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RECONNAISSANCE OF THE GEOLOGY AND OIL
PROSPECTS OF NORTHWESTERN OREGON.

- By Cuester W. WASHBURNE.

INTRODUCTION.

The presence of oil in the Coast Range of Oregon has been sug-
gested by the topographic 51mllar1ty of the locality to the oil regions
of California, most of which are in the borders of the Coast Range.
A few attempts to obtain oil have been made, eight wells having
been drilled in northwestern Oregon, all of which are dry, but one of
which, near Dallas, yielded a small flow of gas. All these wells,
however, were located without adequate regard to the geologic con-
ditions of the localities and therefore do not afford a fair test of the
ground.

This report is based on a hasty reconnaissance made during the
summer of 1910 and on several explorations made-by the writer in
the years 1900 to 1905. In the summer of 1910 material assistance
‘in the field was rendered by Mr. George A. Macready and Mr. Reese F.
Rogers, who examined many supposed oil seeps and other reported
indications and gathered notes on the geology of the region. In
March, 1914, some new reports of oil seeps were investigated, but
nothing was found to change the generally negative conclusion of
the earlier work.

The evidence gathered in the field seems to indicate that; the pros-
pect of obtaining oil in the northern part of the Coast Range near
. Astoria or Tillamook is slight, but that.the chances are much better
in the central part of the Coast Range'in western Coos, Douglas, and
Lane counties or in Lincoln County. It should be borne in mind,
however, that this is merely a statement of the writer's personal
opinion, based on imperfect evidence, apd not a prediction that oil
will be found in commercial quantities.

The region covered and the oil prospects are shown on the accom-
panying map (Pl I). T OPOGRAPHY. |

The principal topographic feature of the region is the Coast Range,
an irregular group of maturely dissected -hills that rise gradually
from altitudes of only a few hundred feet near the sea to heights of

: 0" 5
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1,000 to 2,500 feet. The main divide, or watershed, is irregular,
running approximately parallel with the coast at a distance of 25 to .
35 miles from the sea and 10 to 20 miles from the eastern foot of the
range. The main divide does not everywhere correspond with the
line of highest summits, but in many places lies east or west of them.
The anomalous course of Nehalem River through the range appears
to be due to the peculiar distribution of resistant igneous rocks rather
than to capture. Some sections of the summit likewise owe their
superior altitude to the presence of resistant intrusives. The bold
headlands, typified by Tillamook Head, which stand conspicuously
above the neighboring hills and extend their high terminal cliffs well
into the sea, owe their existence to the hard basalt composing them.
Likewise, the higher mountains of the Coast Range, such as Saddle,
Necarney, Onion, Marys, and Roman Nose, are all due to the presence

of intrusive dolerite, diorite, and diabase.

VEGETATION AND ROADS.

Geologic work in the Coast Range of Oregon and Washington is

done under unusual difficulties, owing to the scarcity -of exposures
and to the almost impenetrable growth of bushes and ferns. The
brush is especially dense along creeks and in old ‘‘burns,” but it
is troublesome everywhere, even in the perpetual shade of the great
evergreen forest that covers most of the region. The humid climate
of western Oregon has thoroughly decomposed all but the hardest
rocks to depths of 20 to 100 feet, unaltered rocks being seen only in
artificial excavations or in small cliffs that occur at certain localities
along streams and steep hillsides. In the western part of the district
some residual soil and a mat of ferns, moss, and bushes cling to the
face of nearly vertical cliffs. East of the summit of the Coast Range
the vegetation is less dense, and though on the borders of the Wil-
lamette Valley the north sides of the hills- -generally are forested with
evergreens, the south sides are bare, owing to differences of exposure
to the sun and wind. :
* The dense brush in the lower parts of the Coast Range makes travel
on horseback impossible and work, even on foot, very difficult. In
many places near the coast it takes one or two hours to walk a mile
through the brush.

Many of the wagon roads are very poor, and in winter they are
filled with deep mud. Drilling machinery or other heavy material
can be moved without much difficulty from June to September,
inclusive. In other months there is risk of much delay and expense
in transportation except on the few hard roads, such as that from
Astoria to Nehalem. In general the main wagon roads lead from
the Willamette Valley across the Coast Range to the principal towns
near the coast. There are about ten of these roads between Umpqua

>
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and Columbia rivers, most of which are poor, although some are being
macadamized. Ounly a few of the wagon roads connect with one
another by north-south branches on the coast orin the mountains.
The only railroads that cross the Coast Range in Oregon are the
Astoria & Columbia River Railroad, which follows the south bank of
Columbia River to Astoria; the Pacific Railway & Navigation Co.,
from Portland to Tillamook Bay; the Corvallis & Eastern Railroad,
from Albany to Yaquina Bay; and the Willamette Pacific, under con-
struction, from Eugene to Coos Bay via the Siuslaw Valley.

GEOLOGY.
STRUCTURE.

The Coast Range of northwestern Oregon is a broad, low geanticline
of Tertiary formations broken by many igneous intrusions. In most
cross sections of the range there are from two to five broad folds of
small amplitude, and probably there are many normal faults, of which
only indirect evidence can be obtained. Within the range the dips
in few places exceed 15°, except near igneous intrusions, and in most
places are less than 10°; but along the flanks some dips of 20° to 35°-
have been observed. In other words, the strata have not been sharply
compressed. The major axis of uplift, where well defined, lies 5 to 15
miles west of the summit of the range, which in all places is due to the
presence of relatively hard igneous rock or sandstone rather than to
geologic structure.

South of Umpqua River the higher part of the range, as shown by
Diller, is essentially a syncline with flanking anticlines in the upper
valley of the Umpqua and near Coos Bay. The syncline disappears
north of Umpqua River, and on-Siuslaw River the range is essentially
an anticline interrupted by many minor undulations, with marginal
dips toward the Willamette Valley on the east and the ocean on the
west. The same general structure characterizes the range north of
Siuslaw River as far as Columbia River and for at least 50 miles into
Washington.

The structure of the Coast Range of Oregon and Washington there-
. fore differs markedly from that of the Coast Range of California, where
sharp folds prevail. Notably pronounced geologic structure occurs
in the northern Coast Range only near the two higher mountain
masses in which it terminates; on the south near the Klamath Moun-
tains of southwestern Oregon and on the north near the Olympic
Mountains of northwestern Washington.

Contrary to the commonly accepted idea the structure of the
Willamette Valley is essentially monoclinal, the dip of the rocks being
almost invariably eastward in the widely separated exposures, which
are rare except on the valley border. In some places the dip is so
slight as to be scarcely perceptible, in others it reaches 25°. In the
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lower valley the average dip is 3° or 4°; in the upper valley it is
8° or 10°. A westerly dip has been observed at only one locality,
Scotts” Mills, on the line between Clackamas and Marion counties,
where there is a small monoclinal flexure or fault. Generally speak--
ing, the marine rocks on the east side of the Willamette Valley appesr
to pass under the lavas of the Cascade Range, within which easterly
dips continue for 30 to 50 miles from the valley, but it is possible that
there is a large fault along the east margin of the valley and that the
marine rocks are later than the lavas of the mountain front.

STRATIGRAPHY.

AGE OF THE ROCKS.

The consolidated rocks of the Coast Range of northwestern Oregon
are all of Tertiary age. The oldest known strata are about equiva-
lent to the widespread Tejon formation (upper Eocene) of California,
above which there are Oligocene deposits, which occupy compara-
tively small areas and which are in many places absent beneath the
extensive Miocene deposits. Pliocene strata are known at only a
few isolated localities. The Quaternary material is limited to river
bottoms and terraces and to the broad alluvial plain of the Willamette
Valley. ' .

No Cretaceous rocks have been found in northwestern Oregon. It
was formerly thought that some very poorly preserved fossils, col-
lected by the writer from metamorphosed sediments on the west
slope of Marys Peak, were of Cretaceous age, but further study makes
* it seem probable that they are Eocene. It was also thought that the
rocks which J. S. Diller ! found unconformably underlying the Astoria
shale, opposite Astoria, were Cretaceous or older, but they also are
now known to be Eocene.

TERTIARY SYSTEM.

EOCENE SERIES.

The oldest known rocks of the Coast Range in northwestern Oregon
are of upper Eocene age and carry a fauna similar to that of the
Tejon formation of California. No rocks of the age of the Martinez
formation of California (lower Eocene) have been found in north-
western Oregon, and in the localities examined by the writer it is
highly probable that no strata are older than the Tejon.

In Douglas County the oldest upper Eocene is a thick shale which
Diller 2 has named the Umpqua formation. It is especially well

1 A geological reconnaissance in northwestern Cregon: U. 8. Geol. Survey Seventéenth Ann. Rept., pt. 1,
pp. 457, 465, 1896. :
2. 8. Geol. Survey Geol. Atlas, Roseburg folio (No. 49), 1898,
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developed. in the neighborhood of Cole Valley, west of Oakland.
North of Umpqua River it has been doubtfully recognized in the
Alsea Valley in southwestern Benton County, where a shale is im-
perfectly exposed beneath the Tyee sandstone.

The most widespread and conspicuous formation of the Oregon
Coast Range is the Tyee sandstone, which extends from the type
locality in Douglas County * southward to the Rogue River Moun-
tains and northward over 120 miles into Tillamook County. It is
not improbable that the upper Eocene on the lower Columbia River
is of about the same age. The Tyee sandstone is of medium to coarse
grain, in most places thick bedded and highly micaceous. It con-
tains many dull white, mostly subangular grains of decomposed feld-
spar. Conglomerate is rare in this formation, but some layers con-
-tain scattered fine pebbles of quartz and acidic lavas. Locally a few
pebbles of more basic igneous rock resemble the diabase of the Rose-
burg quadrangle. Cross bedding is not common, but ripple marks
and sun cracks have been found in the formation on Smith and
Siuslaw rivers. Its color is prevailingly light gray, but at the type
locality in Douglas County and also in southwestern Polk County,
where much of the rock is highly calcareous, it is dark gray. Locally
in Lincoln County it is white from the presence of andesitic or dactitic
tuff. Marine fossils are abundant at scattered localities at the few
horizons where they occur; elsewhere the only fossils are pieces of
leaves and wood. Thin beds of lignite are found at a few places, but
they have no economic importance unless the coal in the upper and
lower Nehalem valleys occurs in this formation, which is not certain.
This formation carries some shale, but the shale is very subordinate
to the sandstone and is rarely seen, owing to its softness and to the
covering of soil and vegetation. The presence of benches on some of
the sandstone cliffs, with imperfect exposures of shale, suggests that
there may be beds of shale 75 or 100 feet thick. In the cliffs on the
Umpqua and Siuslaw rivers some thin partings of shale, a few inches
to 10 feet thick, separate massive beds of sandstone 25 to 100 feet
thick. Many of these thin partings are minutely contorted, probably
from slight movement of the sandstone beds over one another as the
sandstone itself is not affected. :

Some vertical sections of the sandstone on the sides of bowlders
show many irregular, sharp-cornered little bodies of dark shale, from
one-half inch to 2 inches in thickness and commonly about twice as
long. Most or all of these are not fragments of an older formation,
included as pebbles, but represent clay deposited at the same time as
the sand. Evidence of this origin is furnished by filaments of clay,
resembling apophyses, which project from the little masses of shale

1U. 8. Geol. Survey Geol. Atlas, Roseburg folio (No. 49), 1898.
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for a short distance along the bedding planes of the sandstone and by
micaceous layers which cross both the sandstone and the shale. The
manner in which the little shale bodies accumulated is not clear, but
it may be that on the original surface of deposition the greater adhe—
sion of clay to clay caused the clay particles to stick to the clay previ-
ously formed rather than to the surrounding sand.

The thickness of the Tyee sandstone on the Siuslaw and Alsea
rivers is at least 2,000 feet, but its base is not exposed. The forma-.
tion appears to be over 10,000 feet thick on Umpqua River and Elk
Creek, west of Drain, but the strata in that section may be dupli-
cated by faults. The character of the material suggests that much
of it is of fluviatile origin, but marine shells found at different horizons
at a few W1dely separated localities cast doubt on this inference.
The formation is not divisible on either lithologic or pa,leontologlc-
grounds and the percentage of fresh-water sediment it contains is

. uncertain, although the writer believes it is the predominant element
of the formation at all localities north of Umpqua River. _

In the preceding description the area of the Tyee sandstone has
been extended far north of the Roseburg region, in which it occurs
as first deseribed by Dillert This extension appears justifiable,
because of the apparent continuity of the sandstone along the Coast
Range and because of the many new localities in which the fauna
contained in the Tyee sandstone at the type locality (Basket. Point,
on Umpqua River) has been found.

The lowest formation outcropping in the Astoria region is of upper
Eocene age and consists of a series of diabase tuffs and breccias, which
are well exposed in the hills and railroad cuts west of Megler, Pacific
County, Wash. The formation also includes a few thin flows of
diabasic lava and in its lower part considerable massive sandstone,
which is quarried near McGowan station for foundation stones and
for use in the revetment work of the Ilwaco Railroad.

The formation is markedly different in texture and composition
- from the overlying Astoria shale. Its relation to the shale is not
certain, but Diller ? observed an unconformity below the Astoria
shale east, of Megler which the writer failed to find. The rock at the
locality mentioned by Diller is clay shale interbedded with many
layers of sandy shale, which are much harder than the typical Astoria -

shale and which contain numerous veins of calcite. If there is an

unconformity at this locality it will be necessary to consider the
hard shale, about 150 feet thick, and 400 feet of underlying sandstone
and shale as the top member of the Eocene formation.

17U. S. Geol. Survey Geol. Atlas, Roseburg folio (No. 49), 1898.
2 U. 8. Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 465, 1896.
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The conformity of the Eocene formation and the Astoria shale is
suggested by the structure at the west end of the railroad tunnel at
Fort Columbia, where the main body of tuff is overlain, with apparent
conformity, by 50 feet of soft clay shale, identical in appearance with
the Astoria shale and containing many fossils of a species (Pecten
peckhama) that is abundant in that formation and is unknown in the
Eocene of Oregon.

The question of the conformity of the Astoria shale on the Eocene
formation must therefore be left open. The age of the latter is de-
termined by the discovery of a characteristic Eocene shell (a hinge of
Venericardia planicosta Lamarck) in the fine tuff east of McGowan
station.

The formation, which is similar to many others of upper Eocene
age in northwestern Oregon and western Washington, is a tuff or
agglomerate composed of angular or slightly rounded fragments of
- basic lava, probably diabase, separated by minute veinlets of calcite.
In many places calcite is so abundant that beds of the rock 10 to 20
feet thick have a mottled appearance. The average diameter of the
individual ejecta is about half an inch, but some fragments are a foot
or more across. Beds of massive coarse gray sandstone occur in the
upper and lower parts of the main body of tuff, both above and
‘below which are beds of sandstone nearly 100 feet thick. At several
horizons in the tuff, water worn pebbles of diabase sandstone and
concretionary limestone are mixed with the angular ejecta. Locally
~ the water worn pebbles are sufficiently abundant to make beds of
tuffaceous conglomerate, which in places is so thoroughly indurated
that a fracture will pass through both pebble and matrix. Near the
middle of the main body of tuff there is a thin sheet of somewhat
vesicular basic igneous rock, about 10 feet thick, probably a contem-
poraneous flow. . Near the top of the tuff, in the bed of the first creek
west of Megler, there is a basic lava flow, largely fragmental, about
35 feet thick, beneath which is 20 feet of micaceous tuffaceous
laminated sandstone full of plant fragments, and above which is 25
feet of hard thin-bedded sandstone. Several dikes of fine-grained
diabase, from 2 to 10 feet thick, cut across the tuffaceous strata
west of Megler.

The following section was measured from the high river bluff north
of Megler, westward along the Ilwaco Railroad tracks to the axis of
the anticline near McGowan station. The lower sandstones and much
of the tuff is missing from the west limb of the anticline, indicating a
fault along the axis with downthrow on the west side,-amounting to a
stratigraphic displacement of over 1,000 feet.
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Section of Eocene rocks measured along the Ilwaco Railroad between Megler and the Fort
Columbia tunnel, Pacific County, Wash.

Clay shale, soft, dark, with Oligocene fossils. Usually referred
to as the Aturia zone. ) ) )

Approximate position of unconformity reported by Diller.

Shale, gray, sandy, hard, with alternating layers of indurated
calcareous fine-grained sandstone, one-half to 1 foot thick;

some ripple marks; makes high bluff north of Megler; re- Feet.
garded as the top member of the Eocene.................... 150
Clay shale, dark grayish blue, with calcareous concretions. ... .. 50

Sandstone, hard, micaceous, in yellow or gray massive beds, 5 to
15 feet thick, separated by beds of dark clay shale, in places
carbonaceous, 3 to 10 feet thick; many small fragments of
plants........ e i 350+

Tuff and agglomerate in massive beds 10 to 30 feet thick, includ-
ing a few thin beds of tuffaceous quartz sandstone and con-
glomerate; material, probably mostly diabase; color, dark
green on the surface, mottled and veined with white calcite
which binds the fragments together. Lower 400 feet poorly
exposed. In one of the finer-grained pebbly beds in lower

. part a worn hinge of Venericardia planicosta was found, asso-

ciated with fragments of oystershells...................... .« 1, 5504
Sandstone, gray-blue, micaceous, coarse grained, massive..... 90 :
Agglomerate, angular and slightly rounded fragments of basic

igneous rock, 1 inch to 1 foot in diameter................._. 20
Notexposed . ..o e 2004
Agglomerate, like above............ ... ... ool ‘10
Sandstone, gray, coarse, micaceous........ e 15
Agglomerate, like above._..... e e : 60
Not exposed...... e ettt e e e 600+

Sandstone, light gray, coarse grained, micaceous, massive, with

fragments of deciduous leaves....._........ ... ... . ... 40
Agglomerate, like above. ... ... L iiiiiiiiL.. 15
Sandstone, gray, coarse, micaceous, some .igneous pebbles...... 8
Agglomerate, like above .................... S .

3,198+

Beneath the lowest bed of agglomerate lies about 25 feet of shale,
very poorly exposed, which is the lowest stratum observed in the
Astoria region. No fossils were found in this shale, and it is im-
possible to say whether or not it belongs to the Eocene, the base of
which is indeterminate at this locality.

Basic tuff, identical in appearance with the Eocene tuff at Megler,
was observed about 30 miles northeast of the type locality, in the
small canyon of Chehalis River, half a mile east of McCormick, Wash.,
on the South Bend branch of the Northern Pacific Railway. The
rock shows the same peculiar network seen in the Eocene tuff, con-
sisting of angular fragments cemented together by calcite, and has the
same mineralogic composition, texture, and appearance, so far as can
be seen with a pocket lens. No fossils were found at this locality
and the stratigraphic relations of the rocks are uncertain. West
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of McCormick the Astoria shale outcrops at places along the railroad
as far as Frances, a distance of about 10 miles.

The Eocene tuff, containing Venericardia planicosta, near Port
. Crescent, Wash.,!is of similar basic character and general appearance.
Diller 2 has described Eocene basic igneous sediments on Nehalem
River, in southern Clatsop County, 24 miles below the mouth of Hum-
bug Creek; near Felix Roy’s on the same river, about 5 miles east of
Nehalem post office; in central Tillamook County, on Wilson and
Trask rivers, where the Eocene igneous sediments and lavas form the
_greater part of the Coast Range; and at a few localities farther south.

Most of the high peaks of the northern Coast Range are formed
of intrusive bodies of diabase, rarely of fine-grained diorite, of late
Eocene age. Near the top of the Eocene strata there are several
big sills or flows of diabase. One of these makes the long, high
ridge southwest of Monroe, and others occur in the high hills between
Corvallis and McMinnville. The Eocene igneous rocks of the Coast
Range are distinguished from the post-Eocene lavas by the greater
amount of feldspar, the absence of olivine, and the presence of more
or less hornblende. The olivine basalts of the ocean capes and of
the Willamette and lower Columbia valleys are all of Miocene or
Pliocene age. '

OLIGOCENE SERIES.

OCCURRENCE AND CHARACTER.

The known marine Oligocene rocks of the Coast Range of Oregon
are limited to three northernmost counties—Clatsop, Columbia, and
Tillamook. Fossils, referred with doubt to the Oligocene, were col-
lected by Diller? farther south, at a point 8 miles northeast of Dallas,
Polk County, and at Blodgett, Benton County. '

The oldest marine rocks of the Cascade Mountains in northwest-
. ern, Oregon are probably of Oligocene age, according to- determina-
tions made by Ralph Arnold of fossils collected by the writer in
1903 in the bed of Coal Creek, near its junction with Butte Creek,
southern Clackamas County. At this locality the Oligocene strata
consist of clay shale containing thin beds of impure shell limestone,
which is burned to make lime, overlain by sandy shale containing
beds of sandstone 1 foot to- 3 feet thick, from which the fossils were
obtained. About 400 feet of marine strata is exposed, above which,
in apparent conformity, lie 600 to 700 feet of sandstone, conglomer-
ate, and shale, evidently of fresh-water origin, and containing thin
beds of coal. .Above the coal-bearing rocks are basic lavas.

1 Arnold, Ralph, A geological reconnaissance of the coast of the Olympic Peninsula, Wash.: Geol. Soc.
America Bull., vol 17, pp. 451-468, 1906,

2 Diller, J. S A geological reconnaissance in- northwestern Oregon: U. S. Geol. Survey Seventeenth
Ann, Rept pt 1, pp. 456-457, 1896.

3 Idem, p. 467,
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The Oligocene strata dip about 5° E. They rest on basic igneous
rock, which continues 6 miles down the canyon of Butte Creek to
Scotts Mills, where it is unconformably overlain by conglomerate and
sandstone containing Miocene fossils. It is probable that the igneous
~ rocks are later than the Oligocene strata, for the latter contain only

pebbles of more acidic lavas and are themselves cut by several dikes
“of basic igneous rock identical in appearance with the rock in the lower
canyon.

On the east side of the Willamette Valley no marine Oligocene rocks
are known south of the locality on Coal Creek, Marion County, already
described. Fresh-water beds of Eocene or possibly Oligocene age
occur in Lane County on the lower western slope of Mount Tom, on the
old Murch homestead east of Coburg, and at the coal prospect east of
Creswell. A large collection of well-preserved plants from the lower
part of these beds, obtained in the wagon road about 3 miles north of
Goshen, was examined by F. H. Knowlton, who reports that the
species are nearly all new forms, most closely allied to the flora of the
upper Eocene.! This is surprising, for the leaf-bearing beds dip east-

~ward and are found east of the eastward-dipping Miocene? for about
50 miles along the western foothills of the Cascade Mountains. Small
faults are abundant, judging from the meager evidence of poor and
widely separated outcrops; and there is some indication that a large
fault, similar to the one that has explained a like problem in the
Connecticut Valley,® occurs on the eastern border of the Willamette
Valley. The evidence for this fault, however, is not conclusive, as the -
fault plane has not been seen and the strata of the upper division of
" the marine Miocene have not yet been found repeated east of its sup-
posed locality. The strata on the west side of the supposed fault are
eastward-dipping marine Miocene of the upper division, and although
many of the strata are concealed beneath the alluvium of the valley
it is probable from a doubtful estimate made near Eugene that the
strata of the upper division are more than 3,000 feet thick. On the
east or upthrown side of the fault these strata have not yet been found,
and their absence can be explained only by assuming that the fault
is close to the shore line that preva,ﬂed during the deposition of the
upper division, and that most of the remnants of that division have _
been removed by erosion on the upthrown side. In Lane County the
strata on the east side of the supposed fault are eastward-dipping
fresh-water strata and the fault is postulated because the fossil leaves
indicate that the fresh-water beds are older than the marine forma-
tions on the west side.

1 See Knowlton’s report in this bulletin, p. 36.

2 Recent work by Arnold and Hannibal (Am. Philos. Soc. Proc., vol. 52, pp. 559-605, 1913) leads them
to call these strata Oligocene.

3 Davils, W. M., and Griswold, L. S., Eastern boundary of the Connecticut Triassic: Geol. Soc. America
Bull., vol. 5, pp. 515—530 1894; also U. S. Geol. Survey Eighteenth Ann. Rept., pt. 2, pp. 9-192, 1898,
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The best exposures of the older strata are on the west face of the
Coburg Hills, at the foot of which are lower sandstone hills with marine
fossils of the upper division of the Miocene. The best collections were
obtained in two conspicuous points that project like capes from the
higher range into the valley, one of the points being on the Van Dyne -
place about 2 miles northeast of Coburg, and the other being West
Point, on the Linn County line. The marine Miocene reappears with
a meager fauna on the sides of Petersons Butte, a volcanic neck stand-
ing in the valley near Lebanon, Linn County. The fauna includes
Venericardia castor, which is regarded as an Oligocene form in north-

~western Washington. Possibly the igneous intrusion has upturned
the strata, bringing a lower horizon to the surface, but the almost
complete absence of outcrops prevents the elucidation of the struc-
ture of the volcanic necks of Linn County.

The position of the fault here is unknown, but apparently it passes
east of Twin Butte, 3 miles south of Brownswlle where the upper
division of the Miocene is well exposed, dipping between 5° and 10° E.,
and west of an exposure of leaf-bearing shale on the Corvallis &
Eastern Railroad near Lyons station. In Marion County the fault
has not been located, but it is possibly represented by the sharp flexure
at Scotts Mills, 6 mlles southeast of which, above the basalt canyon,
east-dipping merine Oligocene or lower Miocene outcrops. The strata
of the upper division rest unconformably on the basalt at Scotts Mills
and dip 10°-20° W. A similar flexure, in line with the preceding
localities, is indicated possibly by. the steep westward dip (20°)
observed on Clackamas River, 6 miles northeast of Oregon City, in
tuffaceous sandstone and volcanic agglomerate. The existence of the
hypothetical fault along the eastern border of the Willamette Valley
depends on the prevailing opinion of the age of the marine sediments
of Willamette Valley. If these are not Miocene, but are lower Oligo-
cene, as recently stated by Arnold and Hanmba,l1 the necessuty of
postulating a fault Vanlshes

ASTORIA SHALE (OLIGOCENE AND MIOCENE).

The Astoria shale, so named by Thomas Condon,? is stratigraphic-
ally an indivisible lithologic unit, being a homogeneous mass of dark-
colored marine shale. The lower 400 feet or more is of Oligocene agé
and the remaining 1,000 feet or less is Miocene, probably lower Mio-
cene. In the field there is no way of distinguishing the two parts of
the formation. So many fossil species pass across the invisible divid-
ing line that a collection made below the top of the Aturia zone (Oli-
gocene) at Knappton, Wash., opposite Astoria, has been referred to
the Miocene. Aturia angustata, which is regarded as typical of the
Oligocene, has been found in concretions from 300 to 400 feet above

! Am. Philos. Soc.’ Proc , vol. 52, p. 590, 1913. 3 Am, Naturalist, vol. 14, p. 457, 1880,
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the base of the formation. Dall* later used the expression ““Astoria
group” for both the Miocene shale and overlying sandstone, exclud-
ing the Oligocene part of the shale. The name Astoria is used in this
paper only for the shale lying above the Eocene strata and below the
massive sandstone of Harrington Point. This usage, corresponding
to the first definition of Condon and to the use of the term by Diller,
- includes the Oligocene shale as part of the formation. This part may
be referred to as the Aturia zone of the Astoria shale, since it is not
definitely recognizable except by the presence of the rare Aturia fauna.
The Astoria shale or its fossils were studied first by J. D. Dana 2
and T. A. Conrad,® and later by C. A. White,* W. H. Dall? J. S.
Diller,* and by Arnold and Hannibal.” - Recently Dall has pubhshed
an extensive description of the Astoria fossils,® including species that
occur at the bottom of the Astoria shale as well as others.from the
overlying Miocene sandstone of Smith and Harrington points.
The lower part of the Astoria shale is best seen on the north bank
of Columbia River, near Knappton, where the shore for about 3 miles
is composed of large but discontinuous outcrops of shale, mostly in
low bluffs flanking little headlands formed of basalt dikes, Faults of
unknown throw (each under 500 feet) occur in at least two of the
intervening valleys. The shale is prevailingly dark, fine, clay shale,
with many lighter-colored highly calcareous layers and some thin sili-
_ ceous lenses. Near the base sandy shale is common and a few thin
beds of fine-grained hard micaceous sandstone appear. Aturia angus-
tata is characteristic of the lower 400 to 500 feet of the shale, and for

this reason the lower part is called the Aturia zone. The thickness

here given is only an approximation, since it is practically impossible
to tell how far the scarce aturias range within the shale, and, more-
over, the throw of the faults which repeat the outcrops of the Aturia
zone is not known.

Calcareous concretions, common at many horizons in the Astoria
shale, are especially abundant in the Aturia zone. The concretions
were formerly used in making cement at the abandoned town of
Cementville, a mile north of Knappton, Wash., opposite Astoria,
where they are so numerous as to compose almost exclusively the
shore gravel or shingle. The concretions are from 3 to 18 inches in
diameter, nearly spherical, light gray on the surface and bluish gray
to black on fresh fractures, very hard, dense, and fine grained.

1 Dall, W, H., Correlation papers—Neocene: U. S. Geol. Survey Bull. 84, p. 224, 1892,
2 Wilkes exploring expedition, vol. 10, p. 653.

3Idem, pp. 722-729; also Am. Jour. Sci., 2d ser., vol. 5, pp 432-433.

4 7. 8. Geol. Survey Bull. 51, pp. 31-32, 1880 '

6 U. 8. Geol. Survey Bull. 84, p. 224, 1892. ’

6 U. S. Geol. Survey Seventeenth Ann Rept., pt. 1, pp. 469-475, 1896.

7 Am. Fhilos. Soc. Proz., vol. 52, p. 575, 1913.

8 Dall, W. H., The Miocene of Astoria and Coos Bay, Oreg.; U. 8. Geol Survey Prof. Paper 59, 1009,"

—_—
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Silica in the form of chert has replaced part or all of the lime in
the nuclei of many of these concretions; and higher up, in the central
part of the Astoria shale, chert reappears as scarce thin, short, impure
lenses and concretions. The largest lens observed is about 3 inches
thick and 5 feet long. The source of this silica is uncertain, One
thin section of the chert examined under the microscope showed no
traces of diatoms or radiolarians. Very possibly the remains of such
minute organisms have been destroyed in the process of solution and
redeposition by which the silica was segregated into the concretionary
form. The chert is rare, and even if it be composed of organic silica
it can not indicate the previous existence of much diatomaceous ear th
in the Astoria region.

The upper 300 feet or more of the Astorla shale has been seen only
imperfectly in small widely separated outcrops in the west end of
Astoria and in the head of Grays Bay. The central mass of the shale,
however, is now excellently exposed in the deep-grade cuts of the
Astoria streets, where it is shown to be a predominantly gray or black
clay shale, locally containing sufficient carbonaceous matter to fur-
nish traces of inflammable gas when heated. It is evenly stratified,
mostly in thin beds, dipping normally from 5° to 15° S., but has been
greatly disturbed by landslides, which in places affect its structure
to a depth of at least 50 feet.

Sandy layers, which are common near the top and bottom of the
formation, are subordinate in this central part. Beds of thin, soft
argillaceous sandstone are seen in a few excavations, but do not out-
crop conspicuously. In one exposure on Grand Avenue there is about
30 feet of soft, bluish sandstone in beds 3 to 10 inches thick, separated
by equal thicknesses of sandy shale. The sandstone is fine grained
and argillaceous, with minor irregularities of structure resembhng
imperfect cross-bedding.

Sandstone dikes are very abundant. Probably not less than a hun-
dred may be seen in Astoria, and if similar exposures could be had
probably as many would appear in the surrounding country, where
a number have been found. The width of the dikes varies from a
foot or less up to 10 feet. Their prevailing trend in Astoria is between
N. 50° W. and N. 10° E., with exceptional departures to other points
of the compass. The dip of most of the dikes is between 60° and 90°..
They are composed -of coarse, loosely consolidated sand grains and
abundant flakes of white mica. Most of them show irregular, rude
jointing, as well as joints approximately parallel to the bedding planes
of the inclosing strata, and some show indications of a few close-spaced
joint planes parallel to the walls. The latter are due to shearing along -
the dikes, many of which have slickensided walls; but the joints
parallel to the stratification may be due either to shearing stresses

47196°—Bull. 590—14——2
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transmitted by the strata or to unequal desiccation resulting from
the varying porosity or water content of different strata. Minor fea-
tures of structure suggest that the dikes were filled from below when
the sand was more or less plastic and mixed with much water. The
. great abundance of mica suggests that the sand came from the heavy
sandstone at the top of the underlying Eocene strata, but some doubt
is cast on this idea by the greater rarity of dikes in the lower part of
. the formation where exposed between Megler and the United States
quarantine station across Columbia River. The abrupt upward ter-
mination of some dikes is an especially potent argument for their deep
origin, and the fact that little apophyses and stringers of the sand
were forced for many feet through joint fissures one-half inch or less
in width indicates that the sand was injected under high pressure.
One sandstone dike 4 to 6 feet in width may be traced through a ver-
tical distance of about 150 feet on the Astoria hillside. It is incredi-
ble to think that such a fissure, now inclined with a dip of 70°, could
have formed and remained open in the soft shale while being filled
from above. It is more plausible to think that the loose water-
charged sand entered a narrow fissure from below under high pressure
and gradually forced the walls apart. This view is in harmony with
that of Diller,' who compared the sandstone dikes with similar ones
in Tehama County, Cal., of which he had made an exhaustive study,?
but it is opposed to the original observations by Dana 2 on the Astoria
dikes. S

Aside from their purely scientific interest the sandstone dikes bear
directly on the occurrence of oil by demonstrating the fractured con-
dition of the Astoria shale. The asphaltic sandstone dikes of south-
ern California show that these structures are comparatively open,
porous channels for the migration of oil. Previous considerations
indicate that the Astoria dikes extend far downward, probably to the
base of the shale, One would think, therefore, that if much free oil
had ever existed in the shale or underlying sandstone it would have
escaped through the sandstone dikes, leaving hydrocarbon residues
of some kind, but none have been found. As far as it goes, the testi-
mony of the sandstone dikes is adverse to the belief that there are
underground oil reservoirs in the Astoria region.

Some of the layers in the central part of the Astoria shale contain
many minute shells of Foraminifera and Rhizopoda, little white pellets,
disks, and spindles scattered over the bedding planes, but not in suffi-
c¢ient quantity to make marl or other very calcareous rock.

In the same part of the formation are two or more beds of ‘‘green-
sand” 3 to 6 feet thick. This is a bright-green oolitic rock, which

1U. 8. Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 469, 1896.
2 Sandstone dikes: Geol. Soc. America Bull., vol. 1, pp. 411-442, 1890.
8 Dana, J. D., Wilkes exploring expedition, vol. 10, p. 653.
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has the same appearance and qualitative composition as the green-
sands of the New Jersey Coastal Plain. It is well exposed in the cut
at the northeast corner of Irving Avenue and Thirteenth Street,
Astoria, where it is accompanied by soft, white, chalky porous concre-
tions, greatly altered by weathering from an originally dense condi-
tion. The green oolitic grains are locally abundant in many of the
layers of sandy shale on both sides of the Columbia. At Knappton
and in the cut at Harrison and Tenth streets, Astoria, they have been
cemented together by the comparatively pure lime carbonate of the
first period of concretionary growth. Presumably, therefore, the
green granules were formed either on the ocean bottom or in the sedi-
ments soon after deposition.

Landslides have occurred on practically every hill composed of the
Astoria shale. In the excessive rainfall of the wet winter months the
joint and bedding planes of the shale are thoroughly lubricated with
water and the rock creeps slowly downhill, doing great damage to
sewers, pavements, and houses. Many house foundations are
cracked; some buildings are tilted, with walls askew; and chimneys
and stone fences have been destroyed by the gradual creep of the
shale. A few sudden slides have occurred, with more spectacular
but less costly damage to the city as a whole. In many places no
noticeable movement has taken place since the building of the city,
numerous buildings having stood undamaged on the hillside for over
50 years. Yet the hummocky hillside, showing typical old landslide
topography, indicates that sliding has ogcurred at some time in nearly

-every part of the city.

The Astoria shale is not recognizable with certainty south of
Clatsop County. Rocks of probably the same age occur in Tilla-
mook County, but both the Oligocene and lower Miocene, where
determinable, are largely sandstone with subordinate shale. Farther
south the rocks are even more exclusively sandstone. On the east
side of the Coast Range the same remark holds true in a general
way, but Oligocene and lower Miocene rocks are not known south
of the Blodgett Valley in Benton County. The shale reaches its
best development near the mouth of Columbia River, from which
it extends southeastward to Nehalem River and northeastward at
least to Pluvius and Frances on the South Bend branch of the North-
ern Pacific Railway. Farther north it has not been recognized,
" but a related fauna in a thinner and more sandy formation was
found by Ralph Arnold! and the writer on the-south shore of the
Strait of Juan de Fuca.

A small lot of Oligocene fossils, including Atum cf. angustata
Conrad, has been received from W. A. Abernathy, of Seattle, who

1 Arnold, Ralph, Geol. Soc. America Bull., vol. 17, pp. 451-468, 1906.
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writes that he collected them from sandstone in the big cut made
by the Chicago; Milwaukee & St. Paul Railway 2 miles west of
Rochester, Wash. The sedimentary rocks of that region, as shown
both by outcrops and by the logs of deep wells, are almost all sand-
stone. The Oligocene fauna is also knoWn at Port Blakely, on Puget
Sound, opposite Seattle.

MIOCENE SERIES.!

OCCURRENCE AND. CHARACTER.

Marine strata of Miocene age are extensive in northwestern Oregon,
both in the Coast Range and along the western base of the Cascade
Mountains. On account of the abundance of fossils in the Miocene;
strata of that age are the most readily recogmzable and nearly
four-fifths of the known fossil localities in northwestern Oregon
have been referred to the Miocene by Dall. ‘About the Willamette
Valley the rocks are predominantly Miocene; in the Coast Range,
on the other hand, the sandstones of upper Eocene age appear to have
a much wider distribution than the Miocene and to cover a greater
area than rocks of any other age. Unfortunately the recognition
of the Eocene sandstones depends largely on lithologic and strati-
graphic relations, fossil localities being rare and widely separated.

In order of relative abundance the Miocene strata consist of
sandstone, shale, tuffaceous rocks, and conglomerate. Coarse ma-
terial is greatly in excess of fine, especially in the upper part of
the Willamette Valley and along the western foot of the Cascade
Mountains.

Wherever the Miocene rocks have been studied with much care

"they may be divided on lithologic grounds into more or less distinct

formations, but the strata are so extremely variable in character
that such divisions can not-be recognized for any great distance.
The complete classification of the Miocene strata will depend chiefly
on paleontology and will require detailed stratigraphic work over
a large area. For this reason it seems best not to attempt to sub-
divide the Miocene into formations at the present time.

Most of the uncertainty in subdividing the Miocene of Oregon
is probably due not so much to the poor preservation of the fossils as
to the comparative uniformity of physiographic conditions through-
out the middle Tertiary and to the lack of much deformation at
that time. This is in sharp contrast to the conditions in southern
California in mid-Tertiary time, where a great thickness of sediment
was deposited with several epochs of deformation and consequent
shifting of faunas. At that time comparatively tranquil conditions

! Recent work by Arnold and Hanmbal (Am. Philos. Soe. Proc vol. 52, pp. 590 et seq., 1913) leads them
to classify these rocks as Oligocene.



GEOLOGY. ’ 21

prevailed in Oregon; there was 1o great relief to promote the trans-
portation of sediment and no marked deformation or other causes
to induce great changes in the faunas, which underwent only gradual
modification. As in the Sacramento Valley ! of California, the sea
occupied little of the Willamette Valley south of Washington and -
Polk counties in Oligocene time, but later, in Miocene time, the
sea reached the head of the valley near Eugene, and according to
an observation by Diller 2 it may possibly have extended into Douglas
County. The writer has not been able to find recognizable Miocene
fossils more than 10 miles south of Eugene, although some of the
barren strata on the headwaters of Siuslaw River west of Cottage
Grove are similar in appearance to the Miocene of the Willamette
Va.lley and contain a few casts suggestive of Spisula albam, which
is very abundant in the Miocene of the valley.

In the lack of detailed information which would permit the descrip-
tion of the Miocene under formation names, the stratigraphy and
paleontology make it desirable to recognize not more than two more
or less distinct divisions, provisionally called the upper and lower
divisions, of the marine Miocene of Oregon. The paucity of strictly
comparable fossils prevents exact correlation of these divisions with
the Miocene formations of California or other regions. The terms
are convenient mainly in indicating the relative position of strata in
the stratigraphic column of northwestern Oregon.

i;OWER DIVISION OF THE MIOCENE.

The lower division is regarded as of lower Miocene age because
it contains many species in common with the Astoria shale, which
it overlies with apparent conformity. In Clatsop County, Oreg., .
and across Columbia River, in Pacific County, Wash., the line of
separation between the Oligocene and the Miocene lies somewhere
within the Astoria shale (see pp. 15-20), which, according to Dall,is
partly Oligocene and partly lower Miocene.

With the Oligocene it forms a conformable sequence of strata
also in Columbia County. Elsewhere the relations of the lower
division to the Oligocene are not known, but the lower division has
not been recognized south of Polk County.

On Dairy Creek, Washington County, a locality first examined
by Diller,® soft massive sandstone belonging to the upper division
of the Miocene appears to be conformable on the shale and thin-
bedded sandstone of the lower division. This contact "has not
been found in other regions, but farther south, in Benton and Lane

1 Arnold, Ralph, Environment of the Tertiary faunas.of the Pacific coast: Outlines of geologic history
(Willis and Salisbury), pp. 237-238.

2. 8. Geol. Survey Seventeenth Ann Rept., pt. 1, p. 472, 1896

8Tdem, p. 471.



22 GEOLOGY AND 0IL EROSPECTS OF NORTHWESTERN OREGON.

counties, where the supposed base of the upper division is generally
conglomeratic, there is some indication that it is unconformable on
the underlying strata. The latter, however, have not yet yielded
& determinable Jower Miocene fauna, but only a few fossils which are
Eocene in Benton County and probably Eocene in Lane County, -
north of Elmira. It therefore appears that there is a hiatus below
the Miocene strata of the upper valley, and that the lower division
of the Miocene was never deposited or was removed by .erosion
before the strata of the upper division were laid down. This opinion
is tentative rather than conclusive, because exposures on the west
side of the upper valley are exceedingly poor and do not furnish
sufficient recognizable fossils to warrant a decision.

Southeast of Elmira and west of Spencer Butte there is a group o
strata, over 1,000 feet thick, containing a few thin beds of coal, which
does not appear farther north along the west side of the valley where
it would be expected. This group lies below the upper division of
the Miocene, but whether it should be included in that division or'in
the lower division of the Miocene is uncertain. The rocks are mostly
coarse tuffaceous sandstones nearly. barren of fossils other than petri-
fied wood, which is abundant. At one locality, on the Owen farm,
on Spencer Creek, 10 miles southwest of Eugene, the following fossﬂs
were obtained from this lower group: Venericardia castor Dall; Angu-
lus oregonia Dall, Crassatellites sp.?; Macoma sp.; Cmdium sp-;
Trochita inornate Gabb Bittium? sp.; Pectsen sp. The Venericardia is
suggestive of a lower hor1zon but it occurs at the base of the upper
division at Scotts Mills, Marion County, also on Peterson Butte, Linn .
County. The rest of the fauna is not decisive, and the correlation of
this group of strata is therefore left for future détermination. _
" The lower division consists mostly of fine-grained marine rocks in
Clatsop, Columbia, and -Washington counties. At all localities in
these counties the higher part of the division is more sandy than the
lower, and in ‘Tillamook County hard massive sandstones lie at the
top of the shaly member and make conspicuous outcrops on Tillamook
Bay. Massive marine sandstone with sandy shale that probably
belongs in the lower division of the Miocene outcrops at Huntington
Point, Smith Point, Tongue Point, and other places in the estuary
of Columbia River. The sandy strata lie at the top of the Astoria -
shale; but whether they are conformable or not is uncertain. In
neighboring exposures sandstone has been observed resting uncon-

formably on the Astoria shale, but at these places no marine fossils
" could be found above the unconformltles and the overlying sand-
stone was thought to be fresh-water post-Mlocene -The Astoria
shale, of which the upper 1,000 feet or more belongs to the lower
Miocene, has already been described. The sandstone and sandy
shale above the Astoria shale, which also probably belongs in the
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lower division of the Miocene, is between 200 and 300 feet thick where
best exposed, but is broken and overlain by lava on the lower Colum-
bia. The thickness of the lower division in Columbia and Washing-
ton counties can not be determined with the data at hand, but it
probably does not exceed the thickness in Clatsop County. In
Columbia County the strata of this division are much more sandy
than in Clatsop County, but shale still predominates, containing:
many fossil shells similar to those found at Astoria. In Polk County
(see pp.87-89) sandstone belonging to the lower division of the Miocene
is fairly well exposed and overlies shale which may be either lower
Miocene or Oligocene. South of Polk County the lower division has
not been recognized, but it may be represented by the fresh-water
material near Goshen and Coburg, Lane County, which was described
under the Oligocene. (See p. 14.)

Most of the known fauna of the lower division is included in the
list of fossils from the Astoria shale given by Dall.! The fauna of
the lower division in Columbia County is essentially the same,
although not nearly so rich, so far as now known. A somewhat dif-
ferent fauna containing several species not known elsewhere in the
Willamette Valley, is found near Crowley station in northeastern
Polk County. The fossils were collected in four lots from about 50
feet of conformable'strata at the ranch of A. M. Home, 3 miles south
of McCoy, Polk County, Oreg. The list of species, determined by
Dall, comprises Fusinus oregonensis Conrad? Trochita cf. radians
Lamarck, Dentalium conradi Dall, Acila conradi Meek, Molophorus cf.
gabbi Dall, Litorina cf. gigantea Middendorf, Diplodonta cf. parilis
Conrad, Mactra cf. delumbris Conrad, Neverita cf. inezana Conrad, new
species of Lacuna and Donax, and undetermined species of Thais,
Lunatia, Saxidomus, Spisula, Chione, Macoma, Scala, and Bela. At
the same locality Diller 2 found Tritonium californicum Gabb, Trochita .
filosa Gabb, Cuma biplicata Gabb, Clavella grabida Gabb ?, and unde-
termined species of eight other genera.

' UPPER DIVISION OF THE MIOCENE,

The strata of the upper division of the Miocene are in general more
sandy than those of the lower division and are in many places con-
glomeratic, especially at the base of the upper division, as on Hemen-
ways Butte, 6 miles west of Eugene. Beds of tuff, tuffaceous sand-
stone, and in a few places coarse volcanic agglomerate are abundant.
The shale is nearly all sandy. Pure clay shale like that in the lower
division is rare. The sandstone is prevailingly soft, thin bedded,
yellowish weathering, and does not make any conspicuous outcrops
about the Willamette Valley. In the valley sandy shale is probably

1. 8. Geol. Survey Prof. Paper 59, p. 12, 1909.
2. 8. Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 467, 1896.
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the preponderant rock of the upper division, but sandstone is locally
more abundant. The rocks of the valley are prmmpally marine.

In the Coast Range are many exposures of massive fresh-water
sandstone which is probably of Miocene age, but its thickness and
stratigraphic relations have not been determined. Locally it con-
tains beds of coal too thin to be of any value.

" The thickness of the strata of the upper division is not known
accurately. Generally the base is on the west side and the top on
the east side of the Willamette Valley, the dips being eastward on
both sides. The central part of the valley, covering the greater part
of the cross sections, is covered by Quaternary clay and gravel, under
which the structures are wholly problematic. Near Eugene the
Miocene outcrops at intervals along the foothills on the south side of
the open valley for an east-west distance of at least 4 miles and a |
persistently eastward dip of 2°-22° (average probably 10°), indicat-
ing that its probable minimum thickness is 3,600 feet. Several out-
crops about Gillespie and Skinner buttes, in the open valley, indicate
that east dips exist under the ailuvial cover of the valley. The
writer has little confidence in the accuracy of this estimate, because
of the many basalt dikes which cut the strata and because of the
small faults indicated at many localities by slickensides and similar

phenomena. It is quite probable that these faults have repeated
" the strata, but the true amount of reduplication of the strata by -
"faultmg can not be determined. The strike of the strata in this
section is somewhat variable between N. 20° W. and N. 40° E., but
in most places it is nearly north and south.

The relations of the upper division of the Miocene to the lower
division have been described in considering the lower division. (See
p. 21.) The relations to the overlying rocks are unknown, since no
.certainly overlying Tertiary formations have been seen. The upper
division is capped at many localities in the lower valley by flows of
basalt and of hornblende and hypersthene andesites, more commonly
the first. It is also cut by many dikes, necks, and sills of basalt,
mostly olivine basalt. '

When' they were examined, several years ago, the fresh-water
rocks immediately east of the upper division of the Miocene were
thought by the writer to occupy the higher position in the strati-
graphic column. This is the normal sequence suggested by the dips.
It now appears, however, that the fresh-water beds are older than
the marine, according to a report of Knowlton on the fossil leaves,
- in which an Oligocene or lower Miocene age is indicated. There
must be an unconformity or a large north-south fault, or more likely
both, on the east side of the upper valley, in southern Linn County
and in Lane County at least as far south as Goshen, in order to
explain the anomalous relations of the outcrops.
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The fauna of the Miocene of the Willamette Valley is quite different
in general aspect from that of the Miocene along the coast. The
difference is especially marked in the upper valley, in Lane and Linn
counties, where the pectens and the large arcas and cardiums so
common along the coast are almost wholly lacking, although the latter
genus is represented by diminutive forms.! Nearly every exposure in
the upper valley shows an abundance of Hemimactra, Mulinia, Solen,
small Crepidula, and Trochita, which are more rare on the coast.
This difference, so far as it applied to the fossils of the upper division
of the coastal Miocene, is only a difference of faunal facies. The
partly inclosed shallow waters of the valley harbored a different life
from that on the open coast.

The largest fauna of the upper division in the Willamette Valley
comes from near Eugene. It is embraced in collections made by the
writer, between 1898 and 1905, along an interrupted outcrop of about
3 miles, between College Hill and Springfield. The collections all
repreésent essentially the same fauna, and every species found at the
top of the section at Springfield occurs also at the base of the section
at College Hill. Most of the species occur at all the intermediate
outcrops, so that there can be no error in placing them all in the same
list. - The writer is indebted to W. H. Dall for the determination of
the species in the following table:

Fogsils from the upper division of the Miocene, Eugene, Oreg.

Eugene. |Coos Bay.| Astoria.

Hemimactra (Spisula) albaria Conrad.........ocooiiaiiiaiiiiiieninnann..
Mulinia cf. oregonensis Dall. ...... .
Thyasirs bisecta Conrad. .
Venus parapodema Dall..
Marcia oregonensis Conrad
Cardium coosensis Dall a.
Nucula (Acila) conradi Meek . .
Yoldia condoni Dall...._....... et
Yoldia oregona Shumard. . et et eeireeaaaas ...
Leda cf. pygmea Fabricius. . [ P
Leda whitmaniDall .....................o.. F P
Phacoides acutilineatus Conrad. .............. . J
Diplodonta (Felaniella) parilis Conrad ............... P,
Tellina aragonia Dalle............
Tellina eugenia Dall..
Solen curtus Conrad. .
Thracia condoni Dall. ....
Thracia trapezoidea Conm.
Crepidula ungana Dall..
Trochita inornata Gabb........... e et iee i,
Natica oregonensis Conrad........... e et
NeveritainezanaConrad...................... et
Thais af. decenicostata Middendorf............ ettt
Pyrulamodesta Conrade...............cooii e
Fusinus orefonensw (070311 ¢: ¥ S e eeeieaeaeiaans

X
X
X
X
X
X
X

Epitonium (Arctoscala) condoni Dall....... ... .
Epitonium (Catenoscala) oregonense Dall. ....._......... ..............

KEHKX K XXX X KX XXX KK XXX XXX XXX XX

ecies regarded by Arnold and Hannibal as characteristic of the Empire formation (Miocene)., See
Philos. Soc. Proc., vol. 52, p. 590, 1913,

There are also new species of 'Acteon, Dentalium, Ilyanassa, Lima,
Mytilus, Modiolus, Pecten, Solen, and Sanguinolaria; and unde-

t Recently A. J. Collier has found a specimen of Pecten, apparently a new species related to P. wash-
burnei Arnold, in. the green upper Miocene tuffs at Kelly Butte, Springfield, Oreg.
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termined species of Macoma, Schizothoerus, Chione, Pteria, Ostrea,
Mya (%, Paradione, Cancellaria, Xylotrya, Lyonsia (?), Chrysod-
.omus, Bittium, Ceritheum, Turritella, Lamna, Balanus, and four
species of ostracods. An echinoderm from the same beds (Condon
‘Museum, University of Oregon) was referred to Scutella gabbi Rémond
by J. C. Merriam. A ecritical study of the fossils in the Condon
Museum would slightly extend the list.

The isolation of this fauna is shown by the presence of at least
18 species, 9 of which are new, that have not been found at Astoria
and Coos Bay. Many of these peculiar forms are found at localities
farther north in the Willamette Valley, near Lebanon, Salem, and
Oregon City, and are the most characteristic specles by which the
upper division of the Miocene may be recogmzed in the lower valley.

The fauna offers little ground for comparison with those of southern -
California, which is the only part of the Pacific coast where complete
faunal and stratigraphic studies have been made. It bears greater
resemblance to the Miocene faunas near Humboldt Bay in northern
California and near Coos Bay in southern Oregon. Of the 27 deter-
mined species 18 are found in the Miocene of Coos Bay and at least
4 others bear close resemblance to Coos Bay forms figured by Dall.!
Twelve of the determined species occur near Astoria, but the col-
lections made near that place in 1910 show that three of these
are found only at the top of the Astoria section, and three others
are known to have little diagnostic value because of their wide
range.

The unconformity at Scotts Mills, Marion County, Whlch separates
the upper division of the Miocene from Oligocene or lower Miocene
strata, strengthens the paleontologic evidence of the richer fauna at
Eugene in showing that the upper division of the Miocene is younger
than the Astoria shale and possibly younger than the sandstones
- immediately above the Astoria shale. Similar evidence has been
obtained in Columbia County. Evidently the fauna is intermediate
between that of the Astoria shale (Oligocene and lower Miocene) and
the Empire formation (Miocene), and the writer believes that the
strata are of intermediate age. ,

The fauna of the upper division is most closely allied in related -
forms to the upper Miocene of California, biit exact correlation is not .
possible. The position of the Miocene of Coos Bay, which is most
- closely allied to the fauna at Eugene, is left open by Dall? but is
upper Miocene according to a correlation table recently published by
Arnold.® - The upper division of the Miocene of Willamette Valley -

1U. 8. Geol. Survey Prof. Paper 59, p. 12, 1909.

2 Op. cit.

3 Arnold, Ralph, Environment of the Tertiary faunas of the Pacific coast Outlines of g,eologlc history
(Willis and Salisbury), pl. opposite p. 250.
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may therefore be considered tentatively as upper Miocene. Both
stratigraphy and paleontology indicate that it is higher than the

Astoria shale.!
PLIOCENE SERIES.

In no phase of western Oregon geology is the contrast with Cali-
fornia-more marked than in the rocks of Pliocene age. In California
the Pliocene rocks are abundant, largely marine, and very thick,
and they are folded and faulted. In Oregon marine Pliocene rocks.
are very rare, occurring so far as known only at a few widely separated
localities (found by Diller), and they are very thin, loosely consoli-
dated, and remain practically as level as they were when deposited,
although their present altitude at places indicate that they as well as
the Pleistocene sediments have been elevated since deposition.

The only known marine Pliocene in northwestern Oregon occurs
in Columbia County south of Clatskanie, and the only known
Pliocene tuffs occur on Rock Creek.? Between Columbia County
and Coos Bay, in the southwestern part of the State, no marine
Pliocene has been found. The shore line during this epoch was
probably west of its present position except for an inlet which per-
mitted the sea to reach the upper Nehalem Valley.

Fresh-water deposits of Pliocene age, common in eastern Oregon,
are rare in the western part of the State. A camel’s tooth (Auchenia)
found in the clay on Portland Heights has suggested that this clay is
of Pliocene age, but the evidence.is not conclusive.

PALEONTOLOGIC DATA.

MARINE FOSSILS.

The following paleontologic records will assist students who may
hereafter endeavor to unravel the hidden structures and the detailed
stratigraphy of northwestern Oregon. The locality number of each
. collection is the accession number under which the collection is
preserved in the United States National Museum in Washington.
These numbers are given in parentheses where they appear in the
text of this report. For the determination of the marine fossﬂs the
writer is indebted to W. H. Dall.

5314. Tenth and Harrison streets, Astoria:

Foraminifera. Pseudamusium peckhami Gabb.
Dentalium, 2 sp., probably D. Pseudamusium randolphi Dall.

. conradi and D. petricola Dall. ‘Propeamusium n. sp.

Cylichna sp. Acila sp.

Acmeea? sp. : Malletia sp.

Lima sp. Periploma? sp.

.1 Arnold and Hannibal express a very different opinion, placing the writer’s upper division of the Miocene
as equivalent to the San Lorenzo formation (Oligocene) of California, which they regard as older than the
Astoria shale. See Am. Philos. Soc. Proc., vol. 52, pp. 580, 599, 1913.

2 Diller, J. S., U. 8. Geol. Survey Seventeenth Ann. Rept., pt. 1, pp. 476-477, 1896.
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5315. Loose concretions on river bank in the lower part of Astoria:

Pseudamusium peckhami Gabb. . Solemya ventricosa Conrad.
Propeamusium n. sp. . ? Saxidomus (fragment).
Crenella n. sp.? . Fusinus’sp.
Phacoides cf. acutiliratus Conrad. | =~ Hemithyris astoriana Dall.  °
5316. North side of Sinith Point, Astoria:
" Natica sp. e Pecten .cf. vancouverensis Whit-
Utriculus sp. eaves.
Haminea petrosa Conrad. - Psephidea sp.
Yoldia sp. ) Hemithyris astoriana Dall.
Malletia sp. TFish bones. .
5317. Opposite 766 Irving Avenue Astoria:
Pseudamusium randolphi Dall. Natica oregonensis Conrad; young
Pseudamusium peckhami. -~ specimen.
Pseudamusium vancouverensis? . Chrysodomus sp.?
- Serripes? sp. . Hemithyris astoriana Dall.

Macoma like sabulosa Spgl.
5318. Northwest corner of Tenth Street and Harrison Avenue, Astoria:

Hemithyris astoriana. Phacoides acutilineatus Conrad.
Solemya ventricosa Conrad. Thracia trapezoides Conrad.
Acila sp. ! . Haminea petrosa Conrad.
Nucula sp. . Fusinus sp.

Malletia sp * Natica oregona, Conrad.
Pseudamusium 1andolph1‘? ' Dentalium petricola Dall?
Pseudamusium peckhami. . Foraminifera.

5319. One block of old high school on Harrison Avenue, at the northwest .corner
of Eighth Street, Astoria:

Pseudamusium peckhami Gabb. Solemya véntricosa Conrad.
Propeamusium n. sp. - Fusinus sp.
Thyasira bisecta? Conrad. Dentalium sp.
5320, Opposite 1774 Franklin Street, Astoria:
Nucula, 2 sp. Crab claw.

Haminea sp.
5321. Irving Avenue, in hill above sawmill, Astoria:

Leda sp. Phacoides acutilineatus Conrad.
Pseudamusium umdolp]u Dall. . Natica oregona Conrad.

" 5322, Irving Avenue and Thn‘ty-ftourth Street, Astoria:
Hemithyris astoriana Dall.’ ] Pseudamusium randolphi Dall.

5323. Irving Avenue near Thirty-seventh Street, Astoria:

Propeamusmm n. sp. . Phacoides acutilineatus Conmd
Leda sp. Natica oregona.
Acila conradi Meek. : Pachypoma sp.?

Limopsis niieus Conrad.

5324. One mile east of John Day station on the Astoria & Columbia River. Ra.ll-
road, which is about 5% miles east of Astoria:

Pseudamusium peckhami.

e
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5325. Six telegiaph poles east of milepost 92 on the Astoria & Columbia River
Railroad, which is about 84 miles east of Astoria by rail: .

Phacoides acutilineatus Conrad. Macoma sp.
Pgeudamusium peckhami. Foraminifera.
5326. Eleven telegraph poles east of Svensen, which is 9% miles east of Astoria;
sec. 14, Clatsop County: .
Venericardia sp. Leda (acuta Conrad?).
Pseudamusium peckhami.
5327: West end of tunnel at Fort Columbia, Wash.:
Yoldia? sp. ' Fish scale.
- Propeamusium sp. '

5328. On the Nehalem dirt road south of Clatskanie, about 4,860 feet from Com-
mercial Hotel, which is in the center of the town:

Tellina sp. _ Paradione sp.
Macoma sp. Thracia trapezoides Conrad?
Solen cf. curtus Conrad. Indeterminate gastropod.

Leda cf. taphria Dall.

5329. On the Nehalem road about 14 781 feet south of the post office at Clatskame,
gec. 24?, T.7N., R. 5 W.: .

Dentalium, 2 sp. Dolium? sp.
Natica. Acila sp.
Fusinus? sp.. ) Mytilus sp.
Thais sp.? Solen.
Pleurotoma sp. Tellina.
Odostomia sp. : Macoma sp.
Trichotropis? sp. Venerid bivalve.
5330. Two miles east of Westport on bluff; SE. } sec. 5, T. 7 N., R. 5 W.:
. Internal casts in soft shale. Leda.
Bela? Psephidia.
Sigaretus.

5331. Shale outcrop on wagon road ‘by Astoria & Columbia River Railroad, 4%
miles west of Marshland and two telegraph poles west of milepost 68; SW } sec. 4,
T.7N.,,R.5W.:

Leda. : Periploma?
Acila. ) " Entodesma?
Yoldia? : . Cylichna?
Solen cf. curtus Conrad. . Dentalium sp.
Macoma.

5332. On Portland- Astona, wagon road 2 miles out on Youngs Rlver exposure at
bridge; NW. 1sec. 21, T. 8N, R. 9W
Deliquescent shale. . Pseudamusium randolphi? Dall.
Pseudamusium peckhami. Acila sp.

5333. In conglomerate on Clatskanie-Nehalem road 1 miles southwest of Clats-
kanie; sec. 18?7, T. 7 N., R. 4 W.:

Natica or Euspira sp. Arca (Yo.).

Cypraa n. sp. Solen cf. curtus Conrad.
Fusinus? : - Tellina.

Margarites? Angulus sp.
Pa.(.:mopecten (young). Semele? sp.

Acila gp. . Mactra ep.

" Yoldia or Malletia sp.
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5334. 4,950 feet from Clatskanie on road to Mist; sec. 18, T: 7 N,R.4W.:

Rotten sandy shale with poor casts | . Macoma.

_of bivalves. Mactra. :
Nucula. - Naticoid gastropod.
Yoldia? ' :

5335. In béked-clay bed near Zeinson’s logging road 1 mile east of Oiatskanie:
Lepton. . | Angulus indet. gastropod.

- 5336. Ocean bluff near Haystack Rock, 1 mile south of Elk Creek on Cannon beach;
SW.}sec.30,T.5N., R.10W.:

Leda cf. Taphria. . Macoma?
Yoldia?

5337. One-half mile toward seaside from Elk Creek Hotel; altitude, 126 feet; NW.
sec. 20, T.5N,, R. 10 W.: ’

Unrecognizable prints of bivalves.
5338. Near summit on seaside, Elk Creek road; SW. tsec.17, T.5N., R. 10 W.:
Unrecognizable prints of hivalves, one perhaps a Pseudamusium.

~ 5339. Smith Point, Astorla bank 50 feet above Columbia River; SW. } sec. 7,
T. 8 N,R.9W.:

Dentalium sp. Leda cf. acuta Conrad.
Haminea cf. petrosa Conrad. Pseudamusium (peckhami?).
Natica?. ‘

5340. Smith Point on road to Youngs River; SW. 4sec.7, T.8 N, R.9W.:

Fragments of naticoid and trochoid gastropods.

-5378. Opposite 382 Alameda Avenue, Astoﬁa.' SW.4%sec. 7, T.8N., R. 9 W.:

_ Propeamusium, 2 sp., both probably new, and fragments of other undeter-
mmable bivalves.

5379. S1xth and Duane streets, Astoria, in rear of southwest corner house; altitude,
40 feet: '

Solemya ventricosa Conrad. Panopea estrellana Conrad.
Yoldia sp. fragm. Hemithyris astoriana Dall.
Propeamusium n. sp. - Laqueus cf- jeffreysi Dall..
Agriodesma? sp. indet. Fragments of Asterites.

5380. Commercial Street, Astoria, roa,d cut 2,650 feet west of Sixth Street in dark
gray shale:

Casts of Foraminifera too poor to determine. Oligocene?

5381. From a cut on Union Pacific Railroad on the west side of Chehalis River,
Lewis County, Wash.; Oligocene:

Aturia cf. angustaté, Conrad. Prints of Dentalium and Nuculasp.
indet.

5382. Leahy’s ranch on north fork of Clatskanie Creek, Creek Bluffs; sec. 18, T. 7
N,R.8W.:

Propeamusium n. sp. o | Pseudamusium peckhami Gabb.

5383. Olney-Jewel county road, 63 miles east of Olney, north fork of Clatskanie
Creek; NW. % sec. 28, T. 7N., R 8W.:

Nucula sp. - | Patinopecten sp. fragm.
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5384. One and one-half miles below Lukkarila ranch, on Nehalem River, in sand-
stone overlying basalt; NW. 3 sec. 19, T.4N.,, R. 7 W.:

Unidentifiable fragments of Pecten and Ostrea.
5385. Larsen’s ranch in bluff of Nehalem River; SE. $ sec. 29, T. 5 N., R. 7 W.:

Very poor prints of Pecten, Dentalium, and Pseudamusium, probably peck-
hams.

5386. Seven miles east of Jewel on road to Mist, near Nehalem River; NE. 4 sec. 33,
T.6N.,, R.6 W.: .

Very poor prints of Saxicava sp.? and Pseudamusium; badly crushed.

5387, West of Vesper and 10 miles east of Jewel on Nehalem River, bluﬁ near
county road; Oligocene:

Fusinus oregonensis Conrad. Dentalium sp. indet.

Natica? . Nucula.
Bela? Pseudamusium (peckhami?).

5388. County road to Mist, about 1,500 feet southeast of Vesper in road cut above
Nehalem River; SE. {sec. 24, T.6 N., R. 6 W.:

Obscure print of Pseudamusium?

5389. One and one-fourth miles northeast of Fishhawk Creek on county road up
Nehalem River, in massive clay; SE. { sec. 8, T. 6 N., R. 5 W.; Oligocene?:

T'usinus oregonensis Conrad. - - Leda gp.
Natica sp. Macoma sp.

Dentalium sp. :  Marcia cf. oregonensis Conrad.
Acila conradi Meek. : -

5390. Clay bluff one-fourth mile southeast of Mist, on Nehalem River:
Same as 5389 with addition of numerous prints of Foraminifera.

5391. In clay 3 miles east of Mist, on Nehalem Rlver bluff; SE. 1- sec. 2, T. 6 N,
R.4W.: -
Similar assembly to 5389 without the Fusmus and Acﬂa. and with the addition
of Pleurotoma sp.?

5392. Nehalem River, 8 miles above Mist, Columbia County; sec. 11 T. 5 N,
R. 4 W.; Oligocene?:

Solen cf. curtus Conrad. Thracia sp.
Glycymeris sp. indet. Fusinus fragments; badly pre-
Marcia cf. oregonensis Conrad. . served. .

Macoma sp.

5393. On river bed in blue limestone, 9 miles up Nehalem River from Mist; SE. }
sec. 14, T. 5 N., R. 4 W.; Miocene:

Spisula cf. precursor Dall. Tellina.
Acila conradi Meek. Macoma sp.
Leda. ) Cryptoma oregonensis Dall.

5394. Pittsburg road cut, Columbia County; NW. % sec. 23 T 5N, R. 4 W,
Eocene:

Fusinus cf. oregonensis Conra.d. Leda sp.
Nagsa n. gp. - ’ Yoldia sp.
Bela? sp. _Solen sp.
Margarites? sp. A Macoma sp.?

Molopophorus cf. gabbi Dall. Paradione sp.
Acila shumardi Dall. -
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5395. Crane’s ranch, Tillamook County, 6} miles above Garibaldi on Mlaml Rlver,
SE. }sec. 35, T.2N., R. 10 W.: }

Very remarkable cast of large limpet, Patella or Acruaea, n. sp.

5396. Entrance of Wilson River canyon, 5 mlles east of Tillamook; SW. } sec. 23,
T.18.,R.9W.: :

Acila? } Indeﬁerminate bivalve fragments
Pecten? and cast of Echinus spine.

5397. Clay pit one-half mile above Wllla,mma Ya.mhlll County; -SE.  sec. 36,
T.158.,R.7W. .

Acila. - " Cardium?
Yoldia. ’ Margarites? sp. indet.

5398..0n the beach about 4,800 feet northeast of the genera.l store and post office
of Knappton Wash.; Miocene:

Dentalium conradi Dall. . ’ Lima n. sp.
Margarites?
5399. About 10,440 feet along the beach or nearly 2 miles east of the general store
and post office, Knappton, Wash; Miocene:

Phacoides acutilineatus Conrad.
Thyasira bisecta Conrad.
Cryptomya oregonensis Dall.

Acila conradi Meek.
Solemya ventricosa Conrad.
Macoma sabulosa Spgl.

- 5400. Near Grays Point, 11,520 feet along the beach or a little over 2 miles east of
the post office.and general store of Knappton Lumber Co., Knappton Wash.; Miocene:

Same as 5399 with addition of Dentalium conradi Dall and Eudolium petro- -
sum Conrad. ' '

5401. Two hundred yards west of the general store and post office of the Knappton
Lumber Co., at Knappton, Wash., just back of the dining hall; Miocene:

Thyasira bisecta Conrad. | Phacoides acutilineatus Conrad.

5402. On a log at the foot of a shale formation about 4,800 feet northeast of the gen-
eral store and post office of the Knappton Lumber Co., Knappton, Wash.:

Endolium petrosum Conrad.

5403. Commercial Street, at the southwest corner of Sixth Street, Astoria; Miocene:

Fusinus oregonensis Conrad. Venericardia sp.
. Lunatia sp. Macoma sp.
- Dentalium petricola Dall. » . Arca sp.
Dentalium conradi Dall. Platinopecten propatulus Conrad.

Phacoides acutilineatus Conrad.
5404. Southwest corner of Seventh and Exchanée streets, Astoria:
' Pseudamusium sp. - Clementia? n. sp.
5405. Irving Avenue west of Thirteenth Street, Astoria; Oligocené?: '

Fusinus sp. indet. Turcicula cf. washingtoniana Dall.
Macoma cf. balthica L. .
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5406. A. M. Home's ranch, 3 miles south of McCoy, Polk County, about 400 yards
southwest of the house; E. 3 SW. } sec. 32, T. 6 8., R. 4 W.; lower -Miocene:

Tusinus oregonensis Jonrad. Dentalium conradi Dall.
Thais sp. Acila conradi Meek.
Lunatia sp. : . Saxidomus sp. ?
Trochita cf. radians Lamarck. - Spisula ? sp.

5407. A. M. Home’s ranch, 3 miles south of McCoy, Polk County, station 25 of
Polk County; E. 1 NW. % gec. 5, T. 7'S., R. 4 W.:

Molopophorus ci. gabbi Dall. Trochita cf. radians Lamarck.

Litorina sp. cf. gigantea Midden- Diplodonta cf.'pa,rilis Conrad.
dorf. Chione sp.

Lunatia sp. Macoma sp.

5408. A. M. Home's ranch, 3 miles south of McCoy, Polk County; E. 1} NW. 1
gec. 5, T.78.,R. 4 W.:

Mactra cf. delumbis Comad Trochita cf. radians Lamarck.
Chione sp.? » Neverita cf. inezana Conrad.
Diplodonta cf. parilis Conrad. Lacuna n. sp.

Macrocallista sp.

5409. A. M. Home's ranch, 3 miles south of McCoy, Polk County, station 37 of Polk
County; E. $ NW. {sec. 5, T.7 8., R. 4 W.:

Same as 5408, with Donax n. &p., Scala sp., and Bela? sp.

5410. Sixmiles west of Newberg, on Mrs. Helen Follette’sfarm in Yamhill County;
SW. } sec. 16, T. 3 8., R. 3 W., Willamette meridian:

Solen curtus Conrad. Cardium sp. indet.
Dentalium petricola Dall. :

5411. Four and one-half miles northeast of North Yamhill, elevation 500 feet (ap-
proximate); sec. 25, T. 2 8., R. 4 W., Willamette meridian.

Indeterminate gfmstropod S Paradione sp.; very imperfect.
5412. Clay pit of the Pacific Face Brick Co., one-half mile west of Willamina post
office, Yamhill County: _ .
Indeterminate crushed bivalve.

5422. South side of Kellys Butte, bank of Willamette, one-half mile northwest of
Springfield, Lane County:

Spisula albaria Conrad. ' " Chione sp.
Thracia condoni Dall. Cardium? coosensis Dall.
Diplodonta parilis Conrad. Natica sp.
Phacoides acutilineatus Conrad. Crepidula ungana Dall
Solen curtus Conrad. Fragments of a crab.
Macoma sp.

5424. Judkins Point (west side), Eugene:
Fusinus oregonensis Conrad. . Phacoides acutilineatus Conrad.
Chrysodomus sp. Fragments of Macoma, Angulus,
Natica sp. - . Schizothoerus and perhaps Thra-
Spisula albaria Conrad. ‘ cia trapezoidea Conrad.
Thyasira bisecta Conrad.

5425a. College Hill, Eugene, south end of Orégoﬁ Avenue:

Fusinus oregonensis Conrad ? fragments.
47196°—Bull. 590—14——3 '
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5425b, West side of College Hill, Eugene:

Arctoscala condoni Dall.
Crepidula ungana Dall?
Pyrula modesta Conrad?
Fusinus oregonensis Conrad.
Dentalium n. sp..

Yoldia condoni Dall.
Spisula albaria Conrad.
Venus parapodema Dall.

Sanguinolaria n. sp.
-Diplodonta parilis Conrad.
Solenn. sp.
Pteria sp.
" Chione? sp..
Fragments of Neverita. -
Shark’s tooth, probably of the ge-
nus Lamna.

5425c. Fossils from well on east side of, College Hill; 1 mile south of Eugene:

Mytilus n. sp.
Modiolus n. sp.

Spisula albaria Conrad.
Marcia oregonensis Conrad.

5425d. Old quarry on south slope of College Hill, Eugene:

Thais, near decenicostata Midden-
“dorf.

Trochita inornata Gabb.

Crepidula ungana Dall.

5425e. South slope of College Hill, Eugene.

5426. South of Monroe; Eocene:

Pyrula tricarinata Conrad.
Glycymeris sp.

Solen sp.

Mcerella sp.?

5427. Fairmount quarry, Eugene:

Poor casts of Marcia oregonensis
Conrad.
Spisula albaria Conrad.

Ilyanassa sp.?
Paradione sp.
Spisula albaria Conrad.

(No list.) 3

Teredo-bored wood.
Casts of small indeterminate bi-
valves.

Sanguinola,ria n. sp.
Mulinia cf. oregonensis Dall.
Chione and Thracia sp.

5428. Casts from west side of Petersons (?) Butte, 5 miles southwest of Lebanon,

Linn County:

Spisula albaria Conrad.

Marcia oregonensis Conrad.
Venericardia castor Dall.
Cardium cf. ciliatum Fabricius.

Macoma and Solen sp.

" Neverita.
Fusinus and Crepidula sp

5429. Railroad cut one-fourth mile west of Springfield Junction (not Springﬁeld),

2 miles east of Eugene:

. Internal casts of (probably) Natica oregonensis Conrad and Neverita inezana

Conrad.

5430. Bluffs at Springfield Junction (not Springfield), Lane County:

Natica oregonensis Conrad.
Neverita sp.

Fusinus oregonensis Conrad.
Dentalium n. sp.

Actexeon n. sp.

Ilyanassa n. sp.

Leda cf. pygmea Fabricius.

5432. North and west of Monroe:

Trochita inornata Gabb.
. Bittium sp.

Acila conradi Meek.
Diplodonta parilis Conrad.
Lima n. sp.

Solen n. sp.

Venus parapodema Dall,
Cardium coosensis? Dall.

Astarte and Semele sp., traces,
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5433. Gully below -coal mine on H. C. Owen’s farm, 10 miles west of Eugene:

Venericardia castor Dall.
Angulus aragonia Dall.
Crassatellites sp.?
Macoma sp.

Cardium sp.

Trochita inornata Gabb.
Bittium? sp.

Pecten sp.

5434, Hemenway’s ranch, north of Goshen, Lane County:

Spisula albaria Conrad.
Marcia oregonensis Conrad.

Tellina aragonia Dall.
Cardium and Macoma sp.

5485. River bluff (lower part of sectlon), Springfield (not Springfield Junction;

see 5430):

Marcia oregonensis Conrad.
Leéda whitmani Dall.
Spisula albaria Conrad.
Acila conradi Meek.

Solen curtus Conrad.

‘Thyasira? sp.

Paradione? 8p.

Trochita inornata Gabb.
Fusinus oregonensis Conrad.
Bittium sp.

Crepidula cf. ungana Dall.

5436. Scarborough plz;ce, south of Fairmont, Lane County:

Natica oregonensis Conrad.
Crepidula sp.

Cerithium sp.
Diplodonta parilis Conrad. .

5437. Frank Dunn’s farm south of Masonic Cemetery, 2 miles south of Eugene:

Crepidula ungana Dall.
Natica oregonensis Conrad.
Neverita sp.

Fusinus oregonensis Conrad.
Yoldia oregona Shumard.
Spisula albaria Conrad.
Diplodonta parilis Conrad.

Thracia trapezoidea Conrad.
Tellina eugenia Dall.
Sanguinolaria n. sp.

~ Solen n. sp.
Modiolus.
Chione and Cardium sp.

5438. South side of Kellys Butte, Springfield:

"Leda sp.

Sanguinolaria n. sp.
Diplodonta parilis Conrad.
Tellina aragonia Dall.
Solen n, sp.

Spisula albaria Conrad.
Macoma sp.

Cardium cf. coosensis Dall,
Epitonium? sp.

Crepidula cf. ungana Dall.

5441. Quarry 1 mile west of Blachly post office, Lane County:

Diplodonta parilis Conrad.

5445. Vauduyn Place, 1 mile east-northeast of Coburn; Miocene:

Crepidula ungana Dall.
Venus parapodema Dall.

5446. River bluff (upper part of section),

Arctoscala condoni Dall.
Venus parapodema Dall.
Thracia trapezoidea Conrad.
Solen curtus Conrad.

5447. Scotts Mills, Marion County:

Crushed casts of Mactra.
Glycymeris semele
Venericardia.

Tellina aragonia Dall.

Spisula cf. albaria Conrad
Solen n, sp.

Springfield:
Paradione sp.?
Lima sp.
Xylotrya sp.

Diplodonta parilis,
Neverita.
Ilyanagsa?
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5448. Richardsons Butte, west of Irving, Lane County, several thousa.nd feet
below Eugene Miocene and far above Venericardia beds; Eocene:

Turritella near inezana Conrad. |- Leda and Macoma sp.
Fusinus sp. . Thracia cf. dilleri Dall.
Scala sp. ‘ Clementia sp. fragment,
Acila shumardi Dall. Echinoid fragment.

A radiate Mytilus. :

5450. Basket Point, Umpqua River, 12 miles below mouth of Callapooia River,
Douglas County:

Venericardia planicosta Lamarek Teredo-bored wood.

~ var. horni Gabb. _ Turritella inezana Conrad.
Protocardia sp. ' Pyrula tricarinata.
Callista. Ampullinopsis sp.

. Solen-and Venus sp.

5451. Cuton Southern Pacific Railroad at Hemenway place, 1 mile south of Spring-
field; Eocene: .

Badly crushed casts of Spisula Diplodonta parilis.
albaria. - Lyonsia? sp.
Venus parapodema. -

FOSSIL PLANTS.

Mr. Knowlt,on s report on fossil plants collected near Eugene, Oreg.,
by the writer is given below:

This is a splendid collection of very perfectly preserved plants from shale at locality
3472, 13 miles northwest of Goshen, near Eugene, Oreg. In spite of its completeness,
however, it hag been difficult to locate satisfactorily. While I- was unpacking the
material I thought I could recognize several species as common to the Pleistocene from
Columbia River, but on taking them up for careful study it became evident at once
that they were not identical with those plants. The forms presuméd to be identical
belong to the genera Woodwardia and Sterculia, and although the same genera occur in
the material from Eugene the species are not the same. In fact, out of a dozen or
more species I am able to identify only Lastrea (Goniopteris) fischeri Heer, Populus
zaddachi Heer, and Quercus simplex Newberry. The others, which are apparently -
new, belong to the genera Woodwardm Ficus, Juglans, Omnamomum Laurus, Ster-
cuha and Rhus.

The three named species do not fix decisively the age of the collection. What I
have called: Populus zaddachi appears to be identical with this species from the aurifer-
ous gravels of California. The specimens of Lastrea (Goniopteris) fischeri are un-
doubtedly the same as the ones 8o determined from north of Ashland, Oreg., from beds !
of apparently the same age as the beds at Bridge Creek—that is, upper Eocene.
Quercus stimplex is a well-known species of Bridge Creek and is also upper Eocene.

These data are unsatisfactory, but as two of the species seem referable to the upper
Eocene, and ag none of the numerous leaves (with the exception of the Populus) in the
collection appear identical with the various Miocene floras of the Pacific coast I
incline tentatively to regard this flora as upper Eocene.

1 Knowlton, F. H., Fossil flora of the John Day basin, Oreg.; U. S. Geol. Survey Bull. 204, p. 111, 1902,
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COUNTY DESCRIPTIONS.

Although most of the information gathered in the reconnaissance is
from Clatsop County, it seems desirable to sketch the geology and to
note the indications of oil in the other counties in western Oregon as
far south as Lane County. Much of the material in this section was
obtained in early purely scientific reconnaissances made prior to
1905. The writer has taken much material from a paper by Diller.!
The fossil collections on which the determination of age of the rocks
at the various localities depends were studied either by Dall, Arnold,
or the writer, but mostly by Dall, to whom the writer is greatly
indebted. v '

CLATSOP COUNTY.

Clatsop County, at the mouth of Columbia River, in the extreme
northwest corner of the State, received more attention in 1910 than
any other because of the supposed oil prospects at Astoria.

GEOLOGY.

GENERAL FEATURES.

As far as can be determined from a reconnaissance of the few

outcrops of deeply weathered rocks, Clatsop County is underlain by
gently folded and much-faulted Tertiary shales, sandstones, and
igneous rocks. The igneous rocks seem to be present at every place,
but their greater hardness and resistance to weathering is responsible
for their more conspicuous outcrops.
- The Astoria shale, previously described, probably occupies the
greater part of the northeastern half of Clatsop County. Volcanic
Eocene sedimentary rocks occupy most of the southern part of the
county west of the summit of the Coast Range. Upper(%) Miocene
sandstone outcrops at Clifton, 17 miles east of Astoria, and extends
for an unknown distance southwestward thorugh the hills of T. 8 N,
R. 7 W. In the associated tuffaceous rocks some fossil leaves were

: found
. COLUMBIA I}IVER REGION.

Astoria to Tongue Point.—Massive and thin-bedded sandstones
outcrop on the south side of Astoria hill near Youngs River and
- eastward along the waterworks road at intervals for several miles.
This sandstone appears to be the same as that at Harrington Point
and Smith Point, which lies above the Astoria shale. In places it is
irregularly broken and faulted. The sandstone dips southeastward
away from Astoria, and is succeeded on the south near Olney by a
lower shale containing Miocene fossils (Astoria shale). There is
probably a large fault south of the outcrop of this sandstone, but no
further indications of it were seen.

1. §. Geol. Survey Seventeenth Ann. Rept., pt. 1, 18%6.
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The structure of the Astoria shale within the city, where exposures
are excellent, is rendered uncertain by landslides. Dips-obtained in
creeping rock or in displaced landslide blocks are of doubtful value,
and it is generally hard to tell with certainty whether or not a given -
locality has been seriously affected by such movements. In a general
way the entire hillside has the peculiar hummocky character of land-
slide topography so common in the Coast Range, and probably every
exposure is to some extent affected by-the downhill movement of the
rock waste.

Au east-west section indicates that & geneml north-south anticlinal
structure passes through the city, which is strung out for 5 miles
along the river.

Eastward from Smith Point, where Dall obtained many .of his
Miocene fossils, basalt appears at many places on the hill as far as
John Day River. One hundred yards southeast of the basalt and
above it topographically lies 4 feet of gray sandstone, which overlies
10 feet of shale, dips 40° S., and has presumably been disturbed by
* the intrusion of the igneous rock On the point basalt is exposed at
low tide, and basaltic talus from the hillside may cover Dall’s original
locality, for no good fossils such as Dall describes could be found in
1910. The sandy shale with thin sandstone layers, poorly exposed
on the wagon road, where it rounds the point, may belong to the fos-
siliferous sandy zone. * At places for 12 blocks northeast of Smith
Point a bluish-gray shale with many lime concretions is seen, dipping
5°-15° SE. The section is nearly parallel to the strike and probably
" does not represent more than 200 feet of strata. Eastward from the
twelfth to the twentieth block there are only imperfect exposures of
bluish-gray shale, apparently with fewer lime concretions, then about
100 feet of finely stratified blue shale with lime concretions and thin
beds of hard sandy shale, which strike N. 30° W. and dip 15°-18° SW.
From Thitd Street to Fifth Street the general strike appears to be
about N.30° W., dip 5°-20° SW.; from Fifth Street to Twelfth Street
the strike is N. 60°-65° W, dip 5°-12° SW.; on Thirteenth Street
the general strike is about N. 30° W, dip 9°-12° SW. The southwest-
dip from Third Street to Thirteenth Street represents about 500 feet of
shaleif there are no intervening faults. The shale appears to pass under
that exposed fartherwest.  From Thirteenth Street to Twenty-seventh
Street exposures are numerous, especially along Irving Avenue, where
the strike is N. 30°-55° W. and the dip 5°-10° SW. The section from
Thirteenth Street to Twenty-seventh Street represents about 300 feet
of clay shale, with a few concretionary horizons at irregular intervals.
- From Twenty-seventh Street to Thirty-third Street are very poor
exposures of dark clay shale, resembling the rest and apparently
dipping about 5° SW. This indicates about 100 feet of shale.



CLATSOP COUNTY, ' 39

Between Thirty-third and Thirty-seventh streets, where no good
exposures were seen, is the axis of an’anticline or an exposed fault,
probably the former. Farther east the dips are generally southeast,
but the strata do not correspond perfectly with those on the west side
of the anticline, having more sandy layers. No closed structure is
indicated here, but rather an anticline which plunges southward. '
The strikes indicate an axis trending nearly north and south in har-
mony with the general structural lines, which are better determined
north of the river. On the north side of the river no fold correspond-
ing with this anticline was seen, the McGowan faulted anticline being
too far west. The structure is more in line with some of the faults
which cut the rocks between Knappton and Megler, but it is not safe
to attempt correlation across the 6 miles of water that separates the
* opposing river bluffs on which the two sections were made.

The thickness of shale indicated by the section west of Thirty-third
Street is 1,000 feet, which corresponds with the stratigraphic distance
separating the Aturia zone from the massive sandstone at Huntington
Point, in the section on the north side of the river. The correctness
of this estimate depends on the absence of faults between Smith Point
and Thirty-third Street, but it could be substantiated by the dis-
covery of the Aturia zone at the foot of the hill anywhere between
Thirtieth and Fortieth streets. The writer could find no one who
knows exactly where Prof. Condon collected the specimens of. Aturia
‘that he found over 40 years ago ‘‘ in loose concretions near the water
level” in Astoria.! The enthusiastic amateurs of Astoria, who as-
sisted the writer in his work, can render a useful and interesting service
by relocating the long-lost Aturia zone in Astoria. This beautiful
fossil may be recognized by its general resemblance to the pearly
nautilus and should be sought in the eastern part of the city, near the
axis of the anticline just described.

Little advice can be given as to drilling on this fold for oil. A well
located at sea level on the axis near Thirty-third Street would pene-
trate probably 300 or 500 feet of shale and thin beds of soft sandstone
before reaching the base of the Astoria shale, below which lie a few
hundred feet of the harder sandstone and shale that form the top
member of the Eocene. When the hard volcanic breccias of the
latter formation are struck there will be little use in drilling deeper.
If there is oil in the Astoria region it is as likely to be in this anticline
as in any, but it should be remembered that the only oil sign on its
flanks is ‘“dead” or nonmigratory oil adsorbed on the clay particles
of the shale, and that the porous sandstone dikes, which are thought
to descend to the underlying sandstones, contain neither oil nor oil
residues. These crosscutting sandstone dikes probably would con-
tain traces of oil if there were any large deposits underneath them.

1 Labels on specimens in the Condon Museum, Univ. Oregon, Eugene.
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The east flank of the anticline is somewhat steeper than the west
flank. Between Thirty-seventh and Fortieth streets the dip is
16°-18° SE. and the strike about N. 45° E. Seven blocks farther
east the dip decreases to about 10° SE. The shale on the east side
is similar to that on the west side of the anticline. The data given
indicate about 700 feet of shale, assuming no appreciable faults.

The next good exposure is the excavation at the brick plant,
13 blocks east of Fortieth Street, where the strike is N. 60° E. and
the dip 22° SE. The shale here looks somewhat different from.
most of the Astoria shale seen in the city and may be another forma-
tion faulted in. It contains no fossils nor concretions and is very
poorly adapted to brickmaking, as shown by the product obtained.
Above the lowest exposure there is at least 80 feet of shale, overlain
- on the east by 35 feet of very soft gray micaceous massive sand-
stone, which dips 35° SE. This group of outcrops with high dips
probably embraces 150 feet of strata, and there is also possibly 125
feet of unexposed strata west of it.

Four blocks east of the brickkiln 2 feet of soft sandstone and
15 feet of shale are exposed, both dipping southeast. A deep cut
on the wagon road to John Day, on the hillside, 12 blocks east of
the brickkiln and 3 blocks southwest of the Hammond lumber
mill, exposes 40 feet of bluish-gray shale containing many Miocene
fossﬂs Some layers of the shale are sandy, and it contains numerous
calcareous concretions, most of them less than 6 inches in diameter.
The strike is N. 65° E and the dip 10° SE. One block southwest
of the lumber mill is 50 feet of dark clay shale, dipping 10° SE. and
striking N. 60° E. Back of the mill is 10 feet or more of fine hard _

“sandstone, overlain by 40 or 50 feet of dark shale dipping 5° SE.

This group of strata east of the brickkiln is too poorly exposed for
good measurement, but with the data at hand a prov1s1ona1 estimate

of 400 feet may be made.

Three blocks east of the Hammond mill the shale is overlain uncon-
formably (?) by 3 feet of conglomerate and 12 feet of soft gray sand-
stone, the shale striking about N. 60° E. and dipping 5°-10° SE.
The next exposures eastward are thought to belong with the shale
lying below the supposed unconformity.

Forty feet of dark concretionary shale is well exposed in two cuts
two blocks northeast of the last exposure. The strike is N. 10° E.
and the dip 10° E. The next good exposure is at Tongue Point,
where a railroad cut exposes 20 feet of shale, overlain by 10 feet of
sandstone, which in turn is capped by 30 feet of shale. The strike is
N.40°E. and the dip 15° SE., but the exposure is close to the igneous
intrusion forming the point, a,nd the intrusion may affect. the inclina-

tion of the beds for a short distance. From such imperfect data a
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thickness of 150 feet of strata, probably mostly sandy shale with thin
beds of sandstone, between Hammond mill and Tongue Point may
be estimated.

“"The total thickness of beds on the east limb of the anticline to
Tongue Point is therefore approximately 1,400 feet, or about 400
feet more than that on the west limb. The difference is thought to
be due to the presence of additional strata, as suggested by the
lithologic differences noted at the brick plant, and to the presence
of several sandstones in the upper part of the section.

The conglomerate at Hammond mill seems to be the base of a
" nearly horizontal fresh-water formation, of which remnants have been
seen at several localities. Perhaps the best exposures of this rock
are at the sharp cape a mile east of Frankfort on Grays Bay, and 7
miles northeast of the locality just described. The sharp cape is a
bluft of nearly horizontal coarse yellow sandstone about 70 feet thick
that rests unconformably on inclined Astoria shale, which is exposed
at two or three places at the foot of the bluff. The sandstone con-
tains fragments of shale and shows faint traces of nearly horizontal
bedding planes at the contact, above which it is cross-bedded or
massive.

Dall ! regarded the sandstone near Tongue Point as equivalent to
that at Smith Point, and the section measured in 1910 seems to con-
firm his view. Tongue Point is a basalt dike, 50 to 100 feet wide,
trending northeast and southwest. A large block of sandstone and
shale 40 feet In deth included in the basalt, may be seen from the
river.

Tongue Point to Westport.—The rocks east of Tongue Point are
thought to overlie the Astoria shale, at least as far as John Day
River. The dips continue southeasterly, and the rock, where exposed,
differs from the Astoria shale in containing more sand and in con-
taining tuffaceous material. Immediately southeast of Tongue Point
is a.small island of straw-colored micaceous sandstone dipping 12°
SE., which contains some small black basaltic scoria or “volcanic
-cinders.”  One-half mile east of this are two outcrops of gray sandy
shale interbedded with sandstone. In descending order at the second
outerop ‘are 15 feet of bluish shale, 5 feet of light-gray sandstone,
one-half foot of sandy shale, 8 feet of bluish-gray 'shale, 10 feet of
soft gray medium-grained sandstone, and 1 foot of shale. The strike
is N. 65°-70° E. and the dip about 10° SE. This would indicate that
- between 300 and 400 feet of strata lie above the railway cut at Tongue
Point and below the sandstone on the east bank of John Day River.
" At the latter locality the railroad passes from a bridge over John
Day River into a tunnel cut through a sharp point of yellow micaceous

1 Dall, W. H., U. 8. Geol. Survey Prof. Paper 59, p. 10, 1908.



42 GEOLOGY AND OIL PROSPECTS OF NORTHWESTERN OREGON.

sandstone. The outcrop shows about 7 0 feet of sandstone measured .
vertically, which displays no bedding planes, the rock being almost
perfectly massive, with only a suggestion of cross-bedding or jointing
marked by brownish lines. Small round brown iron-cemented con-
cretions are abundant. It is not certain whether this is a sandstone
dike or an indurated mass of old dune sand, like that seen at the
top of the hills farther south. It is probably not a part of the strati-
graphic series here considered but is of later origin.

One-half mile east of the tunnel an exposure of 10 feet of sandstone,
‘overlying a thin bed of shale and sand, strikes N. 80° E. and dips
10° SE. In the shale at this place a few specimens of Pseudamusium:
peckhamsi, a fossil common in Astoria shale, were obtained.

The next exposure eastward is at Fernhill, where there is 15 or 20
feet of gray shale, probably dipping gently southeast. - A mile farther
east there is a similar exposure; and a mile still farther east there is
an exposure of 15 feet of foraminiferal and tuffaceous shale of chalky
white color, overlying bluish-gray shale, which strikes nearly east

-and dips southeast Most of the fossils at this locality are similar to

those in the upper part of the Astoria shale. The rock, however,
probably belongs to a higher formation, shale of this type being
characteristic of higher horizons. The thickness of rock between
Fernhill and this locality is probably less than 100 feet.

At Burnside station and eastward basaltic agglomerate overlain
by Pleistocene sandy clay is-exposed. The agglomerate is later than
the sedimentary rocks. At Svensen station, 9.5 miles from Astoria,
the railroad cuts expose bluish-gray clay, possibly decomposed shale.
Begmmng one-half mile farther east, back of the railroad, exposures
of massive gray sandstones form bluffs reaching nearly to Knappa,
where only fragmental basalt and Pleistocene red clay are exposed.
The thickness of this sandstone is probably about 100 feet.

One mile east of Knappa an exposure of 15 feet of sandy carbon-
aceous clay containing thin coal partings strikes N. 50° E. and dips
22°SE. This outcrop is about 200 yards south of the railroad. The
lack of intervening exposures makes it impossible to tell the strati-
graphic position of the carbonaceous shale. Similar coaly rock -is
known both above and below the Astoria shale.

Northeastward along the railroad.no other exposures are found for
about-5 miles, to a cut three-fourths of a mile. east of Aldrich Point,
where there is a very poor outcrop of sandy shale. One mile farther
southeast better outcrops of sandy shale and soft sandstone appear, .
and extend for 2 miles to Clifton, all dipping 5°-37° SW., the
higher dips being local. This section represents about 200 feet of
strata, in which gray sandy shale predominates, with thin beds of
gray clay shale and a few beds of soft white micaceous sandstone 1
to 10 feet thick. A few fossil leaves were found in the sandstone,
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and some thin beds of coal are reported to outcrop on the same hill-
gide. At Clifton 100 feet of sandy tuffaceous shale underlies the
rocks noted above.

There is, therefore, over 300 feet of a sandy fresh-water formatmn
higher than the marine sandstone at the top of the Astoria shale.
The age of this formation is not known and its total thickness is a
matter of conjecture, because neither its top nor its bottom have
been seen. Similar tuffaceous shale is most common in the upper
division of the Miocene of northwestern Oregon.

The converging dips indicate that a syncline, probably trending
nearly north and south and plunging southward, crosses the railroad
between 1 and 2 miles northwest of Clifton.

Two miles southwest of Clifton a high cliff of columnar basalt is
capped by 30 feet of yellow sand. The basalt has a very low inclina-
tion (3°-4° NW.), but it is not thought to pass under the fresh-water
rocks just described, and its relation to these strata is not certain.
On the north bank of the river the same basalt, which there makes
‘Pillar Rock and the cliffs of the ‘‘Barbary coast,” rests directly on
the marine sandy shale and sandstone of Huntington Point, which is
at the top of the Astoria shale. The fresh-water strata do not inter-
vene between the marine rocks and the basalt, but not enough infor-
mation could be obtained to determine whether their absence is due
to erosion or nondeposition, or to the alternative possibility that the
fresh-water formation overlies the basalt.

The fresh-water formation may be in part contemporaneous with
the basalt, as suggested by the presence of basaltic scoria and tuff in
the fresh-water strata and by the interbedding of basalt and sand-
stone farther east. This feature is common in the Miocene or later
basalt of the Chehalis Valley, Wash., and farther south in Multnomah
and Clackamas counties, Oreg.

At Bugby station, a few miles farther southeast, the following sec-
tion of the bluff was made: '

Section of bluff at Bugby station.

Sandstone, straw-colored, very soft, medium grained............ 20
Sandstone, light gray, resting on eroded surface................. : 5
Basalt flow, irregular structure. . ............ .. ... ... . 20-30
Basalt, columnar structure, part of same flow (?)............... 12
Sandstone, straw-colored.........oooei . 15
Basalt flow, irregular structure........... ... ... .. ....o..lL. 25
TS, e e 170

267-277

No outcrops other than basalt were seen between Bugby and West-
port, near the eastern boundary of Clatsop County. At Westport"
there is a very poor exposure of light-colored clay, probably decom-
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posed shale. Diller ! reports that fossils of the Aturia zone (Oligo-
cene) were collected by W. Q. Brown near Westport at a locality not
definitely known. In Columbia County, 3 to 5 miles east of West-
port, the writer made some meager collections of poorly preserved
fossils, which may be Oligocene or lower Miocene. The rocks east of
Westport are mostly shales, which dip westward at low angles for
several miles. . _

If the Aturia zone occurs at Westport, itis an argument for the late
Tertiary age of the basalt flows, which occur on the hills southwest of
the station. The basalt rests on the sandstone at the top of the
Astoria shale and on the fresh-water sediments overlying the sand-
stone; and if the Aturia zone occurs at Westport, the basalt must
there rest on a horizon well down in the Astoria shale. These oc-
currences indicate that the rocks had been deformed and- deeply
eroded previous to the basaltic eruptions.

YOUNGS RIVER BASIN.

Southeast of Astoria, on the road to Jewell, on Nehalem River, the
section is probably similar to that occurring farther east along the
railroad, but it is difficult or impossible to recognize the divisions of
the strata because of meager outcrops. All the fossils found, so far
as they could be determined, belong to one formation, the Astoria

shale.
© " The sandstone at the top of the Astoria shale crosses the wagon
road on the south side.of the hill between the summit and Youngs
Bay, dipping south. Shale also dipping south and containing the
Astoria fauna lies immediately south of this, on the east end of
Youngs Bay. This suggests a fault, of which no other evidence was
found. ' ‘ '

The shale outerops imperfectly on the upper Wallusky and in places
for 24 miles near Olney. The dips and strikes in many places are not
reliable, but the dips noted range generally from 4° to 20° SE. Fos-
sils of the Astoria shale were found on East Fork of Clatskanie in the
E. 3 sec. 18, T.7N., R. 8 W, also in secs. 8 and 21, T. 8 N., R. 9 W.
In sec. 21 the strike of the shale is N. 40° E. and the dip 7° SE. In
. the same section, at the Evergreen dairy, an excavation shows 30 feet
of soft yellow micaceous massive sandstone, the altitude and the
- stratigraphic position of which could not be determined. No other
exposures of sedimentary rocks except clay and gravel, probably
Pleistocene, and small outcrops of decomposed shale, too rotten to
indicate the structure, were seen hear the wagon road to Olney. In
‘these. outcrops the deposition of brown iron oxide along irregular
curving lines, which cut the clay in all directions, is the only con-
spicuous feature. The bedding planes are lost. -

1T, S. Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 466, 1896.
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"About a mile north of' Olney about 3 feet of clay shale, dipping
15°-20° SE., is exposed by a road cut. Yellow micaceous shale, in
places leached white by weathering, and all dipping southeast so far
as could be determined, makes similar exposures along the wagon
road to Olney. In the bottom of one road cut, about 4 feet of this
rock is exposed, striking N. 65° E. and dipping 25° (?) SE.

On the creek bank three-fourths of a mile east of Olney there is a
basalt dike 200 feet wide, which trends southward, forming the west
border of dark clay shales dipping southeast to northeast at apparent
angles of 15° to 30°. On the Leahy ranch, 13 miles east of Olney,
there are dark clay shales with calcareous concretions resembling the

“upper part of the Astoria shale and containing the same kind of fos-
sils. They strike N. 15° W. and dip 10°-15° NE. One-half mile
southeast of the Olney ranch the shale reappears, dipping 4° NE.

The next exposures, which are 2 miles farther southeast, up the
north fork of the Clatskanie, consist of basalt and sandstone, proba~
bly interstratified and representing beds above the Astoria shale like
those seen near Clifton. In the sandy shale associated with the basalt
in the NW. } sec. 28, T. 7 N., R. 8 W., a Patinopecten and other
fossils were found, all of them co]lected f1 om the highest marine beds
of the Astoria section, represented by the sandstones at Huntington
Point. The sandstone is yellow, massive, fine grained, and micace-
ous. -One large fragment of it, 50 feet across, was included in the
basalt. A mile southeast, farther up the creek, indurated shale of
the type characteristic of contact metamorphism in this region was
seen. Many of the outcrops for the next 10 miles southeastward
show the same metamorphism or so-called ‘‘baking”’ by igneous rock.

The basalt in the southern part of T. 7 N., R. 8 W, consists mainly
of dikes and of sills intruded along beddmg planes, but farther south
some of the basalt may represent surface flows. The dikes are very
numerous, probably to be counted by hundreds, and some are large,
100 to 200 feet wide. Basalt composes most of the outcrops farther
south in T. 6 N., Rs. 7 and 8 W., where there are also high volcanic

_ necks of igneous rock of which. the most conspicuous are Saddle and
Green mountains. The former (altitude 3,300 feet) is one of the
highest points in northwestern Oregon.

. Between the outcrops of basalt are imperfect exposures of mica
clay shale, the age of which is not known. In sec. 34, T. 7 N,, R.
8 W., where the wagon road ascends a low divide, about 20 feet of
white baked clay shale may be seen, dipping 6° E. This is under-
lain along the creek bottom by a basalt sill, which also dips eastward.
On the southwest side of the divide is another outcrop of clay shale,
which dips westward, possibly owing to the influence of adjacent igne-
ous rocks. In the southern part of sec. 34 the basalt sill reappears
along the main or south fork of the Clatskanie. Basalt and ‘‘baked”
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shale with erratic dips occupy the next 2 miles to the southeast.
Between the bridge across the Clatskanie in sec. 12, T. 6 N., R. 8 W,
and the summit of Sevenmile hill (altitude 1,550 feet) there are many
surface exposures of rotten shale, in which no reliable dips were ob-
tained. This hill itself, which is on the divide between Columbia and
Nehalem rivers, is covered largely by clay soil, which is possibly
derived from shale, but basalt dikes are seen on both sides of the
~ summit. The falls on Little Fishhawk Creek are due to a large dike
trending N. 15° E. A similar dike makes a magnificent cascade on
Youngs River, and the surrounding hills are full of smaller falls pro-
duced in the same way.

On the hills immediately north of Youngs River Falls there are
several poor outcrops of fresh-water sandstone, the dip of which is
not certain but is probably southward at a low angle. This sand-
stone appears to overlie the Astoria shale. Several hundred feet of
strata must be represented by the outcrops, but no good estimate of
the thickness can be made. The age of tke sandstone is unknown,
but it is probably later than the Astoria shale.

NEHALEM RIVER BABSIN.

Along Little Fishhawk Creek are many outcrops of dark clay shale,
probably the Astoria shale. At the bridgein sec. 11, T.5N., R.7 W,
there is a good exposure of the shale, ‘which here contams some calca-
reous layers and dips 3° NW.

No fossils were found in this shale but the stratigraphy indicates
that it represents a horizon low in the Astoria shale. The sandstone
at the base of the shale is exposed on the hillsides east of the river
and the Eocene beds outcrop below it near the mouth of Buster Creek.
Somewhere in this vicinity (‘‘at the fording nearly midway between
Jewell and Mishawaka’’) Diller ! however -made a good collection of
fossils, which Dall pronounced ‘‘Eocene or lower Oligocene.” Diller
observed about 60 feet of concretlonary shale containing some sandy
tuffaceous layers, the strike of which is N. 22° 'W. and the dip 15°
SW. This locality was not found in the reconnaissance of 1910.

Upstream along Nehalem River from Jewell the Astoria shale is
seen at intervals for over 12 miles along the wagon road to Vesper,
and beyond into Columbia County.- This, however, does not mean -
that the shale has great thickness, for the distance is measured along
the wagon road, which follows the great 2 and 3 mile bends of the
winding narrow valley of the Nehalem. Moreover there appear to be
minor plications of the strata and also one major anticline trending
northeast through the west-central part of the section, to which it is
oblique. The dips are low, ranging from 2° to 15°.

t Op. cit., p. 459.
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Fossils collected at three localities in this section, between Jewell
and Vesper, are in accord with. the foregoing statement, since they
are referred with doubt to the Oligocene by Dall. The structure indi-
cates that the rock at these localities is in the middle part of the As-
toria shale. The localities are 6 miles below Vesper (5386), 1 mile
northwest of Vesper (5387), and one-half mile southeast of Vesper
(5389), the fossﬂs found being those most common in the Astorla
shale.

This region east of Jewell and the ad]acent part of Columbia
County are worthy of detailed examination by oil men. No oil indi-
cations are known, but the gentle folds of the strata and the appar-
ent absence of fractures indicate at least the probability of favorable
structures. No faults nor dikes of basalt or sandstone were noted.
" Up Nehalem River from Jewell northedstward to Vesper clay shale
appears at short intervals for 2 miles along the wagon road to the
ferry and bridge, where a landslide exposes 50 feet of dark micaceous
sandy clay shale striking approximately N. 35° E. and dipping 13°
SE. At the next exposures, 5 miles from Jewell, there is light-gray
shale, which strikes N. 10° E. and dips 28° NW.; at a distance of 5.3
miles from Jewell there is a foot of shale, weathered white, which dips
22° N. (%); at a distance of 6.4 miles, in the NE. } sec. 33, T. 6 N.,
R. 7 W, there is gray fossiliferous micacepus Astoria shale, striking
about N.15°E. and dipping 15° NW., and the same rock extends for
7 miles to a point where the strike is N 55° W. (?) and the dip 11°

NE. (?); at a distance of 7.1 miles the same rock, striking N. 15° E.
a.nd dipping 20° SE., is overlain unconformably (%) by sandy mica-
ceous shale, containing a hard layer with impressions of fossil reeds
and dipping 4° E.; at a distance of 8.1 miles there is 10 feet of shale
dipping (?) 25° NW. and containing the same fossil plants, but
poss1bly belonging to a higher formation; at a distance of 10 miles
there is a 20-foot bluff of dark-gray clay shale, striking N. 25° E.
and dipping 8° SE., containing limestone concretions and fossils
(5387) of the Astoria shale; at a distance of 12 miles, or one-fourth
mile southeast of Vesper, there is 15 feet of clay shale, with fossils
(5388), striking N. 75° E. and dipping 5° SE., the section continuing
from this point into Columbia County.

The foregoing observations are clearly inadequate for an accurate
determination . of the structure, but taken in connection with obser-
vations made farther west and on Buster Creek, to the south, they
suggest a small anticline near Jewell, a syncline between 2 and 5
miles northeast of Jewell, an anticline about 7 miles from Jewell
(probably the major fold that brings up the Eocene beds on Buster
Creek), a minor syncline less than a mile east of this, and a minor
anticline between 8 and 10 miles from Jewell. It should be remem-
. bered that observations like these, made along the wagon roads of



48 GEOLOGY AND OIL PROSPECTS OF NORTHWESTERN OREGON.

northwestern Oregon, without detailed work through the forests on
both sides, do not obtain all the data in the field, and that any con-
clusions drawn from them should be regarded as merely tentative and
subject to revision when more complete data- are at hand. The
extent to which the structure is affected by faulting is unknown..

Micaceous clay shale is well exposed in low bluffs a mile south of
Jewell, in the western part of sec. 13, T. 5 N, R. 7 W. The strikeis -
N. 30° 45° E. and the dip 8°-14° NW.

Immediately south of the locality last mentloned near W. E.
. Herrick’s house, is 20 feet of basaltic agglomerate, com_posed of tuff,
scoria, and waterworn pebbles, which possibly belongs to the ﬁnder—
lying Eocene, better exposed in the lower canyon of Nehalem River.
The same rocks are exposed on Buster Creek above Herrick’s ranch
in secs. 26 and 25, T. 5 N., R. 7 W., where there is a blue basaltic
breccia, cemented with pyritiferous calcite and interstratified with
conglomerate, tuffaceous sandstone, and sandy shale. The con-
glomerate contains bowlders up to 2 feet in diameter. The expo-
sures examined on this creek include less than 200 feet of variable
strata, and this is only a small part of the entire formation.

Downstream from Grand Raplds along Nehalem River, in sec. 23,
T. 5 N, R. 7 W., the Eocene occurs in ascending order broken by
'down-faulted blocks of the Astoria shale, the whole series dlppmg
northwest or southwest. as far as the mouth of Quartz Creek in sec.
9, T.4 N, R. 7W., below which a syncline is indicated by northeast
dips that continue for 6 miles down the canyon to the mouth of Spruce-
run Creek, in sec. 24, T. 4 N., R. 8 W. Somewhere in the canyon
below Sprucerun Creek an anticline probably sets in, for southwest
* dips were observed in the same strata across the line, in northern
Tillamook County.

About 50 feet of hard thin-bedded sandstone, occupying approxi-
mately the same stratigraphic position as that seen at the top of the
Eocene at Megler, Wash., outcrops one-fourth mile west of Grand
Rapids. It is separated from the basaltic agglomerate, on which it
would normally rest, by a large dike (?) of basalt about 100 feet thick,
trending northward and dipping eastward. Two hundred yards
- east of the ‘‘dike” is a mineral spring, with inflammable gas. (See

p- 59.)

One mile West of Grand Rapids 20 feet of micaceous clay shale
strikes N. 30° E. and dips 10° NW. - The same rock with similar dip
extends a mile down the canyon of the Nehalem, embracing a thick- -
ness of 350 feet. The central part contains numerous lime concre-
tions. The shale reappears at distances of 3, 4, and 4.6 miles from
Grand Rapids on the road to Elsie. At the 4-mile exposure, which is
in the SE. % sec. 29, T. 5 N., R. 8 W., a 30-foot excavation shows
laminated clay shale, with sandy layers containing a little mica and &
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few hard lime concretions. The few fossils obtained here (5385)
are common in the Astoria shale. The next exposure, also shale, is
at Pope’s sulphur spring near Elsie, in the northwest corner of sec.
5, T.4N,R.8W. :

Below Els1e, Humbug Creek flows over a coarse—gmmed basaltic
rock to within one-fourth mile of Nehalem River. The canyon of the
Nehalem, through T. 4 N., R. 7 W., is almost wholly in basalt, which
is probably in contact with the Astoria shale near the northern mar-
gin of the township. In sec. 9, 20 feet of laminated dark and light
colored clay shale rests on basalt and dips 14° SW. In the NW. }
sec. 8 a similar outcrop dips 10° NE. The relation of these outcrops
to the basalt was not determined. ,

At the sharp loop of Nehalem River in the NW. % sec. 7, T. 4 N,
R. 7 W., is a massive, coarse tuffaceous sandstone and conglom-
erate containing fragments of clay shale, basalt, and lime concretions
mostly waterworn. -Similar conglomerate occurs 2 miles farther
south in the NW. 1 sec. 19, where it contains fossil oysters and pec-
tens (5384), which could not be specifically determined. Basalt
forms the walls of the canyon between these two places, except in the
wider part at Lukkarila’s ranch, in the SW. % sec. 7, where about
700 feet of micaceous clay shale dips 28° NE. and strikes N. 65° W.
The relation of the shale to the basalt was not determined. Gas es-
capes in noticeable quantity from the bed of the river near Mr.
Lukkarila’s house, through about 3 feet of gravel resting on micaceous
clay shale. The canyon of the Nehalem was not examined below the
point where the river leaves T. 4 N., R. 7 W,

These igneous and sedimentary rocks are probably Eocene, for
they resemble the Eocene on the north bank of the Columbia oppo-
site Astoria and farther south in Tillamook County. Diller! collected
fossils, probably of Eocene age, 24 miles below the mouth of Hum-
bug Creek, probably at the locality in the NW. } sec. 19 mentioned
in the last paragraph. He observed the tuffaceous sandstones,
which contain in places conglomeratic portions with small pebbles,
many of which are angular, and he reports that the igneous rocks
continue down the Nehalem for 20 miles below Mishawaka. This
would carry them across the line into Tillamook County, where similar

strata were seen.
SOUTHWESTERN CLATSOP COUNTY. .

Owing to the absence of roads and the almost impenetrable brush
little work was attempted in the southwest corner of the county,
except along the seacoast. An inspection of the topography of that
region from the summit of Onion Peak indicates that except in the
low country of T. 4 N., R. 9 W., it contains many ridges and peaks

1. 8. Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 466, 1896.
47196°—Bull. 590—14—H4
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of igneous rock. The Astoria shale probably underlies much of this
township, judging from the trend of the formation in adjoining ter-
ritory, but the township was not examined.

A ridge marking the position of basalt dikes begins near the north-
west, corner of this township and runs. northwestward with gradually
- increasing altitude to Tillamook Head, one of the boldest promon-
tories of the Oregon coast. Where the road from Seaside to Cannon
Beach crosses this ridge the excavations reveal Astoria shale, with
typical fossils, at least on the southern side. On the northern side,
between para]lel dikes of basalt, the shale is more sandy and whiter,
resembling the shale interbedded with sandstones at horizons above
the Astoria shale. Similar shale is exposed on the sea chff north
of the cape.. .

South of Tillamook Head on the north side of the basalt dike at
Chapman Point, one-half mile from Elk Creek, baked shale was
seen. Cannon Beach, a beautiful bit of coast line backed by high
sandstone cliffs and facing a sea studded with volcanic rocks, begins
at this point and extends 7 miles southwacd to Arch Cape. On the
northern half of the beach the outcrops are poor and far apart and
appear to represent horizons well up in the Astoria shale. Fossilifer-
~ ous dark clay shale was seen dipping 8° S. in a small cliff near Hay-
stack Rock, a mile south of the mouth of Elk Creek (5336); and 2
miles farther south more shale was seen dipping 5° NE., beneath a
basalt sill. Along this part of the beach no other exposures were
seen, except a few rocks, all of which are basalt, that rise out of the
ocean.

A fine line of yellow sandstone cliffs begms a short distance south
_ of the last exposure and extends through secs. 7 and 18. The sand-
. stone is mostly coarse grained and massive, cross-bedded and pebbly
in places. It is cut by many faults, dikes, and sills, from which it
has acquired such an uncertain structure that in spite of the excel-
lent exposure an accurate measurement of its thickness is impossible.
There is over 200 feet of the rock in one fault block and the total
thickness probably exceeds 400 feet.

At Silver Point two basalt dikes trend N. 65° E. at the side of
about 100 feet of sandstone laminated with thin streaks of black
clay shale. -South of this the fractured sandstone is well exposed
and is cut by several large dikes, one of which has produced remarka-
bly irregular twisting and bending of the strata in the cliff. About
1} miles farther south, on the south side of Hug Point, a 60-foot dike
of basalt trending N. 40° E. is bordered on the north around the point
by sedimentary. rocks, mostly green pebbly sandstone, of which
about 300 feet is exposed. The dip is 15° NE. and the strike N. 40°
W. On the north side of Hug Point the intrusive basalt breccia is so
intermingled with sandstone that in places it is hard to draw a line
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between the igneous and the sedimentary rocks. The rock is broken
and contorted, with many small faults and intrusions.

Three-fourths of a mile south of Hug Point the same pebbly, yellow-
weathering sandstone dips in the opposite direction (strike N. 45° W.,
dip 45° SW.) and is cut by a 40-foot dike of basalt trending northeast.
Only 150 yards south the same beds strike N. 85° E. and dip 40° N.,
and are cut by a 10-foot dike of basalt at the north end of the exposure
and by a sill of basalt 5 to 15 feet thick near the top of the bluff.

The sandstone on the southern half of Cannon Beach is thought
to be part of the formation above the Astoria shale. Similar rock
is exposed also at Youngs River Falls and on North Fork of Clats-
kanie River; in both places it is associated with much igneous rock.

At Arch Cape at the south end of Cannon Beach, a large dike
trends east and west. The top of the ridge is massive yellow sand-
stone, and similar sandstone is present immediately south of the
cape.

Oligocene strata occur at Short Beach, south of Arch Cape, on the
boundary of Clatsop and Tillamook counties. About 250 feet of
thin sandstone and shale are exposed which correspond with the
base of the Astoria shale as exposed a mile northeast of Megler, on
the north side of the Columbia. Near the middle of Short Beach,
Diller * found fossiliferous concretions in dark shale, from which he
obtained representatives of the fauna of the Aturia zone of the Astoria
shale. Higher rocks are exposed at several places farther north.

NORTHWESTERN CLATSOP COUNTY.

Massive soft yellow sandstone, imperfectly consolidated, makes
some low bluffs 10 to 30 feet high along the north side of Youngs
Bay. This rock is horizontal, and rests unconformably on both the
Astoria shale and the overlying Miocene sandstone. The lower part
of it is well stratified in thick beds and appears to be an ordinary
water-laid sandstone. It contains concretions and. angular fragments
of the Astoria shale, which probably rolled down from the steep hill-
side adjacent while it was being deposited. The upper part of the
sandstone is wind-blown dune sand, with marked cross-bedding.
The lower part is 10 to 20 feet thick, and the upper part is at least
50 and possibly 100 feet thick, if overlying isolated areas of similar
rock belong to the same formation. This rock contains no fossils
other than unrecognlzable plant fragments, but its topographic
relations indicate that it is either Pliocene or early Pleistocene, proba-
bly the latter.

Pliocene or early Pleistocene sandstone similar to that on Youngs
Bay, consolidated in about the same degree, occurs at many places
in the eastern part of the county and on the hills in the western

1 Op. cit., p. 467.
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part of Columbia County. It lies usually on the top of the flat hills
(remnants of a former plain), which stand at altitudes of 200 to 400
feet. Along Columbia River similar sandstone caps the high basalt
terrace near Clifton, Westport, and other localities. As the sands -
were deposited by wind their attitude has no bearing on the structure
or deformation of the rocks, but they pomt back to a time when the
region was not heavily forested as it is to-day, and when the winds
transported much sand over plains that are now dissected and heavily
clothed with vegetation.
The northwest corner of the county west of Youngs River is
entirely covered by Quaternary sand and silt, which conceal the
outcrops of older formations. It is probable that the fresh-water
sandstones above the Astoria shale occupy much of this region. The
following section of a water well drilled at-Fort Stevens furnishes a
clue to the strata beneath that place. The top of the well is 16 feet
above and the bottom 710 feet below sea level. No indication of
oil or gas was noticed in drilling. :

Log of water well at Fort Stevens, Oreg.

Thick-

ness. Depth
Feet. | Feet.
Beach sand, yellow ...................................................................... 40 40
Sand, blue or gray, with fragments of wood from 98 t6 125 feet, including a 3-foot log of
sound fresh W00 8t 118 188t ..., 130 170
Sand, fine biue micaceous quicksand........ ... ..ol 95 265
Sand coarse blue.................... . 9 274
Sandstone, brown. B 8 282
Sandstone, gray... 13 295
Sandstone, blue... 3 298
Sandstone, gray. R 3 298%
Sandstone, DIUe. ... ... i i e 4 302%
TR 0T L 7054 T Y g 3 305%
Sandstone, blue PO S ¢ Y 307
(70010 1700 a T ¢ 2 . 3 310
QUICKSANG - - e e ooens oo eeeenn U B 350
Quicksand with some black sand........ et eeeaeaeaaanas B R 400 .
Clay, blue, and sand............iiiiiiiiiiiiiiiiii i ceee 34 434
Sandstone, light colored. 29 463
Shale........oc.eeevnnnn. 34 497
Sa.ndstone, 44 135 632
Shale, gray, with thin, hard, whitelayers........ .. . ... ..ol 94 726

In thls well it is interesting to note the presence of soft caving
sand, called quicksand by the drillers, below hard consolidated sand
which they call sandstone, probably correctly. The quicksand is
said to have been forced up in the casing at times before it could.
be cased off. If the sandstones were overlain by shale, fissures in the
‘shale would probably be filled by the underlying quicksand, produc-
ing sandstone dikes such as those that occur in the Astoria shale.

INDICATIONS OF OIL.

In Clatsop County oil indications are limited to minute traces,
most of which are ‘‘dead” or nonmoving oil and residues, all in
small quantities. The Astoria shale at many places will yield
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minute traces of oil by distillation, but this method drives out the
dead oil which is adsorbed on the rock particles, and may create oil

- by the decomposition of organic matter. Distillation, therefore, is
not a reliable indication of the presence of free oil in the pores and
fissures of the rock. It is only free oil, largely capillary, that can be
extracted from the rocks by oil wells. Extraction tests with benzole,
ether, and other solvents of oils are probably more satisfactory,
since these tests are known to give only traces of oil from rocks that
yield a high percentage by distillation. Testing with solvents rarely
gives any oil from the Astoria shale, even when the shale is pulver-
ized for the test. It is probable that nearly all free capillary oil
may be removed with solvents. Displacement by water gave a trace
of oil from only one sample, which consisted of shale that had dis-
integrated into mud. Possibly the weathering and disintegration
of the shale had changed the phase of the oil’'s existence from adsorp-
tive to free capillary. Displacement of the oil by water when suc-
cessful gives the most reliable proof of the presence of free oil in the
rock pores. As the surface rocks of this region are generally saturated
with circulating ground water that reaches the surface in the rainy
season it is not unreasonable to think that the water has washed out

-all the free oil of the rock that can be removed by water displace-
ment. For many oil rocks a good sense of smell furnishes the most
delicate test, but in the presence of hydrogen sulphlde and fetid
odors it is not reliable.

‘The most nearly saturated oil rock found in the Astona region is
on Mr. Hawkins’s ranch on Bear River, Wash., 11 miles northwest of
Astoria. It may be reached by wagon road from Wallicut station

_on the Ilwaco Railroad. The oil-bearing rock is concretionary lime-
stone, occurring mainly as slickensided balls in greatly fractured
and deformed clay shale. The shale is exposed in a timbered ravine
half a mile south of the ranch house in an excavation made by Mr.
Hawkins in prospectmg for minerals. The concretlonary rock is
mostly light gray in color and dense in texture and gives little indi-
cation of the presence of oil, which was suspected only when Mr.
Hawkins discovered that the rock gave off flashes of flame when placed
on hot coals. Some of the rock is cut by many little veinlets of
unjointed lustrous black solid hydrocarbon which soften under gentle
heat and are partly soluble in both ether and benzole, but oil was
also obtained in the same locality from concretions that do not con-
tain these veinlets. The veinlets are rarely more than 1 millimeter
in diameter. The rock smells strongly of petroleum on fresh frac-
ture. When heated in an open vessel gas is given off which takes
fire and burns by flashes and the rock quickly changes in color from
light gray to jet black. Some of the rock was pulverized and placed
in & homemade retort made by Mr. W. E. Dement, of Astoria, and
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was heated over a wood fire. After considerable gas and water
. vapor had distilled over into the condenser bottle colorless oil began
to appear, turning gradually through yellow to reddish yellow. It
is improbable that this crude method secured all the oil in the rock,
and as the heaviest parts of the oil probably remained in the rock no
conclusion is warranted as to whether the base of the oil is mainly
asphalt or paraffine. About 4 ounces of selected oil rock gave 0.8
cubic centimeter of reddish-yellow limpid oil, which probably rep-
resents a large part but-not all of the oil that was in the rock at the
beginning of the experiment. A sample tested by extraction with
chloroform yielded only a few drops of yellow oil. Water displace-
ment was not tried on these specimens.

A trace of oil was obtained from shale mud, collected: from the
excavation for the Elks Hall, at Exchange and Eleventh streets,
Astoria. The disintegrated shale was dried, pulverized, and placed
in boiling water. A few small drops of heavy oil appeared at the
surface, each of which made a film having a central nucleus of soft
black hydrocarbon, probably asphalt, surrounded by a thin iridescent
oil-scum, filaments of which were drawn out when the water was
stirred. With cold water no oil was obtained. An ounce of the
same material was placed with chloroform in a closed bottle and left
standing two days, with occasional shaking. After filtration and
evaporation of the chloroform a drop of yellowish red oil remained
with a little water.

Indications of oil in the Astoria shale is furnished also by concre-
tions found at Tenth and Harrison streets and other localities. These
traces are probably all ““dead’ oil, since they fail to respond to
extraction tests with solvents. The indications consist of hydrocar-
bon stain near little joints. which cut the lighter-colored fock of the
lime concretions. Such distribution can be due only to former migra-
tion of oil along the joints. One small lenticular veinlet of lustrous
~ black hydrocarbon, about 3 millimeters thick, was found in the shale.

A large chunk of a dull black hydrocarbon, probably connected
with oil, in its origin, was found in 1896 on the hillside back of Knapp-
ton, Wash., opposite Astoria, by W. A. Barrells, manager of the
Columbia Mills at Knappton. The specimen, which measures 6 by 12
by 16 inches, is now the property of H. C. Harrison, of Astoria. It
was found loose on the hillside, and although a few other smaller pieces.
have since been found in the same vicinity the hydrocarbon has not
been found in place and its geologic relations are not known. The -
rocks of the vicinity where visible are Astoria shale and intrusive
basalt. The mineral is elastic, tough, dull black in color, with a
slightly brownish, nearly black streak.  Its structure is massive,
without joints or bedding. It is a little too brittle to permit shaving
with a knife, yet is so elastic that a hammer rebounds when struck
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against it. The mineral has been taken for cannel coal, oil shale, and
asphaltum by various people familiar with these substances. Prof.
Bradley, of the Oregon Agricultural College, examined a sample for
" Mr. Harrison and reported that it is probably carbonaceous shale
approdching asphaltum in composition, containing much volatile
matter and yielding a tarry product on distillation. It was thought
by two geologists with extensive knowledge of coal that it might. be
cannel coal, but on subjecting it to a proximate analysis, about 95
per cent of it disappeared as ‘‘volatile,” this being doubtless due to
the ready combustion of the rock, which is easily lighted with a maich
and burns with a yellow smoky flame. On beiag tested in the oil
laboratory of the Geologlcal Survey, it was found not to be soluble
to an apprecmble extent in benzole or ether.

The rock is probably a hydrocarbon, very old and altered by
weathering. Careful prospecting on the hillside with pick and shovel
might discover the fresh 1ock in place and determine its geologic
relations. ~The writer regards it as ‘“dead’” oil sign and as evidence
of the former migration of oil at this place. ‘

Traces of oil were obtained from the shale on the north shore of
Youngs River, where the road from Astoria to Nehalem first strikes
the river.

In weathered vesicular basalt a mile west of the preceding locality,
near the north end of Youngs River wagon bridge, a few steam blebs
were found to be filled with black, shiny, brittle hydrocarbon. The
basalt is too poorly exposed to reveal its relations to the strata, but
‘probably it is a dike. Similar hydrocarbon was observed in pores on
the east margin of the large dike in the southwestern part of Ilwaco,
Wash., near the shore of Columbia River. The pores filled with
hydrocarbon are 1 millimeter to 3 millimeters in diameter.

No oil seeps were found in Clatsop County, although all the
reported localities were examined and samples tested. No oil nor
oil residue was found in sandstone. The sandstone dikes, from their
porosity and great vertical range, were thought to be excellent places
to look for oil, but careful search failed to reveal a single trace of any
hydrocarbon.

INDICATIONS OF GAS.

SOURCES.

Inflammable gas may be detected at many places in Clatsop County,

and: across the river in the neighboring part of the State of Washing-

“ton. The indications may be divided into two classes—(1) gas

occurring in the Tertiary strata or under conditions that indicate that

it comes out of underlying rock, and (2) marsh gas formed in the mud

~ under either salt or fresh water. The first class alone indicates any
probability of finding commercial quantities of gas in the rocks.
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.MARSH GAS.

The second class, or gas formed in the superficial mud and muck of
estuaries, rivers, lakes, and swamps, needs little consideration. Itis
present under practically every bit of water in the region that has a
mud, bottom and, rarely, a sand bottom. Fewer traces have been
found in water that is salt at low tide than in water that is brackish or
fresh at low tide, and the brackish waters of all the coastal streams
show inflammable gas when the mud is stirred, usually in considerable
quantity. On the open sea coast no indication of gas was noted
beneath the salt water, but the bottom along this shore is wholly sand
or rock. The writer did not find a single spot, out of probably a
hundred tested, where the mud beneath brackish tidal waters did not
yield marsh gas. Gas is also common in the mud under fresh water,
but it is not present at all localities, and its quantity is notably less
than under the slightly salty waters, except in one or two places (noted
below) where its escape is sharply localized and probably marks the
position of gas ““seeps’’ from the underlying rock. There is a marked
concentration of marsh-gas localities along the brackish water belt
near the coast line, outside of which, in the higher fresh-water parts
of the same streams, there is less gas in the mud and in many places
none that can be detected by the ordinary crude methods available
in the field. Itis evident that for some reason marsh gas is produced

" more rapidly or in greater quantity in the mud under brackish water
than in fresh water, though the relative quantities produced are not
known. The reason for this .difference must be sought through
chemical or bacteriological studies.

The traces of gas found in the Astoria shale may have formed in the

same way when the shale was mud and have remained in the rock
pores until tapped. If such be the case there is no justification for
considering the gas as an indication of oil, since no oil appears to be
produced by the fermentation or decomposition that sets free marsh
gasin the carbonaceous mud. Careful search at many localities failed
to show any-trace of oil with the gas bubbles, with the possible
exception of the gas locality at Brown’s dairy farm. (See p. 57.)
- If the shale were laid down under conditions approaching those of
mud deposition in the brackish-water estuaries of the Oregon coast
to-day, and if the marsh gas entrapped in the pores were concentrated
in the sandstone, a gas field could readily be formed. Of course, the
reader will recognize enough ‘‘ifs” in this statement to invalidate it
as a prediction of a gas field at any place. The statement, however,
is very moderate, for-the amount of gas produced in the mud in a

. few yearsis to be measured probably by hundreds of times the volume

of the mud.
A rude measurement of this nature was attempted near Ilwaco

Wash., on the north shore of Baker Bay.  The mud, which is 2} feet
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thick at the point tested, is black and slightly sandy from top to

bottom;. the top is loose and soft, but the lower foot is firmly packed

and possibly should not be included in the calculation because it may

not contribute to the ebullition of gas. The mud rests on hard rock,

probably sandstone, as determined only by sounding with a crowbar.

The outcrops on the shore are shale, sandstone, and basalt. A bucket .
was inverted under the water, in a depth of about 3 feet, and left

anchored on the mud for one hour. At the end of that time it was
found to contain 16 cubi¢ inches (measured under atmospheric
pressure at a temperature of about 60° F.) of inflammable gas,
probably mostly marsh gas. This gas was probably derived from
about 4,050 cubic inches of mud, since the bucket covered an area
of 135 square inches and the mud is 24 feet deep. If the lower foot
of mud is not producing gas, as its appearance suggested, the gas was
produced from about 2,430 cubic inches of mud. In the first case
“the mud would produce its volume of gas in about 104 days and in
the second case in about 6 days. These figures are only the roughest
approximation to the truth, since there are many factors which can
not be taken into account, but they indicate the order of magnitude
of the production of marsh gas in the black muds of the coastal
estuaries. A small fraction of the amount of gas specified above
entrapped in the pores during the deposition of a thick mass of shale
could charge a sandstone with all the gas it would hold.

At Brown’s dairy farm, 6 miles southwest of Astoria, is one of the
most, interesting gas localities seen in the region. The gas escapes
from a 2-inch pipe driven in 1905 in the bed of a slightly brackish
slough in sec. 26, T. 8 N., R. 10 W. The pipe was driven to a depth
of 10 feet beneath the bottom of the slough, the first 2 feet through a
loose black clay, which is very soft and of light weight, and the
remaining 8 feet through a ‘‘very fine grained hard-packed sand,
which is good for polishing silverware.” The description of the latter
suggests diatomaceous earth,. such as is seen on the bottoms of
several fresh-water lakes in this region. Gas was not plentiful at
first, but atter a pump had been placed on the pipe and operated for
half an hour a burst of gas appeared, and the gas has continued to
flow ever since, mixed with brackish water. The water rises in the
pipe about to the level of high tide, regardless of the phase of the tide.
The gas is odorless and burns with a nearly colorless flame. On the

"bank of the slough is a rude separator and tank made of barrels con-
nected with gas pipe, by means of which Mr. Brown reports that he
formerly secured enough gas from the water to operate one or two
jets. Much gas bubbles from the bed of the slough, especially when
the mud is agitated. The little iridescent films on the water at this
place, which resemble oil, are mostly iron hydroxides, but a few of
them could be drawn out with a stick after the manner of oil films.
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It is probable that these are minute traces of oil, but the oil may have
formed in some way within the superficial deposits beneath the
slough, and does not necessarily mean that oil is here escaping from
the rocks. A similar pipe driven through sand and gravel in the
same slough one-half mile farther south yielded no gas. Analyses of
gas from this place are given as Nos. 1060, 1061, and 1063 on page 108.

An interesting arrangement -for the ublhzatlon of marsh gas was
made by John Nelson, at his ranch on Deep River, Wash. (sec. 30,
T.10 N, R. 8 W), north of Astoria.” Mr. Nelson made a sha.llow
wooden air—tight collecting box 30 feet long and 13 feet wide and

.inverted it in the water of a shallow slough, where many bubbles of
odorless gas escape. The gas from the box trap passes through gas
pipe and hose to a small storage tank on the bank from which it is
piped to the ranch house near by and used in a Welsbach burner.
The quantity is sufficient to run one burner at least four hours every
night, and the quantity could be doubled by building another trap.
The quality of the gas is indicated by analyses 1062 and 1064 on page
108. Cheap gas plants like this could be operated on many of the
sIoughs near the Oregon and Washington coast.

It is generally impossible to tell whether gas like that at the fore-
going localities, which bubbles up from the beds of sloughs, is marsh
gas formed in the mud or gas which has escaped from the rocks below.
The first explanation must apply to most of the gas localities, but
there is no certain criterion for distinguishing them. The gas at this
locality induced promoters to attempt to drill for oil near by, but
after about 100 feet of soft clay shale had been penetrated the well
was abandoned. No trace of gas was encountered.

GAS IN TERTIARY STRATA.

Of greater practical importance than the foregoing are traces of
gas found in the Tertiary strata and traces of gas which occur under
conditions that indicate its derivation from the underlying Tertiary.
The former traces are from deep wells and the latter from ‘‘mineral”
or salty springs in the mountains. The only gas which has been
struck in quantity within the area of this reconnaissance is in the
deep well near Dallas. (See p. 89.) :

In Clatsop County only small traces of gas have been found in the
Tertiary rocks, but no very deep wells have yet been drilled. The
deepest traces are those reported by H. C. Harrison at depths below
630 feet, in a well he drilled in the tidal flat on the Hess farm, 2 miles
south of Astoria, in sec. 29, T. 8 N., R. 9 W. The well was 650 feet
deep and was cased to a depth of 630 feet when the writer examined
it in 1910. Water filled the casing to within 10 feet of the top, and
no oily nor sulphide odor could be detected. On dropping a match
in the open casing, the mixture of gas and air above the water
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exploded. The experiment failed on repetition, a few minutes later,
indicatling that the escape of gas is slow. Mr. Harrison states that
the gas was more abundant before the well filled with water, but that
it never afforded a flow of commercial significance. Near by is
another well about 400 feet deep, which caved after the casing was
drawn. Mr. Harrison reports that bubbles of inflammable gas and
films of oil appeared frequently in both of these wells, but, as no
tests were made, the supposed oil may have been iron films, and
indeed was probably so, for they are said to have disappeared from
the surface of the water in a barrel in which they were caught (prob-
ably sinking as limonite to the bottom). The wells penetrated shale
and sandstone, of which no good log is available.

Mr. Harrison also drilled a'well 280 feet deep at his machine shop
in Warrenton, in sec. 21, T. 8 N., R. 10 W. Gas was struck at 140
feet, which threw the water 10 or 15 feet out of the casing and which,
according to report, ‘‘sustained a good flame when lighted.” At

~the time of the writer’s reconnaissance this well had caved and was
covered with sand, preventing examination. It is reported that gas
still escapes from a shallower well at the Oregon mill, also in Warren-
ton. The Quaternary materials, mostly river and wind deposits,
‘are thought, from the record of the well at Fort Stevens, 3 miles
northwest of Warrenton (p. 52), to reach greater depths than these
gas horizons.

Several mineral springs in the southern part of the county, accord-
ing to report, give off inflammable gas. Three were examined. The
first, Pope’s mineral spring, near Elsie, in the NW. } sec. 5, T. 4 N.,
R. 8 W., contains only hydrogen sulphlde gas. -

The second ““spring”’ is indicated by bubbles of methane which
issue from the gravel bottom of Nehalem River, at a well-known spot
in the SW. ¥ sec. 7, T.4 N, R. 7 W, below the house of Mr. Lukka-
rila. The gas is probably not marsh gas formed in the thin coating of
coarse gravel, but comes out of the underlying shale, which is exposed
in places where the gravel has been swept away. The quality of this
gas is shown by analysis 1067 on page 108.

An odorless inflammable gas issues from a spring of alkaline salty
water, near the bank of Nehalem River, one-fourth mile below Mr.
Herrick’s house at Grand Rapids. (See analysis 1065 on p. 108.)
‘The spring is located on a gravel terrace, but the water comes from
fissures in the rock and passes through 15 or 20 feet of gravel before
reaching thesurface. Near by, similar water escapes in smaller quan-
tlty directly from fissures in the bedrock exposed on the margin of the
river. - The water is of a type distinctly different from the meteoric
water of the humid belt in which this region lies, and it is improbable
that the salt and ‘‘alkali” could have been derived directly from
any part of the local rocks that lie close to the surface. The water,
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_however, is not noticeably warm. The bedrock through which it

. issues is one of the hard thin-bedded micaceous fluviatile sandstones
near the top of the Eocene basaltic breccias. ~ A large basalt dike
about 100 feet thick outcrops 200 yards west of the spring. The dike
trends north and south and dips 60° E., probably passing uunder the
spring at considerable depth. The rocks are fractured and cut by
small faults. Other springs of similar type are reported in the same
region but were not examined.

TILLAMOOK COUNTY.
GEOLOGY.

NEHALEM .AND WILSON RIVER BABINS.

The rocks of Tillamook -County are largely igneous. Necarney
Mountain, in the northwest corner of the county, is composed of a
coarse-grained-basic igneous rock (dolerite) intrusive in the shale and
sandstone exposed on its north flank in Clatsop County, and on its

“south flank in Tillamook County. At the west end of this dolerite
mass & shale, probably corresponding to the Astoria shale and carry-
ing Oligocene (?) fossils, outcrops in the low bluffs back of the beach

- north of Cape Falcon. Similar shale, indurated by contact meta-

“morphism, outcrops on the slope of the mountain in sec. 4, T. 3 N.,
R. 10 W. About 70 feet of hard sandstone is in contact with the
igneous rock on the south along the wagon road in course of con-

‘struction from Nehalem to Seaside. Its abnormal dip of 10° NE.
is probably due to igneous disturbance, as are also the irregular dips
observed by Diller in the mass of sandstone farther east, which
contain thin coal beds. Traces of coal were observed in the sand-
stone in sec. 18, and it is reported that a prospector has uncovered
about 18 1nches of coal in that locality.: According to Diller? coal
outcrops at intervals from sec. 16, T. 3 N., R. 10 W, northeast to
sec. 36, T. 4 N., R. 10 W., a distance of about 5 miles. The coal
in sec. 18 lies about 2 miles west of this line, but the intervening
territory is occupied mainly by igneous rock. The Astoria (%) shale
outcrops south of the coal-bearing sandstone at a lower stratigraphic

horizon, as indicated by the dips. The coal-bearing formation there-

" fore may be the same as the fresh-water sandstone above the marine

rocks east of Astoria.

Most of the eastern part of Tillamook County is underlam by basic
lavas, agglomerates, and tuffs, which contain a few intercalated beds
of sandstoue, conglomerate and shale, and locally carry Eocene
fossils.

At the entrance to Wilson River canyon, 5 miles east of Tlllamook
the river flows over hard dark-blue basalt, which is amygdaloidal in

17, 8. Geol. Survey Seventeenth Ann. Rept., pt. 1, p. 494, 1896.
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places. The amygdules and fissures contain much calcite and some
zeolites. The basalt is unconformably overlain on the west by 20
feet or more.of a'very coarse conglomerate, thoroughly cemented and
composed mainly of basalt bowlders, some of which are 3 feet in
diameter. On the hillside, 150 feet above the conglomerate, is a good
exposure of nearly horizontal soft massive sandstone with conglomer-
atic layers. The sandstone is over 100 feet thick, unless sliding has
increased its apparent thickness, and it contains poorly preserved
casts of marine fossils, probsbly Miocene.

According to Diller ! there is much conglomerate of eruptive mate-
rial near Felix Roy’s, on Nehalem River, about 5 miles east of Neha-
lem post office. Eocene fossils were obtained at this place in a heavy
bed of tuff ‘‘about 22 miles northeast of Tillamook, on the Wilson
River toll road, a short distance above Smith’s.” Near the mouth
of Fall Creek, in the canyon, Diller noted the occurrence of shale and
sandstone among the larger masses of igneous rocks.

He found ? concretionary sandstone at the old jetty quarry on the”
southwestern shore of the bay, in which Miocene fossils were mingled
with Oligocene forms. The latter are possibly in extraneous concre-
tions which were derived from adjacent older rocks, as suggested by
Diller, or possibly the locality presents another instance of the blend-
ing of supposed Oligocene and lower Miocene faunas which has con-
fused the writer at many places in northwestern Oregon. However,
there can be no doubt of the presence of the Oligocene at Tillamook
Bay, because Oligocene fossils were found at that place by Diller in
1895 and by the writer in later reconnaissances. In the Condon
Museum of the University of Oregon is a specimen of the character-
istic Oligocene fossil Aturia angustata Conrad, which was found by
Condon in & calcareous concretion at Tillamook.

In soft shale, locally calcareous and much crushed, Diller  collected
Miocene fossils at Crawford’s ranch on North Fork of Nehalem River,
about 6 miles above Nehalem post office. What is supposed to be the
Astoria shale is poorly exposed at many places in this region. The
fossils resemble those seen at the top of the Astoria shale, but, except
for those recorded by Diller, only imperfect fragments have been
found.

On the wagon road from Garibaldi, on Tillamook Bay, to Balm,
near Nehalem Bay, the rock exposed is wholly igneous, mostly -
basaltic lava, with some masses of black scoria and bedded tuff.
It is reported, however, that there is a fossiliferous sandstone at an
altitude of about 1,200 feet on the hills near Crane’s ranch in sec. 35,
T.2N.,,R.10 W. A cast of a remarkably large limpet was obtained
from a loose fragment of sandstone which had rolled down the hill
at Crane’s ranch.

t Op. cit., p. 457. 21dem, p. 468. 8 Idem, p. 473.
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Along the railroad, on the east side of the bay between Bay City
and Garibaldi, there are several exposures of shale and sandstone,
dipping in general from 10° to 15° W., but the strike swings to east
and west in the northern part of the section and the dip becomes
variable. Four miles from Tillamook the railroad cuts through 10
feet of light-brown sandstone, and a mile farther north, near the Bay
City wharf, a long excavation exposes about 120 feet of gray sand-
stone, striking N. 10° W. and dipping 16° W. North of this there may
be a syncline, for in the next exposure, one-half mile from the Bay City
wharf, the dip is 20° to 40° S. The top stratum here is 50 feet of
sandstone, like the preceding, but cut by many slickensided fractures.
Below the gray sandstone is 15 feet of dark clay shale with thin hard -
calcareous layers, overlying 40 feet of brown massive sandstone, below
which is nearly 100 feet of dark clay shale with many 6-inch partings
of calcareous sandstone. The lower shale is cut by sandstone dikes.

In the next exposure, one-fourth mile to the north, 20 feet of dark
clay shale, dipping 10° N, is exposed. Between the two exposures
no rocks are visible, and the relations on the two sides can be explained
only on the assumption thatan anticlineorfaultis present. Thirty feet
of hard micaceous sandstone outcrops ‘one-fourth mile from the pre-
ceding exposure, in beds 6 inches to 3 feet thick, which strike N. 35° W.
and dip 30° NE. Two hundred yards north of this, at a small water-
fall, the strike is N. 50° W. and the dip 87° NE., probably from the
influence of a fault. Three hundred yards beyond this and 14 miles
from the Bay City wharf clay shale dips 10° N. At Hobsonville the
railroad tunnels through the point of a basalt hill 2 miles from Bay
City. At the north end of the tunnel a black baked shale dips 25° SW.,
and 200 yards farther north a hard yellow clay shale dips 15° N.
Both banks of Miamie River, at the railroad bridge, 3 miles from Bay
City, are composed of coarse-grained basic igneous rocks (dolerite ?).
The next exposure is 1§ miles west, at the Garibaldi wharf on the north
shore of Tillamook Bay, where 25 feet of hard, white-weathering shale,
apparently baked by igneous rock, strikes N. 25° W, and dips 25° SW.

At the north point of the bay, one-half mile west of Garibaldi, an
outcrop of thick-bedded conglomeratic sandstone with a few thin clay
partings contains pebbles of quartz, brown sandstone, white baked
shale, and pyritiferous basalt (%), about one-fourth inch in diameter.
The strike is N. 35° W. and the dip 40° SW. Rock of probably the
same sandstone lies offshore in the ocean, and it outcrops near the life-
saving station one-half mile north of the point. The sandstone at the
latter place is fine grained, indurated, hard, and very micaceous; it
strikes N. 35° W. and dips 38° SW. It is estimated that there is
about 500 feet of sandstone near the point and the life-saving station,
but the estimate may be erroneous, because of the presence between
outcrops of large masses of basalt about 40 feet high.
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The strata lying below the conglomeratic sandstone are thought to
be Oligocene. The conglomeratic sandstone is thought to be the base
. of the mass of Miocene sandstone and shale that outcrops on the south
side of Tillamook Bay and at intervals for several miles southward.
It is possible that the sandstone near the Bay City wharf is the same
as the conglomeratic sandstone at the point, but the strike seems to
carry the latter across the ba,y to the old jetty quarry, northwest of
Tillamook, where the massive sandstone contains many Astoria
(Miocene) fossils. Diller,! who made the first collection at the quarry,
found three species supposed to be characteristic of the Oligocene and
offered the explanation that at the time of deposition Oligocene fossils
had been washed into the Miocene sand as extraneous pebbles.

Although the sections given above are too badly broken by wide
gaps to permit definite correlation, itis evident that the stratigraphic
column at Tillamook Bay must be very different from that at Astoria,
only 50 miles away. The Eocene volcanic sediments and associated
sandstones east of the bay may be correlated with those near Megler,
on the north bank of Columbia River, opposite Astoria. But the
shale exposed about Tillamook Bay does not approach the thickness
of the Astoria shale (about 1,500 feet). The shale and part of the
sandstone on the northeastern part of the bay are thought to represent
the lower part of the Astoria shale. They contain only Aturia,
Pseudamusium, and Foraminifera, and they can not be more than a
few hundred feet thick, barring faults. The conglomeratic sandstone
at the point west of Garibaldi, which is probably unconformable on
the underlying sandstone and shale and is probably equivalent to the
sandstone near the old jetty quarry on the southwest side of the bay,
may be regarded tentatively as equivalent to the sandstone, which
conformably (?) overlies the Astoria shale at Huntington Point,
opposite Astoria, and which carries a fauna essentially the same as
that at the jetty quarry, barring the Oligocene forms collected by
Diller. If this assumption be correct, the upper part of the Astoria
shale must be represented mainly by sandstone and sandy shale at
Tillamook Bay, or else be absent. The correlation of the Miocene (%)
sandstone which unconformably overlies the Eocene basalt and
agglomerate at the entrance to Wilson River canyon, 5 miles east of
Tillamook, must await the discovery of more fossils. These remarks
are offered only as suggestions, in the attempt to clarify the strati-
graphic problem, which can not be regarded as solved.

TILLAMOOK RIVER BASIN. .

Between Tillamook and Netarts Bay the cuts along the wagon road
expose only weathered yellow clay shale crossed by a few sandstone
dikes, except in a cut 24 miles west of Tillamook post office, where

1 Op. cit.; p. 468.
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3 fest of sandstone is overlain by clay shale, dipping 4° W-. - At 3
miles from the post office the shale. dips 7° W.; and at 34 miles it
strikes N. 10° W. and dips 15° SW.; west of the last point there are
no exposures. This possibly 1ndlcates a thickness of several hundred
feet of shale; the stratigraphic relations of which are unknown. The
strike of the rocks would carry the heavy sandstone at the -old jetty
quarry and near Mears Point through this section, but it was not
seen.

For 3 miles south of Tillamook the hills are low and ro]]mg with
broad gravel-covered -terraces along the streams. Shale is poorly
exposed in places on the stream banks. . Clay shale in the NW. }
sec. 10, T. 2 S., R. 9 W., about half a mile below the prospect well
of the Portland Coal & Development Co., strikes N. 25° E. and dips
17° NW. The timbered hills east of this locality were not examined.
The gravels washed from them by the streams are not igneous,
as is usually the case but are of soft brown argillaceous sandstone.
At the mouth of Killum Creek may be seen about 20 feet of clay
shale composed of dark-colored clay layers 3 to 6 inches thick, alter-
nating with lighter-colored micaceous layers 6 to 12 inches thick.
The stnke is N. 20° E. and the dip 11° NW.

Southward up the Tillamook River road from South Prame, the
first good exposure is at the bridge across Killum Creek in sec. 16,
T.-2 S., R. 9 W., where 80 feet of shale strikes N. 25° E. and dips
10° NW Half a mile farther south, in the bed of a small creek,
similar shale with concretions dips about 10° W. The next 2 miles
- are without exposures, but on the adjacent bluff of Tillamook River,

in sec. 18, T. 2 S., R. 9 W., about 25 feet of gray thick-bedded sand- -
stone may be seen dipping 8° W. ' At intervals for the next 2}
miles imperfect outcrops of weathered shale or clay occur, in which
the structure is not determinable with certainty, although there is a
suggestion of bedding planes dipping westward at low angles. Near
the sawmill, 11 miles south of Tillamook, mlcaceous clay shale
strikes N. 60° E. and dips 5° NW.

NESTUGGA RIVER BASIN.

In the next half mile southward across the divide to the Nestugga
drainage several outcrops of the same kind of shale strike N. 5°-25° E.
and dip 10°-15° NW. -The shale reappears at Hemlock post office,
12} miles from Tillamook, with indeterminate dip. On Beaver
Creek, 1 mile below Hemlock, in sec. 18, T. 3 S., R. 9 W., about
100 feet of hard sandstone strikes N. 45° E. and dips 15° NW. Two
hundred yards downstream the rock is basalt, which is quarried
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