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Frontispiece   South side of Cape Kiwanda (lunch stop) consisting of massive to 

medium-bedded arkosic sandstone of the middle Miocene Astoria Formation. 

Here the Astoria sandstone unconformably overlies tuffaceous mudstone and 

fine-grained sandstone of the Oligocene Alsea Formation. The sea stack off 

Cape Kiwanda is a stock of middle Miocene Depoe Bay Basalt.



INTRODUCTION

Geologists at the U. S. Geological Survey have nearly completed geologic 
mapping of 7 fifteen minute quadrangles between Cascade Head and the Tillamook 
Highlands in the northern Oregon Coast Range (fig. 1). A major goal is to establish the 
basic stratigraphy and structure necessary to guide energy, mineral and geologic hazard 
investigations in northwest Oregon. The Highlands lie 30 km south of Oregon's only 
producing gas field at Mist, and they expose Eocene strata beneath shallow producing 
zones in nearshore marine sandstones of the Cowlitz Formation. Although repetitive 
basalt sequences dominate the Highlands stratigraphy, arkosic sandstone locally 
interfingers with Tillamook Volcanics and may indicate potential for deeper reservoirs 
to the northeast. Oil shales are exposed in the Yamhill Formation beneath the 
Tillamook Volcanics and may provide petroleum source-rock potential in the region.

Another important goal of this study is to determine the tectonic environment of 
the Eocene Tillamook Volcanics, which comprise a large part of the northern Oregon 
Coast Range. Paleomagnetic data indicate that the oceanic island-type tholeiitic basalt 
flows of the Tillamook Volcanics have undergone large (46°) clockwise rotations, and 
the basalts have been interpreted as seamounts that rotated during tectonic accretion to 
the continental margin (e.g., Simpson and Cox, 1977; Magill and others, 1981). 
Alternatively, the basalts may have erupted in situ, in a marginal rift basin that formed 
during a period of oblique subduction of offshore oceanic plates (Wells and others, 
1984; Snavely, 1984, 1987; Clowes and others, 1987). Our mapping shows that the 
volcanic sequence in the Tillamook area can be correlated with the sequence in 
southwest Washington (previously considered a separate microplate) and can be tied to 
the continental shelf, thus supporting a local origin for the Tillamook Volcanics.

The map area also covers several coastal embayments, including Nehalem, 
Tillamook, and Netarts Bay (fig.l). Both Netarts and Nehalem Bay contain a record of 
episodic Holocene subsidence thought to represent coseismic deformation during large 
subduction zone earthquakes (e.g. Atwater, 1987; Peterson and Darienzo, 1988; Grant 
and Minor, 1991). Our mapping shows that Tillamook Bay and Netarts Bay are fault- 
bounded basins in which local structure also plays an important role in late Cenozoic, 
and possibly Quaternary deformation (Wells and others, 1992).

TECTONIC SETTING OF THE OREGON COAST RANGE

The convergent margin of Oregon and Washington consists of three major 
tectonic elements (fig. 2): 1) the Coast Range terrane, an oceanic basalt-floored terrane 
which comprises most of the onshore region between Vancouver Island and the 
Klamath Mountains and extends westward beneath the inner continental shelf; 2) the 
Fulmar terrane, a fault sliver on the outer continental shelf, possibly of continental 
derivation, which is emplaced outboard of the oceanic terrane; and 3) the accretionary 
assemblage, an imbricate structural complex of offscraped and underplated
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Figure 1.-Geologic map of the Central Oregon Coast Range showing field trip stops 
(modified from Walker and MacLeod, 1991)



Figure 1. Continued

Explanation of Map Symbols

Tmv Basalt flows and breccia (middle Miocene) Subaerial basalt and minor flow 
breccia; submarine palagonitic tuff and pillow complexes of the Columbia River 
Basalt Group (Swanson and others, 1979); locally includes invasive basalt flows. 
Flows locally grade laterally into subaqueous pillow-palagonite complexes and 
bedded palagonitic tuff and breccia. Occurs principally in the Willamette Valley from 
Salem north to the Columbia River, and in the northern Coast Range. Unit includes 
correlative Cape Foulweather and Depoe Bay Basalts in the Coast Range (Snavely 
and others, 1973; Swanson and others, 1979; Wells and others, 1983).

THIS Marine sedimentary rocks (middle and lower Miocene) Fine- to medium-grained 
marine siltstone and sandstone that commonly contains tuff beds. Includes the Astoria 
Formation, which is mostly micaceous and carbonaceous sandstone, and locally 
contains calcareous concretions and sulfide nodules; foraminifers in formation are 
assigned to the Saucesian and Relizian Stages (Kleinpell, 1938; Rau, 1981) and 
molluscan fossils to the Newportian Stage of Addicott (1976, 1981). Also includes 
Nye Mudstone, which is massive to poorly bedded siltstone and mudstone; 
foraminiferal assemblages assigned to the Saucesian Stage (Kleinpell, 1938; Rau, 
1981) and molluscan fauna to Pillarian(?) Stage (Armentrout, 1981)

Tsd Sedimentary rocks (Oligocene and upper Eocene) Marine shale, siltstone, 
sandstone, and conglomerate, in places partly composed of tuffaceous and basaltic 
debris; interbeds of arkosic, glauconitic, and quartzose sandstone. Foraminifers are 
referable to the Refugian and Zemorrian Stages (Rau, 1981)

Ttv Basalt flows and breccia, pillow lava and lapilli tuff (middle to late Eocene) 
Subaerial basaltic flows and breccia and submarine basaltic breccia, pillow lavas, 
lapilli and augite-rich tuff with interbeds of basaltic sandstone, siltstone, and 
conglomerate. Includes some basaltic andesite and, near the top of the sequence, some 
dacite. Potassium-argon ages on middle and lower parts of sequence range from about 
43 to 46 Ma (Magill and others, 1981): one potassium-argon age from dacite near top 
of sequence is about 40 Ma (see Wells and others, 1983)

Tss Undifferentiated sedimentary rocks (late Eocene) Thick- to thin-bedded marine 
tuffaceous mudstone, siltstone, and sandstone; fine to coarse grained. Contains 
calcareous concretions and, in places, is carbonaceous and micaceous. Includes the 
Nestucca Formation, which contains a foraminiferal assemblage assigned to the upper 
Narizian and lowermost Refugian Stages (Snavely and others, 1969)

Ty Yamhill Formation (late middle Eocene) Massive to thin-bedded concretionary 
marine siltstone and thin interbeds of arkosic, glauconitic, and basaltic sandstone; 
locally contains interlayered lapilli tuff. Foraminiferal assemblages in siltstone 
referred to the upper Ulatisian and lower Narizian Stages (Snavely and others, 1969); 
assigned to late middle Eocene coccolith Zone CP14a (Bukry and Snavely, 1988)



Tt Tyee Formation (early middle Eocene) Micaceous, carbonaceous turbidite 
sandstone and siltstone intruded by basalt sills. Very thick sequence of rhythmically 
bedded, medium- to fine-grained micaceous, feldspathic, lithic, or arkosic marine 
sandstone and micaceous carbonaceous siltstone; contains minor interbeds of dacite 
tuff in upper part. Foraminiferal assemblages are referred to the Ulatisian Stage 
(Snavely and other, 1964); assigned to early middle Eocene coccolith Zones CP12a, b 
(Bukry and Snavely, 1988). Groove and flute casts indicate deposition by north- 
flowing turbidity currents (Snavely and others, 1964)

Tsr Siletz River Volcanics (lower Eocene) Pillow basalt and breccia with filled lava 
tubes, includes lower Eocene Salmon River Formation south of latitude 45° 10'. 
Aphanitic to porphyritic, vesicular pillow flows, tuff-breccias, massive lava flows and 
sills of tholeiitic and alkalic basalt. Upper part of sequence contains interbeds of 
basaltic siltstone and sandstone, basaltic tuff, and locally derived basalt conglomerate. 
Rocks of unit pervasively zeolitized and veined with calcite. Most of these rocks are 
of marine origin and have been interpreted as oceanic crust and seamounts (Snavely 
and others, 1968). Foraminiferal assemblages referred to the Ulatisian and Penutian 
Stages (Snavely and others, 1969); coccolith flora assigned to Paleocene and lower 
Eocene Zones CP9 to CP10 (Bukry and Snavely, 1988); K-Ar ages range from 
50.7±3.1 to 58.1±1.5 Ma (Duncan, 1982)
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sedimentary packages that makes up the continental slope and outer shelf. The 
structure and arrangement of these terranes reflect a long history of oblique 
convergence during which margin-parallel strike slip, oblique extension, and 
continental margin compression have all played a part. The importance of dextral slip 
faulting along the Pacific Northwest convergent margin has only recently been realized, 
with the discovery of offshore faults like the Fulmar fault (Snavely and others, 1980b; 
Snavely, 1987) and abundant paleomagnetic evidence for clockwise rotation of coastal 
regions (see Wells and Heller, 1988 and Wells, 1989 for summary).

COAST RANGE GEOLOGIC HISTORY 

PALEOCENE TO MIDDLE EOCENE

ORIGIN OF THE COAST RANGE OCEANIC BASEMENT
The oldest rocks of the Oregon and Washington Coast Ranges are tholeiitic pillow 

basalt and interbedded breccia and marine sedimentary rocks (fig. 2; Duncan, 1982; 
Bukry and Snavely, 1988). These oceanic basalts, capped in places by islands and 
seamounts, include the Siletz River Volcanics in Oregon (Snavely and others, 1968), the 
Crescent Formation in Washington (Arnold, 1906; Brown and others, 1960; Cady, 1975) 
and the Metchosin Volcanics on southern Vancouver Island (Clapp, 1917; Muller, 1977). 
The most popular model for the origin of these basalts is tectonic accretion of oceanic 
islands (for example, Duncan, 1982; Wells and others, 1984). However, we prefer a 
model of rifting and in situ volcanism along the leading edge of the continental margin 
of western North America during a period of rapid, highly oblique, northeast motion of 
the Kula and Farallon plates that was initiated in the Paleocene (fig. 3; Wells and others, 
1984; Snavely, 1987).

The western boundary of the Coast Range oceanic basement is a north-south- 
trending fault on the Oregon continental shelf that has been delineated by aeromagnetic 
data, seismic-reflection, and deep test wells. This fault was named the Fulmar fault by 
Snavely and others (1980b) and is interpreted to have at least 200 km of dextral slip 
motion, based on the juxtaposition of lower Eocene turbidite sandstone outboard of the 
Coast Range oceanic basement.

The Fulmar fault is believed to be the western boundary of the oblique marginal 
rift basin that is floored by the Paleocene-lower Eocene tholeiitic pillow basalt. Along 
with other dextral faults farther to the east it formed a transtensional zone of right- 
lateral shear along the Eocene continental margin of Oregon and western Washington. 
The major movement along the Fulmar fault most likely ended by late Eocene time, 
because on the Oregon shelf this fault is overlapped by strata of latest Eocene age (-37 
Ma) (Snavely and others, 1980b). However, minor movement has occurred 
subsequently as overlying strata as young as Pleistocene exhibit small vertical offsets on 
seismic-reflection profiles.



KULA

Figure 3. Diagram showing inferred continental-margin-rifting model for the origin of the 
Paleocene and lower Eocene oceanic basalt (x pattern) and oceanic islands (circular areas) in 
western Oregon and Washington. K, Klamath Mountains; V, Vancouver Island/ B.C.; FAR/ 
Farallon plate; KULA/ Kula plate; NAM/ North American plate; F, Fulmar fault. Arrows 
denote direction of movement of the Kula plate relative to the North American plate. Open 
double-pointed arrow represents inferred regional extension (Engebretson and others/1985).



BASIN FILLING AND DEFORMATION
Within the rift basin, a 3,000 m (9,840 ft) sequence of siltstone, turbidite sandstone, 

and conglomerate of early Eocene age was deposited adjacent to the volcanic highs. 
The configuration of the basins was likely inherited from the relief on the Siletz River 
and Crescent volcanic piles, because nearshore deposits as old as early Eocene 
unconformably onlap these volcanic highs (Bukry and Snavely, 1988; Snavely, 1991). 
Convergence between the Kula-Farallon and North American plates in late early Eocene 
time (-52 Ma) deformed the island chain and overlying marine sedimentary rocks 
against the North American buttress. In the southern part of the Oregon Coast Range, a 
set of southeast-dipping imbricate thrust sheets and fault-propagation folds deformed 
the Paleocene and lower Eocene oceanic basalts and overlying lower Eocene 
sedimentary rocks (Baldwin, 1974; Heller and Ryberg, 1983; Molenaar, 1985; Wells and 
Heller, 1988; Niem and Niem, 1990). In the central part of the Coast Range, the Siletz 
River Volcanics were faulted and folded prior to rapid downwarping and the 
deposition of the overlying mildly deformed Tyee Formation of early middle Eocene 
age (Snavely and others, 1976a; Bukry and Snavely, 1988).

LATE MIDDLE EOCENE TO LATE EOCENE

CONTINENTAL MARGIN MAGMATISM
Tholeiitic volcanism continued along the continental margin between 44 and 37 

Ma, although the major volcanic centers became restricted to southwest Washington 
and the northern and central Oregon Coast Range (fig. 2). The lavas were erupted from 
regional dike swarms that trended northeast before rotation. This orientation suggests a 
transtensional relationship to the right-lateral Fulmar fault (Wells and others, 1984). 
The basalts are chiefly subaerial; however, pillow lava and breccia in the lower part of 
these units intertongue with deep-water siltstone of the upper middle Eocene Yamhill 
and the upper Eocene Nestucca Formations (Snavely and others, 1990a). These basalt 
flows and breccia include the Grays River volcanic rocks of southwest Washington 
(Livingston, 1966; Wells, 1981; Walsh and others, 1987), and the Tillamook Volcanics in 
northwest Oregon (Warren and others, 1945; Snavely and others, 1970; Magill and 
others, 1981; Wells and others, 1983; Niem and Niem, 1985). They were followed 
closely by the Yachats Basalt (Snavely and MacLeod, 1974), and the basalts of Cascade 
Head (Snavely and Yokes, 1949; Snavely and others, 1990b) in central coastal Oregon. 
The volcanic rocks are commonly porphyritic and have a wide range in composition, 
ranging from tholeiitic to alkalic basalt, basaltic andesite, and dacite. This 
compositional range suggests that the basaltic magma that produced these volcanic 
rocks was differentiated in high-level magma chambers before extrusion.

BASIN FORMATION AND SEDIMENTATION
Although differential uplift occurred in the areas of subaerial volcanism, such as 

the Heceta Head-Cape Perpetua area on the central Oregon coast (Snavely and 
MacLeod, 1974), regional downwarping occurred in most places in the forearc basin. 
Bathyal thin-bedded siltstone and sandstone were unconformably deposited on lower 
Eocene oceanic basalt and sedimentary rocks. The geometry of post-middle Eocene 
deposits was controlled in part by the distribution of thick upper Eocene volcanic 
sequences. For example, a west-trending ridge of Yachats Basalt separates the Coos Bay
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basin from the Newport embayment to the north. Other coastal basins appear to be 
fault controlled. The Tillamook embayment in northwest Oregon is bordered by a 
major northwest-trending en echelon fault zone that traverses the entire Coast Range 
(fig. 2, see also Wells and others, 1983).

In the central part of the Oregon Coast Range, bathyal siltstone of the upper 
middle Eocene Yamhill Formation (Baldwin and others, 1955; Bukry and Snavely, 1988) 
unconformably overlaps folded strata of the Tyee Formation to rest upon basalt of the 
Siletz River Volcanics (Wells and others, 1983; Snavely, 1987). In the northern part of 
the Oregon Coast Range, the Yamhill Formation intertongues with pillow lavas and 
breccia of the middle Eocene Tillamook Volcanics (Wells and others, 1983; Snavely and 
others, 1990a). A water-laid dacitic tuff bed up to 30 m thick occurs at or near the base 
of the Yamhill Formation in the central part of the Oregon Coast Range. This tuff unit is 
locally exposed from Florence northward to Dolph, a distance of more than 150 km. 
The source of ash that forms this tuff bed was most likely vents along an ancestral 
Cascade "arc." If this interpretation is correct, volcanism in the Oregon Cascades started 
about 44 Ma.

During the middle and late Eocene, streams transported large quantities of arkosic 
sand to a broad, low-lying coastal plain that bordered the eastern and southern parts of 
the forearc basin. Coal-bearing continental beds greater than 3,500 m (11,500 ft) thick 
are represented by the Puget Group (Wolfe and others, 1961) and the Cowlitz and 
Skookumchuck Formations (Snavely and others, 1958) in Washington, and the Coaledo 
Formation (Alien and Baldwin, 1944; Dott, 1966) in southwest Oregon. Some of this 
coarse clastic material undoubtedly was transported along channels into shelf basins 
and formed submarine fans and turbidite deposits. These continental beds interfinger 
with both Cascade-derived lavas and with coastal tholeiitic lavas, thus tying the middle 
Eocene tholeiites to the continental shelf.

FOREARC DEFORMATION
In the latest Eocene (~37 Ma), the forearc basin was deformed by convergence over 

a broad front. Regional uplift that accompanied this convergence segmented and 
shoaled the forearc region to produce a number of shelf basins that deepened westward. 
Erosion of uplifted middle and upper Eocene subaerial volcanic piles, such as the 
Tillamook Volcanics and the Yachats Basalt, produced thick deposits of fossiliferous 
basaltic sandstone and conglomerate that fringed the basalt highlands (Snavely and 
others, 1990a, 1990b; Bukry and Snavely, 1988). In the northernmost part of the forearc 
basin, two contrasting styles of deformation seem to support oblique subduction as the 
driving force. The first is north-south compression, as documented by major thrust 
faulting in the late middle Eocene along the Crescent and other major faults (MacLeod 
and others, 1977; Snavely and others, 1986). This resulted from northward movement of 
the Paleogene Olympic-Coast Range terrane against the buttress of pre-Tertiary rocks 
on Vancouver Island. Resulting erosion of uplifted pre-Tertiary terranes on southern 
Vancouver Island supplied coarse clastic debris to the northern part of the foreland 
basin to form the conglomerate-rich upper Eocene Lyre Formation (Brown and others, 
1956; Snavely and others, 1986, 1989) along the northern Olympic Peninsula. The
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second deformation style, which occurred at about the same time, formed melange and 
broken formation of late Eocene age that were underthrust along the west side of the 
Olympic Peninsula (Snavely and Kvenvolden, 1989), implying continued subduction 
during north-south compression of the Coast Range.

Seismic-reflection profiles and subsurface data from deep test wells on the Oregon 
continental shelf (Snavely and others, 1980b, 1982) also show a regional unconformity 
at the base of upper Eocene siltstone (lower Refugian Stage). These strata 
unconformably overlie folded and faulted rocks as old as early Eocene and overlap the 
Fulmar fault (Snavely and others, 1980b; Snavely, 1984).

OLIGOCENE TO MIDDLE MIOCENE

BASIN DEVELOPMENT
Rapid subsidence occurred in the forearc basin during Oligocene and early 

Miocene time, and more than 2,500 m (8,200 ft) of bathyal tuffaceous siltstone and 
arkosic sandstone were deposited in axial parts of the basin. On the Oregon continental 
margin, these strata are represented by tuffaceous siltstone of the Alsea Formation of 
Oligocene age (Snavely and others, 1975) and the Nye Mudstone of early Miocene 
(Saucesian Stage) age (Yokes and Snavely, 1948; Snavely and others, 1964). In the late 
Oligocene, high-energy deltaic deposits of pumiceous coarse-grained sandstone, such as 
the Yaquina Formation (Snavely and Wagner, 1963; Goodwin, 1973), were deposited in 
places along the eastern margin of the basin.

CONTINENTAL MARGIN MAGMATISM
Volcanic activity in the Cascade arc contributed large quantities of ash and 

pumiceous tuff-breccia to the forearc basin. Cascade-derived Oligocene mudflow 
conglomerate and thick (10 m) pumice beds occur as far west as the present coastline 
(Snavely and others, 1975). Near the late Eocene to middle Oligocene strandline, which 
lay near the present foothills of the Oregon Cascade Range, andesitic and dacitic tuff- 
breccia and volcaniclastic beds are complexly intercalated throughout much of the 
marine sequence.

In the central Oregon Coast Range, small volumes of highly evolved magmas 
were erupted and intruded into the marine strata. Camptonites, nepheline syenites, and 
ferrogabbros were emplaced between 34 and 30 Ma, roughly contemporaneous with the 
end of major late Eocene dextral slip faulting along the Fulmar fault and related faults 
to the east. This magmatism is interpreted as the final episode of rift-related 
magmatism in the Coast Range.

DEFORMATION
Onshore deformation during the Oligocene and early Miocene occurred 

throughout western Oregon and Washington, and was probably most intense in the 
Olympic Mountains. Elsewhere, regional uplift in the forearc basin in the early Miocene 
(about 20 Ma) restricted marine deposition to the west flank of the Oregon Coast Range 
and the adjacent continental shelf, and to the Coos Bay, Newport, Astoria, Grays 
Harbor, and Tofino-Fuca structural embayments. Nearshore deltaic and
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strandline sandstone and siltstone deposits of the lower and middle Miocene Astoria 
Formation (Cooper, 1981) grade westward into predominantly bathyal siltstone in the 
deep marginal basin off Oregon (Snavely and others, 1982). Along the central and 
northern Oregon coast, the Astoria Formation rests on strata ranging in age from late 
Eocene to early Miocene. In the deep marginal basin on the Oregon continental shelf, 
seismic-reflection profiles and drill-hole data indicate that sedimentation was virtually 
continuous, and siltstone strata correlative with the Nye Mudstone and Astoria 
Formation form a single rock-stratigraphic unit (Snavely and others, 1980b).

Along the central Oregon coast, two tholeiitic basalt units are interbedded with 
middle Miocene sandstone and siltstone. The older the Depoe Bay Basalt is 
petrochemically identical to the Grande Ronde Basalt, and the younger Cape 
Foulweather Basalt is petrochemically identical to the Frenchman Springs Member of 
the Wanapum Basalt of the Columbia River Basalt Group (Snavely and others, 1973). 
The Depoe Bay Basalt extends more than 16 km seaward and was penetrated in several 
of the test wells at depths as much as 2.5 km (1.5 mi) (Snavely, 1984). The Cape 
Foulweather Basalt, however, is restricted to the inner shelf. Sills and flows of Depoe 
Bay Basalt are widespread in the northern Oregon Coast Range and on the continental 
shelf (Snavely and Wells, 1984; Snavely and McClellan, 1987; Niem and others, 1990). 
The stratigraphic and petrologic similarity between the coastal basalts and correlative 
units on the Columbia Plateau led some workers (Beeson and others, 1979) to suggest 
that the coastal basalts are invasive tongues of the Columbia River Basalt Group that 
erupted on the plateau. This may explain most of the coastal Miocene basalt outcrops, 
although it is hard to explain intrusions of Depoe Bay Basalt into volcanic rocks as old 
as early Eocene in the central coastal area of Oregon (Snavely and others, 1990a).

LATE MIDDLE MIOCENE TO PLIOCENE

Regional deformation occurred in western Oregon and Washington and on the 
adjacent continental shelf in the late middle Miocene, between 15 and 10 Ma. Uplift of 
the Coast Range-Olympic Mountains formed highland areas that were rapidly eroded 
and supplied large amounts of clastic debris to elongate basins on the continental shelf. 
On the Oregon inner shelf, strata as young as middle Miocene were folded and uplifted, 
truncated by erosion, and subsequently downwarped and overlapped unconformably 
by late Miocene strata (Snavely and others, 1980b). Uplift was greatest on the Olympic 
Peninsula, perhaps partly owing to isostatic uplift of the thick prism of melange and 
broken formation that was subducted during late middle Miocene and partly owing to 
northward motion of the Coast Range. Alternatively, Brandon and Calderwood (1990) 
suggest that uplift of the core rocks may be a response to development of a flexure in 
the subducting slab beneath the Olympic Mountains.

Normal faults on the Oregon shelf were reactivated as thrusts during late middle 
Miocene transpression and formed a family of landward-dipping fault-propagation 
folds. Although most folds were truncated by the late Miocene unconformity, 
movement on some faults gently folded strata as young as Pleistocene.
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BASIN DEVELOPMENT

In the late Miocene and Pliocene, episodic downwarping of a deep marginal basin 
off Oregon was virtually continuous, and more than 2,000 m (6,560 ft) of sand and silt 
were deposited. Upper Miocene and Pliocene deposits thinned against the eastern 
border of the marginal basin and against older mid-shelf structural highs (Snavely and 
others, 1980b; Clarke and others, 1981). Shelf basins formed landward of folded and 
thrust-faulted upper Oligocene to upper middle Miocene melange welts. On the central 
and southern Washington shelf, as much as 2,000 m (6,560 ft) of upper Miocene and 
Pliocene sediment accumulated on a thick accretionary wedge of melange and broken 
formation of late Oligocene(?) to late middle Miocene age (Rau, 1975,1979; Snavely and 
Wagner, 1982). The Miocene and Pliocene strata thin against growing anticlines or 
diapirs, the cores of which consist of upper Oligocene to middle Miocene melange and 
broken formation. Adjacent to these diapiric structures numerous unconformities, 
growth faults, and gravity slides occur within younger strata, all of which likely reflect 
episodic uplift (see Snavely and Wagner, 1982).

Off northwest Washington and southern Vancouver Island, late Miocene strata rest 
unconformably on older Tertiary rocks (Shouldice, 1971; Snavely and Wagner, 
1980). Although most strata of this age are restricted to the shelf, late Miocene shallow- 
water sandstone and siltstone occur in a small isolated basin along the west side of the 
Olympic Peninsula in the lower Bogachiel River Valley (Rau, 1979), and in fault- 
bounded blocks along the coast north of Taholah (Rau, 1970; 1975). Upper Miocene 
strata also crop out on the southern Oregon coast near Coos Bay (Addicott, 1976; 
Armentrout, 1980).

In a filled trench along the base of the slope, about 3.5 km (11,500 ft) of strata occur 
above an upper Miocene oceanic crust (Kulm and Fowler, 1974; Snavely and others, 
1980b; Carlson and Nelson, 1987; Snavely, 1987). From velocity analysis, it is estimated 
that as much as half of this fill is of late Miocene and Pliocene age.

PLEISTOCENE TO HOLOCENE

Pleistocene and Holocene sediments extend across most of the continental shelf of 
Oregon and Washington, and Neogene strata are exposed on the sea floor only on large 
banks such as Stonewall, Heceta, and Nehalem (Kulm and Fowler, 1974; Snavely and 
Wagner, 1980; Snavely and others, 1980b; Clarke and others, 1981; Carlson and Nelson, 
1987; Snavely and McClellan, 1987). These Quaternary deposits of fine sand and silt are 
thickest (500 m; 1,640 ft) on the inner shelf and in basins between compressional folds 
on the outer shelf and lower slope. Several unconformities occur within this sequence, 
indicating episodic downwarping of the basins as well as uplift of diapiric structures 
during deposition. On the abyssal plain, more than 1,800 m (5,900 ft) of strata are most 
likely of Pleistocene and Holocene age (Kulm and Fowler, 1974; Snavely and others, 
1980b; Carlson and Nelson, 1987).
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DEFORMATION
Seismic-reflection profiles across the deformational front along the continental 

slope of Oregon and Washington show that episodic underthrusting of the Juan de Fuca 
plate beneath the North American plate has produced a series of north- to north- 
northwest-trending, elongate, en echelon anticlinal ridges bounded by thrust faults 
(Silver, 1972; Carson, 1977; Snavely and others, 1980b; Snavely, 1987). These ridges 
have bathymetric expression and uplift Pleistocene abyssal sediments as much as 1,100 
m (3,600 ft) (Byrne and others, 1966; Carson and others, 1974; Kulm and Fowler, 1974; 
Snavely and others, 1980b; Snavely and Wagner, 1981).

Pleistocene and Holocene faults are present along the coastal zone and on the 
continental shelf. In the western part of the Olympic Peninsula, late Pleistocene glacial 
drift is sheared and tectonically interleaved with siltstone beds of Eocene age (Snavely, 
1983). North of Ozette Lake, a Holocene soil zone on upper Pleistocene outwash 
gravels is offset as much as 2 m (6.5 ft). To the southwest, on the continental shelf off 
Grays Harbor, Washington, sea floor sediments are offset about 7 m (23 ft) by a "trap­ 
door" type of fault (Snavely and others, 1977). On the inner shelf and coastal zone of 
central Oregon, a 75-km (47 mi) -long north-trending zone of steeply dipping normal 
faults offsets Holocene(?) sediments (Snavely and others, 1980b); onshore these faults 
offset upper Pleistocene marine-terrace deposits (Snavely and others, 1976a, b). These 
faults are downthrown to the east toward the uplifted Coast Range rather than toward 
the basin, as one would expect for seaward-verging thrust faults or gravity faults. 
Several earthquakes with modified Mercalli intensities of III to IV have occurred in the 
vicinity of Newport (Berg and Baker, 1963) and may have been generated by movement 
along faults within this zone.

Detailed stratigraphic studies of buried late Holocene estuarine deposits in 
westernmost Washington led Atwater (1987) to conclude that coseismic subsidence is 
responsible for their burial. At least six episodes of coseismic subsidence may have 
occurred in the last 7,000 years. Individual episodes of subsidence extended for many 
tens of kilometers along the coast and at least 30 km (18.6 mi) inland and implies large 
Cascadia subduction zone earthquakes. Similar investigations of coastal salt marshes in 
Oregon by Peterson and Darienzo (1988) have established late Holocene episodic 
tectonic subsidence that is interpreted as evidence of abrupt strain release and 
intervening gradual strain accumulation along the southern Cascadia margin during the 
last 3,500 years.

The episodic subsidence of coastal lowlands and the evidence for episodic thrust 
faulting along the deformation front may both reflect intermittent coupling between the 
Juan de Fuca and North American plates. Presently, the thrust interface may be 
strongly coupled and elastic strain may be accumulating across the continental margin 
(Heaton and Kanamori, 1984). Based upon their interpretation of earthquake focal 
mechanism data, Weaver and Smith (1983) also concluded that the subduction zone is 
locked. Since there is no historic record of large shallow earthquakes along the 
subduction zone, a 900-km (560 mi) -long seismic gap seems to be present along the
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subduction zone off Oregon and Washington the most remarkable gap to be found in 
the Circum-Pacific seismic belt (Heaton and Kanamori, 1984). Despite the fact that 
present-day seismic activity is low, the potential for a major subduction-type 
earthquake cannot be discounted.
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NORTHWEST PETROLEUM ASSOCIATION 9TH ANNUAL FIELD TRIP 
CENOZOIC GEOLOGY OF COASTAL NORTHWEST OREGON

Road Log l

Field trip stops are shown by numbered filled circles on a geologic sketch map of the 
northern Oregon Coast Range (fig. 1). A generalized stratigraphic section for rocks 
exposed in the Hebo area is shown in figure 4 and for rocks exposed in the Tillamook in 
figure 5. The time stratigraphic correlation of coccolith zones and foraminiferal stages 
are shown in figure 6.

Mileage

00.0 Start Field Trip at Shilo Inn, Lincoln City, Oregon. Head east out of the 
parking lot toward U.S. 101

00.3 Intersection of U.S. 101 - turn left and proceed northeastward on U.S. 101

00.5 Roadcut on left is west-dipping thin-bedded tuffaceous siltstone and 
sandstone of the late Eocene Nestucca Formation capped with 
Pleistocene marine terrace deposits

00.8 Devils Lake to the right - a marine transgression occurred in the lake about 
5,000 B.P.; Devils Lake Golf Course on the left

1.8 Concealed contact of the late Eocene Nestucca Formation (CP15a) and the 
late middle Eocene Yamhill Formation (CP14a)

2.6 Junction of 101 and State Highway 18. Turn right toward Portland on
Highway 18 and follow the road along the valley of the Salmon River

4.1 Otis Junction

4.4 Contact of the Yamhill Formation and the Beds of Otis Junction, an early 
middle Eocene equivalent of the Tyee Formation (CP12b). The Otis 
beds crop out only on the west side of the Siletz River volcanic high (see 
discussion at STOP 3)

4.7 Concealed contact between Beds of Otis Junction and the sedimentary 
volcanic rocks of the Salmon River Formation of early Eocene age 
(Snavely, 1991). The rocks of the Salmon River Formation are complexly 
folded and faulted and are well exposed along the Salmon River

1 The authors wish to express their appreciation to Dr. Alan Niern, Oregon State University, who assisted 
in leading this field trip.
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Figure 4. GENERALIZED STRATIGRAPHIC SECTION
HEBO AREA 

NW OREGON COAST RANGE
(no vertical scale indicated)

PLEIST.

LLJ

Terrace sands, minor gravel, carbonaceous silt, and wood (Pleistocene)

Astorla Formation (middle Miocene)
Massive to cross-bedded medium- to line-grained micaceous, carbonaceous arkosc to 

lithe sandstone with lens ol pebble and cobble conglomerate and beds ol sandy sill stone, 
planar and trough cross-bedding, unit cut by 15 Ma basalt dikes, tilled channel deposit ol 
basaltic sandstone on outer Cape Kiwanda

uncontormKy

Alsea Formation (Oligocene)
Massive to thin-bedded tuffaceous sMstone with thin tuff and sandstone beds, 

calcareous concretions and ledges; tower part ol unit massive to cross-bedded basaltic grit 
to line sandstone, calcareous ledges with abundant moHusks. basaltic sandstone contains 
bnck-red scoria

 ir^r^TTS^^T^ir   unconformity

Sediments and basalts of Cannery Hill (upper Eocene, CPi5t>>
Basal basalt conglomerate and tossiMerous gritty basaltic sandstone channels overlain 

by siliceous sMstone with large silica-rich concretions: tnin basalt flow, piltow lava and 
volcanic bombs derived from local vents Unit intruded by middle Miocene basalt sills and 
dikes

Basalt of Cascade Head (upper Eocene)
Subaerial afcalic basalt flows of porphyritic ofivme-augile basalt and plagioclase phyric 

basalt and aphanitic basalt: flows contain interbeds of red scona and fine to lapilli tuffs, 
mudftows of basalt breccia and thin - bedded walertaid lapiU tuff, volcanic bombs and 
splatter, unit cut by numerous feeder dikes, tower part of unit consists of massive to thick- 
bedded waterlain breccia and basaltic sandstone

NestUCCa Formation (upper Eocene, CP15t>)

Mndttona: contain* thin lufl bed*, calcareous concretion* and minor glauconitic 
sandstone: Intertongue* laterally with Cascade Head basal.

Vamhlll Formation (upper middle Eocene. CPUa -13c) 
Mautve to thin-bedded concretionary finely m likttO I urtlh minor

l^^^-n^-^T^^rX  uncontomHy

deposits of wkoslc sandstone occur near bate of unit: basalic sandstone and thin- 
bedded tttttone art mom common m upper part of unk: 30 m tuff bed occurs near bat* 
of unit: lapii tuff bed* and invasive pMow (tows common In tower part of sequence; unit 
Intruded by 43 Ma diabase site and dMs

- uncontormlly

Tyee Formation (middle Eocene, CP12a-12b)
Micaceous, carbonaceous arkosic turbidite sandstone and siltstone; siKstone unit 

present at top of sequence

Basaltic sandstone of Oils Jet
Platy, carbonaceous, fossttiferous siltstone; crops out only on west flank of Coast Range

Salmon River Formation (upper bwer Eocene, CPI 1)
Tntak- to mediunvtoedded basaltic sandstone and rtstooe w«h calcareous ledges 

and concretions; minor cobble conglomerate and pUow lava flows, and basalt feeder 
dkes

uncontonnly

Siletz River Volcanic* (lower Eocene, CP9 to CP10)
Pillow lava, flow breccia, and lapMi-tuff of amygdatoidal tholaiitic basalt with minor 

interbeds of marine basaltic sandstone and sMstone. basalt is pervasively zeoMized with 
veins of cafcite and zeolite minerals, basalt is aphanitic to porphyritic with phenocrysts of 
plagioclase and augite Unit considered to be oceanic ridge basalt and oceanic islands 
formed during rifting of continental margin
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Figure 5. GENERALIZED STRATIGRAPHIC SECTION
TILLAMOOK AREA 

NW OREGON COAST RANGE
(no vertical scale indicated)

unconformity

LLJ

ii

Columbia River Basalt (middle Miocene, 15 Ma) 
Frenchman Springs Member (Cape 

Foulweather Basalt)
Randomly plagioclase (1 cm) phyric columnar jointed 

and pillowed fresh basaH.Locally forms piNow-palagonite 
delta complexes; locally intrusive into older sedimentary 
units.

Sandstone of Whale Cove (middle Miocene 
equivalent) 
Cross-laminated arkosic micaceous sandstone

Columbia River Basalt (middle Miocene 15.5 Ma) 
Grande Ronde Basalt (Depoe Bay Basalt)

Aphyric and plagioclase microphyric columnar jointed 
and pillowed fresh basalt Locally forms pMow-palagonite 
delta complexes; locally intrusive into older sedimentary 
units.

unconformity   

Astoria Formation (middle Miocene. Saucesian) 
Cannon Beach member

Cross-laminated, very well bedded, graded, fine 
arkosic, carbonaceous, very micaceous sandstone and 
sNstone with sandstone dikes

Netarts Bay member
Friable, fine to coarse grained, pebbly micaceous 

arkose amalgamated channelized turbidite sandstone; 
locally contains slump blocks and laminated mudstones

~ Angora Peak member
Micaceous, carbonaceous, laminated, channeled, 

locally pebbly arkosic sandstone with megafossite. 
adochthonous coal and plant fragments; deposited in 

_ deltaic shallow marine environment

Nye Mudstone (Miocene)
Very tuffaceous arkosic sandstone and mudstone with 

massive tuffaceous siltstone and turf beds

~?aquina Formation (lower Miocene and upper 
Oligocene, PWarian and Juanian) 
Bewtey Creek member

Massive to foreset bedded, pumiceous, WNc arkose, 
channelled, locally pebbly to conglomeratic, with 
moHuscan fossHs, represents deltaic and shallow marine 

_ environment

Alsea Formation (Miocene)?), Oigocene and upper Eocene(?),
Saucesian. Zemorrian and Refugian)
Massive to thick bedded tuffaceous siltstone with sparse 

tuff and turbidite sandstone Interbeds

Turbidite sandstone member
Graded, thin to thick bedded carbonaceous, 

micaceous laminated arkosic sandstone

unconformity   

NestUCCa Formation (upper Eocene, upper Narizian)
Thin bedded, laminated dark siltstone with tuff stringers, 

concretions and thin sand layers, locally gjauconHic

Basaltic sandstone and conglomerate 
member
Basalt and dacite boulder conglomerate and 

sandstone derived from TiHamook Voteanics

unconformity-
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Figure 5. GENERALIZED STRATIGRAPHIC SECTION
TILLAMOOK AREA 

NW OREGON COAST RANGE-Continued

LJJ

42-44 Ma

Tlllamook Volcanic* (upper middle Eocene, Narizian,
CPl4a, -43 Ma
Upper part is several kilometers of aphyric to very 

piagioclase-pyroxene phyric basalt and basaltic andestte 
flows; dacfte is locally abundant at top; upper unit intruded by 
diorite; lower unit is mostly basalt lapiW breccia and pillow 
breccia overlain by pillow basalt; abundant TWamook dikes 
cut this and all older units

Sr^fM 43-44 Ma

Yamhlll Formation (upper micWe Eocene. CP14a   13c)
Laminated weH-bedded to locally massive tuffaceous 

sUstone with tuff stringers: moderately well indurated cut by 
zeoMfc diabase sills which tocaBy make up the predominate 
reck type: also includes tocaty micaceous and basaltic 
sandstone and sWstone and oil shale beneath TUamook 
Volcanic*; beds at base of unit are very tuffaceous

Hambr* Ridge VolcanlCS (lower middle Eocene, 
CP12aorb)

Mostly aphyric to slightly plagiociase phyric columnar 
jointed and pWow basalt, with interbedded sedimentary rocks; 
pillow basalt is somewhat altered, with pyrite and zeolite and 
greasy day on fracture surfaces; sedimentary interbeds 
include tuff sttstone and very micaceous sandstone, probably 
equivalent to the Tyee Formation

50-52 Ma

unconformity
Tratk RiVDf Bads (lower Eocene. CP11)

Thin bedded, graded tine basaltic sandstone and 
sMstone, locally tectonized with calctte veins and abundant 
shear zones; dip Is steep (-50°) along Trask River; 
locally conformable on or interfingers wtth underlying 
SHetz River Volcanics

56 Ma

SilatZ Rlvar VolcanlCS (tower Eocene, CP9 to CP11) 
Upper part is basalt lapilH breccia, basalt pillow breccia 

and basaltic sandstone; tower part is pillowed to massive 
aphyric basalt, upper flows are very plagiociase phyric: basalt 
is tectonized with zeolite, caldte and ciay vein and vesicle 
filings; matrix is generally greenish and altered
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6.7 Rose Lodge #1

As we proceed eastward we are going downsection. The high hills at 12 
o'clock are held up by late middle Eocene diabase sills up to 1000 feet 
thick

7.6 Road junction to Cougar Mountain, which is a stock of camptonite 

8.0 Rose Lodge #2

8.3 The conglomerate to the right is at the base of the Salmon River Formation. 
The boulder and cobble conglomerate consists of basalts and diabase 
derived from the underlying Siletz River Volcanics

8.9 Contact between the lower Eocene Salmon River Formation (CPU) and the 
Eocene Siletz River Volcanics (CP10)

9.0 Widow Creek Quarry, - the type section of the Siletz River Volcanics
(Snavely and Baldwin, 1948) with excellent exposures of pillow lavas

9.1 Turn right on Widow Creek road. Proceed across the Salmon River and turn 
right into Kaufman Quarry

9.2 STOP #1   Kaufman Quarry, Lower Eocene Siletz River Volcanics (SRV)

Tholeiitic oceanic basalt of the SRV ranges in age from late 
Paleocene to early Eocene (Bukry and Snavely, 1988) and forms the 
basement of the Oregon Coast Range. Compositions are similar to ocean 
floor basalt with low K2O and TiO2 (Snavely and others, 1968) and have 
similar rare earth element (REE) patterns. At Ball Mountain, 7 miles to the 
southwest, pillow lava of alkalic basalt is overlain by subaerial flows of 
feldsparphyric basalt that formed an oceanic island.

Here, at the Widow Creek Quarry, close-packed amygdaloidal 
pillow lavas are in the upper part of the Siletz River Volcanics, and are 
interbeded with basaltic sandstone and siltstone containing a shallow- 
water coccolith of the lower Eocene Tribrachiatus orthostylus Zone 
(CP10). The upper part of the Siletz River Volcanics commonly contains 
thick units of lapilli tuff, tuff breccia, pillow lava, filled lava tubes, and 
basaltic siltstone, sandstone, and conglomerate. In the upper level of the 
quarry a 6-foot-thick basaltic sandstone with scattered basalt clasts forms a 
broad channel in the pillow lava. The lower level quarry contains a 
columnar-jointed filled lava tube overlain by a carapace of pillow lava. A 
N25°W fault with horizontal slickensides cuts the filled tube; such faults 
are commonly dextral where offsets can be determined.
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Seven samples of Siletz River basalt collected in the Euchre 
Mountain Quadrangle 6-12 miles south of this stop have whole rock K/Ar 
dates that range from 52.9 to 58.1 Ma (Duncan, 1982). Pillow basalt in the 
lower Eocene Crescent Formation of southwest Washington and on the 
Olympic Peninsula are correlative.

9.3 Return to Widow Creek road, cross river to State 18, - turn left (large pillows 
are exposed in river bed)

Proceed west on State 18

10.5 Cross Slick Rock Creek, turn right, proceed west on North Bank Road 

10.7 STOP #2   Type section of the lower Eocene Salmon River Formation

Broad apron of lower Eocene basaltic sandstone and siltstone with 
minor interbeds of conglomerate and basalt flows and breccia were 
deposited adjacent to Siletz River oceanic islands. Here at the type section 
of the Salmon River Formation (Snavely, 1991), the strata contain 
calcareous ledges and concretions and zones of poorly preserved 
mollusks. Looking south from the bridge across the Salmon River, several 
irregular basalt dikes trending N40°W can be seen cutting the medium- 
bedded basaltic sandstone and siltstone.

The Salmon River Formation contains typical lower Eocene 
coccoliths of the Discoaster lodoensis Zone (CP11) which are found 
throughout much of the Oregon Coast Range, extending from near 
Roseburg (Umpqua Formation) to the Tillamook Highlands (beds of Trask 
River), a distance of about 150 miles. Correlative strata in northern 
Washington include deep marine siltstone and pillow basalt in the upper 
part of the Crescent Formation on the Olympic Peninsula.

Proceed west on North Bank Road. The roadcuts along this road are 
weathered basaltic sediments of the Salmon River Formation

14.0 STOP #3  Oregon State Salmon River Fish Hatchery

Looking north across the Salmon River, the large road cut along 
State Route 18 consists of a sequence of fossiliferous medium- to thin- 
bedded finely micaceous, carbonaceous well-indurated lithic and basaltic 
sandstone and siltstone that is informally referred to as the Basaltic 
sandstone and siltstone of Otis. These strata unconformably overlie the 
Salmon River Formation and contain coccoliths assigned to lower middle 
Eocene Rhabdosphaera inflata Subzone (CP12b). East of the oceanic 
island formed by the Siletz River Volcanics, equivalent strata are the
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arkosic turbidite sandstones of the Tyee Formation. Deposition of the 
Tyee sandstone was restricted to the east side of the oceanic ridge and is 
correlative with the basaltic strata deposited west of the island as here 
near Otis. This interpretation is supported by geologic mapping north of 
the Salmon River as the Tyee Formation only crops out east of exposures 
of the Siletz River Volcanics along the Little Nestucca and Nestucca 
Rivers.

Return to North Bank Road, turn left and proceed west

14.6 The Otis strata are unconformably overlapped by the late middle Eocene 
(CP14a) Yamhill Formation.

14.7 Old U.S. 101 and North Bank Road junction

Turn right and proceed north on old 101 

15.0 Turn left on East Three Rocks Road

Roadcuts are in weathered siltstone of the late middle Eocene Yamhill 
Formation

15.6 Junction U.S. 101

Turn right on 101, proceed north

16.4 Approximate concealed contact between the Yamhill Formation and the 
overlying late Eocene Nestucca Formation

16.6 Roadcut to left of thin-bedded tuffaceous siltstone and arkosic sandstone of 
the late Eocene Nestucca Formation

Road proceeds upsection to the overlying late Eocene Cascade Head Basalts 

18.2 Cascade Head (no stop due to traffic hazards)

Road cut in late Eocene Nestucca Formation near the base of the 
Cascade Head Basalt. Here several feeder dikes to the overlying basalt 
flows and breccias of the Cascade Head Basalt cut the Nestucca 
Formation. The thin-bedded tuffaceous siltstone, with interbedded fine­ 
grained arkosic and basaltic sandstone, contain a late Eocene coccolith 
flora (CP15a). The Nestucca Formation intertongues with chiefly subaerial 
alkalic basalt flows and breccia that formed oceanic islands in the forearc 
basin as here at Cascade Head and 60 miles to the south at Cape Perpetua- 
the type locality of the Yachats Basalt.
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The Nestucca Formation is underlain by the middle Eocene Yamhill 
Formation which is exposed along Neskowin Creek just north of Cascade 
Head summit and is less than 200 feet stratigraphically below the summit

18.5 Contact between Nestucca Formation and overlying late Eocene basalts of 
Cascade Head

300 feet of tuff breccia and lapilli tuff in lower part of Cascade Head Basalt, 
which consist chiefly of subaerial flows with minor breccia and tuff 
interbeds

The geology on 101 between the summit and Neskowin is predominantly a 
sequence of northwest-dipping alkalic basalt flows, averaging about 20 
feet thick, with tuff breccia interbeds. Cascade Head Basalts are about 
1800 feet thick, and are underlain by late Narizian fossiliferous siltstone. 
A CP15a coccolith zone was assigned to this rock by Dave Bukry (Bukry 
and Snavely, 1988)

19.7 Large roadcut to left is west-dipping, thick-bedded to massive tuff breccia 
and lapilli tuff. The light colored clasts are concretions from the 
underlying Nestucca Formation.

19.8 Contact with overlying subaerial flows

North of the highway and Neskowin Creek, hornblende andesite dikes dated 
at 34 Ma cut the volcanic sequence

20.7 Flows of Cascade Head basalts on the north side of the road

21.7 The small coastal village of Neskowin (Snavely's first field headquarters in 
the Pacific Northwest, 1946)

North of Neskowin the road parallels the upper contact of the Cascade Head 
Basalts, marked by boulder conglomerate and basaltic sandstone

22.6 Concealed contact of Cascade Head Basalts and overlying late Eocene
sedimentary rocks and basalt of Cannery Hill (Snavely and others, 
1990)

23.7 Siltstone member of Cannery Hill unit on right is cut by 6-foot basalt dike of 
middle Miocene Depoe Bay Basalt-type. The light-colored concretions 
in the siltstone measure up to 3 feet in diameter and are very siliceous, 
about 60% Si02
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23.8 Turn left (west) on Sahhali Drive and proceed uphill. The road is in dark- 
gray siliceous mudstone of the Sedimentary rocks and basalt of 
Cannery Hill (upper Eocene)

24.0 Base of basalt flow (titanium rich) of Cannery Hill sequence which is 
overlain by basalt cobble and boulder conglomerate and basaltic 
sandstone of latest Eocene age

24.1 STOP #4  

Basaltic sandstone and basalt of late Eocene Cannery Hill sequence. 
The basalt of Cannery Hill is part of a late middle to late Eocene episode of 
coastal basalt volcanism that includes the basalt of Cascade Head, Yachats 
Basalt and Tillamook Volcanics. These high TiO2 basalts were erupted 
from regional WNW-trending dike swarms and represent continued 
rifting of the continental margin in the Eocene.

These wavy, irregular and thin-bedded basaltic sandstones may 
represent (1), base-surge deposits from a group of small eruptive centers 
located near the coast; or (2), slumping of basaltic sandstone strata on 
steep flank of a vent? These thin-bedded sandstone beds are overlain by 
massive to thick and cross-bedded basaltic sandstone of the overlying 
Oligocene Alsea Formation

Beautiful view of the Oregon Coast at this stop, from Cascade Head to the 
south, to Cape Kiwanda and Cape Lookout to the north

24.6 Return to U.S. 101

25.1 The hills to the east are held up by Cascade Head Basalt

25.3 Roadcut is filled channel of massive basaltic sandstone

25.9 Viewpoint to the left (no stop)

Roadcut to the east is lower Oligocene basaltic sandstone of the Alsea 
Formation overlain by a 150-foot-thick middle Miocene basalt sill

27.3 Oretown

28.2 Cross the Little Nestucca River

29.6. Junction of U.S. 101 and the highway to Pacific City (home of the Dory Fleet). 
The roadcut at the intersection is weathered Yamhill Formation 
siltstones and sandstones
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The readouts along this road are mainly in the Nestucca Formation and the 
Sedimentary rocks and basalts of Cannery Hill. Poor exposures of 
tuffaceous sediments with interbedded basalt flows and breccia 
intruded by middle Miocene basalt dikes and sills

30.8 To the left is Nestucca Bay   excellent Salmon fishing

31.4 Roadcut of massive basaltic sandstone of the Alsea Formation cut by 
Miocene basalt sills

32.3 City center of Pacific City, turn left towards the ocean

32.6 Cross the Nestucca River. Turn right (north) to Cape Kiwanda. The low 
wooded hill at 1 o'clock is formed by a large sand dune

33.5 STOP #5   Lunch Time at Cape Kiwanda

Cape Kiwanda is formed by massive to medium-bedded micaceous 
arkosic sandstone of the middle Miocene Astoria Formation. Here, on the 
south side of the Cape, the Astoria Formation (Angora Peak member of 
Cooper, 1981) rests unconformably on siltstone of the lower Oligocene 
Alsea Formation (Snavely and others, 1990). The lower part of the Astoria 
sandstone is silty, carbonaceous, and bioturbated. In places, pholad 
burrows filled with Astoria sandstone extend 4 to 6 inches into the 
underlying Alsea siltstone.

The Astoria Formation exposed here is interpreted as a high- 
energy, wave-dominated delta that prograded onto a steep shelf (Snavely 
and others, 1977; Cooper, 1981). Part of the sand most likely was 
transported into the deep marginal offshore basin by turbidity currents or 
fan channels and formed potential reservoir rocks for petroleum. Six 
porosity and permeability determinations have been published for the 
Astoria Formation along the central Oregon Coast (Snavely and others, 
1977) and show a range of porosity from 20.4 to 29.2 percent, and 
permeability from 3 to 1,682 millidarcys.

At the extreme west end of the Cape, a filled channel deposit of 
basaltic sandstone cuts the arkosic sandstone beds of the Astoria. The 
basalt sand is composed of grains derived from the underlying Cascade 
Head basalts. Several lenses of conglomerate are present in the Cape 
Kiwanda Astoria sandstones and contain clasts of basalt and metamorphic 
rocks. The Cape is capped by Pleistocene terrace deposits which in turn 
are overlain by late Pleistocene and Holocene dune sands.
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A 3-foot basalt dike of Depoe Bay Basalt (15 Ma) cuts the sandstone 
sequence this dike is probably related to the 500-foot-high basalt plug 
that forms Haystack Rock, 0.8 miles offshore.

Reset Milage

0.0 Leave parking lot and head north on Three Capes Road through stabilized 
coastal dune fields

1.3 Intersection of Thousand Trails and Woods Junction 

Head straight north on Three Capes Road

1.7 Roadcut to the right is tuffaceous siltstones of the Oligocene Alsea
Formation. The view to the north is Cape Lookout,- a middle Miocene 
sequence of Columbia River Basalt submarine and subaerial flows, 
which projects 2 miles west into the Pacific Ocean. The sheer south- 
facing cliff is approximately 500 feet high.

This cape may represent a west-trending valley filled with basalt flows 
which are erosionally resistant and form inverted topography

2.1 City limits of Tierra Del Mar

3.8 Sand Lake estuary on left

6.6 Sand Lake Store

7.6 Sand Lake junction - turn left (west) toward Cape Lookout State Park

8.4 The road crosses an active dune field that is a recreational area for off-road 
vehicles. Dunes are encroaching on the forest to the northeast

9.6 Weathered outcrop of lower Miocene Nye Mudstone

10.2 Road continues upsection into the Astoria Formation, with local basaltic grit 
and hummocky crossbedded arkosic sandstone

10.6 STOP #6   Viewpoint, stop is just below Astoria - middle Miocene basalt 
contact. Excellent vista to the south of Sand Lake, Cape Kiwanda, and 
Cascade Head on the horizon.

10.9 Parking lot at the top of Cape Lookout. Columnar jointed and crudely 
pillowed Grande Ronde Basalt of the Columbia River Group, 
correlative with Depoe Bay Basalt in the Newport area mapped by 
Snavely and others (1976a)
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11.4 Pillowed Grande Ronde Basalt

12.5 STOP #7   Anderson Viewpoint. View of Netarts Spit, Three Arch Rocks,. 
Cape Meares, Netarts Bay. Weathered basalt in the roadcut

13.6 Cape Lookout State Park entrance

14.2 Netarts Bay on the left. Road follows the east shore of the bay

16.4 Wee Willies

17.4 Three Capes junction

Take the left fork along Netarts Bay
18.8 Netarts Landing - bear right

18.9 Stop sign, turn left on Netarts Highway through Netarts 

19.4 Turn left at Happy Camp RV park entrance

19.7 STOP #8   The mouth of Netarts Bay. Public parking on beach. To the
south a view of west dip slope of Grande Ronde Basalt at Cape Lookout 
to the south

Figure 7. Line drawing of 650-foot long and 65-foot-high seacliff exposure near 
Happy Camp, north of Netarts Bay, Oregon. Tmv is Miocene (15 Ma) Columbia River 
Basalt pillows and breccia (triangles). Thrust faults cut basalt and Pleistocene channel 
fills (gravel symbols) containing wood fragments. Hachured lines indicate buried soils 
(after Wells and others, 1992).
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These faults may be related to a record of episodic, rapid Holocene 
subsidence of coastal estuaries in Oregon and Washington that has been interpreted to 
represent deformation during large subduction zone earthquakes along the convergent 
plate boundary (Atwater, 1987; Peterson and Darienzo, 1988). Our studies of the local 
geology and late Cenozoic deformation of several coastal embayments suggest that, in 
addition to the regional subsidence, local structural control may also be important. 
Tillamook Bay and Netarts Bay in northwest Oregon are bounded by WNW-trending 
high-angle reverse or thrust faults along their northern margins. In the seacliff at the 
north end of Netarts Bay, Grande Ronde Basalt (15 Ma) is thrust southward over late (?) 
Pleistocene channel deposits on 3 shallow, north-dipping faults with up to 30 feet of 
cumulative offset. A Pleistocene terrace at the top of the cliff varies in elevation from 
about 40 feet on the footwall block to about 65 feet on the hanging wall block and may 
reflect differential uplift. Similar north-dipping young faults are observed on N-S 
seismic reflection profiles about 6 miles offshore (figure 8), suggesting that the Netarts 
Bay faults are part of a substantial thrust system oblique to the margin. Quaternary 
subsidence of Netarts Bay may in part reflect accommodation of local and/or regional 
strain on these oblique boundary structures. The north-dipping thrusts indicate a 
component of N-S shortening in the Coast Range which is consistent with the pattern of 
late Cenozoic deformation and with the present-day crustal seismotectonic regime in 
the Puget-Willamette lowland.

20.0 Proceed north from Happy Camp. Roadcuts are stabilized dunes above the 
RV Park

21.8 View of the town of Oceanside, Three Arch Rocks, and Maxwell Point. All 
are composed of Miocene Grande Ronde Basalt of the Columbia River 
Basalt Group. NOTE: North-trending normal fault on the west side of 
the landslide scar in Maxwell Point. Top of scarp is less than 20 feet 
from House on the Hill Motel (soon to be Four Arch Rocks).

22.0 Take the right fork and follow Three Capes scenic route

22.8 View of the south face of Cape Meares showing seaward-dipping pillow 
flows. Roadcuts on the right are weathered pillow basalt

23.5 Quarry in columnar jointed flow of Grande Ronde Basalt

24.4 Turn left at entrance to Cape Meares State Park

24.7 WWII concrete pillbox on right
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24.9 STOP #9   Cape Meares State Park parking lot

On the trail towards the lighthouse, stop at the second viewpoint on the right 
for a spectacular view of middle Miocene basalt flows and breccia 
(figure 9).

Figure 9.~Grande Ronde Basalt (Depoe Bay Basalt of Snavely and others, 1973) 
exposed 650 feet north of lighthouse at Cape Meares. Foreset-bedded breccia and 
pillows (PB) at the base are overlain by a rudely columnar-jointed flow (CJ) which is in 
turn overlain by foreset-bedded breccia (B). The upper four columnar-jointed flows are 
separated by oxidized zones (O) and were formed subaerially; the lowest of these flows 
has incipient pillows (IP) developed at its base. Basalt flows are overlain by thick- 
bedded Miocene sandstone equivalent to sandstone of Whale Cove at Depoe Bay (SS).

25.5

Return to Three Capes Road

Junction with Three Capes Road, turn left
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25.9 View to the left from the top of Cape Meares, an active landslide. At 12
o'clock a view of Tillamook Bay and the late middle Eocene Tillamook 
Volcanics, sandstone at Garibaldi, Neahkanie Mountain Miocene sill of 
Grande Ronde Basalt is at the skyline

NOTE: Road damage from active slide, slidetoe is cut away by wave erosion 
at Cape Meares Beach. Major change in geometry of spit in this 
century. Old town of Bay Ocean

27.4 Turn right towards Tillamook at T junction

27.7 Bay Ocean spit road. A view of Tillamook Highlands and the bay. The road 
follows the bay and the cliffs along the road are deltaic shallow marine 
beds of the Astoria Formation.

No safe pull out

Skyline on left is the Tillamook Volcanics

32.8 Junction with the Tillamook-Netarts Road 

Turn left toward Tillamook

32.9 Bridge across the Tillamook River. The alluvial flats are prime dairy country 
and is the home of the Tillamook Cheese Factory and other cheese 
factories

34.4 Junction of U.S. 101 in downtown Tillamook

Turn right (south) on U.S. 101

37.9 WWII Blimp Hangers, one was destroyed by fire in August 1992 

39.6 Rest area

39.9 In Tillamook River are good exposures of turbidite sandstone of the lower 
part of the Oligocene Alsea Formation; contains foraminifers referrable 
to the Zemorrian Stage

END TRIP
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