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Geologic Resources Inventory Map Document

Lewis and Clark National
Historical Park,
Oregon and Washington

Document to Accompany
Digital Geologic-GIS Data

lewi_geology.pdf
Version: 7/19/2018

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Lewis and Clark National Historical Park, Oregon
and Washington (LEWI).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

National Park Service (NPS) Geologic Resources Inventory (GRI) Program staff have assembled the
digital geologic-GIS data that accompanies this document.

For information about the status of GRI digital geologic-GIS data for a park contact:

Tim Connors

Geologist/GRI Mapping Contact

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 969-2093

fax: (303) 987-6792

email: Tim_Connors@nps.qov

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara

Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Service
1201 Oak Ridge Drive, Suite 200

Fort Collins, CO 80525

phone: (970) 491-6655

fax: (970) 225-3597

e-mail: stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological
(plants and animals) components of the Earth is vital to understanding, managing, and protecting
natural resources. The Geologic Resources Inventory (GRI) helps make this connection by providing
information on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and
shoreline change. Geologic features include mountains, canyons, natural arches and bridges,
minerals, rocks, fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.

The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed
management decisions.

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute
field codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGlSDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports
present a brief geologic history of the park and address specific properties of geologic units present in
the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site
visit the GRI publications webpage http://www.nature.nps.gov/geology/inventory/gre publications.cfm

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate
park(s), enter “GRI” as a Search Text term, and then select the Search Button.
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For more information about the Geologic Resources Inventory Program visit the GRI webpage: http://
www.nature.nps.gov/geology/inventory, or contact:

Bruce Heise

Inventory Coordinator

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 969-2017

fax: (303) 987-6792

email: Bruce Heise@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (I&M) Division.
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Lewis and Clark National
Historical Park, Oregon and Washington (LEWI) are listed below. Units are listed with their assigned
unit symbol and unit name (e.g., Qbs - Beach sand). Units are listed from youngest to oldest. No
descriptions for water or unmapped units are provided. Information about each geologic unit is also
presented in the Geologic Unit Information (LEWIUNIT) table included with the GRI geology-GIS data.

Geologic Map Units

Cenozoic Era
Quaternary Period

Holocene
Qbs - Beach sand (Qbs)
Qf - Fluvial and estuarine deposits (Qf)

Qal - Alluvium (Qal)
Qall - Columbia River alluvium (Qall)

Holocene and Pleistocene
Qc - Colluvium (Qc)

QlIs - Landslide deposits (Qls)

Qds - Eolian dune sand (Qds)

Qt - Terrace deposits (Qt)

Pleistocene

Qmt - Coastal marine-terrace deposits (Qmt)

Qat - Alluvial and estuarine terrace deposits (Qat)
Qn - Estuarine deposits of Nemah River (Qn)

Qm - Sand of Mountain Springs (Qm)

Tertiary Period

Pliocene and Miocene
Tt - Troutdale Formation (Tt)

Miocene

Columbia River Basalt Group, Yakima Basalt Subgroup, Saddle Mountain Basalt
Tp - Saddle Mountain Basalt, Pomona Member subaerial basalt flow (Tp)
Tpi? - Saddle Mountain Basalt, Pomona Member, intrusive rocks(?) (Tpi?)

Tiob - Olivine basalt (Tiob)

Gnat Creek formation
Tg4 - Gnat Creek formation, marine deltaic sandstone
Tg3 - Gnat Creek formation, marine slope mudstone
Tg2 - Gnat Creek formation, marine slope channel sandstone
Tgl - Gnat Creek formation, terrestrial sedimentary rocks

Columbia River Basalt Group, Yakima Basalt Subgroup, Wanapum Basalt
Tfs - Wanapum Basalt, Frenchman Springs Member, subaerial basalt flows (Tfs)
Tfsn - Wanapum Basalt, Frenchman Springs Member, interbeds (Tfsn)
Tfsp - Wanapum Basalt, Frenchman Springs Member, pillow palagonite complexes (Tfsp)
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Tfsi - Wanapum Basalt, Frenchman Springs Member, intrusive basalt (Tfsi)

Astoria Formation
Tab - Astoria Formation, Bald Ridge unit (Tab)
Tac - Astoria Formation, Cannon Beach member, turbidite (Tac)
Tac3 - Astoria Formation, Cannon Beach member, mudstone
Tac?2 - Astoria Formation, Cannon Beach member, slope mudstone
Tacl - Astoria Formation, Cannon Beach member, slope channel sandstone
Tay - Astoria Formation, Youngs Bay member, slope mudstone (Tay)
Tay?2 - Astoria Formation, Youngs Bay member, sandstone
Tay1 - Astoria Formation, Youngs Bay member, sandstone
Taa - Astoria Formation Angora Peak member, shelf sandstone (Taa)
Taw - Astoria Formation, Wickiup Mountain member, shelf sandstone (Taw)
Tawu - Wickiup Mountain member, upper part, sandstone and mudstone
Tan - Astoria Formation, Naselle unit (Tan)

Columbia River Basalt Group, Yakima Basalt Subgroup, Grande Ronde Basalt
Tgr - Grande Ronde Basalt, subaerial basalt flows (Tar)
Tgrp - Grande Ronde Basalt, pillow palagonite complexes (Tgrp)
Tgrm - Grande Ronde Basalt, pillow palagonite complexes, mudstone interbeds
Tgri - Grande Ronde Basalt, intrusive basalt (Tgri)
Tgrb - Grande Ronde Basalt, intrusive breccia

Tib - Basalt (Tib)
Tcf - Cape Falcon conglomerate (Tcf)

Miocene, Oligocene, and Eocene
Tsc - Smuggler Cove formation (Tsc)
Tscs - Smuggler Cove formation, sandstone
Tscm - Smuggler Cove formation, mudstone
Tsc2 - Smuggler Cove formation, upper member
Tscg - Smuggler Cove formation, glauconitic sandstone
Tscl - Smuggler Cove formation, lower member

Tn - Northrup Creek formation, turbidite (Tn)
Tns - Northrup Creek formation, sandstone

Tlc - Lincoln Creek Formation (TIc)
Tlck - Lincoln Creek Formation, sandstone unit at Knappton (Tlck)

Tpb - Pittsburg Bluff Formation (Tpb)

Eocene
Ts - Sager Creek formation (Ts)

Tkj - Keasey Formation, Jewell member (Tkj)

Th - Hamlet formation (Th)
Thr - Hamlet formation, Roy Creek member

Ttv - Tillamook Volcanics (Ttv)

Tes - Siltstone and sandstone (Tes)

Tsb - Siltstone at Shoalwater Bay (Tsb)

Top - Siltstone and sandstone at O'Meara Point (Top)
Tcp - Siltstone of Cliff Point (Tcp)
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Tsm - Sandstone at Megler (Tsm)

Tbr - Basalt lapillli breccia and flows at Fort Columbia (Thr)
Tbf - Basalt lapillli breccia and flows at Fort Columbia, pillow basalt flows (Tbf)

Tig - Gabbro and basalt (Tiq)

Tc - Crescent Formation (Tc¢)
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.

Qbs - Beach sand (Holocene)

Qbs - Quaternary beach sand (Holocene)

Moderately well-sorted, fine- to medium-grained quartzo-feldspathic sands with heavy mineral
laminae; also includes black winter-beach lag sand deposits up to a few meters thick of magnetite,
ilmenite, and other heavy minerals (Twenhofel, 1946) locally developed on Clatsop Spit; unit includes
basalt gravels of well-rounded pebbles, cobbles, and boulders around Miocene basalt headlands
along southern coast of Clatsop County. GRI Source Map ID 35633 (Astoria Basin).

Qb - Shoreline deposits (Holocene)

Unconsolidated fine to coarse sand forming beach and longitudinal dune ridges of Long Beach
Peninsula; locally includes organic-rich lacustrine sand, silt, and laminated muds between dune ridges
and estuarine mud and sand along eastern shoreline. GRI Source Map ID 15326 (Cape

Disappointment).

Qf - Fluvial and estuarine deposits (Holocene)

Unconsolidated clay, silt, sand, and gravel alluvium deposited along rivers and streams; also includes
stabilized tidal flat deposits along the Columbia and Naselle Rivers and in Shoalwater Bay. GRI
Source Map ID 15326 (Cape Disappointment).

Qal - Alluvium (Holocene)

Unconsolidated flood-plain deposits of clay, silt, sand, and basalt gravel along and in major rivers and
streams; also includes sand bars, islands, and bioturbated to laminated estuarine clay, silt, and fine
sand in low-lying coastal areas in and along Columbia River, Youngs Bay, and other major river
mouths. GRI Source Map ID 35633 (Astoria Basin).

Qall - Columbia River alluvium (Holocene)
Recent alluvial sediments found along the Columbia River. GRI Source Map ID 75206 (QGDC v5).

Qc - Colluvium (Holocene and Pleistocene)

Thick, structureless deposits of very poorly sorted, angular to subrounded, weathered basaltic
breccias and massive basalt boulders (up to 16 m in diameter) and cobbles set in a reddish clayey
matrix. Includes talus and landslide deposits around the many Miocene and Eocene basaltic breccia
peaks and thick intensives. GRI Source Map ID 35633 (Astoria Basin).
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QIls - Landslide deposits (Holocene and Pleistocene)

Qls - Landslide debris (Holocene and Pleistocene)

Chaotic mixtures of weathered mudstone clasts, logs, and, less commonly, sandstone and basalt
clasts supported in a weathered, sandy mud matrix; forms hummocky and slump topography
throughout map area. Recently active slides shown with scarps. Also see Schlicker and others (1972)
and Beaulieu (1973) for distribution. Unit also includes large (up to 200 m long) coherent glide and
slump blocks of Miocene basaltic breccias and subaerial flows [QIls (Tfs) if Frenchman Springs
Member basalt, Qls (Tgr) if Grande Ronde Basalt]. These blocks occur below steep Miocene basalt
escarpments (e.g., Wickiup Mountain and Nicolai Mountain), where basalts overlie incompetent
Tertiary mudstone units. GRI Source Map ID 35633 (Astoria Basin).

Qls (Tfs) - glide and slump blocks within the Frenchman Springs Member basalt (Tfs)
Qls (Tgr) - glide and slump blocks within the Grand Ronde Basalt (Tgr)

Qls - Landslide deposits (Holocene and Pleistocene)
Large landslides of poorly sorted colluvium and coherent bedrock slump blocks; many small slides not
shown on map. GRI Source Map ID 15326 (Cape Disappointment).

Qds - Dune sand (Holocene and Pleistocene)

Active and inactive dune sands forming several prominent north-south beach ridges on Clatsop Spit.
Sands are well sorted, fine grained, quartzo-feldspathic with heavy mineral laminae, and cross-
bedded. Unit also includes peat and lacustrine mud deposits in and around intradune lakes. GRI
Source Map ID 35633 (Astoria Basin).

Qt - Terrace deposits (Holocene and Pleistocene)

Elevated deposits of alluvial silt, arkosic and basaltic sand, and semiconsolidated cross-bedded to
medium-bedded, poorly sorted basalt gravel occurring 8 to 35 m above entrenched main drainages.
Also includes elevated tidal-flat deposits along Columbia River. GRI Source Map ID 35633 (Astoria

Basin).

Qmt - Coastal marine-terrace deposits (Pleistocene)

Predominantly laminated to cross-bedded beach sand and crudely stratified, rounded basalt gravels
(up to 10 m thick) with some discontinuous paleosols, mud beds, and layers of partially carbonized
tree trunks and limbs. GRI Source Map ID 35633 (Astoria Basin).

Qat - Alluvial and estuarine terrace deposits (Pleistocene)

Unconsolidated clay, silt, sand, and gravel alluvium or estuarine deposits on terraces 8-20 m above
sea level; primarily along Columbia, Naselle, and Nemah Rivers. [Source Symbol Qt]. GRI Source
Map ID 15326 (Cape Disappointment).
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Qn - Estuarine deposits of Nemah River (Pleistocene)

Semi-consolidated, friable, planar-laminated to cross-laminated, thin-bedded to massive mudstone
and fine- to medium-grained sandstone; locally includes sandstone channel fill with quartzite gravel
stringers and slump blocks of laminated sediment; on terraces up to 80 m above sea level in lower
Nemah and Naselle estuaries; as mapped on Long Island it includes Pleistocene beach and dune
deposits. GRI Source Map ID 15326 (Cape Disappointment).

Qm - Sand of Mountain Springs (Pleistocene)

Semi-consolidated, laminated to massive, fine to coarse sand; commonly with yellow-orange to red
iron oxide staining and characterized by planar lamination, broad gently dipping cross lamination,
trough cross lamination, and localized channel fill with quartzite pebble stringers; forms hills east of
town of Long Beach up to 100 m above sea level; may represent remains of an older barrier beach
and dune field. GRI Source Map ID 15326 (Cape Disappointment).

Tt - Troutdale Formation (Pliocene and late Miocene)

Semiconsolidated, light-gray, massive clayey grave deposits up to 10 m thick, containing rounded
guartzite and silicic volcanic rock pebbles and cobbles. Unit occurs only as dissected terrace deposit
capping hills in city of Astoria (Schlicker and others, 1972; Carter, 1976). GRI Source Map ID 35633

(Astoria Basin).

Columbia River Basalt Group, Yakima Basalt Subgroup, Saddle Mountains
Basalt

Tp - Saddle Mountain Basalt, Pomona Member subaerial basalt flow (middle
Miocene)

Single subaerial porphyritic flow up to 15 m thick north of Nicolai Mountain along Columbia River.
Light gray where fresh but typically deeply weathered to spheroidal blocks with orange weathering
rinds. Vesicular flow displays glomeroporphyritic texture of labradorite phenocrysts (up to 20 percent)
intergrown with clinopyroxene. Chemistry and reversed magnetic polarity are equivalent to that of
Pomona flow of Columbia Plateau of Swanson and others (1979), Murphy (1981), and Murphy and
Niem (1982). Flow is overlain by 5 m of unnamed arkosic sandstone. GRI Source Map ID 35633

(Astoria Basin).

Tpi? - Saddle Mountain Basalt, Pomona Member, intrusive rocks(?) (middle
Miocene)

Invasive sills and dikes of Pomona Member(?) basalt in southwestern part of map area. Altered,
medium-gray, microgabbroic, columnar-jointed basalt with reversed magnetic polarity; basalt of unit
Tpi(?) is chemically similar to basalt of Pomona Member flow but has an ophitic texture (Rarey and
others, 1984). These intrusive rocks are petrologically equivalent to Pack Sack Lookout Basalt of
Snavely and others (1973) and invade upper Eocene to middle Miocene sedimentary rocks. GRI
Source Map ID 35633 (Astoria Basin).
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Tiob - Olivine basalt (middle Miocene)

Massive to crudely columnar and platy jointed, medium-grained, plagioclase-phyric olivine basalt,
locally diabasic or micropegmatitic; forms large semi-concordant sill-like bodies in northeast part of
map area; petrographically, chemically, and paleomagnetically similar to Pomona Member of Saddle
Mountains Basalt of Columbia River Basalt Group (Tp) (Snavely and others, 1973; Magill and others,
1982); rocks in report area previously assigned to the basalt of Pack Sack Lookout (Snavely and
others, 1973); queried south of Naselle where paleomagnetic relations are uncertain). GRI Source
Map ID 15326

(Cape Disappointment).

Gnat Creek formation (middle Miocene)

Friable, trough cross-bedded to locally bioturbated, micaceous and carbonaceous arkosic sandstone
with rare lignitic coal (Tg1, and Tg4); intervening member (Tg2) of pebbly, coarse-grained arkosic
sandstone and very thick-bedded, structureless, iron-stained sandstone with slumped siltstone blocks
in channels cut into thicker sequence of well-laminated carbonaceous and micaceous mudstone and
minor thin, graded feldspathic sandstone (Tg3). Total unit thickness is 200 m. Marine diatoms in units
Tg2 and Tg3 are referrable to subzone Denticula hustedtii-D. lauta and subzone D. lauta, which are
equivalent to uppermost Relizian-lower Luisian foraminiferal stages of Kleinpell (1938) (Barron, written
communication, 1980, in Murphy, 1981; Murphy and Niem, 1982). Previously, this unit was informally
referred to as nonmarine Pliocene sedimentary rocks (Wells and Peck, 1961), nonmarine sedimentary
rocks at Clifton (Niem and Van Atta, 1973), and Clifton formation (Murphy, 1981; Murphy and Niem,
1982). The name Clifton formation is preempted, however. Gnat Creek formation unconformably
overlies Frenchman Springs Member basalt and the Astoria Formation and is overlain by Pomona
Member basalt. GRI Source Map ID 35633 (Astoria Basin).

Tg4 - Gnat Creek formation, marine deltaic sandstone

Tg3 - Gnat Creek formation, marine slope mudstone

Tg2 - Gnat Creek formation, marine slope channel sandstone
Tgl - Gnat Creek formation, terrestrial sedimentary rocks

[Gnat Creek formation name is informal usage.]

Columbia River Basalt Group, Yakima Basalt Subgroup, Wanapum Basalt

Tfs - Wanapum Basalt, Frenchman Springs Member, subaerial basalt flows
(middle Miocene)

At least three subaerial flows of fine- to medium-crystalline, sparsely to abundantly plagioclase-phyric
basalt and associated basal pillow breccias with total thickness of 150 m in Nicolai Mountain-Porter
Ridge area. Flows have well-developed colonnades to blocky and platy fracture patterns. Two flows
are sparsely plagioclase phyric, and one (Ginkgo) is abundantly plagioclase phyric. Some flows
locally display intracanyon relationships. Plagioclase phenocrysts (labradorite) are up to 1.5 cm in
length. Basalt is medium to dark gray when fresh; weathering produces reddish-brown color and
locally forms spheroidal boulders. Flows have normal magnetic polarity. Thin interbeds of fine- to
medium-grained micaceous and carbonaceous arkosic to basaltic sandstone are locally present.
Some thicker (> 3 m) and more widespread interbeds are shown as unit Tfsn. GRI Source Map ID

35633 (Astoria Basin).
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Tfsn - Wanapum Basalt, Frenchman Springs Member, interbeds (middle
Miocene)

Thin interbeds of fine- to medium-grained micaceous and carbonaceous arkosic to basaltic sandstone
are locally present (see unit Tfs above) Some thicker (> 3 m) and more widespread interbeds are
shown as unit Tfsn.

Unit also described as minor bathyal, micaceous, laminated mudstone (> 3 m thick) separates some
breccias and pillow flows of unit Tfsp (see unit Tfsp below). GRI Source Map ID 35633 (Astoria Basin
).

Tfsp - Wanapum Basalt, Frenchman Springs Member, pillow palagonite
complexes (middle Miocene)

Pillow palagonite complexes composed of closely packed pillow lava and isolated pillow breccias and
associated autointrusive sills and dikes. In Big Creek-Wickiup Mountain area, unit Tfsp includes thick
lava deltas of planar foresets of pillow breccia, pillow flows, and well-bedded fine and coarse
hyaloclastites underlying associated subaerial flow (Tfs). East of Seaside, unit Tfsp includes some
subaerial flows and arkosic sandstone. Minor bathyal, micaceous, laminated mudstone of unit Tfsn (>
3 m thick) separates some breccias and pillow flows. GRI Source Map ID 35633 (Astoria Basin).

Tfsi - Wanapum Basalt, Frenchman Springs Member, intrusive basalt (middle
Miocene)

Includes columnar-jointed sills, dikes, peperites, and irregularly shaped bodies that contain sparse to
abundant labradorite phenocrysts. Not all intrusions are shown on map. Correlative relationships of
dikes, sills, and irregularly shaped intrusions to Frenchman Springs Member pillow lavas, breccias,
and subaerial flows are based on similar petrography, chemical composition, age, field relationships,
and magnetic polarity (Choiniere and Swanson, 1979; Murphy, 1981; Peterson, 1984, called late
Yakima by Snavely and others, 1973). These intrusive bodies probably originated as invasive flows of
plateau-derived basalt of the Columbia River Basalt Group, as described by Beeson and others
(1979). Units Tfsi and Tfsp have been previously called Cape Foulweather Basalt by Snavely and
others (1973), Neel (1976), Tolson (1976), Coryell (1978), and others (see Sources of Data map), all
of whom considered these basalts to be local in origin.

Frenchman Springs Member basalt is middle Miocene in age, based upon ages of underlying and
overlying marine strata (Coryell, 1978; Murphy, 1981). Foraminifera and mollusks from interbedded
mudstones northwest of Wickiup Mountain are referred to Saucesian-Relizian Stages of Kleinpell
(1938) (Rau, in Coryell, 1978; Barron, written communication, 1984) and Newportian/Pillarian
molluscan stages of Addicott (1976; Addicott, in Coryell, 1978). Thick sedimentary interbeds (Tms)
occur between Grande Ronde and Frenchman Springs basalts in Nicolai Mountain area (outside of
map boundary); in Wickiup Mountain area, a unit that is, in part, laterally equivalent to unit Tms is
labeled unit Tac3). Elsewhere, Frenchman Springs basalt unconformably overlies or intrudes older
sedimentary units. GRI Source Map ID 35633 (Astoria Basin).

Astoria Formation

Tab - Astoria Formation, Bald Ridge unit (middle Miocene)

Thin-bedded, planar-laminated, abundantly micaceous and carbonaceous siltstone and lesser
amounts of friable, very fine to coarse-grained micaceous feldspathic sandstone. Sandstone
commonly occurs as graded beds, channel fills up to 15 m thick, and locally abundant clastic dikes;
unit is well exposed along logging roads on Bald Ridge 2 to 5 km southeast of the town of Naselle.
Unit overlies strata containing foraminiferal assemblages referable to the Saucesian Stage of Kleinpell
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(1938) and is cut by sills of Grande Ronde Basalt chemistry (Tib), locally of middle Miocene age; unit
is lateral equivalent to upper unit of Astoria Formation of Wolfe and McKee (1968) and is probably
correlative in part to Youngs Bay unit of Astoria Formation in the Astoria basin of northwest Oregon
(Niem and Niem, 1985). All foraminiferal age determinations by Weldon W. Rau, Washington Division
of Geology and Earth Resources. GRI Source Map ID 15326 (Cape Disappointment).

Tac - Astoria Formation, Cannon Beach member, turbidite (middle and early
Miocene)

Well-bedded sequence of laminated to massive micaceous mudstone (Tac), with subordinate,
rhythmically thin-bedded feldspathic sandstone and mudstone in lower part of unit (Tacl). Sandstone
is fine grained, micaceous and carbonaceous, graded, micro cross-laminated to laminated (Bouma bc
and cd intervals) and contains load casts and convolute bedding. Locally, there are nested channels
of thin-bedded sandstone and mudstone in unit Tacl. Bathyal foraminiferal assemblages recovered
from the mudstone are referred to Saucesian-Relizian(?) Stages of Kleinpell (1938); molluscan fossils
are assigned to Newportian Stage of Addicott (1976, 1981). Previously, this member was informally
called Silver Point member by Niem and Van Atta (1973), Smith (1975), Neel (1976), Cooper (1981),
Wells and others (1983), and Niem and Niem (1984), but this name is preempted. Member is 200 m
thick at Silver Point, thinning offshore toward outer continental shelf and thickening to a few thousand
meters toward Astoria (Nelson, 1978; Cooper, 1981). Unit Tac1 conformably overlies Angora Peak (
Taa) and Wickiup Mountain (Taw) members but locally channels down into Smuggler Cove formation
(Tsc) (Cooper, 1981).

Unit Tac1 also includes highly carbonaceous, very well-laminated mudstone with rare, thick-bedded,
graded, arkosic channeled sandstone (J-unit of Tolson, 1976). Upper part of unit Tac2 includes very
thinly laminated bathyal claystone (airplane unit of Tolson, 1976).

In northern part of map area, very well-laminated, micaceous and carbonaceous, deep-marine
mudstone (Tac?2) overlies and interfingers with Youngs Bay member (Tay). This unit locally contains
thin lenses and beds of fine-grained arkosic sandstone and thick beds of mudstone that contain
carbonized leaf imprints and Siphogenerina (foraminiferal molds and tests. Foraminifera recovered
from unit equate to Saucesian-Relizian(?) Stages of Kleinpell (1938) lin Nelson, 1978, and Coryell,
1978). Diatom assemblages are no older than latest early Miocene (equivalent to Relizian
foraminiferal stage; Barron, written communication, 1985).

In Wickiup Mountain-Big Creek area, thick massive micaceous and carbonaceous mudstone (Tac3)
with subordinate cross-bedded basaltic sandstone and conglomerate and minor arkosic and
glauconitic sandstone interfingers with Grande Ronde Basalt and is, in part, a lateral equivalent of
unit Tms (interbed between Grande Ronde and Frenchman Springs basalts). This unit also equates,
in part, with revised Scappoose Formation of Van Atta and Kelty (1985) in Columbia County. GRI
Source Map ID 35633 (Astoria Basin).

Tac3 - Astoria Formation, Cannon Beach member, mudstone
Tac?2 - Astoria Formation, Cannon Beach member, slope mudstone
Tac1l - Astoria Formation, Cannon Beach member, slope channel sandstone

[Cannon Beach member name is informal usage.]

Tay - Astoria Formation, Youngs Bay member, slope mudstone (middle and
early Miocene)

Predominantly deep-marine, laminated, carbonaceous and micaceous mudstone (Tay, up to 670 m
thick) complexly intertongued with two thick bodies of clean, medium- to coarse-grained, friable
arkosic sandstone (Tayl and Tay?2) that contain large mica flakes; are commonly weathered orange
yellow, iron stained, or white to medium gray (fresh); and are thick to very thick bedded. Although
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generally structureless, sandstones are locally laminated and carbonaceous. The lenticular sandstone
bodies are up to 65 to 340 m thick, respectively (Nelson, 1978; Coryell, 1978). Mudstone (Tay) is
medium gray when fresh and characteristically contains clastic dikes of medium-grained arkosic
sandstone, bathyal foraminifera, and a few graded, thin- to medium-bedded arkosic sandstone beds.
Member grades into and interfingers with Cannon Beach member (Tac). Unit Tay was informally
called upper sandstone member of type Astoria Formation by Howe (1922) and Carter (1976); deep-
marine Big Creek member by Cooper (1981); Pipeline member of Astoria Formation by Nelson
(1978), Coryell (1978), Wells and others (1983), and Niem and Niem (1984); and, in part, post-Astoria
sandstone by Dodds (1969). The names Pipeline and Big Creek have been preempted. Bathyal
foraminiferal and molluscan fossils in mudstone beds are referrable to Saucesian Stage of Kleinpell
(1938) (by Rau, in Nelson, 1978, and Coryell, 1978) and Newportian or Wishkahan(?) Stage of
Addicott (1976). Possible Relizian foraminiferal assemblages occur in unit in the Patton 32-9 well
(McKeel, written communication to Diamond Shamrock Corporation, 1982). GRI Source Map ID

35633 (Astoria Basin).

Tay?2 - Astoria Formation, Youngs Bay member, sandstone
Tayl - Astoria Formation, Youngs Bay member, sandstone

[Youngs Bay member name is informal usage]

Taa -Astoria Formation, Angora Peak member, shelf sandstone (middle and
early Miocene)

Massive to laminated, fine-grained arkosic sandstone with subordinate trough and planar cross-
bedded coarse-grained volcanic sandstone; minor pumiceous-volcanic to polymict conglomerate and
laminated carbonaceous mudstone with thin local subbituminous coal beds. Sandstone contains
abundant shallow-water mollusks assignable to Pillarian and Newportian Stages of Addicott (1976,
1981) (Cressy, 1974; Cooper, 1981). Member is 250 m thick and unconformably overlies Smuggler
Cove formation (Tsc). GRI Source Map ID 35633 (Astoria Basin).

[Angora Peak member name is informal usage]

Taw - Astoria Formation, Wickiup Mountain member, shelf sandstone (middle
and early Miocene)

400 m of structureless to laminated shallow-water feldspathic sandstone. Generally fine grained,
locally trough cross-bedded, and fossiliferous. Sandstone is blue gray when fresh but commonly is
weathered to yellowish to greenish gray. Upper part (Tawu) consists of friable, very fine-grained
sandstone and micaceous mudstone capped by glauconitic sandstone. Member unconformably
overlies Smuggler Cove formation (Tsc), thins to west and southwest, and contains molluscan fossils
referrable to Pillarian and Newportian Stages of Addicott (1976). Member previously was informally
called Big Creek member by Coryell (1978), Nelson (1978), Cooper (1981), Wells and others (1983),
and Niem and Niem (1984). Member includes Tucker Creek sandstone of Nelson (1978). GRI Source
Map ID 35633

(Astoria Basin).
Tawu - Astoria Formation, Wickiup Mountain member, upper part, sandstone and mudstone

[Wickiup Mountain member name is informal usage]

Tan - Astoria Formation, Naselle unit (middle and early Miocene)

Massive-appearing, thick-bedded to massive bioturbated to wispy laminated, abundantly micaceous,
carbonaceous, tuffaceous, medium-gray siltstone, sandy siltstone, and lesser fine- to medium-grained
feldspathic sandstone; sandstone is locally basaltic or glauconitic; locally contains calcareous
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concretions. Good exposures occur in Salmon Creek east of Naselle and along logging roads east of
the South Fork of the Naselle River. Contains foraminiferal assemblage referable to Saucesian Stage
of Kleinpell (1938); unit is lateral equivalent to part of lower unit of Astoria Formation of Wolf and
McKee (1968) and is similar in appearance and correlative in part to Wickiup Mountain unit of Astoria
Formation in northwest Oregon (Niem and Niem, 1985). GRI Source Map ID 15326 (Cape

Disappointment).

Columbia River Basalt Group, Yakima Basalt Subgroup, Grande Ronde Basalt

Tgr - Grande Ronde Basalt, subaerial basalt flows (middle Miocene)

In Nicolai Mountain-Porter Ridge area, largely subaerial, columnar-jointed, dark- to light-gray, aphyric
to rarely plagioclase-phyric tholeiitic basalt flows and associated basal basalt breccias and pillow
lavas; unit has composite thickness of 150 m (Murphy, 1981; Goalen, in preparation). Thick,
intracanyon, closely packed pillow lavas occur locally. At least seven individual flows are present: two
high MgO, normal magnetic polarity flows overlie two low MgO, low Ti02, normal magnetic polarity
flows. The four normal magnetic polarity flows overlie three reversed magnetic polarity flows (one low
MgO, low TiO2 flow and two low MgO, high Ti02 flows) (Murphy, 1981; Goalen, in preparation). All
flows belong to N2 and R2 magnetozones. Unit includes minor 2- to 20-m-thick interbeds of thin-
bedded, fine-grained, arkosic to coarse-grained basaltic sandstone. Subaerial basalt flows (15 to 35
m thick) contain well-developed colonnades, entablatures, multiple flow lobes, and locally reddish-
color oxidized vesicular flow tops. Magnetic polarity and major- and trace-element chemistry are
equivalent to the Grande Ronde Basalt of the Columbia Plateau (Yakima Basalt of Waters, 1961, and
Snavely and others, 1973; Grande Ronde Basalt of Choiniere and Swanson, 1979; Swanson and
others, 1979; and Murphy, 1981) and the Willamette Valley (Anderson, 1978; Beeson and Moran,
1979). GRI Source Map ID 35633 (Astoria Basin).

Tgrp - Grande Ronde Basalt, pillow palagonite complexes (middle Miocene)

Largely thick, blocky to palagonitic, isolated pillow breccias and subordinate, closely packed
submarine pillow lavas up to 650 m thick (e.g., Angora Peak, Onion Peak, Sugarloaf, EIk Mountain,
Humbug Mountain, and Saddle Mountain). Includes thick lava deltas composed of planar foresets of
pillow breccias, well-bedded palagonitized hyaloclastites, and debris flows associated with thin,
capping subaerial flows (as on Wickiup Ridge and in Big Creek). Breccias are cemented by zeolites,
calcite, and montmorillonite clays. Minor laminated micaceous and carbonaceous medium-gray
mudstone, channelized pebble-boulder conglomerate, and subordinate thin, graded, arkosic to
basaltic sandstone interbeds. Some of the more extensive mudstone interbeds (Tgrm, up to 15 m
thick) are shown on map. Mudstone interbeds contain bathyal foraminifera, diatoms, and mollusks
assignable to Saucesian-Relizian Stages of Kleinpell (1938) and to Newportian Stage of Addicott
(1976) (Neel, 1976; Murphy, 1981). Unit Tgrp contains same high and low MgO0 and Ti02 chemical
subtypes with normal and reversed magnetic polarities as described for unit Tgr, above. Unit Tgrp has
been previously called Depoe Bay Basalt by Snavely and others (1973), Cressy (1974), Smith (1975),
Neel (1976), Tolson (1976), Penoyer (1977), Coryell (1978), Murphy (1981), and others (see Sources
of Data map). Unit Tgrp complexly interfingers with unit Tgr and unconformably overlies units Taa,
Taw, Tsc, and Tn. GRI Source Map ID 35633 (Astoria Basin).

Tgrm - Grande Ronde Basalt, pillow palagonite complexes, mudstone interbeds

Tgri - Grande Ronde Basalt, intrusive basalt (middle Miocene)

Invasive sills (5 to 200 m thick), dikes, and irregular bodies of massive to columnar-jointed, aphyric to
rarely phyric basalt and peperite or intrusive breccia (Tgrb) related to Grande Ronde Basalt on basis
of field relationships, petrography, chemical composition, age, and magnetic polarity (Snavely and

others, 1973; Beeson and others, 1979; Murphy, 1981; Peterson, 1984; Goalen, in preparation). Unit
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Tgri intrudes upper Eocene to middle Miocene sedimentary rock units in map area and also occurs as
autointrusives and younger sills and dikes in unit Tgrp. Probably originated as invasive flows, as
hypothesized by Beeson and others (1979). Such invasive Columbia River basalt flows have also
been described by Schmincke (1967) and Byerly and Swanson (1978) on the Columbia Plateau in
southeastern Washington. An alternative hypothesis that the basalt originated from local vents was
originally proposed by Snavely and others (1973) and further amplified by Cressy (1974), Smith
(1975), Neel (1976), Tolson (1976), Penoyer (1977), Coryell (1978), Murphy (1981), and Olbinski
(1983). These writers have referred to these rocks as Depoe Bay Basalt. The same chemical and
magnetic polarity subtypes described for unit Tgr, above, are all represented in unit Tgri Only larger
intrusives are shown on map. Whole-rock K-Ar ages for Grande Ronde (Depoe Bay) sills in Clatsop
County range from 14.0 £ 2.7 million years (m.y.) to 15.9 + 0.3 m.y. (Turner, 1970; Niem and Cressy,
1973). GRI Source Map ID 35633 (Astoria Basin).

Tgrb - Grande Ronde Basalt, intrusive breccia

Tib - Basalt (middle Miocene)

Massive to crudely columnar and platy jointed, medium-grained, aphyric, dark-gray basalt; forms large
sill on Bear River Ridge and several other large sill-like bodies; also as small irregular intrusions
throughout sedimentary section, intruding strata as young as Bald Ridge unit of the Astoria Formation;
petrographically, chemically, and paleomagnetically correlative with low Mg N2 polarity subdivision of
the upper part of the Grande Ronde Basalt of the Columbia River Basalt Group as defined by
Swanson and others (1979); rocks in report area previously correlated with the Depoe Bay Basalt
(Snavely and others, 1973 ). GRI Source Map ID 15326 (Cape Disappointment).

Tcf - Cape Falcon conglomerate (middle Miocene)

A local, very poorly sorted, well-indurated volcanic conglomerate containing angular to rounded
cobbles and boulders of basalt, basaltic andesite, dacite, and 2-m-long blocks of fossiliferous Angora
Peak sandstone (Astoria Formation). Conglomerate beds are normal to reversely graded to massive,
and clasts are supported, in part, in coarse basaltic sand matrix. This channelized unit forms sea cliffs
north of Cape Falcon and unconformably overlies Angora Peak member of Astoria Formation. Unit
Tcf is intruded by the low Mg0 Grande Ronde basaltic sill that forms Cape Falcon. Cressy (1984)
originally included this unit in the Astoria Formation.

Other unnamed post-Astoria conglomerates and gravels composed exclusively of Miocene Grande
Ronde or Frenchman Springs basalt clasts and subordinate mudstone and thin arkosic to basaltic
sandstones occur directly beneath several major Miocene basaltic breccias. These are too limited in
distribution and thickness to show on map but are included in Astoria Formation or in Grande Ronde
breccias. GRI Source Map ID 35633 (Astoria Basin).

[Cape Falcon conglomerate name is informal usage]

Tsc - Smuggler Cove formation (early Miocene, Oligocene and late Eocene)

Approximately a thousand meters of predominantly thick-bedded bioturbated tuffaceous claystone
and siltstone with a few graded volcanic sandstone beds, tuffs, clastic dikes, and glauconitic
sandstone. Helmenthoida burrows are ubiquitous. Unit contains deep-water foraminiferal
assemblages assigned to Refugian (Schenck and Kleinpell, 1936), Zemorrian, and lower Saucesian
Stages of Kleinpell (1938); mollusks are referred to Galvinian, Matlockian, Juanian, and Pillarian
Stages of Armentrout (1975, 1981) and Armentrout and others (1984). Locally in southwestern and
northwestern corners of map, unit Tsc is divided into two members. Lower member (Tscl) is
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dominantly thick-bedded tuffaceous silty claystone that is early to predominantly late Refugian in age.
Upper member (Tsc2) consists of structureless tuffaceous siltstone and sandy siltstone that is
Zemorrian to early Saucesian in age. A 10- to 15-m thick bed of glauconitic sandstone (Tscg) in base
of unit Tsc2 delineates contact between upper member Tsc2 and lower member Tscl (Smith, 1975;
Neel, 1976; Rarey, in preparation). Elsewhere, unit Tsc is undifferentiated. Formation was informally
called Oswald West mudstones by Cressy (1974), Niem and Van Atta (1973), Wells and others
(1983), and others (see Sources of Data map). Locally, in southwest part of map, unit contains an
unnamed thin sequence of well-bedded, laminated, micaceous and carbonaceous mudstone and
arkosic sandstone (Tscm) that is possibly Zemorrian in age and probably equivalent to Northrup
Creek formation (Tn, informal). One to three beds of unnamed, thick-bedded, mollusk-bearing, fine-
grained feldspathic sandstone (Tscs; 10 to 35 m thick) in upper member of formation occur in
northern part of study area (Nelson, 1978). Unit Tscs includes Pillerian-age Falls Creek member of
Penoyer (1977) on northeast flank of Saddle Mountain. GRI Source Map ID 35633 (Astoria Basin).

Tscs - Smuggler Cove formation, sandstone

Tscm - Smuggler Cove formation, mudstone

Tsc2 - Smuggler Cove formation, upper member

Tscg - Smuggler Cove formation, glauconitic sandstone
Tscl - Smuggler Cove formation, lower member

[Smuggler Cove formation name is informal usage]

Tn - Northrup Creek formation, turbidite (early Miocene and Oligocene?)

Informal unit consists of approximately 500 m of well-bedded, carbonaceous and micaceous,
laminated, medium- to dark-gray mudstone and subordinate, thin, fine-grained to very fine-grained,
feldspathic yellowish-gray sandstone. Tuffaceous mudstone is light yellowish gray when weathered
and medium gray when fresh. Micro cross-laminations, slump structures, and graded grit beds occur
locally in sandstone beds. Carbonized leaf imprints are ubiquitous. Thick-bedded, fine- to coarse-
grained, well-sorted, micaceous, friable, arkosic sandstone (up to 15 m thick) with molluscan fossils
and characteristic large laminated calcareous concretions is present near top of sequence (Tns). Unit
Tn interfingers with Smuggler Cove formation to west and southwest. Age of unit is not clearly known,
but unit contains diatom assemblages that could be correlated to Zemorrian Stage of Kleinpell (1938)
(Barron, written communication, 1985), coccoliths in upper part of the unit that equate to early
Miocene (Bukry, written communication, 1985), and Juanian to Pillarian molluscan fauna (Moore,
written communication to Coryell, 1978, and to Murphy, 1981). Previously, this informal unit was
mapped as lower to middle Miocene Silver Point member of Astoria Formation by Cooper (1981),
Peterson (1984), and Nelson (1985). GRI Source Map ID 35633 (Astoria Basin).

Tns - Northrup Creek formation, sandstone (early Miocene and Oligocene?)

[Northup Creek formation name is informal usage]

Tlc - Lincoln Creek Formation (early Miocene to late Eocene)

Marine, dark-gray to olive-gray, concretion-bearing, very tuffaceous siltstone and lesser feldspathic
sandstone; lower two-thirds is thin-bedded, laminated, burrowed tuffaceous siltstone and thin
interbeds of graded, planar-laminated, fine- to medium-grained micaceous feldspathic sandstone, in
places glauconitic or tuffaceous, especially at base of unit; large-scale soft-sediment deformation is
common. Abundant sandstone near base of unit mapped separately as sandstone unit at Knappton (
Tick); upper third of unit is massive to laminated, poorly bedded, bioturbated, dark-gray siltstone and
fine sandstone; white to tan tuff stringers and beds common throughout. Best exposures are in Dell
Creek and along logging roads following Dell Creek and its tributaries. Formation contains
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foraminifers referable to Refugian and Zemorrian Stages of Schenck and Kleinpell (1936) and
Kleinpell (1938); molluscan fauna from the uppermost part of the formation near Knappton are
referable to the upper part of the Liracassis apta zone (Moore, 1984) and are thought to be of early
Miocene age, although benthic foraminfers from the same locality are referable to the Zemorrian
Stage, or Oligocene (W.W. Rau, oral commun., 1985). In part correlative with the Lincoln Creek
Formation as mapped by Wolfe and McKee (1968) to the east and to the Smuggler Cove mudstone
unit (Niem and Niem, 1985) and the Alsea Formation (Snavely and others, 1975) in Oregon. Locally
includes unit Tlck. GRI Source Map ID 15326 (Cape Disappointment).

Tick - Lincoln Creek Formation, sandstone unit at Knappton (early Oligocene
or late Eocene)

Light-gray, thick- to thin-bedded, graded and planar-laminated to trough-laminated, fine- to medium-
grained micaceous feldspathic sandstone and lesser laminated siltstone, locally glauconitic or
tuffaceous, with massive tuffaceous siltstone interbeds; includes thin-bedded sandstone sequences at
several localities above sill on Bear River Ridge that may not be strictly correlative. Best exposures
are along logging roads south of Bean Creek and along State Highway 401 at Knappton. Foraminifers
from overlying siltstone generally referable to the Zemorrian Stage of Kleinpell (1938), while those
beneath the sandstone are referable to the Refugian or Narizian Stages of Schenck and Kleinpell
(1936) and Mallory (1959); may be deeper water facies correlative with sandstone of the Pittsburg
Bluff Formation (Moore, 1976) in Oregon. GRI Source Map ID 15326 (Cape Disappointment).

Tpb - Pittsburg Bluff Formation (Oligocene and late Eocene)

Approximately 275 m of thick, ridge-forming, bioturbated to laminated beds of tuffaceous to arkosic
sandstone with glauconitic sandstone (particularly in lower part) and subordinate beds of tuffaceous
siltstone-claystone. Very fine- to medium-grained silty sandstone beds are structureless and
concretionary and contain thin, light-gray tuff beds. Abundant shallow-marine mollusks in unit are
referrable to Galvinian Stage of Armentrout (1975, 1981) (Moore, 1976; Moore, in Olbinski, 1983, and
in Nelson, 1985). Foraminifera are referred to late Refugian Stage of Schenck and Kleinpell (1936)
and coccoliths to lower Oligocene (equivalent to early Zemorrian foraminiferal stage; Bukry, in Nelson,
1985). Formation becomes siltier (finer grained) and pinches out to southwest and west (Rarey, in
preparation; Peterson, 1984). Locally, it passes into much thinner glauconitic sandstone and
tuffaceous sandy siltstone of upper member (Tsc2, Tscg, Tscs) of Smuggler Cove formation (Rarey,
in preparation). GRI Source Map ID 35633 (Astoria Basin).

Ts - Sager Creek formation (late Eocene)

Thick sequence of well-laminated micaceous and carbonaceous mudstone rhythmically interbedded
with thin feldspathic sandstone. Fine-grained sandstone is laminated to thin bedded and occurs
locally with thin-bedded mudstones in nested channels. Some sandstone beds form concretionary
ledges. The 1,160-m-thick formation thins and interfingers with tuffaceous lower Smuggler Cove
formation (Tscl) to west and southwest. Unit contains deep-water foraminifera assigned to upper
Refugian Stage (McDougall, in Olbinski, 1983) and coccoliths of the NP19-21 calcareous
nannoplankton zone (Poore and Bybell, written communication to Olbinski, 1983). Formation was
informally called Vesper Church formation by Olbinski (1983) and Vesper Church member of Keasey
Formation by Wells and others (1983) and Nelson (1985) in Clatsop County and lower Pittsburg Bluff
Formation by Warren and Norbisrath (1946) and Kadri (1982) in Columbia County. GRI Source Map

ID 35633 (Astoria Basin).

[Sager Creek formation name is informal usage]
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Tkj - Keasey Formation, Jewell member (late Eocene)

Thin-bedded to laminated, grayish-brown, tuffaceous to glauconitic mudstone with a few arkosic
sandstone lenses, tuffs, and clastic dikes. Abundant bathyal foraminifera and coccoliths referrable to
lower Refugian Stage of Schenck and Kleinpell (1936) (McDougall, in Nelson, 1985; McKeel, written
communication, 1985; Bukry, in Mumford, in preparation). Some late Narizian foraminiferal
assemblages have also been reported (Rau, in Nelson, 1985; McKeel, written communication, 1985).
First described as informal unit of lower Keasey Formation by Olbinski (1983) and Nelson (1985).
Jewell member is thought to overlie unconformably the Cowlitz Formation and Hamlet formation
(Olbinski, 1983; Rarey, in preparation). GRI Source Map ID 35633 (Astoria Basin).

[Jewell member name is informal usage]

Th - Hamlet formation (late Eocene)

Massive, medium-gray, carbonaceous and mica-bearing mudstone (up to 200 m thick) with a few thin
interbeds of graded, rhythmic, fine-grained, arkosic, micaceous, carbonaceous sandstone and/or
medium- to coarse-grained basaltic sandstone. Mudstone weathers to small chips and contains
gastropods, scaphopods, and fish scales. Two members occur within formation: a basal basaltic
conglomerate and basaltic sandstone unit (Roy Creek member, Thr) and, in eastern Clatsop County,
interbedded shallow-marine micaceous lithic arkosic sandstone and basaltic sandstone (Sunset
Highway member, Ths). Abundant foraminifera in unit are referred to late Narizian Stage of Kleinpell
(1938) (Rau, in Rarey, in preparation, and in Mumford, in preparation), and coccoliths from bottom to
top of section represent CP14A and CP14B nannofossil zones which equate to late Narizian
foraminiferal stage (Bukry, in Rarey, in preparation, and in Mumford, in preparation). Formation was
previously mapped as undifferentiated late Eocene-Oligocene sedimentary rocks by Wells and Peck
(1961), Cowlitz Formation (Wells and others, 1983), and Cowlitz members Tc1-Tc4 of Olbinski (1983)
and Nelson (1985). Unit correlates with Yamhill Formation of Bruer and others (1984) and, in part,
with mudstone in subsurface in western Clatsop County that they equated to the Cowlitz Formation.
Upper part of Hamlet formation interfingers with Cowlitz Formation in eastern Clatsop County. Unit
also correlates to Nestucca Formation as mapped by Wells and others (1983). GRI Source Map ID

35633 (Astoria Basin).

Thr - Hamlet formation, Roy Creek member

[Hamlet formation name is informal usage]

Ttv - Tillamook Volcanics (late and Middle Eocene)

Subaerial aphyric to abundantly plagioclase- and pyroxene-phyric, dark-gray to greenish-gray, high-
titanium basalt and basaltic andesite flows with red oxidized to deeply weathered vesicular top and
bottom flow breccias. Lavas have platy to blocky columnar-jointed interiors and display reverse
magnetic polarities (Nelson, 1985; Rarey, in preparation; Mumford, in preparation). Minor andesite
and dacite in Green Mountain area; upper part of unit also contains some volcanic mudflow breccias,
basalt conglomerate, lapilli tuffs, basaltic sandstone, and minor medium-dark-gray to reddish oxidized
siltstone interbeds. Locally, flows and breccias are hydrothermally altered. A few porphyritic to aphyric
dikes (Ttd ) occur (most included in Ttv). Whole-rock K-Ar age determined after acid treatment of
sample from upper part of Tillamook Volcanics in Clatsop County is 40.1 £ 1.2 m.y. (Leda Beth
Pickthorn, written communication to Parke Snavely, Jr., U.S. Geological Survey, 1984). Other ages
reported from Clatsop County samples range from 37.1 + 0.4 m.y. (late Eocene) to 42.4 £ 0.5 m.y.
(middle Eocene) (McElwee, in Nelson, 1985). K-Ar ages of dikes in lower part of Tillamook Volcanics
south of map area in Tillamook County range from 43.2 to 46.0 + 0.9 m.y. and average 44.3+0.6 0.6
m.y. (Magill and others, 1981). GRI Source Map ID 35633 (Astoria Basin).
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Tes - Siltstone and sandstone (late and Middle Eocene)

Thin-bedded, laminated concretionary siltstone and fine micaceous sandstone in northeastern part of
map; correlative with the siltstone of Cliff Point (Tcp), the siltstone and sandstone at Omeara Point (
Top), and the siltstone of Shoalwater Bay (Tsb), undivided, and is laterally equivalent to part of Unit B
of Wolfe and McKee (1968). As mapped on and near Long Island, may also include rocks correlative
with the sandstone at Megler (unit Tsm). GRI Source Map ID 15326 (Cape Disappointment).

Tsb - Siltstone at Shoalwater Bay (late and late middle Eocene)

Dark-gray, thin-bedded, laminated, indurated tuffaceous siltstone containing thin tuff beds, minor thin-
bedded feldspathic sandstone, and calcareous concretions; unit is baked and altered over wide areas
beneath the sill on Bear River Ridge; best exposures occur on U.S. Highway 101 along Shoalwater
Bay. Foraminifers are referable to Narizian or Refugian Stages of Mallory (1959) and Schenck and
Kleinpell (1936); unit is lateral equivalent of middle and upper part of Unit B of Wolfe and McKee
(1968) and is correlative in part with siltstone of Skamokawa Creek (Wells, 1981); may be correlative
in part with Nestucca, Cowlitz, and Keasey Formations of northwest Oregon (Wells and others,
1983). GRI Source Map ID 15326 (Cape Disappointment).

Top - Siltstone and sandstone at O'Meara Point (late and late middle Eocene)

Light-gray, very well bedded, laminated, indurated siltstone and thin-bedded, planar-laminated and
graded to cross-laminated, and graded, very fine grained micaceous feldspathic sandstone, locally
basaltic, carbonaceous or tuffaceous with locally abundant calcareous concretionary beds; best
exposed at Omeara Point on Shoalwater Bay. Contains foraminifers referable to the upper(?) Narizian
Stage of Mallory (1959); may be correlative with part of the Cowlitz Formation near Longview,
Washington (Livingston, 1966; Wells, 1981), and in northern Oregon (Warren and Norbisrath, 1946;
Wells and others, 1983). GRI Source Map ID 15326 (Cape Disappointment).

Tcp - Siltstone of Cliff Point (late? and middle Eocene)

Greengray to red-gray, indurated, burrowed, thin-bedded and laminated tuffaceous siltstone and very
fine volcanolithic sandstone; breaks with conchoidal fracture across bedding; best exposed at Cliff
Point on the Columbia River about 4 km east of the Astoria/Bridge. Contains foraminifers referable to
the Narizian Stage of Mallory (1959); partly correlative with lower part of siltstone of Unit B of Wolfe
and McKee (1968) and upper part of McIntosh Formation (Pease and Hoover, 1957; Wagner, 1967a,
b) in Washington; correlative with part of Yamhill Formation (Baldwin and others, 1955) in northern
Oregon. GRI Source Map ID 15326 (Cape Disappointment).

Tsm - Sandstone at Megler (middle Eocene)

Light-gray, indurated, thin- to thick-bedded and channeled, planar-laminated and graded to locally
trough-laminated or cross-laminated, very fine to medium-grained micaceous feldspathic sandstone
and interbedded siltstone, locally with sole markings of flute and groove casts; lowermost sandstones
are in part basaltic and interfinger with basalt lapilli breccia and flows (unit Thr) and pillow basalt flows
(unit Tbf); best exposed near Megler rest stop 1.6 km east of Astoria Bridge. Contains foraminifers
referable to upper Ulatisian or lower Narizian Stages of Mallory (1959); laterally correlative with Unit A
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of Wolfe and McKee (1968) and lower part of McIntosh Formation of Wagner (1967a, b) in
Washington; may be correlative with lower part of Yamhill Formation in northern Oregon (Baldwin and
others, 1955; Snavely and others, 19764, b, c; Wells and others, 1983). GRI Source Map ID 15326 (
Cape Disappointment).

Tbr - Basalt lapillli breccia and flows at Fort Columbia (middle Eocene)

Submarine basalt lapilli tuff, basalt breccia, and basalt sandstone and conglomerate; mostly thick-
bedded to massive and locally graded, dark-green to brown-gray basalt lapilli tuff composed of
vesicular basalt glass fragments cemented with calcite and zeolite, locally contains large plagioclase
crystals up to 13 cm long; locally grades into medium to coarse basaltic sandstone; also includes
massive basalt flow breccia and poorly sorted basalt boulder conglomerate; interbedded with the
sandstone at Megler (unit Tsm) that contains foraminifers referable to the upper Ulatisian or lower
Narizian Stages of Mallory (1959); may be correlative with Henriksen's (1956) Pe Ell Volcanics
Member of the Cowlitz Formation. Locally includes: GRI Source Map ID 15326 (Cape Disappointment

).

Tbf - Basalt lapillli breccia and flows at Fort Columbia, pillow basalt flows
(middle Eocene)

Amygdaloidal fine-grained pillow basalt and lesser columnar-jointed basalt and breccia, commonly
showing submarine alteration of glass to green smectite clays and abundant fracture fillings of zeolite,
calcite, and quartz; also interbedded with the sandstone at Megler (unit Tsm)). GRI Source Map ID
15326 (Cape Disappointment).

Tig - Gabbro and basalt (Eocene)

Massive to crudely columnar jointed and locally banded or layered gray-green pyroxene gabbro and
basalt; interstitial glass and cores of plagioclase commonly altered to clay minerals; intrudes Crescent
Formation and overlying sandstone of Megler (unit Tsm). GRI Source Map ID 15326 (Cape

Disappointment).

Tc - Crescent Formation (middle Eocene)

Pillowed, columnar-jointed, and massive basalt, fine to medium grained, nonvesicular to
amygdaloidal, aphyric to plagioclase-pyroxene-olivine-phyric; typically shows submarine alteration of
glassy pillow rims and interstitial glass to waxy green smectite clays. Clay minerals, zeolite, calcite,
and quartz fill vesicles and abundant slickensided fractures; unit best exposed in sea cliffs at Cape
Disappointment. Siltstone interbeds in upper part contain foraminifers referable to upper Ulatisian or
lower part of the Narizian Stages of Mallory (1959). In northeast part of map area unit is laterally
continuous and correlative with upper part of Crescent Formation as mapped by Wagner (1967a, b),
Wolfe and McKee (1968), and Pease and Hoover (1957) in Washington. In the isolated Fort Columbia
anticline, no foraminifers referable to the Ulatisian Stage have yet been found, but the stratigraphic
relations there are identical to those of the upper part of the Crescent Formation in the northeast part
of the map area and suggests that the two sequences are equivalent. GRI Source Map ID 15326. (
Cape Disappointment)
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Geologic Cross Sections

The geologic cross sections present in the GRI digital geologic-GIS data produced for Lewis and
Clark National Historical Park, Oregon and Washington (LEWI) are presented below. Note that some
cross section abbreviations (e.g., A - A") may have been changed from their source map abbreviation
in the GRI data so that each GRI cross section abbreviation is unique. Cross section graphics were
scanned at a high resolution and can be viewed in more detail by zooming in (when viewing the digital
format of this document).

The three geologic cross sections, A-A', B-B', and C-C', are available as a separate PDF document.
LEWI Geologic Cross Sections
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GRI Source Map Citations

The GRI digital geologic-GIS map for Lewis and Clark National Historical Park, Oregon and
Washington (LEWI) was compiled from the following sources:

Ma, L., Madin, I.P., Olson, K.V., Watzig, R.J., Wells, R.E., Niem, A.R., and Priest, G.R., 2009,
Oregon Geologic Data Compilation (OGDC) - Release 5, Oregon Department of Geology and
Mineral Industries, Portland, OR. (OGDC v5). (GRI Source Map ID 75206).

Martin, M.W., Kadri, M.M., Neim, A.R., and McKeel, D.R., 1985, Correlation of Exploration Wells,
Astoria Basin Northwestern Oregon in Niem, A.R., Niem, W.A., Martin, M.W., Kadri, M.M., and
McKeel, D.R., Correlation of Exploration Wells, Astoria Basin, Oregon, Oregon Department of
Geology and Mineral Industries, Oil and Gas Investigations 14; plate 2 of 2. (Exploration Wells). (
GRI Source Map ID 75558).

Niem, A.R. and Niem, W.A., 1985, Geologic Map of the Astoria Basin, Clatsop and Northwestern
Most Tillamook Counties, Northwest Oregon in Niem, A.R., Niem, W.A., Martin, M.W., Kadri, M.M.,
and McKeel, D.R., Correlation of Exploration Wells, Astoria Basin, Oregon, Oregon Department of
Geology and Mineral Industries, Oil and Gas Investigations 14; plate 1 of 2, 1:100,000 scale. (
Astoria Basin). (GRI Source Map ID 35633).

Wells, R.E., 1989, Geologic Map of the Cape Disappointment-Naselle River area, Pacific and
Wahkiakum Counties, Washington: U.S. Geological Survey, Miscellaneous Investigations Series
Map 1-1832, 1:62,500scale. (Cape Disappointment). (GRI Source Map ID 15326).

Additional information pertaining to each source map is also presented in the Source Map
Information (LEWIMAP) table included with the GRI geology-GIS data.

Astoria Basin

Niem, A.R. and Niem, W.A., 1985, Geologic Map of the Astoria Basin, Clatsop and Northwestern
Most Tillamook Counties, Northwest Oregon in Niem, A.R., Niem, W.A., Martin, M.W., Kadri, M.M.,
and McKeel, D.R., Correlation of Exploration Wells, Astoria Basin, Oregon, Oregon Department of
Geology and Mineral Industries, Oil and Gas Investigations 14, plate 1 of 2, 1:100,000 scale. (GRI
Source Map ID 35633).

Many Oregon Department of Geology and Mineral Industries publications including Oil and Gas
Investigations 14 are available for purchase through Nature of the Northwest Information Center
web site: http://www.naturenw.org

Astoria Basin Report

Oil and Gas Potential

Early oil and gas reconnaissance investigations that included the Astoria basin were conducted by
Washburne (1914) and Warren and others (1945). Eleven exploration wells, many with
noncommercial gas shows, have been drilled in the basin (Plates 1 and 2). Much of the drilling
activity has occurred since the 1979 discovery of commercial quantities of gas in the Clark and
Wilson sandstone of the upper Eocene Cowlitz Formation in the Mist gas field 4 mi to the east
(Newton, 1979; Bruer, 1980). The gas field occurs on the east flank of the northern Coast Range
gravity high (Bromery and Snavely, 1964) or Nehalem arch of Armentrout and Suek (1985), which
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separates the Astoria basin on the west from the north Willamette basin on the east.

The more than 10,000-ft-thick Tillamook Volcanics represent economic basement in the area.
These rocks are exposed in uplifted fault blocks in the southeast part of the map area and have
been encountered in several wells in the basin (Plate 2). The Tertiary sedimentary section that
overlies the volcanic basement generally thins over the gravity high and thickens toward the
basins. The deepest part of the basin in northwest Oregon lies approximately 7 mi southeast of
Astoria and contains more than 10,000 ft of upper Eocene to middle Miocene strata. The
sedimentary section probably exceeds 15,000 ft in the offshore part of the basin (Snavely and
others, 1977; Armentrout and Suek, 1985).

The most promising reservoir target is the thick, friable, arkosic, micaceous Clark and Wilson
sandstone of the Cowlitz Formation that occurs only in the easternmost part of the basin.
Incomplete drill-stem tests yielded an estimated 10,000-20,000 cfd from the Clark and Wilson
sandstone in the Boise Cascade 11-14 well (daily driller's report). The Clark and Wilson sandstone
rapidly thins across the northern Coast Range gravity high from 750 ft in the Mist gas field (Bruer,
1980) to less than 25 ft south of Jewell and pinches out into the bathyal Hamlet mudstone
(Olbinski, 1983; Nelson, 1985). The structural high appears also to have controlled dispersal of the
Cowlitz in southwest Washington, as Wells (1981) reports a similar sandstone pinchout at the
same longitude. Bruer and others (1984) show that the Cowlitz Formation (Clark and Wilson
sandstone) unconformably onlaps the high and is, in turn, truncated by the overlying Keasey
Formation, which commonly acts as a seal at Mist. The Cowlitz in the Astoria basin does not have
as good reservoir potential as it has in the north Willamette basin because the arkosic sandstone is
thinner, contains more diagenetic clay, and has lower permeabilities than in the Mist area (average
permeability in the Astoria basin is 79 millidarcies [rind] compared to 200 md in the Mist field
[Armentrout and Suek, 1985]). Less promising but deeper reservoir targets are the shallow-marine
lithic arkosic sandstones of the Sunset Highway member of the Hamlet formation. However, these
sandstones are thinner and less permeable (30 md) than the Cowlitz sandstone and appear to be
more restricted to the southeast part of the basin.

Other units that could act as reservoirs (i.e., porosities 16.8 to 39.7 percent; permeabilities 13.8 to
1,262 md) either are breached by erosion or not buried deeply enough (e.g., Gnat Creek formation
and Angora Peak and Youngs Bay members of the Astoria Formation), are too thin and
discontinuous (e.g., feldspathic sandstones, unit Tscs, in Smuggler Cove formation and Sager
Creek formation), pinch out (e.g., Pittsburg Bluff Formation), or have low permeability and effective
porosity due to compaction and formation of diagenetic clay rim cements and iron oxides in pore
throats. Occlusion of pore space by calcite, zeolites, or smectite-chlorite clays is particularly
evident in the basaltic sandstones of the Roy Creek and Sunset Highway members of the Hamlet
formation.

However, two members of the Miocene Astoria Formation projected onto the inner continental shelf
appear to be attractive offshore targets (Cooper, 1981). These units are the thick, permeable,
deltaic to shallow-marine Angora Peak arkosic sandstone (southwest of Cannon Beach) and the
highly friable, submarine channel, arkosic sandstones (Tayl and Tay2) of the Youngs Bay member
northwest of Seaside. These units may have been deposited at the mouth of the ancestral
Columbia River (Niem, 1976) and Astoria canyon head-fan system (Nelson, 1978; Coryell, 1978).
The overlying bathyal Cannon Beach mudstone and encasing Youngs Bay mudstone could act as
seals. Structural traps in the offshore area are possible along north-south normal faults and
anticlines (Snavely and others, 1977; Johnson and others, 1984), around shale diapirs, and over a
seaward projection of a high of Tillamook Volcanics between the Tillamook and Astoria
embayments (Wells and others, 1983). Late middle Miocene subduction of thermally mature Hoh
mélange beneath this forearc sequence on the inner continental shelf could allow oil and wet gas
to migrate upward into structural and stratigraphic traps (Snavely, in preparation; Snavely and
Wells, 1984).

Some arkosic sandstones of the Northrup Creek formation (Tns) and the thick, shallow-marine
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permeable Wickiup Mountain sandstone of the Astoria Formation (270 md; Cooper, 1981) could be
low-priority reservoir targets for exploration in the northernmost part of the map area if suitable
updip stratigraphic pinchouts or fault traps can be defined seismically in this homoclinal sequence.

Thick, bathyal mudstones and some carbonaceous sandstones of the Cowlitz Formation; the
Hamlet, Sager Creek, Northrup Creek, and Smuggler Cove formations; and Cannon Beach and
Youngs Bay members of the Astoria Formation are marginal to adequate gas-prone source rocks.
Although the total organic carbon (TOC) levels in these units are fair to high (ay. 1.1 percent; 84
well and surface samples), visual kerogen is primarily gas-prone terrestrial organic matter—mainly
structured woody debris, vitrinite, amorphous matter, and some exinite (alginite). Hydrogen indices
and genetic potentials (Si + S2; see Law and others, 1984) are low, and oxygen indices are
commonly high (100), also suggesting that the organic matter is generally oxidized type-Ili
kerogen, which is typically low yielding, gas prone, and hydrogen deficient (Tissot and Welte,
1978). The Jewell member of the Keasey Formation, the Pittsburg Bluff Formation, and the
Wickiup Mountain member of the Astoria Formation are poor to fair source rocks because of
marginal amounts of total organic carbon (ay. 0.62 percent; 84 samples). In addition, all these units
are generally thermally immature (ay. Ro = 0.42 percent; 38 well and surface samples, generally
Ro 0.55 percent). Geochemical analysis indicates that the Watson oil seep near Olney is likely a
man-made dump of biodegraded, southern California asphaltic crude oil related to early 20th
century logging operations (Murphy, 1981; Niem, unpublished information, 1978, 1984). In
summary, these rocks are likely sources only for biogenic methane or early diagenetic gas but not
oil (Tissot and Welte, 1978). However, the area is riddled with middle Miocene and upper Eocene
intrusions that have thermally matured to supermatured these rocks for tens to hundreds of feet
(RO =0.95 to 2.36 percent; ay. 1.8 percent; six samples), thereby creating possible sources for
thermogenic gas. One well with a thick gabbroic sill (Crown Zellerbach 31-17 well) has significant
concentrations of ethane and propane in addition to methane (i.e., approx. Ci/[C2 + C3] ratios 15
from calibrated gas chromatographs on mud log), suggesting a thermogenic effect. Thermogenic
dry gas has also been reported by Armentrout and Suek (1985) in the Mist gas field.

The Astoria basin occurs in a major zone of distributed shear between the Tillamook Volcanics on
the south, which show 45° of clockwise rotation (Magill and others, 1981; Nelson, 1985), and upper
Eocene volcanic rocks in southwest Washington, which have undergone considerably less rotation
(23°; Wells and Coe, 1985). The basin is broken by an extensive network of conjugate northwest-
trending right-lateral and northeast-trending left-lateral oblique-slip faults and older major east-west
oblique-slip faults that could produce fault traps. The faults, many with subhorizontal slickensides,
show tens to hundreds of feet of horizontal and vertical separation, as indicated by offsets of
middle Miocene dikes (piercing points; Nelson, 1985) and juxtaposition of volcanic and
sedimentary units. The northwest- and northeast-trending faults and a few associated small east-
west thrust faults (Nelson, 1985) reflect late middle Miocene north-south compression and wrench-
fault tectonics. In the southeast corner of the map, U.S. Highway 26 traverses the length of a small
pull-apart depression between a highly faulted, uplifted block of Tillamook Volcanics on the north
and the main mass of Tillamook Volcanics to the south. The style and intensity of basement
faulting in this area approximates the faulting in the subsurface in the Mist gas field. The major
high-angle east-west faults, with shear zones as much as 100 ft wide, show greater separation of
upper Eocene units and volcanic basement than of Miocene volcanics and strata, suggesting that
the faults were initiated in the late Eocene (perhaps as dip-slip faults) and reactivated in the late
middle Miocene as left-lateral(?) oblique-slip faults. Three major middle Miocene dikes were
intruded along northeast-trending faults(?) in eastern Clatsop County. Some dikes, however,
parallel the conjugate northeast-and northwest-trending joint pattern that is well developed in the
middle Miocene breccias and pillow lavas. A few faults are truncated by late Eocene or Miocene
unconformities. The unconformities along with sandstone pinchouts and truncations by submarine
channel-fills could act as stratigraphic traps.

Folds are rare; those that are recognized are broken by extensive faulting and intrusions, creating
a myriad of dip directions and juxtaposed rock units. Some northwest-trending en echelon folds are
associated with the major east-west oblique-slip faults. All the mapped folds have limited closure.
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Extracted from: (Astoria Basin).

Astoria Basin Time Rock Chart

TIME ROCK CHART '

QUATERNARY

‘CENOZOIC
TERTIARY

Shaded areas indicate informal molluscan and foraminiferal stages.

"Time scale after Armentrout (1981); absolute scale on this chart is schematic.

“Boundary between Graysian and Wishkahan after Amentrout and others (1983, 1984).
Relizian) is 16.5m.y.

15.8m.y.
“Pavisod Eocene-Oligocene (Narizian-Refugian-Zemorrian) boundaries after Prothero and Armentrout (1985).
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Astoria Basin Index to Geologic Mapping
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¢) Cooper,D.M., 1981, geologic map of Astoria Formation
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Astoria Basin Map Symbols

MAP SYMBOLS

Contact— Approximately located or inferred, queried where uncertain

- Lateral facies change

Fault — Bar and ball on downthrown side, dashed where approximate or inferred, queried where
uncertain, dotted where concealed; hachure shows dip; arrow shows inferred horizontal motion;
oblique slip is common to most faults

44 A -4 Thrust fault — Teeth on upper plate; dashed where approximate, queried where uncertain
— ____ Azimuth and plunge of slickensides on fault plane

——}— ——... Anticline showing direction of plunge — Dashed where approximately located, dotted where
concealed

‘—-#-———- -+ Syncline showing direction of plunge — Dashed where approximately located, dotted where
concealed

as
& Inclination of intrusion

"o Strike and dip of bedding
9 4 Vertical bedding — 90 indicates top of strata
@ Horizontal bedding
———s——  Prominent joint

-¢- Abandoned dry hole — Subsurface data for wells 1-8 appear on correlation diagram (Plate 2)
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Cape Disappointment

Wells, R.E., 1989, Geologic map of the Cape Disappointment-Naselle River area, Pacific and
Wahkiakum Counties, Washington: U.S. Geological Survey, Miscellaneous Investigations Series
Map 1-1832, 1:62,500 scale. (GRI Source Map ID 15326).

Cape Disappointment Report

Introduction

The Cape Disappointment-Naselle River area is in southwestern Washington at the mouth of the
Columbia River. The area encompasses several major estuaries and their adjacent highlands,
which reach elevations of about 2,000 feet. Rainfall is abundant and produces heavy vegetation
and deep weathering of the bedrock. Natural bedrock exposures are restricted to stream courses
along larger drainages, although a network of logging roads provides excellent access to most of
the area and widespread, but somewhat ephemeral, exposures of bedrock.

Published geologic mapping in the area includes a sketch map of southwest Washington geology
in Weaver's 1937 monograph on the stratigraphy and paleontology of western Washington.
Proprietary oil-company mapping that was published on the state geologic map (Huntting and
others, 1961) also covers the area. Detailed geologic maps that cover stratigraphic sequences
similar to those found in the Cape Disappointment Naselle River area are available for adjacent
guadrangles (Wolfe and McKee, 1968, 1972; Wagner, 1967a, b) and nearby areas (Pease and
Hoover, 1957; Snavely and others, 1958; Gower and Pease, 1965; Livingston, 1966; and Wells,
1981).

The primary purpose of this investigation is to provide a geologic tie between known geology on
land and offshore seismic reflection lines that were run by the U.S. Geological Survey (Snavely
and Wagner, 1982; Snavely, 1987). Major goals of this project included (1) the correlation of
coastal exposures of deep-water marine Tertiary strata with well-defined stratigraphy elsewhere in
the Coast Range and (2) the definition of major structures along this segment of an active
convergent margin. The author spent approximately six months mapping the area during the
summers of 1975 to 1977 and published a preliminary open-file report in 1979 (Wells, 1979).
Weldon W. Rau of the Washington State Division of Geology and Earth Resources made the
foraminiferal determinations and Warren D. Addicott and Ellen J. Moore of the U.S. Geological
Survey made the megafossil identifications and correlations. Jorge Rodreguez and Chris Hathon
provided able field assistance during the summers of 1976 and 1977. Insightful discussions about
Coast Range stratigraphy with Parke Snavely, Jr., Allan Niem, and Weldon Rau are gratefully
acknowledged.

General Geology

The Cape Disappointment-Naselle River area of southwest Washington lies along the westernmost
exposed edge of the central Washington and Oregon Coast Range. The Coast Range consists of
the exposed part of a Tertiary forearc basin that extends offshore and lies within an active
convergent margin. Nearly 7 km of deep-water marine strata are exposed in northwest-trending,
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westward-vergent anticlinal uplifts in the map area. An outline of the stratigraphy of these rocks is
included below and in the map description. Additional stratigraphic and petrographic information for
correlative rocks is available in Wolfe and McKee (1972).

The oldest rocks in southwest Washington crop out in the cores of the anticlinal uplifts and are
referred to the Crescent Formation, here considered to be of early and middle Eocene age. Pease
and Hoover (1957) and Wolfe and McKee (1968, 1972) suggest the Crescent may locally extend
into the upper Eocene, but four new radiometric dates from lavas in the upper part of the Crescent
Formation in the Willapa Hills average about 49 Ma, and five dates from the Black Hills average
about 54 Ma (Duncan, 1982). The late Eocene ages may be derived from microfossil assemblages
collected from interbeds in basalt sill complexes that postdate Crescent volcanism (compare
Pease and Hoover, 1957, and Wells, 1981) and may partly be a relict of earlier correlation
schemes for benthic forminifers (see Rau 1981). The Crescent Formation consists primarily of sub
marine-pillowed, columnar-jointed, and massive basalt flows. The basalt is chemically similar to
those erupted in oceanic tectonic regimes (Snavely and others, 1968; Wolfe and McKee, 1972),
and it is thought to represent either oceanic crust and seamounts accreted to the continental
margin during the early and middle Eocene, or possibly the product of a continental margin-rifting
episode (see Wells and others, 1984, for a summary of models). In the Cape Disappointment-
Naselle River area, volcanism may have continued locally (possibly after a brief hiatus) during
deposition of the overlying, continentally derived micaceous sandstone. Basalt lapilli breccia and
pillow basalt flows interbedded with the sandstone are mapped separately from the Crescent
Formation in this report and are called the basalt lapilli breccia (Tbr) and flows (Tbf) at Fort
Columbia, after the good exposures at that locality. These breccias are probably correlative with
breccias and flows near the top of the Crescent that are mapped elsewhere in southwest
Washington, (Wagner, 1967a, b; Henriksen, 1956; Wells, 1981).

Deep-water marine sedimentary rocks overlying the pillow basalt basement range in age from
middle Eocene to middle Miocene and consist primarily of thin-bedded, laminated tuffaceous
siltstones and lesser amounts of sandstone, deposited primarily in outer shelf and slope
environments. The oldest sedimentary unit is the middle Eocene sandstone at Megler (unit Tsm),
named for exposures at the Megler rest stop, about 1.6 km east of the north end of the Astoria
bridge. This unit consists of thin to thick, locally rhythmically bedded, micaceous feldspathic
sandstone and lesser interbedded siltstone. Graded bedding and sole markings such as flute and
groove casts suggest a turbidite on- gin for these rocks, although trough cross lamination occurs in
some places. Indurated, thin-bedded, tuffaceous, deep-water marine siltstone units unconformably
overlie the sandstone at Megler and are locally exposed along U.S. Highway 101 east of the
Astoria bridge. They include the late (?) and middle Eocene siltstone at Cliff Point (unit Tcp), in
part correlative to the tuffaceous upper part of the Mcintosh Formation of Wagner (1967a, b), and
the siltstone and sandstone at Omeara Point (unit Top) and the siltstone of Shoalwater Bay (unit
Tsb), both of late middle and late Eocene age, which are deep-water correlatives to the coal-
bearing, shallow-water marine Cowlitz Formation near Longview, Washington.

A regional unconformity occurs at the base of the overlying late Eocene to early Miocene Lincoln
Creek Formation, as it does elsewhere in the Washington Coast Range. A micaceous, feldspathic,
and locally glauconitic sandstone, the sandstone unit at Knappton (Tick), occurs near the base of
the unit and is probably a deep-water correlative of shallow-water sandstone described 40 km to
the east of the map area near Cathlamet, Washington (Wells, 1981). The majority of the Lincoln
Creek Formation in the map area consists of very tuffaceous siltstone containing abundant tuff
beds and evidence of large-scale soft-sediment deformation.

Unconformably overlying the Lincoln Creek Formation is the early and middle Miocene Naselle unit
of the Astoria Formation. It consists mostly of massive to poorly bedded, abundantly micaceous,
carbonaceous, tuffaceous sandy siltstone and feldspathic sandstone and is correlative in part to
the Wickiup Mountain unit of the Astoria Formation in Oregon (Niem and Niem, 1985). Overlying
the Naselle unit with a local unconformity is the middle Miocene Bald Ridge unit of the Astoria
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Formation, which crops out along the axis of the Naselle syncline. The Bald Ridge unit consists
primarily of thin-bedded and laminated, abundantly micaceous and carbonaceous siltstone and
sandstone. Micaceous feldspathic sandstone also forms large channel fills and abundant
sandstone dikes. This unit is probably correlative to the Youngs Bay unit of the Astoria Formation
in northwest Oregon (Niem and Niem, 1985).

Middle Miocene basalt forms sills and dikes intruding all of the sedimentary rock units. They are
petrographically, chemically, and paleomagnetically similar to the Grande Ronde Basalt and the
Pomona Member of the Saddle Mountains Basalt (both of the Columbia River Basalt Group), which
are exposed as flows 40 km to the east of the map area at Cathlamet. The two largest intrusive
bodies are each several hundred meters thick and are composed of basalt (unit Tib) of Grande
Ronde chemistry at Bear River Ridge (Depoe Bay Basalt of Snavely and others, 1973) and olivine
basalt (unit Tiob) of Pomona chemistry at Radar Ridge* (basalt of Pack Sack Lookout of Snavely
and others, 1973). Both sills are intruded at or near the late Eocene angular unconformity at the
base of the Lincoln Creek Formation. The downstream location of the sills and their close proximity
to westward-moving flows of the Columbia River Basalt Group, which have identical
characteristics, suggests that these intrusive bodies are actually the distal remnants of invasive
flows that shouldered aside the less lithified marine sediments above the unconformity. Apparent
invasive relations also occur in northwest Oregon (Beeson and others, 1979; Niem and Niem,
1985).

Structure

Southwest Washington lies in the middle of a Cenozoic forearc region and has under gone several
deformations. The major structures consist of north- to northwest-trending basement uplifts that
expose the oceanic basalt basement of the Crescent Formation in their centers. The uplifts are
generally asymmetric, seaward-verging anticlinoria with over- steepened west limbs. Four of these
complexly faulted and folded uplifts occur in the Cape Disappointment area. Fold axes in the
Crescent Formation and in the overlying sandstone at Megler are more north-trending than those
in unconformably overlying rocks and suggest that a folding episode occurred during late middle
Eocene time. Sub sequent folding along more northwesterly trends has affected rocks as young as
late middle Miocene (unit Tiob). Major reverse faults apparently bound the western margins of the
uplifts, and their location is based on observation of the coincidence of sheared rock, steep dips,
and major topographic linears. The Fort Columbia fault and the Naselle Nemah River fault also
have dramatic aeromagnetic expression (U.S. Geological Survey, 1984). Because of poor
exposures, most faults are inferred, based on lack of correlation of stratigraphy and structure
across topographic lineaments.

The Cape Disappointment area has also undergone significant clockwise tectonic rotation, as
summarized in Wells and Coe (1985) and Magill and others (1982). The Crescent Formation
basement at Cape Disappointment and at Fort Columbia has rotated about 65° clockwise, whereas
the Crescent Formation north of the Naselle-Nemabh fault has rotated about 20°. These large
differential rotations predate the late middle Eocene unconformity and postdate the early folding of
the Crescent Formation against the continental margin (Wells and Coe, 1985). Subsequent post-
middle Miocene clockwise rotations of at least 16° have affected most of the Cape
Disappointment-Naselle River area (Magill and others, 1982; R.E. Wells, unpublished data, 1982).
Northeastward oblique convergence and the subduction of a sedimentary accretionary wedge
beneath the frontal forearc may have facilitated the tectonic rotations (Wells and Coe, 1985). The
possibility of thermally mature sedimentary rocks in the accretionary wedge thrust beneath the
forearc sequence may have significant implications for renewed petroleum exploration in the area
(Snavely and Wagner, 1982; Snavely, 1987). The three dry holes drilled in the area have all been
located on Crescent basalt basement structures and have been relatively shallow holes. New
targets may exist beneath an inferred basal thrust or in upper plate sandstones, such as the
sandstone of Megler, immediately above such a thrust.
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Cape Disappointment Correlation of Map Units
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Cape Disappointment Map Location

WASHINGTON

MAP LOCATION
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Cape Disappointment Symbols

CONTACT—Approximately located or inferred. Dotted where concealed;
queried where uncertain

;_74";:_ FAULT—Approximately located or inferred. Dotted where concealed; queried

N where uncertain. Dip shown where known. U, upthrown side; D, down-
thrown side; arrows show sense of strike-slip motion. Faults located on
the basis of shear zones, juxtaposed blocks of strata that have dissimilar
strikes and dips, and (or) topographic lineations

—a—a 4 THRUST FAULT—Approximately located or inferred. Sawteeth on upper
plate

FOLDS—Showing inferred trace of axial plane and direction of plunge. Dot-
ted where concealed

<—-3— Anticline
4——-‘— Syncline

STRIKE AND DIP OF BEDS—Attitudes along river beds and on coastal wave-
cut platform were measured on bedrock that is intermittently exposed

2 Inclined
= Overturned
@ Horizontal

—+ Vertical

S5 STRIKE AND DIP OF FOLIATION
HORIZON CONTAINING ABUNDANT GLAUCONITE

ZONE OF MAXIMUM ALTERATION AND BAKING OF SEDIMENTARY
ROCKS ADJACENT TO MIOCENE BASALT SILLS

< DRY HOLE
as®  TOTAL DEPTH—In feet
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CORRELATION OF EXPLORATION WELLS,
ASTORIA BASIN, N.W. OREGON

Explanatory text for Plate 2
Oregon Department of Geology and Mineral Industries Oil and Gas Investigation 14 (1985)

Alan R. Niem!, Wendy A. Niem!,
Michael W. Martin!, Moinoddin M. Kadri!, and Daniel R. McKeel?

INTRODUCTION

The purpose of Plate 2is to present the lithologic, biostrati-
graphic, electric log, and gas show data for eight wells drilled in
the onshore part of the Astoria basin, northwest Oregon, and to
give our interpretations of subsurface correlations between
wells. This plate should be used in conjunction with the geo-
logic map (Plate 1). Much of the lithologic information is based
on analysis of well cuttings in storage at the Oregon Depart-
ment of Geology and Mineral Industries, Portland. However,
additional cuttings; sidewall cores; electric, sonic, dipmeter,
neutron and density logs; mud logs; and well history sum-
maries were provided to us by Alan Seeling of Diamond Sham-
rock Corp., John Van Bladeren and H. Jack Meyer of Oregon
Natural Gas Development Corp., Douglas Hastings of Chevron
USA, and Bernard J. Guarnera of Boise Cascade Corp.

METHODS

Subsurface rock units were correlated by combining litho-
logic log descriptions with neutron, density, sonic, and electric
log responses (only gamma ray, spontaneous potential, and
resistivity are shown on Plate 2) and projecting geologic units
mapped on the surface (Plate 1) into the subsurface. Sea level is
used as datum. Many faults have been mapped between the
wells (Plate 1) but are not included on Plate 2 in order to sim-
plify the diagram and to emphasize correlation of stratigraphic
units.

Lithologic logs were constructed by mounting more than
1,400 representative splits of washed well cuttings (intervals
ranged from 10 to 30 ft) on cloth strips and studying the cut-
tings together with available sidewall cores using a binocular
microscope. Major element analyses of hand-picked, ultra-
sonic-cleaned cuttings of the volcanic and intrusive rocks were
made by X-ray fluorescence at Washington State University
under the direction of Peter R. Hooper. The results of these
analyses were plotted on silica variation diagrams and binary
graphs of the major oxides and were compared with analyses of
over 400 outcrop samples of the major volcanic and intrusive
units in the Astoria basin.

Biostratigraphic correlations relied on detailed micro-
paleontological work by Daniel R. McKeel. In addition, 75
samples were prepared for analysis for coccoliths, diatoms, and
foraminifers by David Bukry (U.S. Geological Survey, now
with Minerals Management Service), John Barron (U.S. Geo-
logical Survey), and Kristin McDougall (U.S. Geological Sur-
vey), respectively. McKeel prepared 1,614 ditch and sidewall
samples from the eight wells for both planktonic and benthic
foraminifers. Permission to use McKeel’s proprietary company
reports in this investigation was granted by the well operators,
Diamond Shamrock Corp. and Oregon Natural Gas Develop-
ment Corp., and also by Reichhold Energy Corp. (Mike Alger),

1Dept. of Geology, Oregon State University, Corvallis, OR 97331
2Consultant, Otis, Oregon

ARCO Exploration Co. (Robert J. Deacon and Martin B.
Lagoe), and Tenneco Oil Co. (Jere Jay). For the Hoagland No. 1
well, McKeel reviewed specimens that had already been
mounted on 57 slides that were available from the Oregon
Department of Geology and Mineral Industries. McKeel’s
report for each well consists of a listing of species in each
sample with the age (stage), paleobathymetric interpretation,
and summary for each distinctive interval. A summary of his
paleobathymetric interpretations is represented by stippled
columns to the right of the lithologic log for each well on Plate 2.

AGE AND BIOSTRATIGRAPHIC CORRELATION

The strataillustrated on Plate 2range in age from Narizian
(late middle Eocene) to Relizian (middle Miocene). However, in
five of the wells only Narizian and Refugian (late Eocene)
strata were encountered. The foraminiferal stages shown adja-
cent to each well are based principally on McKeel’s age
assignments. Stage names follow the California benthic fora-
miniferal stages of Kleinpell (1938), Schenck and Kleinpell
(1936), and Mallory (1959). The Pacific Northwest biostrati-
graphic zones recommended by Rau (1981) and insights of
McDougall (1980) also influenced McKeel’s stage assignments.
The time-rock chart on Plate 1 shows how these foraminiferal
stages relate to the Tertiary epochs. In addition to foraminif-
eral stages, age range assignments made by Bukry based on
calcareous nannofossils (e.g., coccoliths) for selected samples
are shown in small lettering (e.g., CP 14) to the right of the
paleobathymetry columns. A time correlation chart in the
lower right corner of Plate 2 (modified from Rarey, in prepara-
tion) shows the relationship of nannofossil zones of Bukry
(1981) to foraminiferal stages (modified from Armentrout,
1981). In general, there is good overlap between nannofossil
zone assignments and foraminiferal stages in the wells.

The highest occurrences of several key foraminiferal spe-
cies were used in biostratigraphic correlation of the wells.
These marker species are useful for correlation to other wells in
adjacent areas (such as at Mist; McKeel, 1983) and in the Wil-
lamette Valley (McKeel, 1984, 1985). Uvigerina atwilli was rec-
ognized in all the wells, and several species of planktic fora-
minifers were noted. The most important was the Refugian
Turborotalia insolita which is present in all the wells except the
Johnson 33-33 well. McKeel (1983) reported that this species
also was very useful for stratigraphic work in the Nehalem
basin (Mist gas field). Other planktic foraminifers which
assisted correlations were Globigerinatheka index and Globi-
gerina brevis. The biostratigraphic correlation lines generally
coincide with the lithostratigraphic correlation lines. Key
short-ranging late Eocene to earliest Oligocene nannofossil
guide taxa, that are present in several wells, are Isthmolithus
recurvus Deflandre, Reticulofenestra reticulata (Gartner et
Smith), and Reticulofenestra umbilica (Levin) (Bukry, written
communication, 1984).





LITHOLOGIC CORRELATIONS

More than 10,000 ft of Tertiary sandstone and mudstone
(see the Patton 32-9 and Johnson 33-33 wells) overlie the Eocene
Tillamook Volcanics and are commonly intruded by middle
Miocene Grande Ronde and Wanapum (Frenchman Springs
Member) basalt sills and dikes. Unconformities occur at the top
of the Tillamook Volcanics and at the bases of the Cowlitz,
Keasey, Sager Creek, Northrup Creek, and Astoria formations.

Tillamook Volcanics

The middle to upper Eocene Tillamook Volcanics are the
oldest rocks penetrated in four widely separated wells
(Hoagland No. 1, Boise Cascade 11-14, Clatsop County 33-11,
and Crown Zellerbach 11-28). The unit consists of a thick
sequence of basalt to basaltic andesite flows, breccias, debris
flows, basaltic tuffs, and minor interbeds of mudstone, sand-
stone, and conglomerate that formed as an oceanicisland in a
forearc basin (Rarey, in preparation). These rocks are distin-
guished from the slightly younger upper Eocene Cole Mountain
basalt and from the middle Miocene basalt intrusions on the
basis of geochemistry, petrography, and stratigraphic posi-
tion. Generally, the Tillamook Volcanics are higher in total
iron, total alkalies, TiO2, P20s, and MnO and lower in CaO and
MgO than Cole Mountain basalts with similar SiO2 values
(Rarey, in preparation). The Tillamook Volcanics also typically
contain less total iron (<13.5 percent) and more P20s (>0.65
percent) than the middle Miocene Frenchman Springs basalt.
Those Tillamook Volcanics with values of SiO2 similar to
Grande Ronde Basalt (i.e., >53 percent) generally contain more
P205 (>0.45 percent) and more Naz20 (>3.5 percent) than the
Grande Ronde basalt (Rarey, in preparation).

The Tillamook Volcanics appear in well cuttings as dull
medium grayish black to brownish black smectite-altered,
aphyric to porphyritic to vesicular basalt chips with white
zeolites and calcite and as soft clay-altered lapilli. Rare reddish
mudstone chips represent baked or weathered interbeds or
paleosols. A distinctive pilotaxitic flow texture (i.e., flow align-
ment of plagioclase microlites), visible in thin sections, com-
monly characterizes the Tillamook Volcanics from the overly-
ing middle Miocene and upper Eocene intrusive basalts (Rarey,
in preparation). D

The Tillamook Volcanjcs show a large increase in resistiv-
ity and a negative deflection of the spontaneous potential (SP)
curve from the shale line. In addition, the gamma ray response
commonly displays a noticeable decrease in value at the top of
the volcanic rocks.

A few thin beds of micaceous arkosic sandstone and mud-
stone, some with gas shows, are intercalated with Tillamook
basalts in the Hoagland No. 1 well. These may correlate with
the lower Narizian(?) Megler arkosic turbidite sandstone of
southwest Washington directly across the Columbia River
(Wells, 1979). However, in Wells’ opinion (personal communica-
tion, 1985), the Megler sandstones are interbedded with the
uppermost part of the Crescent basalts (now renamed basalt
breccias and flows at Fort Columbia; Wells, in preparation) and
may be older than the Tillamook Volcanics. Alternatively, the
basalts at the bottom of the Hoagland No. 1 well may be upper
Crescent basalt and Megler turbidite strata in an uplifted fault
block although the geochemistry of these flows in cores support
the interpretation that these are Tillamook Volcanics. Bruer
and others (1984) suggested that regionally the Tillamook Vol-
canics interfinger with-arkosic sandstone and mudstone of the
Yamhill Formation in the subsurface in Columbia County.

Hamlet formation

The Tillamook Volcanics are overlain by the mudstone-domi-
nated upper Eocene Hamlet formation. The Hamlet formation
is largely late Narizian in age, based on nannofossil and fora-
miniferal data in the wells and from molluscan, nannofossil,
and foraminiferal assemblages collected in outerop (Rarey, in

preparation; Mumford, in preparation). Two members occur in
the formation: a basal mollusk-bearing basaltic conglomerate
and sandstone (Roy Creek member) and an interbedded mica-
ceous lithic arkosic and basaltic sandstone (Sunset Highway
member). The Roy Creek member unconformably overlies the
Tillamook Volcanics (unit Tc: of Olbinski, 1983 and Nelson,
1985; Rarey, in preparation; Safley, in preparation; Mumford,
in preparation). This nearshore to fluvial deposit is widespread,
overlying the volcanics throughout the Tillamook highlands
(unit Thr on Plate 1 and unit Ths in Wells and others, 1983). It
consists of conglomerate and basaltic sandstone which appear
in well cuttings as a mixture of angular porphyritic and aph-
ryic basalt fragments and rare, rounded, very small pebbles in
a basaltic sandstone matrix. The Roy Creek conglomerate was
recognized in four wells (Crown Zellerbach 11-28, Watzek et al.
30-1, Boise Cascade 11-14, and Patton 32-9). The unit is not
present above the Tillamook Volcanics in the Hoagland No. 1
well probably due to incomplete recovery or that the deposit is
thin or absent. Another possibility is that the Tillamook Vol-
canics in this well were a middle to late Eocene erosional high
that shed detritus into the adjacent low (e.g., Patton 32-9). The
Roy Creek member also appears to thin and pinch out toward
the Clatsop County 33-11 well which is toward the northern
Coast Range gravity high of Bromery and Snavely (1964) or
Nehalem arch of Armentrout and Suek (1985).

The gamma ray log response of the Roy Creek member is
similar to that of the Tillamook Volcanics. The resistivity is
moderate to high, due to induration of the unit (clasts are
cemented by calcite, zeolites, and chlorite), but the SP response
is variable.

The Sunset Highway member of the Hamlet formation,
which consists predominantly of interbedded micaceous lithic
arkosic and basaltic sandstones, occurs in only one well
(Watzek et al. 30-1). However, Olbinski (1983) correlated this
upper Narizian unit (which he called unit Tc2) with arkosic
sandstone that has an epidote-rich heavy-mineral suite and
basaltic sandstone on the surface (see cross section on Plate 1).
This high-energy shelf sandstone has been mapped over alarge
part of southeastern Clatsop County (unit Ths in southeast
corner of map on Plate 1). Well cuttings of the Sunset Highway
member consist of predominantly fine-grained, basaltic to
arkosic sandstone with small mica flakes. Some chips indicate
that the sandstone is laminated. The top contact of the member
is gradational with the overlying siltstone and mudstone of the
Hamlet formation. Although neither the gamma ray nor SP
response of the unit is distinguishable from that of the Hamlet
mudstone, the resistivity is somewhat higher. On the surface,
the shallow-marine Sunset Highway sandstone rapidly
lenses out into the deeper marine (bathyal) Hamlet mudstone to
the west and north (Rarey, in preparation). In the subsurface,
the unit thins out due to a similar facies change and/or is cut
out by an unconformity at the base of the overlying Cowlitz
Formation (e.g., Clatsop County 33-11), or is limited in distribu-
tion due to paleotopographic control in the basin. The forami-
nifers are mixed neritic and bathyal faunas, indicating mixing
of faunas and/or well cuttings.

The Sunset Highway member may equate to the Clats-
kanie sandstone of the Yamhill Formation of Bruer and others
(1984) that occurs below the Clark and Wilson (C & W) sand-
stone in the Mist gas field (Deacon, personal communication,
1985).

The Hamlet formation above the Roy Creek and Sunset
Highway members is composed predominantly of siltstone and
mudstone with a few thin beds of arkosic turbidite sandstone
(units Tca4 of Olbinski, 1983 and Nelson, 1985; Safley, in prepa-
ration; Mumford, in preparation). The Roy Creek and Sunset
Highway members and overlying bathyal Hamlet mudstone
reflect a gradual marine transgression over the Astoria basin.
In the Boise Cascade 11-14 and Watzek et al. 30-1 wells, the
formation appears to unconformably underlie the sandstone-
rich Cowlitz Formation. It thins and is completely cut out by
the unconformity at the base of the C & W sandstone of the





Cowlitz Formation in the Clatsop County 33-11 well, possibly
reflecting the influence of the nearby Nehalem arch of Armen-
trout and Suek (1985). The formation thickens basinward to the
west both on the surface (Rarey, in preparation; Mumford, in
preparation) and in the subsurface, where it includes bathyal
carbonaceous mudstones that are facies equivalent to the shal-
lower marine Cowlitz sandstones. Glauconite is rare in the
Hamlet formation, except in the Hoagland No. 1 and Patton
32-9 wells. The Hamlet, west of the Boise Cascade 11-14 well, is
overlain by the tuffaceous Keasey Formation. The gamma ray
and SP curves show no distinctive signatures, but there is a
slight increase in resistivity from Keasey to Hamlet formation
and a slight decrease in resistivity from the Cowlitz into the
Hamlet.

In the Hoagland No. 1 and Patton 32-9 wells in northwest-
ern Clatsop County, the Hamlet formation can be divided
informally into an upper resistance unit and a lower less resis-
tive unit. In well cuttings, the upper dominantly mudstone unit
is only slightly more sandy and glauconitic, and the lower
Hamlet mudstone is slightly more carbonaceous. However,
these two dominantly bathyal mudstone units cannot be dis-
tinguished in surface mapping (Plate 1; Rarey, in preparation)
and thus have been included in the Hamlet formation in this
study. In a regional subsurface study, Bruer and others (1984)
included the upper resistive unit in the Cowlitz Formation and
the lower unit in the Yamhill Formation with an unconformity
between the two. Unfortunately, the regional outcrop distribu-
tion of the Yamhill, that was defined in the central Oregon
Coast Range, is unclear (Wells and others, 1983). Upper Nari-
zian strata of the Hamlet formation that crop outin the Astoria
basin can also be directly correlated to outcropping strata of the
Nestucca Formation and an unnamed upper Narizian sequence
in nearby Tillamook County (Wells and others, 1983). Like the
Hamlet, the Nestucca consists of upper Narizian deep-water
mudstone and a basal basaltic conglomerate and sandstone
that unconformably overlie the Tillamook Volcanics. Farther
south, the Nestucca unconformably overlies the lower(?) Nari-
zian Yamhill (Snavely and others, 1976) that interfingers with
the Tillamook Volcanics in the Hebo quadrangle (Snavely,
personal communication, 1985). Until the stratigraphic defini-
tion and relationship of the Yamhill, Nestucca, and upper Nari-
zian strata in the Astoria basin are resolved, we will use the
local informal terms, Hamlet formation and Sunset Highway
and Roy Creek members, in the Astoria basin.

Cowlitz Formation

The Cowlitz Formation in the subsurface consists of two
units: the C & W sandstone and an overlying unnamed thin
sequence of siltstone and sandstone. The C & W sandstone of
the Cowlitz Formation is the gas reservoir in the Mist field
(Newton, 1979; Bruer and others, 1984; Armentrout and Suek,
1985; Alger, 1985). In the Astoria basin, the C & W sandstoneis
thinner, and its distribution is limited to eastern Clatsop
County (Plates 1 and 2). This unit is largely fine-grained
arkosic sandstone that contains small flakes of mica. The lower
part is silty sandstone with a few thin beds of sandstone.
Although the SP and gamma ray values are variable for the C
& W sandstone in Clatsop County, the resistivity shows an
increase over that of the overlying Keasey mudstone and
underlying Hamlet formation.

Preliminary study by Olbinski (1983) and Nelson (1985)
suggests that the C & W sandstone in the Watzek et al. 30-1 well
contains a zircon-rich heavy-mineral assemblage and can be
correlated to a similar zircon-bearing arkosic sandstone at the
surface (unit Tc, Plate 1) along the north flank of the Green
Mountain outlier of Tillamook Volcanics in the southeast
corner of the map (Plate 1). Farther east, the outcrop of the C &
W rapidly thickens and includes arkosic sandstones with an
epidote-rich heavy-mineral suite that may equate to the gas-
producing C & W sandstone at Mist (Olbinski, 1983). Further
study is necessary to determine if these heavy-mineral suites

are statistically distinctive for correlation of individual sand-
stone bodies within the C & W sandstone. The unit thins from
the Boise Cascade 11-14 well and the Watzek et al. 30-1 well
toward the Clatsop County 33-11 well farther east. We attribute
this marked decrease in thickness to thinning toward the
Nehalem arch of Armentrout and Suek (1985) in the vicinity of
the Clatsop County 33-11 well. In Columbia County on the
other side of this high, the C & W sandstone thickens again to
750 ft (Bruer, 1980; Bruer and others, 1984).

The dominantly shallow-marine C & W sandstone under-
goes a facies change to outer neritic to bathyal mudstones of the
Hamlet formation to the west and northwest from the Boise
Cascade 11-14 and Watzek et al. 30-1 wells and is not presentin
the Johnson 33-33 well, Crown Zellerbach 11-28 well, Patton
32-9 well, or Hoagland No. 1 well. Sedimentary structures and
fossils indicate that the C & W sandstone that crops out in the
Astoria basin is largely a shallow-marine wave-dominated
shelf deposit (Olbinski, 1983; Nelson, 1985; Safley, in prepara-
tion). Following the practice of Bruer and others (1984), we
include in the Cowlitz Formation a sequence of upper Narizian
micaceous and carbonaceous bathyal siltstone with a few lam-
inated sandstone beds that overlies the C & W sandstone. How-
ever, where the C & W sandstone pinches out, the sequence of
mudstone-dominated strata is called the Hamlet formation.

Keasey Formation

The upper Eocene Keasey Formation of Warren and Nor-
bisrath (1946) unconformably overlies the Cowlitz and Hamlet
formations (Rarey, in preparation). In the Astoria basin, only
the Jewell member of Olbinski (1983) and Nelson (1985) is
recognized. Cuttings from the Jewell member are predomi-
nantly nonmicaceous, light-medium-gray mudstone and some
siltstone with scattered small flakes of mica, pyrite, and carbo-
naceous plant debris. The Jewell member, especially the lower
part of the unit is characteristically glauconitic and/or tufface-
ous in outcrop compared to the generally slightly darker gray,
micaceous, carbonaceous, laminated mudstones of the underly-
ing Cowlitz and Hamlet formations (Olbinski, 1983; Nelson,
1985; Rarey, in preparation). This lithologic change was also
noted in the cuttings of several of the wells and was the basis,
along with slight decrease in resistivity, for choosing the basal
contact of the Keasey.

The Jewell is generally rich in microfossils, most of which
are assignable to the early Refugian Stage. However, the basal
part of the unit in outcrop (Rau, written communication, 1984)
and in the subsurface also contains latest Narizian foramini-
fers. Late Narizian fauna have also been reported in the basal
part of the type section of the Keasey by McDougall (1975).
Bruer and others (1984) restricted the Keasey Formation in the
subsurface to strata containing Refugian foraminifers and on
the basis of age, structural differences and electric log charac-
teristics (Meyer, written communication, 1985) chose the basal
contact of the unit a few hundred feet higher than the contact
that we drew in the Hoagland No. 1 well. Both Refugian and
latest Narizian foraminifers have been reported from the same
sample of the basal part of the Jewell member of the Keasey by
different micropaleontologists (Rarey, in preparation). In our
opinion, the basal part of the Keasey straddles the Refugian-
Narizian boundary. It is possible, however, that erosion of the
Cowlitz Formation reworked late Narizian foraminifers into
the basal Keasey Formation during Refugian time (Meyer,
written communication, 1985). McDougall (1980) suggests that
the lower part of the Refugian Stage and upper part of the
Narizian Stage may overlap due to paleoecological influences
on the benthic foraminiferal faunas that define these stages in
the Pacific Northwest. Because of this biostratigraphic com-
plexity of the base of the unit, we have chosen the basal contact
of the Jewell member on field and on lithologic and electric log
characteristics only.

In the Boise Cascade 11-14 well, the Jewell member con-
tains a 100-ft-thick basaltic conglomerate and sandstone that





may be detritus shed from a Goble Volcanic high to the
northeast of the well or debris eroded off Tillamook Volcanics
of the Nehalem arch of Armentrout and Suek (1985) to the east
and southeast. Laminae of carbonaceous and micaceous arko-
sic sandstonein the lower Jewell mudstone are common only in
the Crown Zellerbach 31-17 well. These sandstone laminae may
reflect reworking of some of the C & W sandstone off a high
such as the one noted in the Clatsop County 33-11 well. This
reworked basaltic and arkosic material and abundance of
glauconite in the lower part of the unit suggest an unconfor-
mity at the base of the Jewell member of the Keasey Formation.
This unconformity also has been noted in wells in Columbia
County (Bruer and others, 1984). Part of the Cowlitz Formation
in Clatsop County, therefore, may be cut out by the unconfor-
mity at the base of the Jewell member.

The SP and resistivity curves for the Jewell member are
nearly straight lines that are typical of mudstone. This pattern
is broken only by a few resistive middle Miocene basalt intru-
sionsin the unit, by thin sandstonesin the Hoagland No. 1 and
Crown Zellerbach 31-17 wells, and by resistive basaltic con-
glomerate and sandstone beds in the Boise Cascade 11-14 well.
The gamma ray curve, however, shows a characteristic pro-
nounced decrease in value at the top of the Jewell member
compared to the overlying formations and helps to define the
top of the unit in the subsurface. Foraminifers in the Keasey
Formation in Clatsop County are bathyal faunas with some
neritic forms mixed in locally (as in the basaltic conglomerate
and sandstone in the Boise Cascade 11-14 well). The highest
occurrences of Turborotalia insolita and Globigerina brevis are
recorded in this unit.

Sager Creek formation

The Keasey Formation is unconformably overlain by the
upper Eocene Sager Creek formation in the Boise Cascade 11-
14, Clatsop County 33-11, and Watzek et al. 30-1 wells. Field
studies in the Astoria basin suggest that the Sager Creek for-
mation (Vesper Church unit of Olbinski, 1983 and Nelson,
1985) is a deep-marine channelized sequence containing thin-
bedded turbidite sandstones and laminated mudstone that cuts
into the tuffaceous Keasey mudstone. The Sager Creek may
represent a nested channel slope facies that was a precursor of
the overlying prograding shallow-marine-deltaic Pittsburg
Bluff Formation. In outcrop, the Sager Creek consists of highly
carbonaceous and micaceous laminated mudstone and thin,
very fine-grained arkosic sandstone. Unlike the underlying
tuffaceous Keasey mudstone, the Sager Creek is only rarely
glauconitic (Olbinski, 1983; Nelson, 1985). Cuttings of the
Sager Creek formation consist of mudstone chips with abund-
ant carbonaceous and micaceous sandstone laminae. Only a
few of the fine-grained feldspathic turbidite sandstone beds are
sufficiently thick to cause a slight increase in resistivity (most
notable in the Watzek et al. 30-1 well). Carbonaceous plant
debris is finely disseminated through the unit and is locally
concentrated in sandstone laminae or appears as small blocky
chunks of coalified wood. The abundance of organic material
probably causes the gamma ray response of the Sager Creek
formation to be markedly higher than that of the underlying
tuffaceous Keasey Formation. The SP curveis almost a straight
line.

The Sager Creek formation is best developed in eastern
Clatsop County and thins to the west. It pinches out between
the Boise Cascade 11-14 and Johnson 33-33 wells and inter-
tongues with the Smuggler Cove formation in the Crown Zel-
lerbach 31-17 well before it lenses out toward the Crown Zel-
lerbach 11-28 well in the southwest. This latter relationship is
also shown in surface mapping, as the Sager Creek (unit Ts on
Plate 1) interfingers with and pinches out into the lower part of
the Smuggler Cove formation (unit Tsc) toward the southwest.
The paleobathymetry of the late Refugian foraminifers in the
Sager Creek formation ranges from bathyal to neritic. McKeel,
in a report to Diamond Shamrock (1983), suggested a possible
unconformity within the lower part of the unit at a depth of

1,750 ftin the Clatsop County 33-11 well, where he noted a rapid
shallowing of water depth. A minor lithologic change coincides
with the change in water depth. The lower part of the Sager
Creek formation in the Clatsop County 33-11 well is predomi-
nantly uniform carbonaceous and finely micaceous siltstone
which has low resistivity compared to the overlying part which
has more numerous thin beds of turbidite sandstone and mud-
stone and resulting slightly higher resistivity.

Pittsburg Bluff Formation

In Clatsop County, the upper Eocene Pittsburg Bluff For-
mation which overlies the Sager Creek formation is predomi-
nantly silty, fine-grained tuffaceous quartzo-feldspathic shallow-
marine sandstone. This upper Refugian unit was recognized in
cuttings only in the Boise Cascade 11-14 well, where it is 200 ft
thick (unit Tpb on Plates 1 and 2). The subsurface unit can be
correlated to surface exposures of thicker mollusk-bearing
bioturbated shallow-marine Pittsburg Bluff sandstone that
crops out between the Boise Cascade 11-14 well and the Watzek
et al. 30-1 well (wells 4 and 6 on Plate 1). The sandstone pinches
out to the west into deeper marine glauconitic tuffaceous silt-
stone and mudstone of the Smuggler Cove formation before it
reaches the Johnson 33-33 well. Surface mapping also shows
that the Pittsburg Bluff pinches out into a glauconitic sand-
stone unit of the Smuggler Cove formation to the southwest
(unit Tscg on Plate 1; Rarey, in preparation). The resistivity of
the Pittsburg Bluff sandstonein the Boise Cascade 11-14 wellis
low. Thereis a small negative deflection of the SP curve, but the
gamma ray values are slightly higher than in the overlying
Northrup Creek formation or the underlying Sager Creek for-
mation. The log data indicate that the silty Pittsburg Bluff
sandstone in this area would not be a good reservoir. Forami-
nifers from this unit indicate that the sandstone was deposited
in bathyal depths, an environment that is considerably deeper
than that indicated for the correlative shallow-marine Pitts-
burg Bluff sandstone that crops out to the southeast of the
Boise Cascade 11-14 well (Plate 1; Olbinski, 1983; Nelson, 1985).
Therefore, the Pittsburg Bluff strata in the well are probably a
deeper water facies of the formation (perhaps equivalent to the
Klaskanine tongue of Peterson, 1984).

Northrup Creek formation

Unconformably overlying the Pittsburg Bluff Formation is
the Northrup Creek formation which in outcrop is Zemorrian
(Oligocene) to early Saucesian (early Miocene) in age. Only the
older part of the unit (Zemorrian and some late Refugian?) is
recognized in the Boise Cascade 11-14 well. Outcrops and cut-
tings of this formation consist of well-laminated carbonaceous
siltstone-mudstone with abundant laminae of fine-grained
micaceous and carbonaceous quartzo-feldspathic sandstone.
Many thin to thick graded beds of clean feldspathic turbidite
sandstone also occur. Near the top of the unit in the Boise
Cascade 11-14 well is a 390-ft thick interval of quartzo-feld-
spathic sandstone that may correlate to a thick, shallow-
marine arkosic sandstone that crops out southeast of the well
(unit Tns on Plate 1). This laminated mudstone- and siltstone-
dominated formation contains both large and small flakes of
mica. As on the surface, carbonaceous material is ubiquitous
and is commonly concentrated in the 1 to 3 mm thick sandstone-
siltstone laminae. Organic matter is also present as discrete
coalified wood fragments. There are a few tuffaceous intervals
in the unit. The resistivity, SP, and gamma ray curves show
little change within the unit except where some sandstone beds
cause a slight increase in resistivity and decrease in gamma
ray values. The Northrup Creek formation is thickest in the
Boise Cascade 11-14 well (more than 2,600 ft) and crops out
between the Boise Cascade 11-14 and Clatsop County 33-11
wells to the southeast (wells 4 and 5 on Plate 1). It rapidly thins
and intertongues with the upper part of the Smuggler Cove
formation to the west (e.g., Johnson 33-33 well).





Smuggler Cove formation

The Smuggler Cove formation is a thick, widespread
sequence of deep-water (bathyal) tuffaceous silty mudstone and
sandy siltstone of late Refugian, Zemorrian, and early Sauce-
sian age (Oswald West formation of Cressy, 1974; Penoyer,
1977; Murphy, 1981). The Smuggler Cove formation conforma-
bly overlies the Keasey in the Hoagland No. 1, Patton 32-9,
Johnson 33-33, Crown Zellerbach 31-17, and Crown Zellerbach
11-28 wells. Mudstone cuttings of the Smuggler Cove are tuf-
faceous and bioturbated or glauconitic (e.g., in the Patton 32-9
well). Small micas and carbonaceous debris are finely dispersed
in the unit, and there are minor sandstone beds. The resistivity,
SP, and gamma ray log responses are nearly straight-line
curves that are typical responses for mudstone. However, a few
thin sandstone beds show as an increase in resistivity and
corresponding decrease in gamma ray value. The Smuggler
Cove formation interfingers with the carbonaceous and mica-
ceous sandy Sager Creek formation in the Crown Zellerbach
31-17 well and with the Northrup Creek formation in the John-
son 33-33 well. We found little evidence, other than a little
glauconite, for the unconformity within the Smuggler Cove
formation in the Patton 32-9 well that Bruer and others (1984)
drew at about 1,350 ft. There is no change in paleobathymetry
and no major change in lithology or electric or gamma ray log
responses. However, Bruer and others (1984) noted some change
in dip direction on the dipmeter log at their Zemorrian-
Saucesian boundary (Meyer, personal communication, 1985).

Astoria Formation

The lower to middle Miocene Astoria Formation consists of
four members: the Angora Peak, Wickiup Mountain, Youngs
Bay, and Cannon Beach members (Plate 1). Of these, the Wick-
iup Mountain member was encountered in only two wells and
the overlying Youngs Bay member was penetrated in only the
Johnson 33-33 well. Thick, shallow-marine (neritic), cross-
bedded to laminated sandstone of the Wickiup Mountain
member of the Astoria Formation (Big Creek sandstone of
Coryell, 1978; Nelson, 1978; Cooper, 1981) unconformably over-
lies the deep-marine tuffaceous mudstone of the Smuggler Cove
formation on the surface in northern Clatsop County (Plate 1).
This Saucesian unit dips homoclinally northward and is read-
ily recognized in the cuttings of both the Patton 32-9 and John-
son 33-33 wells. The cuttings consist of fine-grained arkosic
sandstone that is, in part, carbonaceous and micaceous. Thin
interbeds of sandy siltstone with bathyal foraminiferal assem-
blages become more abundant upsection, reflecting a gradual
marine transgression. This siltier, deep-water upper part of the
Wickiup Mountain member is also recognized in outcrop (unit
Tawu on Plate 1; Coryell, 1978; Nelson, 1978). The resistivity
values for the lower sandstone-rich part of the Wickiup Moun-
tain member are greater than for the underlying tuffaceous
mudstones of the Smuggler Cove formation. The SP curve
shows a negative deflection, and the gamma ray values are
slightly less than for the Smuggler Cove formation. Water
depth as indicated by foraminifers decreased rapidly from
bathyal depths in Smuggler Cove time to neritic depths during
Wickiup Mountain time. Abrupt changes in paleobathymetry
between 1,550 and 1,670 ft in the Wickiup Mountain memberin
the Johnson 33-33 well may be attributable to a short-lived
transgression and/or to sloughed cuttings from higher in the
well.

The Youngs Bay member of the Astoria Formation (Pipe-
line member of Coryell, 1978 and Nelson, 1978) consists of
mudstone and siltstone that contain Saucesian to Relizian
bathyal microfossil assemblages and some thin beds of medium-
grained arkosic sandstone. The mudstone is characteristically
micaceous and locally contains finely disseminated carbo-
naceous material. This unit correlates with the mudstone-
dominated unit Tay (Plate 1) on the surface which is exposed in
a homocline. Coryell (1978), Nelson (1978), and Cooper (1981)
interpreted the Wickiup Mountain member as part of a high-

energy wave-dominated deltaic-shoreline-shelf sand complex
of the Astoria Formation that prograded over the deep-marine
Smuggler Cove slope facies in early to middle Miocene time. A
subsequent early to middle Miocene transgression deposited
slope mudstones (unit Tay) and the sandstone-dominated
channelized canyon head deposits (units Tay: and Tayz on
Plate 1) of the overlying Youngs Bay member.

INTRUSIONS

Sills and dikes and associated basaltic breccias, pillow
lavas, and subaerial flows of the middle Miocene Columbia
River Basalt Group form numerous rugged ridges, mountains,
and headlands in the Astoria basin (Plate 1). These rocks
belong to the Grande Ronde Basalt, Frenchman Springs
member of the Wanapum Basalt, and Pomona member of the
Saddle Mountains Basalt of Swanson and others (1979). Of
these, Grande Ronde and Frenchman Springs basalt intru-
sions were encountered in the wells. Grande Ronde intrusions
are generally lower in TiOg, total iron, and P20s and higher in
SiOz2than Frenchman Springs basalt. Three chemical subtypes
of Grande Ronde basalt are shown on Plate 2. These are low
MgO, high MgO, and undifferentiated Grande Ronde Basalt.
Intrusives with more than 4.2 percent MgO are defined as high
MgO; intrusive rocks with less than 4.2 percent MgO are termed
low MgO Grande Ronde basalt. In addition, these basalts can
be further categorized on the abundance of TiOz (as defined by
Murphy, 1981). Undifferentiated Grande Ronde Basalt and
several unlabeled intrusions on Plate 2 were not analyzed geo-
chemically because of insufficient cuttings. Two geochemical
subtypes of the Frenchman Springs member, the basalt of
Ginkgo(?) and low P20s5 basalt of Sand Hollow of Beeson and
others (1985), were tentatively recognized in the wells (not
shown on Plate 2). The intrusions which range from <10 ft to
380 ftthick invaded upper Narizian (upper Eocene) to Saucesian-
Relizian (middle Miocene) strata. Intrusions have been recog-
nized as deep as 7,700 ft.

Seismic records through the wells show that the intrusions
are commonly sill-like bodies that are strong reflectors trace-
able for miles (Olbinski, 1983; Rarey, in preparation; Niem,
unpublished data). Although these basalt reflectors generally
parallel sedimentary dips, they also can abruptly or gently cut
across hundreds of feet of unfaulted strata at low to high angles
and then may resume a concordant relationship with the sur-
rounding strata. The geometric configurations and varying
relationships of the sills to the host strata have also been
observed in outcrop. Since on many seismic records in Clatsop
County the only strong reflectors are basalt sills and the sedi-
mentary strata are acoustically transparent or appear as noise,
the subsurface structure may be misinterpreted (e.g., apparent
faults and folds). Surface studies (e.g., Cressy, 1974; Rarey, in
preparation) show that some faulting preceded the Miocene
intrusions. These faults may not show up in seismic records in
which the only reflectors are basalt sills or inclined dikes.

Middle Miocene basalts are present in all wells, except the
Hoagland No. 1 and Clatsop County 33-11 wells, as three to
eight intrusions. Well cuttings of the intrusions are generally
fresh, aphyric to microphyric, medium-gray chips (i.e., Grande
Ronde basalt), and some have rare plagioclase phenocrysts
(i.e., Frenchman Springs basalt). In thin section, they gener-
ally display an intersertal texture. Thicker Grande Ronde sills
are gabbroic and consist of deuterically clay-altered plagio-
clase and augite with a silicic residuum of intergrown quartz
and feldspar in intercrystal spaces. Oscillatory zoned plagio-
clase phenocrysts are distinctive of the late Eocene Cole Moun-
tain basalt intrusions which crop out in the southeastern part
of the Astoria basin (Plate 1; Rarey, in preparation). In the
Watzek et al. 30-1 well, a deuterically altered gabbroic sill at
4,560 to 4,700 ft has an anomalous geochemistry and may be
interpreted as either an altered low MgO Grande Ronde basalt
sill (Olbinski, 1983) or a Cole Mountain basalt sill (Rarey, in
preparation).





Baked upper and lower contacts in the adjacent mudstones
are common and range from a few inches to hundreds of feet
thick. Bleached, well-induratedmud chips and pyrite around
the intrusions reflect this baking effect. Intrusions show sub-
stantial increases in resistivity and negative deflections of the
SP curve near contacts with the adjacent sedimentary rocks.
Some thick zones of baked sedimentary rocks also show a
strong increase in resistivity.

Extensive study of field relationships, detailed basalt stra-
tigraphy, geochemistry, and paleomagnetic measurements
(Niem and others, unpublished data; Magill and others, 1982;
Rarey and others, 1984) strongly suggest that these intrusions
are distal ends of some middle Miocene Columbia River basalt
flows. These flood basalts which originated on the Columbia
Plateau followed the drainage of an ancestral Columbia River
and entered the sea in the vicinity of northeastern Clatsop
County (Snavely and Wagner, 1963; Murphy and Niem, 1982).
Where the hot lava encountered sea water, the lava formed
thick submarine breccias and pillow lavas with associated
autoinvasive sills and dikes that invaded the adjacent water-
saturated sediment (Beeson and others, 1979). Byerly and
Swanson (1978) and Schmincke (1967) showed that some
Columbia River basalts on the Columbia Plateauinvaded Mio-
cene lake sediments to form invasive sill-like flows. Beeson and
others (1979) suggested that this process occurred at a much
larger scale at the Miocene shoreline.

The details of the mechanics of invasion are not clearly
understood. Invasion probably occurred through a combina-
tion of processes, including sinking of denser lava into less
dense water-saturated semiconsolidated sediment, magma frac-
turing, steam blasting, and intrusion along pre-existing faults,
joints, and bedding planesin brittle strata driven by magmatic
head. Alternatively, while recognizing the close geochemical,
petrographic, and age similarities to the nearby plateau-
derived subaerial Columbia River Basalt units, Snavely and
others (1973) proposed a local magmatic origin for these middle
Miocene sills and dikes which they named Depoe Bay Basalt,
Cape Foulweather Basalt, and basalt at Pack Sack Lookout.

GAS SHOWS

A total of 49 noncommercial gas shows were reported in the
8 wells. Gas shows, mainly methane (Ci1), were noted on gas
chromatograph curves on mud logs in all units except the Roy
Creek basaltic conglomerate and sandstone; the Pittsburg
Bluff Formation (present only in the Boise Cascade 11-14 well);
and the Wickiup Mountain and Youngs Bay members of the
Astoria Formation which were penetrated at the top of the
Patton 32-9 and Johnson 33-33 wells. Four gas shows occur in
thin sandstone and siltstone interbeds in the Tillamook Vol-
canics in the Hoagland No. 1 well, Boise Cascade 11-14 well,
and Clatsop County 33-11 well. The overlying Hamlet forma-
tion has more gas shows. They occur in thin-bedded siltstone
and sandstone in the Hoagland No. 1 and Patton 32-9 wells and
in the thicker bedded lithic arkosic sandstone of the Sunset
Highway member in the Watzek et al. 30-1 well. A “tar like”
black oil was reported on the mud log from a drill stem test
(DST) on a redrill from 9,358 to 9,470 ft (Hamlet formation) in
the Patton 32-9 well. However, the o0il was undetected by the
mud logger in the cuttings. Therefore, it is not known whether
this material is from the Hamlet formation or is a drilling
contaminant. Another DST in the Patton 32-9 well, run on the
interval 9,415 to 9,440 ft in a thin sandstone in the Hamlet
formation, had a medium to light blow (mud log). Two failed
DST’s were attempted in the potentially promising Sunset
Highway lithic arkosic sandstone at 6,453 to 6,459 ft and at
6,462 to 6,468 ft in the Watzek et al. 30-1 well.

The Cowlitz Formation is restricted to the eastern part of
the Astoria basin (Plates 1 and 2) but shows the best potential
as a gas reservoir. Four gas shows occurred in the Boise Cas-
cade 11-14 well, one in the bathyal Cowlitz silty mudstone
overlying the C & W sandstone and threein the upper part of the

C & W arkosic sandstone. Four DST’s were attempted (driller’s
log to Diamond Shamrock) at 6,247 to 6,294 ft, 6,254 to 6,294 ft,
6,573 to 6,608 ft, and 6,574 to 6,608 ft but misran. During the
time the packers performed, flowage rates were 10,000 to 20,000
cfd. The C & W sandstone displayed the highest permeability
and porosity of all the sandstone units in the Astoria basin (see
further discussion on Plate 1). Commercial production in the
easternmost part of the Astoria basin may be possible east-
southeast of the Boise Cascade 11-14 well toward the Nehalem
arch if suitable fault and stratigraphic traps and thicker sand-
stones occur updip.

Gas shows were most numerous (16) from the Jewell
member of the Keasey Formation, probably because the unit
commonly represents the largest percentage of the thickness of
strata penetrated in the wells. Nine of the shows were from
thick-bedded fractured(?) tuffaceous siltstone and 6 were from
minor thin sandstone beds in the Hoagland No. 1, Patton 32-9,
Boise Cascade 11-14, Crown Zellerbach 31-17, and Crown Zel-
lerbach 11-28 wells. Interestingly, two gas shows occurred in
the local, reworked basalt conglomerate and sandstone in the
Boise Cascade 11-14 well. Even though they are highly carbo-
naceous, the overlying laminated very fine-grained arkosic
sandstone and mudstone of the Sager Creek formation had
only 6 gas shows (in Boise Cascade 11-14, Clatsop County
33-11, and Watzek et al. 30-1 wells). These thin-bedded turbidite
sandstones have low potential as gas reservoirs because of
their restricted distribution. The overlying Pittsburg Bluff
Formation has no gas shows. This feldspathic sandstone is
limited in thickness and distribution in the subsurface because
it undergoes a rapid facies change to bathyal mudstone to the
west of the Boise Cascade 11-14 well. Thicker sandstones may
occur in the subsurface updip, east-southeast of the Boise Cas-
cade 11-14 well, toward the outcrop of the thick-bedded shallow-
marine Pittsburg Bluff (Plate 1). The Northrup Creek forma-
tion yielded only one gas show; that was from a thin fine-grained
arkosic sandstone in the Johnson 33-33 well. The arkosic sand-
stones of the Northrup Creek are generally too thin (except unit
Tns at the to have much reservoir potential.

Nine shows of gas were reported in the massive tuffaceous
Smuggler Cove siltstone, mudstone, and minor feldspathic
sandstone in the Johnson 33-33 and Patton 32-9 wells. The
drillers log reported a possible tar sand at 6,730 ft that had a
trace of bright-yellow fluorescence in the Johnson 33-33 well.
This interval in the Smuggler Cove formation was perforated
and had a flowage rate of 6 cfm (>8,600 cfd) for two minutes.
Although the feldspathic sandstones of the Smuggler Cove
(unit Tscs on Plate 1) have potential to be reservoirs, in outcrop
most are fine-grained, diagenetically altered, and of limited
thickness and distribution (Nelson, 1985). The columnar
jointed, fractured middle Miocene basalt sills and dikes poten-
tially could act as small gas reservoirs; however, no gas shows
have been reported from these basalt units.

Although much of the 10,000-ft Tertiary section is ther-
mally immature and gas-prone in the wells and in outcrop (see
discussion on Plate 1), there is an additional factor that
increases the potential for thermally mature natural gas in the
Astoria basin. That is the presence of numerous middle Mio-
cene intrusions that elevated the temperature of the buried
sediments to and through the oil window (>60°C, Tissot and
Welte, 1978). As many as 12 of the 49 gas shows are associated
with the middle Miocene Grande Ronde and Frenchman
Springs basalt intrusions.

Generally, intrusions less than 100 ft thick show little
thermal alteration of the host strata. However, field and well
studies show that many of the basaltic and gabbroic sills that
are more than 100 ft thick retained sufficient heat over a long
time to bake the enclosing sedimentary rocks over tens to
hundreds of feet and over many square miles. The effects of
baking are varied. In some cases, the rocks are merely more
indurated above and below the intrusion, thereby showing
more resistivity than similar strata farther from an intrusion.
In other cases, the strata also have been bleached by the intru-
sion (e.g., up to 400 ft in the Crown Zellerbach 31-17 well).





Thermal effects on the organic matter may extend far
beyond these visual baking effects. Thermal maturation (Ro)
values were compared from two wells, Crown Zellerbach 31-17
with a thick gabbroic intrusion and Boise Cascade 11-14 with-
out thick intrusions and a thicker and deeper sedimentary sec-
tion that covers a wider age range (Fig. 1 on Plate 2). In the
Boise Cascade 11-14 well (without thick intrusions), the ther-
mal maturity increases only slightly with depth from Zemor-
rian Northrup Creek formation, through the Refugian Keasey
For-mation, and through the Narizian Cowlitz Formation strata
(R0 <0.5). In the Crown Zellerbach 31-17 well, thermal maturity
of Refugian Keasey strata begins to increase rapidly (Ro >0.67
to 2.36) 1,150 ft above the intrusion. This thermal effect of an
intrusion upon the thermal maturity of the surrounding strata
is also evident by significant concentrations of ethane and
propane (Cz and Cs) gas shows from 1,140 to 2,230 ft above the
thick gabbro in the Crown Zellerbach 31-17 well compared to
the methane (C1) gas shows in the thermally immature stratain
the surrounding wells (see further discussion on Plate 1). Simo-
neit (1982) and Simoneit and Galimov (1984) showed in the Guif
of California that thermogenic gas can be generated in strata
asyoung as Quaternary as result of heating by a basalt sill. The
commercial importance of maturation due to heating by an
intrusion(s), however, is yet to be tested.
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ERRATA SHEET FOR 0GI-14
The following corrections should be made to the section entitled "0il and
Gas Potential":

1. Paragraph 7, line 8: Add the symbol ">" so that the line reads:
"...and oxygen indices are commonly high (>100)...".

2. Paragraph 7, line 14: Add the symbol "<" so that the 1ine reads:
"... and surface samples, generally RO <0.55 percent."

3. Paragraph 7, line 23: Add the symbol "<" so that the line reads:
"...in addition to methane (i.e., approx. C]/[C2+C3] ratios <15...".
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Exploration Wells Table

Table of Oil and Gas Exploration Wells Drilled in the Astoria Basin

Vlil/gfl Company Well name Total Depth (ft)
1] Standard Oil Co. of Calif. Hoagland No. 1 7101
2] Oregon Natural Gas Development Patton 32-9 10159
3|l Oregon Natural Gas Development Johnson 33-33 10006
4} Diamond Shamrock Boise Cascade 11-14 7864
5§ Diamond Shamrock Clatsop County 33-11 4219
6 | Quintana Petroleum Watzek 30-1 7069
7] Diamond Shamrock Crown Zellerbach 31-17 6096
8] Diamond Shamrock Crown Zellerbach 11-28 5700
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9| Diamond Shamrock Watzek 22-19 5190
10} Lower Columbia Oil Co. Brown No. 1 4806
11} Nehama Weagant Energy Corporation Jewell 1-23 3190

(Exploration Wells).

OGDC Release 5

Ma, L., Madin, I.P., Olson, K.V., Watzig, R.J., Wells, R.E., Niem, A.R., and Priest, G.R., 2009,
Oregon Geologic Data Compilation (OGDC) - Release 5, Oregon Department of Geology and
Mineral Industries, Portland, OR. (GRI Source Map ID 75206).

The Oregon Department of Geology & Mineral Industries (DOGAMI) has compiled a statewide
geologic map. This effort brings together the best available geologic mapping and data from all
relevant published and unpublished geologic mapping from state and federal agencies, university
thesis work, and other documents. Many DOGAMI publications including the GIS data compilation,
Oregon Geologic Data Compilation Release 5 (OGDC v5), is available for purchase through
Nature of the Northwest Information Center web site: http://www.naturenw.org
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GRI Digital Data Credits

This document was developed and completed by Greg Mack (NPS Pacific West Office, Seattle) for
the NPS Geologic Resources Division (GRD) Geologic Resources Inventory (GRI) Program. Quality
control of this document by Ron Karpilo (Colorado State University).

The information contained here was compiled to accompany the digital geologic-GIS map(s) and
other digital data for Lewis and Clark National Historical Park, Oregon and Washington (LEWI)
developed by Greg Mack (NPS Pacific West Office, Seattle) using source data (see the GRI Source
Map Citations section of this document for all sources used by the GRI in the completion of this map).
Quality control of GRI digital geologic-GIS data by Ron Karpilo.

GRI review and finalization by Stephanie O'Meara (Colorado State University).

GRI program coordination and scoping provided by Bruce Heise and Tim Connors (NPS GRD,
Lakewood, Colorado).
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