36

MBSM3 56.40 14.76 2.09 2.00 9.51 0.22 6.84 3.18 1.81 2.86 0.34

MBPC7B 56.18 14.81 2.10 2.00 9.99 0.20 6.75 3.19 1.81 2.61 0.35

MBPC7 55.87 14.96 2.11 2.00 9.94 0.18 6.68 3.30 1.83 2.76 0.36

TT80001 55.61 15.20 1.92 2.00 9.62 0.19 6.96 3.51 1.81 2.87 0.32

1190004 55.86 14.86 1.90 2.00 9.65 0.19 6.88 3.67 1.67 3.03 0.29

TT80067 55.14 14.86 2.16 2.00 10.72 0.20 7.00 3.59 1.05 2.93 0.34

MBC059A 55.07 15.17 2.09 2.00 10.49 0.21 7.22 3.90 1.67 1.86 0.33

MBC05911 55.15 14.91 2.07 2.00 10.24 0.20 7.21 3.92 1.71 2.24 0.34

MBQ12 55.85 14.97 2.07 2.00 10.12 0.21 6.73' 3.33 1.93 2.42 0.37

MBC15 55.31 14.85 2.09 2.00 10.68 0.19 6.74 3.35 1.64 2.79 0.34

MBB1 53.85 14.79 2.05 2.00 10.54 0.21 7.03 3.44 2.93 2.83 0.33

MBB4A 55.52 15.01 1.93 2.00 9.81 0.20 6.90 3.70 1.82 2.80 0.31

MBBS 55.40 14.81 2.08 2.00 10.34 0.20 6.70 3.63 1.86 2.63 0.35

MBP114 57.01 15.43 2.03 2.00 5.10 0.18 6.86 ' 3.46 1.81 1.84 0.30

M811119 56.35 15.22 2.07 2.00 9.08 0.20 7.14 3.58 1.46 2.57 0.32

MBP1121 55.05 15.01 2.02 2.00 10.43 0.20 7.41 3.79 1.29 2.51 0.30

MBP829 57.48 16.19 2.20 2.00 7.00 0.16 7.72 3.40 1.47 2.07 0.31

MBP1130 55.76 15.43 2.10 2.00 9.37 0.20 7.71 3.62 1.37 2.15 0.30



low Mg0 high TiO2
(low Mg0 R2 of Beeson, written comm., 1982)

Rock No. Si02 A1203 TiO2 Fe203 Fe0 Mn0 Ca0 Mg0 K20 Na20 p205

TT80005 55.16 14.78 2.36 2.00 10.37 0.19 6.78 3.20 1.97 2.82 0.37

TT80006 55.33 14.83 2.35 2.00 10.14 0.20 6.75 3.25 2.07 2.73 0.36

TT80007 54.99 14.65 2.33 2.00 10.58 0.20 6.60 3.16 2.03 3.11 0.37

TT80008 54.50 15.02 2.37 2.00 10.41 0.20 7.02 3.47 1.95 2.75 0.33

TT80009 55.82 14.89 2.26 2.00 9.88 0.20 6.67 3.20 1.97 2.73 0.37

high M80
(from Beeson, written comm., 1982)

Rock No. S102 A1203 T102 Fe203 Fe0 Mn0 Ca0 Mg0 K20 Na20 P205

MBRC12 54.23 15.50 1.93 2.00 10.01 0.21 8.50 4.55 0.92 1.85 0.29

MBBP10 53.83 15.72 1.98 2.00 10.04 0.21 8.40 4.64 1.12 1.77 0.30

MBE13 54.03 15.16 1.79 2.00 9.81 0.19 8.54 5.34 0.98 1.90 0.26

MBBP2 53.53 15.30 1.88 2.00 9.98 0.21 9.02 4.24 1.24 2.32 0.28

TT80010 53.55 15.05 1.71 2.00 9.29 0.19 8.43 4.74 2.05 2.73 0.24

TT80011 54.66 15.27 1.76 2.00 9.36 0.21 8.30 4.20 1.16 2.82 0.26

TT80051 53.69 15.28 1.76 2.00 9.25 0.19 8.64 5.23 0.92 2.79 0.26

TT80069 53.95 15.05 1.86 2.00 9.86 0.20 7.96 4.44 1.63 2.78 0.28

MBLTC1 54.77 15.34 1.76 2.00 9.37 0.20 8.33 4.84 1.20 1.92 0.27

MBCG2 54.16 15.52 1.88 2.00 8.17 0.22 8.65 5.00 1.37 2.74 0.29

MBCG11 54.06 15.37 1.70 2.00 9.41 0.22 8.16 5.02 1.28 2.50 0.30

MBCG12 53.46 15.20 1.88 2.00 9.91 0.22 8.47 4.89 1.27 2.42 0.29

MBCG13 53.40 15.1L 1.89 2.00 10.19 0.21 8.30 4.87 1.21 2.53 0.29

MBCG17 53.92 15.20 1.93 2.00 9.67 0.12 8.30 4.67 1.28 2.62 0.29

MBCG65 53.43 15.19 1.94 2.00 10.03 0.23 8.85 4.93 1.14 1.97 0.29

MBCC66 53.68 15.03 1.93 2.00 10.12 0.22 8.62 4.97 1.21 1.91 0.30

MBCG67 54.35 15.32 1.80 2.00 9.75 0.20 8.41 4.81 1.18 1.90 0.28
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Part C

Cape Foulweather Basalt from western Oregon and Washington (from Snavely et al., 1973,

p. 409, 411; subunit nomenclature not used by Snavely et al.)

"Ginkgo" - high P,Os
(Type I of Beeson, pers. comm., 1982)

Rock no. Location

SCF63-I3 Dike, SW 1/4 sec. 8, T9S, R11W, Cape Foulweather quad., OR

SCF63-3 Block from breccia, SW 1/4 sec. 18, T9S, R11W, Cape Foulweather quad., OR

SR64-23 Flow, SW 1/4 sec. 32, T9S, R11W, Cape Foulweather quad., OR

WCF59-2 Block in breccia, SW 1/4 sec. 5, T9S, R11W, Cape Foulweather quad., OR

SCF62-8(6) Flow, NW 1/4 sec. 29, T9S, R11W, Cape Foulweather quad., OR

SR61-121 Flow, NW 1/4 sec. 29, T9S, R11W, Cape Foulweather quad., OR

SR59-51 Neck, SE sec. 29, T9S, R11W, Cape Foulweather quad., OR

SR61-123 Flow, NE 1/4 sec. 19, T9S, R11W, Cape Foulweather quad., OR

SR62-17 Dike, SW 1/4 sec. 29, T9S, R11W, Cape Foulweather quad., OR

SR63-219 Flow, NE 1/4 sec. 20, T1OS, R11W, Yaquina quad., OR

YC-129 Flow, Offshore from mouth of Yaquina River, Yaquina quadrangle, Oregon

(Snavely et al., 1964, Table 1, col. 3)

SR59-32 Dike, NE 1/4 sec. 30, T1OS, R11W, Yaquina quad., OR

SR59-33 Neck, NE 1/4 sec. 20, T1OS, R11W, Yaquina quad., OR

SW56-R7 Sill, SE 1/4 sec. 25, T12N, R11W, Waldport quad., OR

SR64-98 Dike, NW 1/4 sec. 27, T1N, RlOW, Nehalem quad., OR

MT168-37 Dike, NW 1/4 sec. 18, T5N, R1OW, Cannon Beach quad., OR

SR66-12B Sill, SW 1/4 sec. 22, T7N, R9W, Olney quad., OR

SR66-12A Sill, SW 1/4 sec. 22, T7N, R9W, Olney quad., OR

WGR63-9 Dike, SE 1/4 sec. 14, T1ON, R7W, Grays River quad., Washington (Wolfe and

McKee, 1972)

WoGR64-527 Intrusive, SE 1/4 sec. 32, T1ON, R7W, Grays River quad., Washington (Wolfe

and McKee, 1972)

WoR64-17 Intrusive, SW 1/4 sec. 7, T1ON, R6W, Skamakawa quad., Washington (Wolfe

and McKee, 1972)



Part D

Columbia River Plateau-derived Frenchman Springs Member basalt (from Beeson, written

comm., 1982)

Rock No. S102 Al2 0
3

T102 Fe203 Fe0 Mn0 Ca0 Mg0 K20 Na20 P2°5

MBBR3 51.98 14.75 3.04 2.00 12.55 0.24 8.12 3.98 1.05 1.72 0.57

MBBR4 51.48 15.29 3.00 2.00 11.93 0.24 8.40 4.15 1.11 1.80 0.60

MBEll 51.52 14.24 3.05 2.00 12.64 0.23 8.03 4.26 1.18 2.29 0.57

MBE12 51.60 14.41 3.05 2.00 12.53 0.23 7.86 4.23 1.30 2.20 0.59

MBWLPI 51.47 14.60 3.00 2.00 11.83 0.21 8.03 4.24 1.37 2.69 0.56

MBWLP2 -52.08 14.77 3.08 2.00 11.54 0.20 8.26 3.66 1.26 2.57 0.57

MBAC14 51.88 14.44 2.97 2.00 12.69 0.24 7.95 4.04 1.25 1.95 0.60

MBCM2 51.32 14.47 2.99 2.00 12.64 0.24 7.76 4.08 1.25 2.66 0.60

MBCM4 51.35 14.41 2.99 2.00 12.79 0.20 7.59 4.29 1.26 2.48 0.62

118001 51.64 14.72 2.98 2.00 12.51 0.24 8.08 4.17 1.05 2.01 0.60

MBE113 50.92 14.23 3.00 2.00 12.97 0.31 7.86 4.04 1.44 2.65 0.59

MBSBT1 52.10 14.82 2.90 2.00 12.09 0.23 8.19 4.14 0.92 2.03 0.58

MBCR3 51.95 14.69 3.04 2.00 12.60 0.21 8.13 4.17 0.95 1.69 0.56

MBMOL1A 52.04 14.46 2.99 2.00 12.75 0.23 7.93 4.21 1.03 1.77 0.58

MBMR24 51.23 14.23 3.16 2.00 13.24 0.24 8.12 4.27 1.17 1.75 0.59

MBMR9A 50.20 14.75 3.17 2.00 12.60 0.23 8.93 4.21 0.85 2.48 0.58

MBST4 51.57 14.44 3.14 2.00 11.89 0.22 8.21 4.00 1.48 2.49 0.58

MBST8 51.86 14.48 3.09 2.00 12.12 0.22 7.95 3.79 1.45 2.45 0.59

MBS016 52.20 14.13 2.99 2.00 12.28 0.23 7.99 4.16 1.30 1.56 0.58

MBFC1 51.60 14.98 3.02 2.00 12.57 0.23 8.01 4.24 1.22 1.56 0.59

MBFC2 51.03 14.79 3.15 2.00 12.83 0.22 8.47 4.09 0.99 1.83 0.60

MBFC3 51.10 15.24 3.10 2.00 12.25 0.21 8.46 4.44 0.81 1.83 0.56

MBOMF2550 51.24 14.63 3.16 2.00 12.86 0.24 8.03 4.06 0.92 2.23 0.63

MBOMF23 51.18 14.75 3.23 2.00 13.21 0.27 8.22 4.20 0.77 1.52 0.64

MBMR22 51.97 14.38 3.08 2.00 12.88 0.23 7.79 4.10 1.16 1.82 0.58



Rock No. S102 A1203

(Type

TiO2

"Kelly Hollow"(?) low P204
1982)

CaO Mg0 K20 Nap P205

11 of Beeson, written Comm.,

Fe203 Fe0 MnO

MRSA7 51.05 14.13 3.02 2.00 13.02 0.22 7.85 4.33 1.11 2.76 0.51

MBSA23 51.67 14.25 3.07 2.00 12.70 0.21 7.70 4.12 1.25 2.51 0.51

MBBRS 52.16 14.76 2.88 2.00 12.47 0.22 8.04 4.25 1.08 1.68 0.46

MBBR6 51.72 15.19 2.94 2.00 11.87 0.21 8.51 4.54 1.06 1.51 0.46

MBBR7 51.90 15.34 2.90 2.00 11.88 0.22 8.52 4.02 0.97 1.76 0.50

MBE6 51.92 14.76 2.98 2.00 11.86 0.20 8.50 4.50 0.88 1.91 0.48

MBE7A 51.62 14.44 2.92 2.00 12.37 0.24 8.30 4.64 0.98 2.03 0.46

MBE9 51.68 14.61 2.87 2.00 12.04 0.23 8.32 4.68 1.20 1.90 0.48

MBPHIA 52.15 14.66 2.96 2.00 11.13 0.21 8.28 4.50 1.28 2.24 0.49

MBPH1B 51.98 14.85 2.98 2.00 11.31 0.22 8.32 4.46 1.38 2.01 0.48

MB1.01 52.09 14.65 2.86 2.00 12.32 0.20 7.97 4.35 1.17 1.92 0.48

MBLO3 51.96 14.60 2.89 2.00 12.05 0.26 8.10 4.28 1.37 1.99 0.50

MBPH31 52.74 15.19 3.02 2.00 10.46 0.32 8.66 3.72 1.35 2.05 0.50

MBCR1 51.71 14.36 2.87 2.00 12.63 0.22 8.22 4.68 1.22 1.63 0.46

MBCR2 51.61 15.15 2.88 2.00 11.70 0.22 8.37 4.69 1.20 1.70 0.48

!MAC11 52.88 14.42 3.04 2.00 11.68 0.25 7.92 4.01 1.30 2.01 0.50

MBAC12 51.95 14.88 2.95 2.00 11.69 0.22 8.41 4.47 0.98 1.97 0.49

MBAC13 51.36 14.63 2.96 2.00 12.10 0.25 8.54 4.69 1.04 1.94 0.49

MBBW3 53.14 15.29 2.93 2.00 10.01 0.19 8.83 3.91 1.09 2.13 0.49

MBBW4 53.05 14.80 2.92 2.00 11.07 0.18 8.31 3.88 1.19 2.09 0.50

MBBW5 52.98 15.06 2.91 2.00 10.57 0.19 8.64 4.06 1.02 2.08 0.49



APPENDIX VII

Source Rock Geochemistry for the Green' Mountain-Young's River area

Sample V.R.

No. % TOC % RO

Oswald West mudstone

31 0.1

74 1.0 0.54

80 1.0 0.45

Pittsburg Bluff Formation

303 0.7

Astoria Formation

Big Greek member

Visual
Kerogen

Type

Mixed
Mixed

Kerogen
Type
Oil/Gas

Generation
Capability
Based on TOC

Stage of
Diagenesis
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Gas

Gas
Gas

Gas

Nonsource
Fair-Good
Fair-Good

Fair

Pre-generation
Pre - generation

Pre - generation

Pre-generation

130E 0.2 Gas Nonsource Pre-generation

208 0.7 Gas Fair Pre-generation

251B 0.1 Gas Nonsource Pre-generation

Silver Point member

153A 0.7 - - Gas Fair Pre-generation

164 1.0 0.51 Mixed Gas Fair-Good Pre-generation

188 0.6 - - Gas Poor-Fair Pre-generation

192 2.9 0.53 Structured Gas Very good Pre-generation

197 5.5 0.50 Structured Gas Very good Pre-generation

311 1.7 0.52 Structured Gas Very good Pre-generation

319 3.4 0.51 Structured Gas Very good Pre-generation

Petroleum Generating Capability

Total
Rating Organic Carbon Wt. %

Nonsource <0.4

Poor 0.4-0.6
Fair 0.6-1.0
Good 1.0-1.5

Very good >1.5

Kerogen Type

Petroleum Type

Gas
Gas & condensate
Oil

Visual Kerogen
Type

Structured
Mixed
Amorphous
(sometimes mixed)

Data and rating from AMOCO Production Company, Petroservices Group, Tulsa,
Oklahoma.
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APPENDIX VIII

Selected Localities - Text and Plate I

Number -

sample type Location Outcrop Map unit

07 NW 1/4 sec. 26, T7N, R9W Rd cut Tspli

09 G W 1/2 sec. 22, T6N, R8W Rd cut Tgrs4

11 F NW 1/4 sec. 12, T6N, R8W Rd cut Tow

12 T SW 1/4 sec. 12, T6N, R8W Rd cut Tspli

13 T SE 1/4 sec. 12, T6N, R8W Rd cut Tpb

15 M NW 1/4 sec. 12, T6N, R8W Rd cut Tspli

16 NE 1/4 sec. 4, T6N, R9W Rd cut Tspl1

18 F SE 1/4 sec. 3, T6N, R9W Rd cut Tspu4

24 F NW 1/4 sec. 15, T6N, R9W Rd cut Tspli

29 G NE 1/4 sec. 10, T6N, R9W Rd cut Tgrs3

31 H SE 1/4 sec. 10, T6N, R9W Rd cut Tow

33 G NE 1/4 sec. 14, T6N, R9W Quarry Tfss
2

36 f SW 1/4 sec. 11, T6N, R9W Rd cut Tspu4

38 f SW 1/4 sec. 2, T6N, R9W Rd cut Tow

39 f SE 1/4 sec. 2, T6N, R9W Rd cut Tow

40 f SE 1/4 sec. 2, T6N, R9W Rd cut Tow

41 M NE 1/4 sec. 11, T6N, R9W Rd cut Tbc

42 MT sem NE 1/4 sec. 11, T6N, R9W Rd cut
2

Tbc

47 G NW 1/4 sec. 35, T7N, R9W Quarry
2

Tfssl

48 f NE 1/4 sec. 35, T7N, R9W Rd cut Tow

49 T SW 1/4 sec. 26, T7N, R9W Rd cut Tspli

53 SE 1/4 sec. 36, T7N, R9W Rd cut Tbcl

57 SE 1/4 sec. 13, T6N, R9W Rd cut Tbc

59 F SW 1/4 sec. 24, T6N, R9W Rd cut
2

Tow

62 f SW 1/4 sec. 30, T7N, R8W Rd cut Tow

64 f SW 1/4 sec. 30, T7N, R3W Ed cut Tow

66 M NW 1/4 sec. 6, T6N, R8W Rd cut Tbcl

67 M NE 1/4 sec. 6, T6N, R8W Rd cut Tbci

72 SE 1/4 sec. 19, T6N, R8W Rd cut Tspil

74 FH SE 1/4 sec. 17, T6N, R8W Rd cut Tow

79 f SW 1/4 sec. 32, T7N, R8W Rd cut Tow/Tfsdi

80 H NW 1/4 sec. 32, T7N, R8W Rd cut Tow

82 f NW 1/4 sec. 32, T7N, R8W Quarry Tow

84 f NW 1/4 sec. 29, T7N, R8W Rd cut Tbc

85 f SE 1/4 sec. 29, T7N, R8W Rd cut lTow

86 f SE 1/4 sec. 29, T7N, R8W Rd cut Tow

87 f NW 1/4 sec. 4, T6N, R8W Rd cut Tow

89 G NE 1/4 sec. 9, T6N, R8W Quarry Tgrs4

90 f SE 1/4 sec. 9, T6N, R8W Rd cut Tspu3

94 M SW 1/4 sec. 16, T6N, R8W Rd cut Tow

95 G NW 1/4 sec. 21, T6N, R8W Rd cut Tgrd4

98 T SE 1/4 sec. 21, T6N, R8W Rd cut Tow
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Number-
sample type Location Outcrop Map unit

100 f SW 1/4 sec. 22, T6N, R8W Rd cut Tow

101 D SW 1/4 sec. 23, T6N, R8W Rd cut Tow

103 G SW 1/4 sec. 33, T7N, R8W Rd cut Tgrs3

104 f SW 1/4 sec. 33, T7N, R8W Rd cut Tow

105 NW 1/4 sec. 34, T7N, R8W Quarry Tgrs3/Tow

106 f SW 1/4 sec. 34, T7N, R8W Rd cut Tow

107 f SW 1/4 sec. 27, T7N, R8W Rd cut Tow

109 G SW 1/4 sec. 36, T7N, R8W Quarry Tgr3

111 G NW 1/4 sec. 8, T6N, R8W float Tfss2

114 f NE 1/4 sec. 22, T6N, R8W Rd cut Tow

115 DF NW 1/4 sec. 23, T6N, R8W Rd cut Tow

116 f NW 1/4 sec. 23, T6N, R8W Rd cut Tow

117 f SW 1/4 sec. 24, T6N, R8W Rd cut Tpb

119 f NW 1/4 sec. 36, T7N, R8W Rd cut Tow

121 f NE 1/4 sec. 36, T7N, R8W Rd cut Tow

123 G NE 1/4 sec. 28, T7N, R8W Quarry Tgr3

125 M NE 1/4 sec. 27, T7N, R8W str cut Tow

126 MT NE 1/4 sec. 27, T7N, R8W Rd cut Tow

128 M NE 1/4 sec. 28, T7N, R8W Rd cut Tbc1

130 MH/G NW 1/4 sec. 28, T7N, R8W Quarry Tbc1/Tgrs1

132 f SW 1/4 sec. 25, T7N, R8W Rd cut Tow

133 NW 1/4 sec. 25, T7N, R8W Rd cut Mc/
135 f NW 1/4 sec. 15, T6N, R8W Rd cut Tsp12

137 f NW 1/4 sec. 15, T6N, R8W Rd cut Tspu3

145 f NW 1/4 sec. 13, T6N, R8W Rd cut Tsp12

153 H SW 1/4 sec. 11, T6N, R8W Rd cut Tsp12

160 G SW 1/4 sec. 2, T6N, R8W Rd cut Tgrs/

161 T SW 1/4 sec. 2, T6N, R8W Rd cut Tspu3

164 H NE 1/4 sec. 2, T6N, R8W Rd cut Tsp12

166 T NW 1/4 sec. 2, T6N, R8W Rd cut Tsp12

168 f NE 1/4 sec. 2, T6N, R8W Rd cut Tspu3

174 SW 1/4 sec. 1, T6N, R8W Rd cut Tsp12

175 SE 1/4 sec. 1, T6N, R8W Quarry Tfsdi/Tsp12

176 f NW 1/4 sec. 16, T6N, R9W Td cut Tspu4

179 f NE 1/4 sec. 34, T7N, R8W Rd cut Tow/Tgrs2

181 G NW 1/4 sec. 2, T6N, R8W Quarry Tgrs1

182 G NW 1/4 sec. 2, T6N, R8W Quarry Tgrsi/Tfsdl

185 SE 1/4 sec. 24, T6N, R8W Rd cut Tgrd4

187 SE 1/4 sec. 24, T6N, R8W Rd cut Tspu3/Tgrd4

188 DH NW 1/4 sec. 24, T6N, R8W Rd cut Tbc2Tgrd4

189 G SE 1/4 sec. 24, T6N, R8W Quarry Tsp12/Tgrd4

192 H SW 1/4 sec. 9, T6N, R8W Rd cut Tspu3

193 NW 1/4 sec. 16, T6N, R8W Rd cut Tsp12

194 SE 1/4 sec. 14, T6N, R8W Rd cut Tspu3

196 SW 1/4 sec. 13, T6N, R8W Rd cut Tsp12

197 H NW 1/4 sec. 24, T6N, R8W Rd cut Tsp12

200 f NW 1/4 sec. 16, T6N, R9W Rd cut Tspu4

204 F NW 1/4 sec. 4, T6N, R9W Rd cut Tspu4



Number-
sample type Location

207 SE 1/4 sec. 13, T6N, R9W

208 MH NE 1/4 sec. 13, T6N, R9W

212 f NW 1/4 sec. 19, T6N, R8W

218 NW 1/4 sec. 26, T7N, R9W

219 f SE 1/4 sec. 26, T7N, R9W

220 f NE 1/4 sec. 3, T6N, R9W

221 M SE 1/4 sec. 34, T7N, R9W

223 G SW 1/4 sec. 18, T6N, R8W

224 f NW 1/4 sec. 18, T6N, R8W

232 NW 1/4 sec. 11, T6N, R9W

233 NW 1/4 sec. 11, T6N, R9W

235 M NW 1/4 sec. 12, T6N, R9W

236 f NE 1/4 sec. 11, T6N, R9W

240 f SE 1/4 sec. 11, T6N, R9W

244 M NE 1/4 sec. 11, T6N, R9W

247 sem NE 1/4 sec. 11, T6N, R9W

248 f NE 1/4 sec. 11, T6N, R9W

249 M NE 1/4 sec. 11, T6N, R9W

251 H NE 1/4 sec. 11, T6N, R9W

252 G NW 1/4 sec. 34, T7N, R8W

256 SE 1/4 sec. 24, T6N, R8W

257 NW 1/4 sec. 12, T6N, R8W

258 f NW 1/4 sec. 12, T6N, R8W

259 NW 1/4 sec. 12, T6N, R8W

262 G SE 1/4 sec. 2, T6N, R8W

265 F NW 1/4 sec. 32, T7N, R8W

267 MF NE 1/4 sec. 31, T7N, R8W

271 f SE 1/4 sec. 2, T6N, R8W

272 SE 1/4 sec. 2, T6N, R8W

273 f SW 1/4 sec. 2, T6N, R8W

277 G SE 1/4 sec. 34, T7N, R8W

281 T SE 1/4 sec. 12, T6N, R8W

285 F SE 1/4 sec. 28, T7N, R8W

291 SW 1/4 sec. 10, T6N, R9W

292 SW 1/4 sec. 2, T6N, R8W

298 G SW 1/4 sec. 33, T7N, R8W

301 SW 1/4 sec. 33, T7N, R8W

302 H SW 1/4 sec. 24, T6N, R8W

303 H SW 1/4 sec. 12, T6N, R8W

304 G SW 1/4 sec. 12, T6N, R8W

305 f SW 1/4 sec. 12, T6N, R8W

306 SW 1/4 sec. 12, T6N, R8W

307 SW 1/4 sec. 12, T6N, R8W

310 F NW 1/4 sec. 12, T6N, R8W

311 H NE 1/4 sec. 22, T6N, R8W

312 SW 1/4 sec. 15, T6N, R8W

317 M NW 1/4 sec. 23, T6N, R8W

319 H NW 1/4 sec. 24, T6N, R8W
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Outcrop Map unit

Rd cut Tbc2

Rd cut Tbc2

Rd cut Tspl1

Rd cut Tsp12

Rd cut Tow
Rd cut Tow /Tspl1

Rd cut Tow
Rd cut Tgrx4
Rd cut Tow

Rd cut Tbc2

Rd cut Tbc2

Rd cut Tow/Tbc2
Rd cut Tbc2
Rd cut Tbc2

Rd cut Tbc2
Rd cut Tbc2

Rd cut Tbc2

Rd cut Tbc2

Rd cut Tbc2
Rd cut Tgrs2
Rd cut Tspu3/Tgrd4
str cut Tow
str cut Tow
str cut Tow

str cut Tfssi
Rd cut Tow

str cut Tow

str cut Tow

str cut Tow
str cut Tspli
str cut Tgrs3
Rd cut Tspli
Rd cut Tow
Rd cut Tspu4
Quarry Tbc2/Tgrs1

str cut Tfss1
str cut Tfss1 /Tow

str cut Tpb

str cut Tpb

str cut Tpb

str cut Tpb

str cut Tpb

str cut Tow
str cut Tow
str cut Tspu3
str cut Tow

str cut Tpb

Rd cut Tsp12



Number-
sample type Location

325

327 G
328 G

330
2CP-34C
M12 M
M13 M
4-7-74 F
73-8-74 F

10

11

NW 1/4 sec.
SW 1/4 sec.
NW 1/4 sec.
SE 1/4 sec.
SE 1/4 sec.
NW 1/4 sec.
SE 1/4 sec.
NW 1/4 sec.
NW 1/4 sec.

36, T7N, R9W
36, T7N, R9W
7, T6N, R8W
27, T7N, R8W
35, T7N, RlOW
12, T6N, R8W
13, T6N, R8W
31, T7N, R8W
2, T6N, R8W

2020-30 FC
3010-20 FC DSC C.Z. 31-17

3340-50 FC
4050-60 FC NE 1/4 sec. 17, T6N, R8W

5010-20 C

CZ-1 G
CZ-2 G
CZ-3 G
CZ-4 G
CZ-5 G
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Outcrop Map unit

Quarry Tfss
1

Rd cut Tfsd
1

Nat oc Tfss
2

Quarry Tgrs3/Tow
Rd cut Tspu4
str cut Tow

str cut Tpb

str cut Tow
str cut Tow
well cut Tow
well cut Tow

well cut Tow
well cut Tow
well cut Tow

well cut Tgr2 or 3

DSC C.Z. 31-17 well cut Tgr2 or 3

NE 1/4 sec. 17, T6N, R8W well cut Tfs2

(see Plate III for depths) well cut Tfs2

well cut Tgr1

See Plate I for map unit key.
well cut = well cuttings
str cut = stream cut

sem = Scanning Electron
Microscopy sample

Nat oc = natural outcrop

10

11
from Warren et at. (1945
from Rau in Cooper (1981)


