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COLUMBIA RIVER BASALT IN RELATION 
TO STRATIGRAPRY OF NORTHNEST OREGON 

INTRODUCTION 

uiocene basalts are exposed over sorne 200,000 square 

miles in the Columbia Plateau of northeastern Oregon, 

eastern Washington, and central Idaho (see Plate I.), 

extending westward to the Cascade Range where they disappear 

beneath the later volcanics. The Miocene basalt can be 

traced westward beneath the Cascades in the Columbia River 

Gorge as far west as Corhett, Oregon, where it dips westward 

below younger formations. In the V'illamette Valley basalts 

resembling the Columbia Biver basalt are observed to emerge 

from beneath younger lavas. 

It was intended that this thesis deal with the 

correlation of Miocene basalts in the northern Willamette 

Valley; however, after reviewin-, the available literature 

of the superjacent and subjacent formations in this area, 

the writer found it essential to correlate additional strata. 

The problem has evolved into a study of the relationship of 

the Columbia River basalt in relation to the stratigraphy of 

northwest Oregon. 

In order to evaluate the problem properly, it was 

necessary to compile a :eolo-ical map of northern Willamotte 

Valley area (Plate X), as no such compilation was known to 

exist. The location in Oregon of the area studied is shown 

on Plate II together with quadrangle names. The map was 
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compiled from all available published and unpublished 

sources as credited in the Index to Geologic Mapping on 

Plate X. In addition the writer spent more than a month in 

the field tracin formations across previously unmapped 

areas. Since in previously mapped areas various names were 

used for equivalent formations, it was necessary to review 

the stratiraphic nomenclature of the northern Willamette 

Valley formations as defined and used by various authors. 

In order to show the structural and stratigraphic 

relationship of the Columbia hiver basalts to other rock 

units in the Valley a correlation table (Plate IX) was 

prepared showing the usare of various authors and the usaue 

adopted in this paper. A review of the formations directly 

or indirectly involved in this problem is presented on 

fol1owin: pass. 

Identification of the various lavas occurring in the 

Tertiary stratiraphy of northwest Oregon was attempted by 

petroraph1c means. The author cut 25 thin sections, mostly 

from rock identified in the field, in order to examine the 

Eocene (Tillamook), iocene (Columbia River), and Pliocene 

(Boring or Cascade) lavas for individual characteristics 

useful in deterniinin the aje of unknown specimens by thin 

section. No apparent criteria for thin section recognition 

of these various lavas were observed because the lava in one 

formation varies in mineralogy and texture from flow to 

flow, and vertical and horizontal gradations occur within 
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a single flow. iiineral alteration appeared to be the most 

reliable criterion; however, it was best observed in the 

field. 

The Willamette River extends north and south through 

the approximate center of the area. The area can be divided 

into three topographic units, the Willamette Valley and 

river terraces, the Cascade foothills to the east, and the 

older rocks of the Coast Rance uplift to the west. The 

structure arid physiography west of the Cascades are the 

dominant factors which obscure direct evidence for correla- 

ting the iiocene basalts in the Villamette Valley with the 

lavas of the Columbia Plateau. 

South Salem is typified by 

the river floodplain, a broad valley floor, lateral gravel 

terraces, and scattered buttes. Approximately twelve miles 

south of Salem the north-dipping Mioceno basalt at the 

interpreted axis of the Willamette syncline (Plate VII) 

projects above the valley floor to form the southern 

escarpment of the Salem Hills. Farther south along the 

axis of the syncline the basalt remains only at higher 

elevations as eappings on certain buttes. 

The rocks become progressively older towards the axis 

of the Coast Íange uplift to the west. The Columbia River 

lava of the eastern limb of the Villamette syncline is 

buried beneath the later Tertiary volcanics of the Cascade 

mountains, but the lava in the west limb has been undercut 



by erosior of the less reistnt O1iocene sediments and 

crops out as a westward facing escarpment. Farther to the 

west Locene lavas which form the core of the Coast Range dip 

beneath the Oligocene and upper ocene strata. Occasionally 

these older lavas greatly resemble the iiocene lavas and 

they aro identified, when possible, by their geographic and 

stratigraphie position. 
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PREVIOUS GEOLOGIC WORK IN NORTHWEST OREGON 

Geologists spent the first sixty years in northwest 

Oregon concentrating on the geology along the Columbia 

hiver. As later work was done sorno distance away from the 

Gorge, direct correlations were not made and local forma- 

tional names were used. The following brief chronological 

history of eologic studies in northwest Oregon is here 

presented to show why certain correlations were not ado 

earlier. 

lodge (20) reports that Thomas Condon in 1871 

collected leaves from the Warrendale formation (at that time 

unnamed), which crops out beneath the Columbia River basalt 

ir the Gorge. This formation was described by LeConte (21) 

in 1873, and leaves which he collected were identified as 

Iiocene by Lesquereux (22). 

In 1B96 Diller (15) discussed the Cascade Rango and 

pointed out that minor volcanic activity occurred before 

extrusion of the Columbia River basalts. He named the. 

pyroclastic material which occurs beneath the Columbia River 

basalt, the Eagle Creek formation. This name was pre- 

occupied, however, so Packard and Smith (29) later proposed 

the name Varrenda1e formation in its stead. 

The Satsop gravels overlying the Columbia River basalts 

were described by Bretz (7) and were traced across the 

Cascade anticilne by Williams (44). Later, 3retz (8) 



examined the Satsop ravels in the Gore and correlated them 

with the type Satsop section near Kelso, Washinton. 

Barnes and Butler (5) mapped the formations along the 

Columbia River Gorge and southward along the border of the 

Estacada and the Mt. Hood quadrangles. They discussed the 

regional structure and stratigraphy of the Cascade Range. 

In l92 Sheets (2) and Allen (1) discussed the geo1ory 

of the Columbia River and Mt. Hood vicinity. Bogue (6) made 

a detailed study of the petrography of the Mt. Hood and 

Columbia River 'j These writers criticized and 

amplified the work of Barnes and Butler, 

Felts (17) mapped the Lebanon quadrangle in 19$6, 

wherein he applied the names Scio beds and Berlin volcanics 

respectively to the tuffs and breccias occurring below the 

iiiocene basalts. 

A detailed discussion of the geology of the Columbia 

River (jorge and the Cascade Range was presented by Hodge 

(20) in 1938. lodge gave the name Troutdale to certain 

gravels previously included by Bretz in the Satsop, thus 

restricting the term. He also described and named the 

Rhododendron formation. 

Thayer in 1939 (34) published a geologic report on the 

Salem hills and Santiam Basin in which were discussed some 

new aspects of the structure of the Cascades. He named and 

described the Illahe formation, a fossiliferous marine 

tuffaceous sandstone occurring below the Columbia River 
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basalt. lie cailect the terrestrial equivalent 01 the Illakie 

Lormation the Mehama volcanics. He studied rormations near 

the crest of the Cascades and sug:ested that the Olallie 

lavas are a possible equivalent of the Rhododendron forma- 

tion. lie aplied the name Fern Ridge tuff to the thick 

post-iocene tuff beds. 

The Salem quadran10 was mapped in 1939 by Mundorff 

(26). He named (unpublished) the Helmick beds which contain 

a marine fauna older than that of the Illahe. They wore 

thought to be Eoceno on the basis of macrofossils. 

O'Neill (28) mapped the Stayton quadrangle in 1939. 

He reported that the terrestrial Mehama volcanics lay to the 

east of the Stayton quadrangle. A geologic investigation of 

Portland and vicinity by Treasher (35 and 36) was published 

in 1942. The mapped area included the Oregon portions of 

Portland, Camas, Oregon Cit7, and Boring quadrangles. he 

gave the names Boring "agglomerate" and Boring lavas 

respectively to the breccia and overlying expanded basalt 

of Plo-Pleistocene age. The latter is typically exposed in 

the Boring quadrangle. These were presumed to be related to 

the Rhododendron and "Cascan" formations of lodge but were 

extruded from local sources. 

In 1944 Nichols (27) investirted the Molalla area for 

high-alumina clay. He believed the clastic Molalla forma- 

tion to be lower Mioceno and stratigraphically beneath the 



Stayton lavas. 11e also suests the possibility of Intra- 

Molalla basalt flows. 

Wilkinson et al (43) mapped and described the eoioy 

in the St. Helens quadran:lo. Whey applied the name Gobie 

volcanics to upper ocene basalt and related sediments. 

Libby et al (23) in 1945 discussed the laterization of 

the Columbia River basait in northwest Oregon. They stated 

the possibility of dating the folding by use of the present 

position of latente. 
Warren t al (39) mapped the northwest corner of 

Oregon. They named the volcanic core of the Coast Range 

the Tillamook volcanics which are in excess of 5,000 feet 

thick. They also describe secWnentary rocks and contained 

faunas ranging in age from Eocene to Pleistocene. 

The geology of the Molalla quadranle was cor:pleted by 

Harper (18) in 1946. lie named (unpublished) the Molalla 

formation which he tentative1ï assigned to the Pliocene. 

Oliocone narine strata were called Butte Creek beds and 

older lavas were named Pre-Butte Creek lavas. 

Brown (9) mapped the McMinnville quadrangle in 1950 

and stated that the basalts in the Eola Hills are Columbia 

river lavas. 

At Bradley Park on U. S. Highway 30, Lowry and Baldwin 

(24) observed that the Columbia River basalts actually are 

interbedded with the marine Astoria formation of Mioceno 

age. 
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The Albany qudran10 ws t3apped by Allizori (3) and was 

published during corripletion o!' tt'is thesis. 



STRATIGRAPRY 

Introduction 

The Cenozoic rocks of northw 

direct volcanic orißin (see Plate 

and terrestrial sediments derived 

source rocks. 

The lowermost, the Tillamook 

between six and ten thousand feet 

12 

Dst Orepon are partly of 

III), and partly marine 

mostly from volcanic 

volcanics, comprise 

of basalt flows and local 

volcanic breccias. The next youncer formation, the marine 

Rocky Point formation of Cowlitz age, a thousand feet thick, 

consists of clastics and is the only formation in the area 

which does not contain generous amounts of volcanic ash. 

Oligoceno marine sediments contain large amounts of 

tuff and occasional local occurrences of interbedded basalt 

flows. 

The Mohama volcanics of Oligoceno and possibly lower 

Mioceno age ropresent typical northwest Oregon terrestrial 
beds of volcanic ash and breccia with interbedded basalt 

flows. This volcanism, which was active throughout the 

Oligoceno period, supplied the dominant volcanic element to 

the estimated 5,000 feet of marine sediments. The base of 

the Mehama is not exposed; therefore tne maximum thickness 

is not known. Gentle foldinL followed by erosion preceded 

the next younor formation. 



CHART OF TERTIARY LITHOLOGY 
IN NORTHWEST OREGON 

PLEISTOCENE 
LAVA 3000 ft. 

PLIO-PLEISTOCENE VOLCANICS 1000 ft. 

MIOCENE BASALT 2500 ft. 

TERRESTRIAL TUFF AND BRECCIA 1500 ft. 

OLIGOCENE TUFFACEOUS 
MARINE SEDIMENTS 

EOCENE MARINE SEDIMENTS 

EOCENE LAVA 
AND SEDIMENTS 

PLATE III 

5000 ft. 

7500 ft. 

7000 ft. 

13 
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One of tbe reatost known outpourin.s of basaltic lava 

occurred during m.dd1e and late Miocene time, and is known 

as the Columbia River basalt. These basalt flows number up 

to 26 or more as seen in the Gorge and rang-e from 300 feet 

thick at the most westerly occurrence to over 3,000 feet in 

agrepate thickness in the Gorge. Slight folding and 

weathering preceded the deposition to follow. 

Durin mid-Pliocene time thick sequences of gravels and 

volcanic sediments were deposited from the crest of t'no 

Cascade anticline westward into the Willaniotte and Washougal 

valleys. These travels, called Troutdale gravels, contain 

considerable amounts of quartzite pebbles. The upper 

Troutdale gravels interfinger with t'ne next younger forma- 

tion and are therefore in part equivalent. 

Pliocene volcanoes are responsible for the lavas and 

agglomerate and volcanic breccia which give youthful relief 

to the Cascade Range. These lavas thin rapidly westward and 

occur farthest west where they erupted from local vents near 

Portland. The pyroclastics are referred to as the Boring 

"agglomerate" and the Rhododendron formations. The lavas 

are called Boring lavas and Cascade andesites. Southwest of 

the Mt. hood area thick beds of pure tuff containing glass 

shards up to one inch 1on; are common. These beds are at 

least 1500 feet thick in places. 

It is estimated that in northwest Oregon about 14,000 

feet of Tertiary strata are directly volcanic while only 
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about 12,500 feet are rnarne atrata which, however, aro 

doniinated b volcanic material. Only minor amounts of marine 

strata do not contain appreciable amounts of volcanic 

material (seo Plate III). Their relative volumes have not 

boon estimated. 

Eocone Lavas 

Metchosin Volcanics 

The i1etciiosin volcanics, nìamed in 1912 by Ciapp (12), 

have been referred to in this and previous discussions of 

Eocene lavas of northwest Oregon; therefore, brief mention 

of these lavas is civen here. These volcanics occur in a 

belt five to seven miles wide wnich runs parallel to the 

southwest coast of Vancouver Island, British Columbia, 

Canada. Ciapp states that the rocks are dominantly basic 
basalts with a minor amount of auite andesine. Many 

diabase intrusions are seen to cut the oidor rocks. 
The description of the rock by Ciapp Is identical to 

that of the rock described herein as Tillamook volcanics snd 

will not be discussed here. 

The thickness of these lavas ori Vancouver Island is 
estimated to be b,000 feet, or about one-half as thick as 

Eoceno lavas in the Coast kane of Oregon. 

Ciapp, in datin, these lavas, could only definitely 
place the upper a:e limit as pre-Tertiary on the basis that 
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the overlying sediments were Tocene and therefore the lavas 

ar3 pre-Eocene. Since they were metamorphosed prior to the 

deposition of later sediments, Ciapp thought that they were 

either late-Triassic or lower Jursssic. 

Wes.ver (40, p.27) correlates thick sequences of 

volcanics in the Coast Rançes of Oregon and Washinton with 

the Metchosin of Ciapp. The Crescent formation, which has 

been dated mid-ocene on the basis of a meafauna 

(40, p.41), overlies the Metchosin alone: the Strait of Juan 

de Buca. The Metchosin in Washinrton is therefore older 

than mid-Eocene. 

The name Metchosin for rocks described on Vancouver 

Island is not used in northwest 0reon because the type 

Metchosin area is so distant and because better exposures 

capable of ciore accurate dating have been described from the 

Tillarcook area by Warren et a]. (39) in 1945. 

Tillamook Volcanic Series 

The Tillamook volcanic series was named by Warren, 

Norbisrath, and Grivetti (39) in 1942, when they made a 

geo1ojic reconnaissance for oil and cas in northwest Oregon. 

The Tillamook volcanics are typically exposed in 

eastern Tillamook County where six to ten thousand feet of 

massive basaltic lavas interbedded with breccia and minor 

amounts ol sediment occur along the Trask hiver. The lower- 

most portion of the type section, near the forks of the 
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Trask River, is sedimentary in nature and contains a frac- 

mentary marine Eocene Launa. If this stratum represents 

only an interbed in the Tillamook volcanica, the thickness 

figure represents only the rinimum (9). 

Ciapp (12, p.94) sug,,ests that the Metchosin basalte 

on Vancouver Island, which are tentatively correlated by 

i3aldwin (4, p.i;) with the Tillainook volcanics, were extruded 

into deep water because of the complete lack of accompanyin. 

sediments. The lack of sediìents could easily have resulted 

from a low surrounding topography and thus little inflow of 

sediments. He also attributes the hydrothermal alteration 

of Lemic minerals to the reaction of the water with the hot 

lava (12, p.90). The joint pattern is massive and the crude 

columnar jointing ordinarily characteristic of thin flows 

is absent. There is little indication of individual flows 

tbrouhout a great thickness. The submarine nature of these 

rocks is recognized by most geoloists. 

The rock crumbles on exposure to air because of 

numerous closely spaced fractures, and weathers to a brownish 

bufi' color. Yellow clay results from weathering of 

palagonite (4, p.6). 

The breccIa fra;ments vary in size from fine grained 

basaltic particles in a tuffaceous matrix to huge coarse 

,rained blocks typical to those occurring close to a 

volcanic neck. The occasional occurrence of volcanic cones 

in the Metcnosin volcanice sugests that the lavas sometimes 



reached above the surface of the water, at least in the 

rocks called Metchosin on Vancouver Island (12, pp.91,94). 

If this ;ere so for the Tiliamook volcanics in Oregon, an 

occasional flow with terrestrial characteristics may have 

resulted. 

In the hand specimen the basalts are greenish gray 

except along the fractures where the rock has a purplish 

tint. Many of the fractures show small slickensides. The 

porphyritic varieties usually contain phenocrysts of 

plagioclase; however, near Jordan Creek along the Wolf Creek 

Hihway the rock is an auite porphyry containing numerous 

large phenocrysta of clino-pyroxene. Some rocks contain 

considerable aaiounts of disseminated pyrite crystals. The 

groundmass is quite often ¿lassy but an ophitic groundinass 

is not uncommon. Specimens have been described having' as 

much as fifteen percent magnetite (4, p.?). Along the banks 

of the Marys Fiver near Wren, Oreon, selective deposition 

by river currents has concentrated magnetite sand in layers 

several inches de3p, previously weathered out of the Eocene 
Siletz Hiver basalte in that vicinity. According to 

Baldwin (4, p.13) the Siletz River volcanics may be in part 

equivalent to the Tillamook volcanics. 

The arnygdaloidal basalis contain fi11ins of zeolite, 

epidote and quartz, the first being the most common. In 

highly fractured zones the zeolitic rocks have a mottled 
appearance. 
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The reenish color o1 the rock has resu1ed from 

alteration of the ferro-manesian minerals presumably 

during or shortly after the extrusion (12, p.90). This 

metamorphism occurred under low temperature conditions 

since the feldspars were unaltered. Sausseritization has 

occurred only locally as a result of contact phenomena 

(12, p.90). 

The Tillamook volcanic sones is unconformably overlain 

by the marine Rocky Point formation which contains an upper 
Eoceno (Cowlitz ace) fauna (38, p.221). If the fragmentary 

fossi1, either at the base or In interbeds within the 

Tillaniook volcanics, are actually niid-Eocene, then the upper 
part of the series is upper middle Eocene (39). Since the 

basal contact has not been definitely identified, the forma- 

tion can he dated only as older than lato Eoceno. 

Hocks mapped as Tillamook volcanics occur only along 

the western edge of the map area of this report (Plate X) in 
the Mcinnvi1le, Yambill and Gales Creek quadrangles. 

Siletz River Volcanics 

The Siletz River volcanics were named by Baldwin 

(4, p.6) in 1947 for the hasalts and breccias interbedded 

with minor amounts of tuffaceous sedIments along the Siletz 

River in the Coast Range of' Oregon. Although the rocks do 

not occur within the mapped area (Plate X), they are 
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mentioned here because of their relationship to the 

Tillamook volcanics to the north and the Coffin Butte vol- 

canics to the east. 

Three to five thousand feet of volcanics are exposed in 

the valley of the south fork of the Siletz hiver. No basal 

contact was observed but sedimentary interbeds are present 

in many sections (4, p.6). 

The Silotz volcanic series has bean thou.ht by Baldwin 

(4, p.9) to be largely submarine in origin. He states that 

steam explosions underwater could cause brocciation and 

mudflows, and the interbeds could be totally volcanic as no 

terrlgenous material is detected. 

Overlying the Siletz River volcanics are marino sedi- 

ments equivalent to the Tyoc formation of the central portLon 

of the Oregon Coast Hane (4, p.10). The Tyee formation is 

correlated with the Donienine (mid-Eocene) of California on 

the basis of megafossils. Therefore the upper limit of the 

Siletz River volcanics is pre-middlo Eoceno and compares in 

age with the Metchosin in Washington. 

Gobie Volcanic Series 

Thick basaltic flows alternating with pyroclastic and 

sedimentary beds occurring typically near Gobie, Oregon, were 

named the Gobie volcanic series by Wilkinson et al (43, p.4) 

in 1942. They stato that at least 5,000 feet of bsalts and 

interbedded breccias aro exposed between Kelso and Woodland, 
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Washinton. Accordin to the writer's observation these 

rocks are similar in outcrop and hand specimen to the 

Tillaniook volcanic s. 

According; to Wilkinson et al (43, p.9), interbeddod 

marine strata are said to contain an upper Eocene Cowlitz 

fauna. The overlyin}, formation contains an Oliocene fauna 

equivalent to that front the Gries Ranch locality, thereby 

dating' the volcanic series as upper Eoceno are. possibly 

extending into lower Oligoceno. The alleged presence of an 

upper Eoceno fauna in interbeds within the lavas :isfavors 

correlation of the upper part of the Gobie formation with 

other mid-ocene volcanics of the Coast Range of Oregon; 

however, it seems reasonable to suspoct that lower portions 

of the Gobie may be their equivalents. 

Coffin Butte Volcanics 

The Coffin Butte volcanics were named in 1953 by 

Allison (3, p.3) for iiocene basalt occurrences in the 

western part of the Albany quadranle. The basalt is 

typically exposed at Coffin Butte quarries near Camp Adair 

where several hundred feet of basalt containing zeolitos and 

pillow structure are exposed. Several sedimentary intorbeds 
are visible in the quarries. The age of the Coffin Butte 

volcanics is presumed to be middle Eoceno because struc-. 

turally they appear to dip below sediments containing upper 
Eoceno fossils (3, p.4). 
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The lithologic similarity, and the Eoceno age, 

together with its geograpLic position in the eastern foot- 

hills of the Coast Range, suggests that these rocks are 

equivalent to part of the Siletz River volcanics. The 

basalt exposures at Coffin Butte have been previously 

referred to as Siletz River volcanics by Baldwirì (4, p.6), 

but no direct tracing of these rocks from Coffin Butte to 

exposures of Silotz volcanics can be made. 

Pre-Butte Creek Lavas 

The name "Pro-Butte Creek lavas" was proposed in an 

unpublished thesis by harper (18, p.4) in 1946, to include 

all of the lavas occurring in the Molalla quadrangle wbich 

were presumed to be earlier than the marine Butte Creek 

formation. 

According to harper (18, p.6) these rocks are exposed 

southeast of Molalla along the Molalla River and can be 

traced southward to "within a few miles" of lavas called the 

Sardine series by Thayer (34, p.6). 

Northwest of Wilhoit these lavas occupy a strip four 

miles wide which can be traced westward to the Silverton- 

mulino Highway where the lavas appear to dip below the 

valley alluvium. 

In Butte Creek Canyon, four miles east of Scotts Mills, 

lavas are exposed below the marino Butte Creek beds. These 

lavas are thin individual flows interbedded with sandstones 



and conglomerates and might be interpreted as interbeds 

within the Butte Creek beds. 

Harper (18, p.5) states that approximately 1,500 feet 

of Pre-!utte Creek lavas are exposed in the Molalla quad- 

ranlo, but thicker sequences occur to the southeast. 

Thayer (34, p.8) Indicates a thickness of 6,000 feet for the 

$ardine serios which is probably partly equivalent to the 

Pre-Butte Creek lavas. 

The Pro-Butte Creek lavas as mapped by Harper (18), 

but undifferentiated by him, are composed of two main types. 

The lower lavas are massive and Irregular basalt flows 

interbedded with tuff and breccic., arid found in the area 

northwest of Wilhoit and westward as far as the Silverton- 

MUliflO Highway. The upper lavas are porphyritic basalts 
exposed in cliffs and ridges above the Molalla River and 

near the southeast corner of the quadrangle. 

Lower Basalte 

The massive irrou1ar basalts are deeply weathered 

along their joint planes and pillow structure was noted by 

Harper (18, p.4). Thin soil strata between the flows have 

been baked red or yellow so as to stain the surface of the 

rock exposure and give it a mottled appearance. 

In certain areas the basalts are acygda1oidal and 

contain vesicle fillings of calcite, zeolitas, and epidote 



(18, p.4). Veins and amygdules of quartz were found in a 

rock quarry one r!iile south of Qiad Tidings. 
best of Scotte Mills the basalts are interbedded with 

conglomerates and sandstones which probably represent inter- 
beds in the lower part of the Butte Creek formation. The 

basalts may represent the upper portion of the older lavas. 
The age of the fossil assemblage occurring, in the marine 
strata lyin: directly on the lava is Eocene according, to 
II. E. Vokes as quoted by Harper (18, p.5). 

Upper l3asalts 

The upper lava was not found anywhere to lie directly 
the lower mas3ive basalts. Harper (18, p.4) has 

indicated that this lava is older than the Molalla forma- 
tion ana that it occurs as resistant ridges with the 
Molaila foriiation supposedly butting against it. This may 

be true of part of the lava as the relationship of the upper 
and lower lavas is not completely known, but the writer is 
convinced that much of the upper lava overlies the Molalla 
formation and is younger than 'Iiocene for the following 
reisons: 

1. Whore it outcrops above the Molalla River it 
has a moderate dip and is conformable with the 
Molalla formation. 



2. The basalt is weathered only slightly in contrast 

to extensIve weatherin and alteration of the older 

lavas. 

3. Areas of slump containing large blocks of 

porphyritic basalt indicate that it is under- 

lain by weaker material, which may well be the 

Lolalla formation. 

4. A coal mine near Wilhoit follows a coal seam 

to a point beneath the lavas, proving that 

basalts overlie the sediments in this area. 

Carbonaceous seams in the Molalla formation 

four mi1e to the northeast further sugest 

that the strata may he continuous beneath the 

lava. 

5. The porphyritic basalt is comparable in all 

respects to the Eorin, lavas to the north and 

east, and to the uppermost Sardine Series of 

Thayer to the south. 

6. Those lavas have been traced to within several 

miles of the upper part of the Sardine Series 

(;54, p.6) with which they agree lithologi-. 

cally. 

7. The lavas are found on both sides of the 

iLolalla River and the bedding of the i4olalla 

formation is such that it could not have been 
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plastered alon: the sides of the canyon against 

rid:es of older rocks. 

8. The i'.Iolalla formation is found to lie strati- 
graphically above a series of basalts siilar 

to the older massive basalts; therefore, it 

occupies the terrestrial stratigraphic position 

equivalent to the marine Butte Creek beds and 

separates the lower basalts from the later por- 

phyritic lavas. 

The last statement indicates a bracketing of the 

Oligoceno shoreline which must lie between the Butte Creek 

outcrop and the Molalla River (see x-sect. C-C', Plate VIII). 

New Era Exposure of Eoceno Basalts 

In the Willamette River north of New Era, as sliown on 

Plate X,and cross section D-D', Plate VIII, a thick 

sequence of basalt flows was observed, which is probably 

related to the Tillamook volcanic series. This basalt is 

best observed in a railroad cut at Coalco, one mile north 

of New Era, whore it dips about 35 degrees N. 70 degrees E. 

The Columbia River basalt in that vicinity dips a maximum of 

nine degrees. 

Numerous steeply dipping flows striking parallel to the 

river stand out as islands while the erosion of the weaker 

tuff and breccia intorbeds resulted in deep channels. 
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The older basalt is found to occupy the entire width of 

the Willainette Ejiver and is observed several hundred feet 
above the river on either side. By usin, the minimum ang;le 

of dip the basalts were calculated to be at least 1,500 feet 
thick. 

Megascopically the rocks are rnottled black and white. 
The licht spots are made by numerous zeolites which occur as 

amygdule8 ranin in size up to three inches. The main 

zeolite is poctolite, but stilbite is abundant along joints, 
as also is calcite. fio rock in places is exceptionally 
porphyritic and contains phenocrysts of plaioc1ase as much 

as a half inch 1on. ho groundnauss is largely glassy. The 

rock crumbles easily and is weathered to varying degrees. 
Some of the loss porphyritic and amygdaloidal rock occurring 
in the channel proper appeared to be less decomposed. 

Since the occurrence of these rocks is limited to such 
a narrow strip and the contact with the later Columbia hiver 
basalte is obscured, the conclusion that these rocks are 
Locene is based on the following: 

1. Lit1o1o{'ical1y they are not comparable to the 

Columbia River basalts because of the numerous 

zeolites, the extremely large phenocrysts in 
the porphyrïtic varieties, the 1are amount of 

glass in the groundinass, nd the type of 

weathering which is similar to that of the 

Tillamook volcanics and Siletz hiver volcanics 
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on the Wolf Creek Highway, and the volcanice 

at Coffin Butte, Oregon. 

2. The writer has calculated the thickness o these 

basalts to h a minimum of 1,500 feet. This is 

based on the visible exposure which le limited 

by the width of the river. The Columbia .iver 

basalte have a maximum estimated thickness of 

600 feet In this area. 

3. The 45 degree dip is excessive for Columbia 

fliver lavas since they seldom dip more than 10 

decrees in this region. The Columbia River 

lavas observed within 200 yards of this outcrop 

dip oniy Live degrees and such an abrupt change 

of dip would not be reasonable. 

The occurrence of this rock is highly suggestive of a 

burled ridge of Eocene rocks which may never have been 

covered completely until the Boring lavas were extruded. 

This area I geographically near the Oligocene shoreline 

proposed b Lowry (24). 

Conclus ions 

The oldest rocks in northwest Oregon are a thick serles 

of mid-Eocene and older basalts and interbedded tuffs and 

breccias. The anticlinal Coast Range uplift has a core of 

Eocene basalt flows which has been exposed by erosion; and 

Eocene basalte also are found in the western foothills of 
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the northern Cascade iAountains of Oregon where later flows 

of basalt and andesïte tailed to cover them or where they 

have been re-exposed by erosion. 

est wells drilled in the valley area between the Coast 

Range and the Cascade Mountains have indicated that a 

synclinal structure formed after the extrusion of' the Eocene 

basalts, but before the outpouring of the Columbia River 

basalt. Veaver states that this downwarp may amount to 

15,000 feet (41, p.1407). 

The Ieietchosin volcanics of Ciapp (12, p.86) and Veavor 

(41, p.1407) are considered to include both the Tillamook 

volcanics of Warren et al (9) and the Siletz River vol- 

canics of Baldwin (4, p.6). The name TTMetchosin has 

generally been used in too broad a sense to be of value in 

northwest Oreon whore good exposures of rnid-Eocenc 

volcanics can be dated moro accurately than can the 

Metchosin. lor the present, at any rate, writers such as 

Warren et al (9), Laldwin (4), Wilkinson, et a]. (43) and 

Allison (3), do not use "Metehosin" for Eocene volcanics 

in Oregon. 

The writer concludes generally that in northwest 

Oregon the previously mentioned Eocene lavas conform to a 

definite structural and geographical pattern which in a 

broad sense sets these lavas apart from later lavas. Oeca- 

sionally, however, limited exposures with obscure strati- 

graphic relationships hinder recognition of these lavas. 



Eocene Sedimentary Formations 

Rocky Point Formation 

Fo11owin accumulation of the thick sequence of the 

Tillamook volcanic series, crustal deformation provided 

highland sources for c1astic on the one hand and down- 

warped basins which received these sediments on the other. 

The oldest rocks lying upon the Tillamook volcanics along 

eastern foothills oi' the Coast Range of northwest Oregon are 

called the Rocky Point formation. The Rocky Point formation 

has been named by Deacon (14, p.9) who decided that the 

lithology of the upper Eocene strata in northwest Ore,on was 

sufficiently different from the type section of Cowlitz in 

southwest Washington to warrant a local formational name. 

The type section for the Rocky Point formation is on Rock 

Creek near Keasoy Station, sorne 40 miles northwest of Port- 

land and about 10 miles west of the west ed.e of the 

Vernonia quadrangle as shown in Plate X. 

Deacon (14, p.9) recognizes three lithic divisions 

within the Rocky Point formation. The lower member Is corn- 

posed of more than three hundred feet of basaltic conglom- 

erate and sandstone. The middle member consists of a 

minimum thickness of 100 feet of micaceous siltatone with 

resistant coarse interbeds near the middle. The upper 

member, 550 feet thick, is essentially a well stratified 

rnicacoous raywacke sandstone containing large calcareous 
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concretions. The total thickness of the Rocky Point forma- 

tion is nearly 1,000 feet. 

lielmi.ck Beds 

The name ilelmick beds was proposed in an unpublished 

thesis by Llundorff (26, p.20) for upper Eoceno strata 

typically exposed in the southwest corner of the Salem 

quadrangle at Helmick Hill and alon the Willamette hiver 

at Buena vista. 

The rocks are thin bedded, friable rnicaceous sand- 

stones, shales and occasional lenses of calcareous concre- 

tions. According to Mundorff (26, p.21) the mineral - rains 

are mostly quartz and feldspar with minor quantities of 

hornblende, augito and "white mica". 

Actual stratigraphic position of the lielmick bed8 is 

not apparent since the lower contact is unexposed and the 

younger 0liocene beds nowhere are seen in contact with the 

IJelmick beds. 

An upper Eocene age for the Helmick beds has been 

determined on the basis of a megafauna identified by 

1undox'ff (26), and a microí'auna studied by Cushman, Stewart, 

and Stewart (1$). The Rocky Point formation as compared to 

the Relmick beds is much thicker on the outcrop, but has the 

same general lithology, similar stratigraphic position as 

deternined by fauna, and a similar relationship to the 
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volcanics of the Coast RanCe. That these formations are 

time equivalents of one another is likely. Baldwin 

(4,.18 and 25) states that there is a minimum thickness of 

7500 feet of upper Eocene rocks in the Dallas and Valsetz 

quadrangles s 

Nehalem Formation 

Between the Rocky Point and the Keasey formation at the 

type Rocky Point section near Koasey Station is a series of 

heteroCeneous beds which Deacon (14, p.18) has named 

(unpublished) the Nehalem formation. The lithology of the 

Nehalem formation is extremely variable from place to place, 

but the dominant litholoCies are tuffs and mudstones. The 

tuffs are non-stratified but the mudstones are stratified 

and shaly. The thickness ranges from 300 to 400 feet. The 

lower strata are either upper Eocene or lower Oligocene and 

the formation probably extends into the Oligocene (14, p.55). 

Oligocene Marine Sedimentary Formations 

Keasey Formation 

The deposition of the Keasey shales in the upper 

Nehalem Basin in northwest Oregon succeeded the accumulation 

of the previous beds with little or no stratigraphie break. 

The lithology of the Keasoy formation differs from that of 

the Nehalem formation in that the sediments are finer and 

decidedly more uniform areally. There is an increase in the 

content of tuffaceous material upwards. 
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In the type section 0.7 miles downstream from Keasej 

Station the Rocky Point formation is overlain by 500 feet 

of enera11y well stratified, fossiliferous, dark cray 

shale. This is considered to be the lower member of the 

Keasey formation which is also represented along the Nehalem 

diver betwean Timber and Vornonia. It appears to thin 

southward. The middle Kea3ey is mainly silty, tuffaceou8 

shale 
containinL: cemented beds, while the upper member is 

stratified, tuffaceous, sandy shales. The middle and upper 

Keasey is best seen east of Sunset Camp along the Wolf Creek 

iii:hway (14, p.30). 

The total thickness of the Keasey foxnation is at 

least 1,700 foet as measured by Deacon (14, p.53). Warren 

et al (39) gave 1,800 feet as the thickness. 

Effinger (le) correlated the Keasey fauna with the 

Ones Ranch fauna of Washin-ton which is Oligocene in age. 

Pittsburg Bluff Formation 

The Pittsburg Bluff formation exposed in the upper 

Nehalem basin was studied by Warren and Norbisrath (38) in 

1946. The following description of the Pittsburg Bluff 

formation is based on that of Warren and Norbisrath. 

The exposures on the Nehalem River Highway near 

Pittsburg represent the marine fossiliferous beds near the 
base of the formation. They are fine &;rained sandstones 

which grade upward into coarser massive sandstone which 
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interfiners with cross-bedded, near-shore, brackish water 

deposited sandstone. Abundant calcareous concretions occur 

along the beddin. As the abundance of animal fossils 

decreases upwards, the amount of plant remains increases. 

The beds grade from one type to another in rather short 

distances horizontally. 

Upper beds typical of the Pittsburg Bluff formation are 

exposed betvieen Pittsburg and Wilark on the highway along 

the east fork of the Nehalem River. These beds are massive, 

loosely consolidated brown weatherin' sandstones contain- 

ing pillow-like limestone concretions and fairly well 

stratified tuffaceous sandstone and shale containing some 

fossils. The uppermost beds of the Pittsburg Bluff are 

sandy with thick beds of white, fine-rained tuff. An 

intorbedded mudf low containing fragments of volcanic rocks 

is noted near the top of the formation. 

rrhe relationship of Pittsburg Bluff to the underlying 

Keasey formation is not seen but structural differences 

sugest that they are unconformable (38, p.230). The total 

thickness was calculated to be 826 feet but the possibility 

of faults and questionable structure in poorly exposed 

strata make this fiure unreliable. 

Scappoose Formation 

The strata overlying the Pittsburg Bluff formation, 

best exposed east of the upper Nehalem basin in the hills 
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west of the Columbia River, have boon named the Scappoose 

formation by Warren and Norhisrath (38, p.221) in 1946. 

This formation is found in contact with the Pittsburg Bluff 

formation in the south fork of Scappoose Creek and along 

Rocky Point road a few miles east and southeast of 

Scappoose. The Scappoöso formation is overlain by the 

Columbia River basalts. 

Accordinhi to Warren and Norbisrath (38) the Scappoose 

formation is lithologically similar to the under1yin 

Pittsburgh Thluff and is identified only by a difference in 

fauna. Separation of the two formations would be impossible 

where fossils have weathered beyond identification. 

Extensive erosion prior to extrusion of the Columbia 

River basalts lias caused the Scappoose to be completely 

absenb in sorne areas. The total thickness elsewhere is not 

certain since no definibe amount of erosion can be doter- 

mined. The thickness appears bo rane from O to 1,800 feet. 

Since formations are cartographic lithoenetic units, 

they cannot be defined solely on the basis of faunal 

content, according to current stratiraphic usage. It 

appears to the present author that the Scappoose formation 
does not exist as a lithic entity separate from the 

Pittsburg Bluff formation. A solution presented here is to 

consider these strata as be1ongin to the Pittsburg Bluff 

formation until further field work definitely proves the 
niappability of the Scappoose formation without continuous 

reference to fossils. 



Eurene Forriat Ion 

Exposures of marine sandstone, sandy shale, conglom- 

erate and tuff in quarries and roadcuts within the city 

limits of Eugene, Oregon, were considered by Schenck 

(33, p.455) in 1927 to be the type section for the Eugene 

formation. Fossils from these exposures were believed by 

Schenek to be limited to the O1iocene of the West Coast. 

A1on the eastern margin of the Willamette Valley north 

of Eugene the Oligocene strata dip eastward beneath later 

lavas. 

Felts (17) in 1936 and Allison (3) in 1953, inthe 

Lebanon and Albany quadrangles respectively, recognized the 

Oligocene marine strata as the Eugene formation of Schenck. 

liess areas are shown by the orange pattern (Plate X) in 

the forementioned quadrangles. Until now the Eugene f orma- 

tion has not been recognized north of these quadrangles, at 

least not on available maps. 

Illahe Format ion 

The Illahe beds were first described by Thayer (34) 

from the type section at Illahe Hill five miles southwest 

of Salem near the east bank of the Willamette River. They 

are sandstones and siltstones containing abundant fossils 

which are representtive of the Pittsburg Bluff age as are 

those in the Eugene formation. The amount and size of 
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volcanic particles increase to the east where, according to 

Thayer (34, p.7), the Illahe marine sediirnts probably intex 

finaer with the terrestrial Meharna volcanics. They are 

overlain by the iocene Columbia River basalts to be 

discussed later. 

Beciuse the Illahe beds correspond in lithology, 

strati.rraphic position and structure to the Eugene forma- 

tion, and because they contain a similar fauna, the writer 

here proposes that the local name Illahe be dropped in favor 
of the prior designation, the Eugene forxtion. 

Butte Creek Beds 

The Butte Creek beds were nand by Harper (18) in an 

unpublished thesis for marine Oligocene strata occurring 

geographically in the southern part of the Molalla quad- 

rangle and lyin stratigraphicallj between the Eoceno and 

the Mioceno lavas. The fossils from these beds are similar 

to those of the Illahe, Eugene, arid Pittsburg Bluff forma- 

tions and therefore are considered to be rnid-Oligocone in 

age. For a lithologic description of these beds the reader 

is referred to the descriptions of the Eugene and Illahe 

formations. 

Because of the similarities previously mentioned along 

with the corresponding geographic trends of the outcrops of 

the Butte Creek beds and the Illahe formation (herein 
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considered Eugene), it is herewith suggested that the Butte 

Creek beds also be known as the Eurene formation. 

The Oligocone beds ïn the Willumotte Valley are 

observed to dip an average of four degrees to the east. 

North of Salem they aro exposed west of the Eola Hills and 

also in the Butte Creek area 20 miles to the east. The cal- 

culated thickness between these two points is approximately 

8,000 feet, but hidden structural complications probably 

considerably lessen this thickness. 

Oligoceno Terrestrial Volcanios 

Mehama Volcanics 

Terrestrial tuffs, lavas, and breccias typically 

displayed north and east of Mehama were named the Mehama 

volcanics by Thayer (M) ïn 1939. He describes one 

locality where 600 feet of fine-grained tuffs contain fossil 

wood nd another exposure composed entirely of flow breccia 

which contains huge flow fragments (25 x 10 x 50 feet). The 

total thickness of the formation is not known. 

The train size of the Mehama volcanics decreases west- 

ward and according to Thayer (34) the formation probably 

interfingers with the Illahe (Eugene) formation. The Mehama 

f-rmation is unconformab1y overlain by the Columbia River 

bzsalt. 



39 

According to Mr. Herbert Hergert1 (personal corninunica- 

tion) the flora of the Mehama volcanics is similar to that 

of the Scio beds and of the Berlin volcanics discussed on 

following pages and listed on a table (Plate IV). 

Since the terrestrial Mehama volcanics and the marine 

Eugene formation appear to be contemporaneous, and they are 

both unconforruably overlain by mid-Miocene Columbia River 

basalt, they are considered to be at least partly equiva- 

lent; therefore Mohama volcanics are considered Oligocene 

in age. 

Berlin Volcanics 

From the description of the Berlin volcanics by Felts 

(17, p.36) the writer considers the formation to be a 

continuation of the Mehama volcanics because of their simi- 

larity of litholog ., y, stratigraphic position, and relation- 

ship to the marine Eugene formation. Where it is seen to 

overlie the Eugene formation, the relationships may be 

strictly local and probably represent merely an interfinger- 

Ing of the marine strata froni the west with the terrestrial 

bede to the east. 

1Hergert, Herbert L., unpublished work. Part of a 

study of the Tertiary paleobotany of the western Cascades 
under a faculty research grant to Herbert L. ilergert, 
research chemist, Oregon Forest Products Laboratory, and 
Harry K. Phinney, Assistant Professor of Botany and 
GeoT c y Oregon State College. 
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Scio Beds 

The Scio beds of Felts (17, p.31) consist of a series 

of sandstones and water-laid tuffs and breccias. The unit 

varies from a f inegrained decomposed vitric tuff to con- 

glomeratic sediments containing pyroclastie fragments as 

much as three centimeters across. Felts (17, p.32) believed 

that the quartz grains found in the tu1f originated from a 

crystal tuff rather than from an older sandstone. 

Accordin to Felts (17, p.33), the Scio beds appear to 

overlie the marine Oligocena, but no contact was observed. 

They are overlain by Miocene basalt herein correlated with 

the Columbia River basalt. According to Sanborn (30), the 

leaves in the Scio beds are Oligo-Miocene. 

The Scio beds are here considered to be upper Oligoceno 

in age through a rather involved type of reasoning: 

1. The Scio beds are correlated with the Mehama f orma- 

tion by means of flora and stratigraphic position. 

2. The terrestrial Mehama formation, according to 

Thayer (34), appears to interfinger with the 

marine Illahe formation of Oligocene age. 

3. The writer has already demonstrated the equiva- 

lence of the Illahe and Eugene formations. 

4. Therefore, the Eugene formation and the Scio beds 

are, in part at least, temporal equivalents of 

one another. 
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As the 1iocone sea retreated, it was followed by the 

continued deposition of terrestrial sediments, which 

naturally overlie the preceding marine beds. Therefore, 

the uppermost Scio beds came to overlie the Eurene formation 

as was sugosted by Felts (17). 

A comparison of the floras occurring in the Scio beds, 

the Mehama formation and the Berlin volcanics shows that 

these formations contain identical species and are indis- 

tinuishable on a floral basis (seo PL.4te IV). 

The data on Plate IV aro based on information from 

Hergert (personal communication). Mr. herbert Hergert 

collected and identified fossil leaves from the following 

localities in the Lebanon and Snow Peak quadrangles. The 

localities refer to those listed on Plato IV. 

FORMATION LOCATION 

Scio Franklin Butto, one mile south of Scio. 

Mehama Bilyeu Creek, five miles southeast of Scio. 
Thomas Creek, five miles east of Solo. 

Berlin Sweethome, in a cut along Oregon Electric R.R. 
a half mlle south of Sweethorne and 
one mile north of Sweothotne on the 
North Side Road between Sweethome 
and Foster. 

" Roaring River2, junction of Roaring River and 
Crabtroe Creek southeast of Solo. 

McDowell Creek, one mile south of Berlin. 

2The Roaring River locality is considered b ifergert 
to represent the Berlin formation although this has not yet 
been demonstrated by mapping. 



42 

PLATE IV 

CHECKLIST OF FLORA OCCURRING IN T1Îi SCIO, 
MEHAMA, AND BERLIN FORMATIONS 

SCIO MEHAMA I BERLIN 
I F'M 

f 
F'M 

E-4 

Iii Çi 

H O 
z o o H C 

Çx 

E-4 H 
Çr O 

O 1.x H O Q 
LIST OF SPECLS E- CI] 

Prunus franklinensis 
Amelanchier similis 
Equisetum oregonense 
Vaccinium scioensis 
Platanue aceroides 
Motasequota occidentalis 
Grewia oregana 
Tilia williamsi 
Engelhardtia oregana 
Phoebe oregonensis 
Salix sp. 
Vitis florissantella 
Castanopsie (Tetracera) 
Populus lindgreni 
Vaccinium prearboreuni 
Franxinus scioensis 
Pteris silvacola 
Magnolia sp. 
Diospyros sp. 
Taxodium distichii 
Hydrangea bendirel 
Cercidipii,rl1um crenaturn 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X X X 
V. 
A. 

X X X 

X X X X X 
X X X 

X X X 
X X 

X X X X 

X 
X X X X 

X 
X 

X 
X 

X X X X 
X 

X X 

Note: Above localities are all Oligo-Miocene. Most 
of the species are unique and do not occur elsewhere. 
For fuller discussion of "Franklin Butte Floratt and other 
localicies, cf. Sanborn (30 and 31). 

Herbert L. Hergert (personal communication), May 1953. 
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O1io-Miocene Terretria1 Formations 

Warrendale Formation 

The Warrondale formation was first described as the 

Ea1e Crook formation and named by Willthms (4) from 

exposures in the Columbia Hiver Gorgo. Since the name Eagle 

Creek had previously been used elsewhere, Packard and Smith 

(29) suggested the narcie Warrendale, which will be used in 

this paper. 

The arrendale formation according to lodge (20) is 

composed of terrestrial tuffs, breccias, agglomerates, and 

interbedded basalt flows. 

The Warrendalo fortion crops out farthest west near 
McCord Creek where it dips beneath the Columbia River basalt. 

The base of the Warrendule fortion is not exposed in the 
Gorge, but at Rod Bluífz on the Washington side of the river 

the thickness was estimated b,' Barnes and Butler (5, p.20) 

to be 2,100 feet. The southerly dip of the formation here 

accounts for its lower elevation on the south side of the 

Gorge in 0re-on. 

The Warrendale formation is considered to be 0lio- 

Miocene in age and correlated with the John Day formation 

exposed in the Dayville quadrangle of central Oregon. The 

John Day formation contains a vertebrate fauna indicative of 

a lower Miocene ag.o and a flora similar to that of the 
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Warrendale. That the Warrendale and upper John Day 

formations are contemporaneous is indicated by the simi- 

larity of their litholo:ies and floral content (Plate V). 

Thus the Warrendale is at least Lì part lower Miocene. A 

stratigraphically lower portion is pos3ibly upper Oligocene. 

The Warrendale formation is, therefore, considered to be 

Oliro-Miocene3 in age. 

Molalla Formation 

The LIolalla formation was named by iiarper (18, p.11) 

in 1946, for stratified tuffaceous sandstones, T'ravels and 

a coarse tuff breccia best exposed alone the Molalla River 

three miles southeast of Molalla. 

At the junction of Trout Creek with the Molalla River 

the Molalla formation unconformab1r oyentes a basalt flow 

which the writer believes to be equivalent to the lower 

Pre-Butte Creek lavas to tlie west, since these lavas are 

lithologically similar and they appear to project struc- 

turally (see x-sect. CC', Plate VIII) through the ridge 

between Butte Creek nd the Molalla River. The Molalla 

formation is capped near Trout Creek by gray porphyritic 

3The writer considers that some areas of deposition 
received sediments of Oligoceno and lower Mioceno age with- 
out a stratiraphic break. Erosion has since removed the 
Mioceno and even upper Oligoceno strata in some localities, 
leavin Mioceno in others. Those strata of indefinite 
Olirocene to Miocen' ae are termed Olio-Miocene in this 
paper. 
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basalt and a1on tue west bank of the Molalla River farther 

north by later con:1ornerates. Harper (18, p.13) included 

the later conglomerate in the Molalla formation. lie tenta- 

tivoly placed the Liolalla formation in tue Plioceno because 

of the 3irnilarity of the upper Molalla to the Troutdale 

ravo1s to the north) and the likonesc of part of the Fern 

Ridge tuf± exposed to the south with that part of the 

Molalla formation containing devitrified blass shards. 

Correlations are difficult in this area because the 

Miocene Columbia River lavas aro absent and the Pijo- 

Pleistocene sediments are in direct contact with 011go- 

iocene rocks. Large iiaounts of tufi' were deposited 

during both epochs. 

The writer favors an Oligo-Miocene ae for t1 lower 

and main part of the Molalla formation, and considers tiie 

upper :ravels to be Plioceno or later, and equivalent to 

the Troutdale or later terrace and glacial gravels. 
The lower Molalla is believed to be Oligo-Miocone for 

the following reasons: 

1. The large blocks of porphyritic lava in the 

breccia overlying the stratified tulfaceous 

sandstone of the Molalla are similar to those 

found in' arrendale formation, which underites 

the Columbia River basalt in the Gorge. 

2. The lithology and stratification is similar to 

parts of the 'Varrendale formation and it appears 
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likely that the Molalla formation was formed under 

similar conditions during apo4mately the same 

period. 

3. Extensive study of fossil leaves in the Molalla 

formation by Hergert (personal communication) 

indicates that they aro similar to those of the 

Warrera1e and John Day formations of Oli.o- 

Miocene age (see Plate V). 

4. The writer has suggested by cross section (x-sect 

B-Ä, Plate VIII) that the Warrendalo is equi- 

valent to the Molalla formation to the southwest. 

This correlation is based on the similrity of 

lithology (with minor differences interpretad to 

result from :eoraphic position) and on the 

similarity of their floras (Plate V). 

The upper crosss-beCed gravels are much less altered 

and contain little tuff; therefore, they are not litholo- 
¿ically a rt Gr the Molalla formation, but probably are 

equivalent in age to the Troutdalo formation. 

If the lowr Molalla is Oligo-Miocene, tn it must 
be a partial (if not complete) terrestrial equivalent of 

the Oligocone Butte Creek formation as exposed to the west. 

The Molalla is generally younger than the Butte Creek 

formation because of the lithologic similarity of its upper 

part to the Warrendale formation dated Oligo-Miocone, 

whereas the Butte Creek beds are considered Oligoceno in age. 
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The upper rave1s which were mipped by Harper (18) as 

part of the Molalla formation are correlated herein with the 

Troutdale gravels, hut because of a difference in source 

areas the quartzite pebbles characteristic of the Troutd&le 

gravels are absent. Where they occur the -r.ve1s usually 

form a thin veneer on the older Molalla formation. 

Erosion by the ancestral Columbia River of Hode (20) 

is possibly responsible for the absence of the Columbia 

River basalt between the ìIolalla River and the Clackamas 

River. 

Molalla Flora 

Harper (18, p.12) makes reference to the 11 work of 
Beverly Wilder of the University of California. He states 

that Wilder's study indicates that the sediments are 

Miocene in age (18, p.14). 

The stratigraphie succession of floras in the Cascade 

Range are being atudied by Hergert. That correlation of the 

Molalla formation with other Jiocene strata can be sub- 

stantiated by leaves is apparent. r1he following i quoted 

from Herert (personal communication), May l953 

"je relationships 

"Comparison of the 22 listed species present in 
the Molalla flora with the 16 present in the Trout- 
dale flora indicates that the two floras are 
dissimilar. There are only two species in common, 
both of which have a rather broad range in time dur- 
Ing the middle Tertiary. There are present in the 
Molalla flora, however, a fairly large proportion of 



8pecies which are proent In iocene f1ors in Oregon, 
Washthgton and Idaho. Examination of Plate V indicates 
that there are eleven species in common with the 
lower Miocene Eagle Creek flora (Warrendale formation, 
Oregon), nine species with the naiddle Miocene Latah 
flora (Latah formation, western Washington and Idaho), 
and ten species with the upper r'iiocene Mascall flora 
(Mascall formation, eastern Oregon). 

"The possibility that the i1o1a1la flora may be 
Pliocene in age is apparont1 ruled out, since only 
three olalla species are found in Plioceno flora 
in Oregon and an additional two (Salix hesperia and 
Populus eotremuloides) in California Pliocene flora 
localities. 

"The existence of many Molalla species in 
other Mioceno localities and the presence of only 
a few Molalla species in either Oligoceno or Plio- 
cene localities indicates that the ola1la flora is 
Miocene in age. Two species, Quercus pseudo-lyrata 
and Ginkgo adantoides, are especially noteworthy 
since they have only been found in the Mioceno in 
Oregon. 

"To establish whether the locality is upper 
or lower Mioceno in age is somewhat more difficult. 
It is believed that the Molalla flora is lower 
Mioceno in age on the basis of the following con- 
sidorat ions: 

1. Over 5O/ of the species are in common with 
the nearby lower Mioceno Eagle Creek flora, includ- 
ing Hicoria pecanoidos and Sorbas alvordensis which 
have not been found in any other Oregon localities. 

2. The occurrence of certain species, such as 
Alnus Carpinoides nd Engelhardtia, which have not 
been found in Oregon localities younger than lower 
Mioceno. 

3. The occurrence of certain semi-tropical 
species indicative of early rather than late Tertiary 
paleo-climatoloy as yet unidentified. 

"Further work on the flora may reveal additional 
species wbich are in common with the lower Mioceno 
Eagle Creek flora and the newly discovered Callowash 
River flora." 
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CHECKLIST OF OCCURRENCE OF MOLALLA 

SPECIES IN OTHER ELORAS 
OLIGO- 
MIOCENE 

MIOCENE 
LOWER MID 

LOWER 
PLIOCENI 

:i 
z 

Z 
çx: 

ç1 - 
C) 

H 
Z 

,- 

C') 

D 
ç 

1x1 

ZE-4 : o 
g 
Çx 

E-i 

r - .. LISE 
H 
c 

ç 
O 

Ei c' ,- O 
O SPiCIE8 -. ,-i Çz E- E-i 

Abies axeirodi X 
Amorpha condoni. X X 
Chamaocyparis gracilis X X 
Cornus ovalis X X X 
Diospyros andersonai X X X 
Fraxlnus caudata X X 
Liquidambar pachyphyllum X X X X X X 
Prunus treasherl X 
Pterocarya oregonlana X X 
Quercus winstn1ey1 X X X 
Rhamnus troutdalensls X 
Salix wildcaterisis X 
Sequoia affinis X 
U].fl1U3 californica X X X 
Umbellu].aria salicifolia X X X 
Zelkova oreL;oniana X X X X . X 
Alnus carpinoides X X X 
I3orchetnia multinervis X 
Cedrela oreoniana X X 
Cercidiphyllum crenatuin X X X X 
Ene1hardtia ore&ana X X 
Fagus washoensis X X X 
Fokienia sp. X X X 
Ginko adartoides X X X X hicoria pecanoicles X X 
Metasoquota occidentalis X X X X X 
Platanus aceroides X X X 
Populus ootremuloides X 
Quercus pseudo-lyrata X X X X 
Quercus simuùita X X X X 
Salix hesperia X X X X X 
Sassafras pseudopopulus X 
Sorbus alvordensis X X 
Taxodiuii dubiur X X X X 
Acer sp. X X 
Liriodendron sp. _______ X_ _______ __________ 

Note: Above data from Chaney (11, p.354) except for 
vlo1a11a flora by Herbert L. Hergert (personal communica- 
tion). For specific localities see Chaney (11). 



Miocene Basalt 

Columbia River Basalt 

50 

The Columbia River basalts comprise a thick series o± 

flows resultinr: from intermittent volcanic activity during 

the middle Miocne epoch. Usage WhiCh includes lavas other 

than mid-idiocone ii obsolete and has not been used by recent 

authors (43, p.19), (20, p.847), and (25, p.3). 

The Columbia River basalt is exposed over large parts 

of Oregon, Washington, and Idaho (see Plate I). It for- 

merly covered additional areas where it has been either 

buried by subsequent forrations or removed by erosion. 

The Columbia River Gorge is the only place where 

continuous exposures of Columbia River basalts can be 

traced weetward beneath the Cascade Range. Unfortunately 

the beds dip below the Pliocene gravels at Corbett, Oregon. 

South of the Gorge the basalts are covered by later lavas 

except ifl small isolated patelies ir the deoper stream 

valleys. 

In the typical exposures of north central Oregon and 

south central Washington individual basalt flows range in 

thickness from 50 feet to 200 feet, and in some places the 

aggregate thickness is over 3,000 feet (20, p.857). 

The Columbia River basalt is seen to thin westward from 

its exposures in eastern Oregon. In the Columbia River 

Gorge where both top and bottoni contacts of the basalt are 
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visible, the lavas are only 2,000 feet thick. Continuing 

westward the basalt is only 1,000 feet thick in the Portland 

hills. Farther west i1kinson (43, p.19) reports 700 feet 

in the St. Helens quadran1e, and Warren and Norbisrath (38) 

report 500 feet in the upper Nehalern Basin. Farther to the 

west alonr the Columbia River near Bradley Park the basalt 

is only 300 feet thick. Since the interbeds of mid-Mioceno 

sands are moderately thick here, it is thought that many of 

the flows failed to reach this area. Thayer reDorts an 

average thickness of 400 feet for basalte in the Salem 

hills, which indicates that the basalt thins to the south 

as well as westward. 

A typical specimen of Columbia River lava is black to 

cray in color, and usually very dense. The tops and bottoms 

of the flows are vesicular and occasionally scoriaceous. 

Porphyritic varieties ara usually not apparent in fresh 

fragments but in weathered specimens the occasional olivine 

crystal is colored red-brown while the plagioclase crystals 

are lihter in color. 

Glassy flow breccia in the Columbia River Gorge at 

Crown Point is considered to be part of the Columbia River 

basalt for!:ation by Lowry and Baldwin (25, p.3). In the 

Wickiup Mountain area southeast of Astoria, Warren et al 

(39) report a thick anjular flovi breccia which they corre- 

late with the Columbia River basalte. 
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Columnar jointing, i commonly well developed with 

columns ranging from a few inches to several feet in 

dianieter. Loosening alon- the horizontal jointing in these 

columns produced the "brickbat" talus slopes which prevail 

at nearly every steep exposure of Columbia River basalt. 

This talus is only slihtly weathered and is sufficiently 

fresh to he used in road building. Where columnar jointing 

did not develop the rock crops out in massive blocks which 

greatly resemble the fresher exposures of ocene lavas. 

A characteristic red-baked soil zone is present between 

some of the flows. This zone probably represents the rapid 

weatherin:- and soil production from the highly scoriaceous 

top surface of the flow. The heat from the succeeding flow 

then baked this soil to a red clay, in places to a degree 

highly sugestive of a common manufactured brick. 

The initial dip on the Columbia River basalt was very 

small and the basalt must have flowed as far as do the 

modern Hawaiian lavas. Even if a maximum distance were 

assumed, the total area covered by lava from a single vent 

would be small when compared to the total area covered by 

the Columbia River lavas. The sources for these lavas were 

probably dikes or fissures and aleo circular vents. Warren 

.1 
(39) mentions numerous dikes in areas where remnants 

of the Columbia hiver basalt occur in northwest Oregon. 

Wilkinson et al (4, p.19) gives the aource of part of the 

Columbia River basalts in the St. Helens area as possibly 



53 

being from dikes on Scappoose Creek, Alder Creek, nd 

Merrill Creek. Hodge (20, p.849) favors central vents for 

lava sources in the Columbia River Gorse because of the lack 

of dikes intersectth the Corge. He states tbìt the possi- 

bility of numerous dikes intersecting the Gorge would be 

very great whereas a fev central vents would have much less 

chance of being intersected by the river (20, p.849). Both 

plugs or volcanic necks and dikes are observable in 

Columbia River basalt areas where erosion has progressed 

sufficiently to expose the base of the basalts. The fact 

that great volcanic peaks did not result from these extru- 

sions indicates that the extrusions were continually of the 

basic and fluid typo. A strato-volcano composed of varied 

lava types would have left better visible evidence. 

The development of a vast, nearly level, lava plain, of 

the size which is exhibited by the Columbia River lava plain, 

could have been accomplished only by many separate extru- 

sions, interrupted perhaps by short periods of quiescence 

locally. As flow upon flow poured out from central vents 

and fissures, the plain remained nearly level because the 

lava flows continually filled in the low places. 

Thinner sequences of basalt occur in frine areas where 

there are fewer flows and where the higher areas remained 

above the basaltic flood. It is probab) that moderately 

1ih areas which were never covered, or only thinly covered 
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by the Columbia River basalt, were the first to be eroded, 

so some may be represented flow by valleys cut into the 

former hills of softer sediments. 

West of the Cascade Range extensive 1&terization of the 

!iocene baslts has resulted in numerous deposits of 

ferruginous bauxite (23, p.1). These deposits are located 

principally in Marion, Washington and Coluihia counties 

(23, p.1). 

Conditions necessary for the formation of bauxite are 

known to have occur,ed prior to the deposition of the Fern 

Ridge tuff because a nodule of high-grade gibbeite was 

found several feet above the contact of the Columbia River 

basalt and the Fern Ridge tuff (23, p.69). Libby states 

further that considerable erosion must have been taking 

place in the latente at the time the Fern Ridge tuff was 

being deposited. Laterization which produced the deposits 

was confined to Miocene basalts, and any area made up of 

these lavas in western Oregon may possibly contain bauxitic 

deposits (23, p.3). 

Ti.te Columbia River basalt is considered to be middle 

v1iocene in ag:e because, wherever observed, the lower contact 

is unconformable either upon dated lower Miocene or upper 

Oligoceno strata with an angular and erosional discordance. 

n central Oregon the basalt lies unconi ormably upon the 

upper John Day formation which has been dated lower Miocene 

by means of vertebrate fossils; and in the Columbia River 
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Gorse it lies upon the Warrendale Lormation, herein con- 

8idered to be equivalent to the John Day formation. The 

upper limit of the basalt is known to be pre-upper Mioceno 

in the John Day Valley near Dayville, Oregon, because the 

basalt there is overlain by the Mascall formation which con- 

tains upper Mioceno vertebrates. 

West of the Cascado Hanse the Colubja River lavas lie 

upon upper Oliocene or lower Miocene marine sediments 

which are dated by invertebrate faunas. Weaver (40) 

describes a sandstone which contains fossils characteristic 
of the Astoria formation at Astoria which interfingers with 
the lower Columbia River basalt north of the Columbia 
River. óetween Bradley Park and Astoria along the Columbia 

iiver highway, Lowry and Baldwin (25, p.5) point out 

Astoria sandstone interbedded with the iiiocene basalt flows. 

Here the writer has viewed yellow nearly pure quartz sand 

beds nearly fifty feet thick between flows of Columbia 

River basalt. In the upper Nehalern basin the Columbia 

kiver basalt overiles the upper Oligoceno Scappoose forma- 

tion with an angular unconformity (38, p.234). In the 

Willamette Valley the Columbia River basalts ho on a 

mature topography developed on upper Oligoceno or lower 

Mioceno sediments. In the Stayton, Salem, Molalla, and 

McMinnville quadranlos the basalt lies on the Eugene 

formation or its equivalents. The basalt is overlain by 

Fern hidge tuff in the Stayton quadranle according to 
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Thayer (34, p.8). In the Portland Hills and in the Tualatin 

Valley areas the basalts are overlain by silts of Pliocene 

ae which were correlated with the Troutdale formation by 

Lowry and Baldwin (25, p.12). Wilkinson et al (43, p.24) 

reports Troutdale gravels lying upon the Miocene lavas in 

the St. Helens quadrangle. 

The upper limit of the Columbia River basalt has not 

been dated faunally in western Oregon. In the Columbia 

River GorGe the basalt is overlain unco'orrnably by the 

Troutdale Gravel3 which are considered to be mid-Plioceno. 

Wilkinson et al (43) reports the same relationship in the 

St. Helens quadrangle. 

It is therefore apparent that certain lavas occurring 

in the Willamette Valley are post-lower Iiiocene and pro- 

early Plioceno, and therefore were formed during approxi- 

inately if not exactly the saine time as were the basalts of 

Columbia Plateau. 

South of the Gorge the pro-Columbia River basalt 

Cascades stood high and remained above the basalt flood 

(32, p.138). In the Santiam valley east of the mapped area 

rocks are exposed which may be lower Oligoceno (34). west 

of this area in the foothills of tue Cascades are the younger 

Mehama volcanics of upper OliGoceno aGe. The Warrendale 

formation of Oligo-Miocene ago is exposed in the present 

Columbia River Gorge. This outcrop pattern suggests a 
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north.-south pile of volcanic prior to the extrusion of the 

Columbia River basalts. 

Stayton Lava 

The Stayton lavas were named by Thayer for basalts 

which he traced continuously from the Salem Hills to a 

structure he named the Mehama anticlino (4, p.?). Litho- 

loica1ly these basalts are similar to the basalts of the 

Columbia Plateau and a description here would be repeti- 

tous. 

The Stayton lava lies unconformably upon the Eugene 

and the Meharna formations and therefore is post-early 

Miocone. The Fern Ridge tuffs of Pliocene ae lie uncon- 

formably on the Stayton lava, so the upper limit of the 

basalt is fixed at least as pro-upper Pliocene. The age of 

the Fern RidEe tuff will be demonstrated in a later section. 

Thayer (34., p.8) su;ests that. the Stayton lavas are 

marginal flows of Columbia hiver basalt since the formations 

thicken to the northeast. 

The name Stayton lavas has been used in the mapping of 

adjoining Molalla, Lebanon and Stayton quadrangles by later 

geoio«,ists (see map inset Plate X for authors' names). 

Salem Basalts 

The Salem basalts were named by Mundorff (26, p.46) for 

lavas the same a-e as the Stayton lavas, and considered 



Stayton lavas by Thayer (4, p.7). Mundorff agreed that 

they were probably partly equivalent, but he felt that since 

part of the alem lavas were basic andesita (26, p.54) 

instead of basalt, they were not entirely equivalent, 

1itholoica11y at least. 

Since a small variation in chemistry of the lava from 

a sinle vent is common, it is not unlikely that occasional 

andesite flows could occur within the basic Stayton lavas. 

The fact that the basalts in the Salem hills and Waldo Hills 

are a single map unit forming the east limb and part of the 

west limb of the Willamette syncline in the Stayton and 

Salem quadranles, and that the basalts in the Eola lulls of 

the McMinnville quadrangle make part of the west limb of the 

same syncline, is further evidence of the correspondence of 

Stayton and Salem lavas. 

Conclus ions 

After evaluation of all evidence submitted in this 

paper the writer is convinced that the Stayton and Salem 

basalt formations are actually the fringe area of the 

Miocene Columbia plateau lavas. vidence in support of 

this conclusion is summarized here. 

1. The Columbia River basalt is seen to be continu- 

ous beneath the Cascade Range in the Gorge; 

therefore thïs relationship may be expected 
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to exist at least for a reasonable distance south 

of the Gorge. 

2. The similar stratiraphic ages of the Columbia 

River basalt of the Gorge and the Mioceno basalt 

of the Willarnette Valley sugost that they aro 

part oí the same formation. 

3. The mineralogy and lithology of the several lavas 

being compared are similar. 

a. The interbodcied soil zones in the Mioceno 

basalt both east and west of the Cascades 

suggest that they were formed under similar 

conditions with corresponding periods of 

weathering between flows. 

b. Laterization is known to have affected only 

Miocene basalt. The Columbia River basalts 

west and south of Portland have been latorized 

as have the Stayton and the Salem basalts. 

Neither the Eoceno nor the Pilo-Pleistoceno 

lavas are known to be so laterized. 

4. The Columbia River basalts are interpreted to 

project beneath the northern part of the Willamette 

Valley (see x-soct A-A' and CC', Plate VIII). 

These cross sections as shown represent the most 

reasonable structural interpretations of the M1o. 

cone basalts. 

The absence of Mioceno lava immediately south of the 

Chehalem hills may be attributed to topographic high areas 

which the basalt surrounded but failed to cover. This 
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factor, no doubt, plays an Important part in the discon- 

tinuity of those basalts with those in the Eola Hills. 

Tue Stayton basin is surrounded on three eides by 

Miocene lavas which dip outward. The basin is best ex.ained 

by coxisiderin that this area was tlae site of a former hill 

of older sediments surrounded by Mioceno lava. Erosion 

removed the sediments below the level of the resistant lavas, 

thereby producing the present topographic basin. This may 

be the reason for the lava-free area in the illarette 

Valley south of the Salem Hills. 

Plioceno Sediments 

Troutdale Formation 

The name Troutdale formation was proposed by Hode 

(20, p.B75) for ravels which he described as having been 

deposited as a :reat piedmont fan deposit lying on the west 

side of the Cascades. These gravels lie on the Columbia 

River basalt where the latter is present and they are widely 

capped by later andesitic lavas. The Boring lavas overlie 

the gravels to the southwest. According to liodge 

(20, p.U/6), the Troutdale formation pinches out eastward 

but thickens westward and ieaches maximum thickness in the 

northern Willamette Valley. Troutdale gravels are well 

exposed alon the Clackamas Hiver near Estacada from where 

they were traced by Treashor (36) to the south edge of the 
Boring quadrangle. A short distance farther south the 

gravels are bidden by a cover of Boring lavas. South of 

this Boring lava ridge similar gravels can be traced to 



the Molalla quadran].e, but they lack the quartzite pebbles 

characteristic of the Troutdale formation. It is these 

gravels which are called upper Molalla gravels in preceding 

pages. (See x-sect B-A', Plate VIII). 

hodge (20, p.875) describes the gravels as bein:: partly 

contemporaneous with the lower hododendron pyroclastics 

wit which they intorfinger. 

The Troutdale formation was deposited upon the eroded 

surface of the Columbia I-iver basalt and therefore is post- 

late Mioceno and probably nid-Pliocone. Since the upper 

Troutdalo interfingers with the lower Rhododendron formation 

the former is not much later than mid-Pliocene. 

Plioceno Volcanics 

Fern Ridge Tuffs 

The Fern Ridge tuffs were described by Thayer (4, p.3) 

from their type section five miles northeast of Stayton. 

lie states that they are as much as 1,500 feet thick north- 

east of Mehama. The lower beds are tuffaceous or fine 

gramad water-laid clastics,wkile the upper part is a coarse 

bouldei conlomerate with a tuí'faceous matrix (4, p.8). 

Thayer expressed the belief that the horn Ridge tuffs 

were deposited on the fresh uneroded surface of the Columbia 

Fdver lavas and are therefore upper Mioceno or lower 

Pliocene. O'Neill (27, p.44) disagrees with this correla- 

tion in that he points out that a mature erosional surface 

on the Columbia River lavas indicates that the Fern Ridge 

tuff could not have been deposited much before mid-Pliocene. 
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According to Libby et al (23, p.69), the presence oÍ a 

nodule of high-grade glbbsite in contact with the Columbia 

Edver lavas and lying beneath the Fern Ridge tuff is $uff i- 

cient evidence that laterizatlon took place before deposi- 

tion of the tuff. Erosion was necessarily taking place in 

the basalt in order to have such a weathering product 

included in a later formation (23, p.69). The writer there- 

fore agrees with O'Neill that the contact between the 

Columbia River basalt and the Fern Ridge tuff is uncon- 

formable. 

Rhododendron Format ion 

The Rhododendron formation was first described by 

Hodge (19, p.157) for the exposures of pyroclastic rocks 

at Rhododendron, Oregon. Although Rodge recognizes the main 

centers of vulcanism to be in the Cascade area, he notes 

occurrences of hhododendron volcanoes in the northern 

Willamette Valley. These westward occurrences were re-named 

Boring "agglomerate" by Treasher (35, p.10) in l92. 

The Rhododendron formation is composed of volcanic 

breccia, interbedded lava flows and gravels derived from 

volcanic sources. According to Sheets (32, p.54), samples 

of tuff contained crystals common to those in the included 

lavas and in the "Cascan" (20, p.879) lavas of slightly 

later date. The tuff contains rock fragments ranging from 

pea size up to twelve feet across which are dominantly 

andesite porphyry (32, p.54). Glassy basalt and scoria 

fragments are also common (32, p.54). According to Barnes 

and Butler (5, p.81), this tuffaceous conglomerate phase 

of the Rhododendron formation is water deposited. 
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The Rhododendron formation occurs around vents and as 

intracan,ron deposits. Barnes and Butler (5, p.81) state 

that the Rhododendron formation is comrosed of groups of 

isolated beds and is not a continuous formation. They state 

further that it is difficult to reconstruct the sources for 

these pyroclastics fron field evidence. From the nature of 

the formation it is obvious that the thickness is extremely 

variable. Sheets (32, p.53) has observed tbicknesses 

ranjing from 100 feet to 2,000 feet. 

According to Ilodge (20, p.675) the Rhododeìron 

formation is in part contemporaneous with the upper Trout- 

dale formation, and in part post-Troutdale (20, p.379). 

The Rhododendron formation (pyrocl&stic) is only a 

beginning phase of extrusive activity which hs continued 

up to the present (20, p.877). 

The Rhododendron formation is overlain by the Filo- 

Pleistocene Cascade andesites; therefore, the Rhododendron 

pyroclastics are probably late Pliocene in age. 

Boring "Agglomerate" 

The Borine "ag1omerate" sic of Treasher (35, p.10) 

is litholoL:ically and stratiraphica1iy similar to the 

4According to the usage of Williams and Wentworth 
(44, p.45) Treasher's use of the word "agglomerate" in 
describing this formation is incorrect. The lithology of 
this unit is volcanic breccia and tuff, therefore the 
writer places Treasher's term agiomerate in quotes. 
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Rhododendron formation and is unique only in its sourcos and 

distribution. The Boring "agglomerate" erupted from vents 

including Mt. Sylvania in the Portland Hills, Mt. Tabor, and 

the several volcanic cones in the Boring hills. 

The writer considers the Boring "agglomerate" of 

Treasher to be a westward occurrence, from different vents, 

of the type of volcanic activity which produced the tyro- 

elastics of the Rhododendron formation previously described. 

Plio-Pleistocene Lavas 

Cascade Andesites 

The activity of the Rhododendron vulcanism gradually 

subsided until the once explosive volcanoes began to 

produce lavas of the "Cascan" formation of lodge 

(20, p.879), as stated by Treasher (35, p.9) in describing 

the Boring lava extrusions. 

The Plio-Pleistocene lavas of the Cascade RanTe were 

called the Cascade formation by Williams (43) in 1916. 

Barnes and Butler (5, p.84) considered the name to be the 

Cascade formation, but referred to the rocks as the Cascade 

andesïtes. Sheets (32, p.66) and Allen (1, p.68) in 1932 

utilized the contraction of Cascade azidesites, the "Cascan" 

formation, for convenience. This has been the usa:e of 

lodge (20, p.879). 
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The writer considers the name Cascade andesite as 

a formational narìie to be consistent with coimon practice of 

binomial nomenclature, the first name eo5raphic and the 

second name litholoic; thus Cascade andesite is consistent 

with the ternas Columbia River basalts, Troutdale gravels, 

etc. 

The Cascade andesite lies upon the Rhododendron forma- 

tion, but because of the patchy distribution of the latter 

it is not everywhere underlain by pyroclastics. The Cascade 

andosites occur as the capping formation across the entire 

widtL of the Cascade Rance in the Columbia River Gorge 

vicinity except where they are overlain by the more recent 

andesites extruded from Mt. Hood. 

Lavas of this period occurring in the Portland vicinity 

were called Boring lavas by Treasher (35, p.10). The 

Boring lavas cap the Columbia River basalte along, the 

western slope of the Portland Hi1l, in the West Lynn 

district, and east and south from Oregon City as far as 

the northeast corner of the Molalla quadrangle. 

The Cascade andesites are in part made up of basalt 

and trachyte flows of many types (20, p.882). The 

basaltic lavas are relatively light colored in contrast to 

the Columbia hiver basalt s. A thin section examination 

shows numerous phenocrysts of light colored plagioclase 

crystals set in a matrix containing enough minute feldspar 
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crystals to cive tile rock a cray color. The feldspars are 

very close to ab 50 and so minor fluctuations in the 

cheriistry of the rnactna resulted in chantes in the composi- 

tion of the lava in andesite-basalt rance. It seems 

reasonable that the lavas occurring the greatest distances 

from their sources be of the more basic typo in the Cascan 

formation. It is well known that basaltic lavas are more 

fluid. and so might well have travelled a greater distance 

westward from the vents at the site of the present day 

Cascade flange. 

The thickness of the formation ranges from 100 feet 

up to 1,000 feet except In the canyons where the thickness 

is "much 2reater" (20,, p.885). 

The Cascade andesites have not been accurately dated. 

They lie upon the Rhododendron with little or no break in 

time; therefore they must be post-late Plioceno or early 

Pleistoceno. 

Boring Lavas 

The Boring lavas of Treasher (35, p.11) are similar 

lithologically to the more basic flows of the Cascade 

andesites. They erupted from the saifle vents as the pre- 

viously described Boring "aEglomerate"; thus they have 

generally the same distribution in the Portland and Boring 

hills. The lavas were slightly less viscous than the 

Cascade andesites and therefore they were able to flow 
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2reator distances over lower gradonts. It 1.8 possible that 
part of the riore basic Cascade andesite lavas flowed far 

enough west to be known now as part of the Boring lavas. 

The writer considers the Boring lavas which originated 

mostly from local vents to be a westward equivalent of the 

Cascade andesitos. 



SUMMARY OF CHARACTERISTICS OF 
TERTIARY LAVAS 

Three distinct Tertiary basaltic lava units which are 
recognized in northwest Oregon have been discussed on pre- 

vious pages under the heac1ins of Eoceno volcanics, Mioceno 

lavas, and Pilo-Pleistoceno volcanics. As might be expected, 

numerous variations within the litholo;ies of these basaits 

result occasionally in questionable identification in 

exposures where the stratigraphic position is not clearly 

known. 

Eoceno Lavas 

The Tillamook volcanics occur usually in massive red 

and yellow stained outcrops and often are amygdaloidal. 

These lavas are comcion1y epidotized or chioritized so as to 

rive the rock a slightly green color. They are usually 

associated with marine sediments. Occasionally Eoceno 

basalt resembles the cense, fine-grained Columbia River 

basalt. This probably is duo to an occasional sub-aerial 

extrusion caused by build-up of volcanic materials above 

the surface of the water. 

Mioceno Lavas 

The Columbia River basalte have the most uniform 

characteristics for recognition. They are observed to be 

entirely terrestrial and usually are displayed in flows of 
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uniform thickness with well developed columnar jointing. 

Basalt interbedded in the Astoria foriaton at Bradley Park 

on the Columbia River near Astoria does not appear to have 

characteristics of submarine lavas. A distinctive soil zone 

is usual1T present between the flows. The rock is usually 

dark and dense and phenocrysts are not usually apparent. 

Weathering. is usually sliht except where laterization has 

taken place, and then the rock is entirely decomposed. This 

laterization is found so far only in the Miocene lavas and 

is therefore a useful criterion. The Columbia 1iver basalts 

are occasionally confused with either the Eocene or the Pilo- 

Pleistocene lavas. When the blocky-jointed interior of a 

thick flow of Mioceno Columbia River basalt is hithly 

weathered, it closely resembles the denser Eocene lava. 

Occasionally Mioceno basalt contains a considerblo number 

of light colorad feldspar crystals and more closely 

resembles the darker colored Pilo-Pleistoceno lava. 

Pilo-Pleistoceno Lavas 

The Cascade andesitos and their equivalents are either 

late Plioceno or early Pleistocene in age. The Cascade 

andesite (and equivalent local Boring basalts) occurs as 

thin flows and the total thickness 1s rarely more than 100 

feet in the Portland and Oreon City areas except as intra- 

canyon flows where the thickness is greater. The aggregate 

thickness of this lava increases eastward towards the crest 
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of the Cascades. Ihe rock is light colorad and is usually 

highly porphyritic with light-colored feldspar phenocrysts. 

The Cascado andesite contains numerous small vesiciss or 

voids which indicate that the lava contained considerable 

amounts of volabiles. 

".hen identification of the lava unit is not apparent, 

a combination of criteria is sometimes helpful. For thia 

reason the table Summary of Characteristics of Tertiary 

Lavas (Plate VI) was prepared. 
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PLATE VI 

CHARACTERISTICS OF TEFIARY LAVAS 

PLI O- 
AE 1OONE MIOCENE PLEISTOCENE 

COLOR Groen to black 

Coarsely vesicular 
or arygdaloida) 

TEXTU Often porphyritic 

Phenocrysts: basic 
plagioclaso, ferro- 
rragneoian r'inorals 

1INERAL- Secondary rinerals: 
OGY eDidoto, calcite, 

zeolitos, chlorite, 
anetite, pyrite 

ST RUCTU1 

WEATHER- 
111G 

T: ICKN5 

STRATI- 
G RAPIC 
REL AT IONS 

Massive jointinc, 
thick doned flows, 
pillow structure, 
sedimentary inter- 
bede 

Often highly frac- 
tu red witì serpen- 
tine coated fracture 
sear- 3 

ed and brown along 
seams, often rotten 
and crumbly 

5,000 - 10,000 ft. 
lower contact unex- 
posed, overlain by 
ocene and later 

sediments 

Gray to black 

Usually denso 
but soret1nec 
scoriaceous 
near contact 

Phenocrysts: 
basic plagio- 
clase, hypers- 
thene 

.3econdary viner- 
als: lironite 
or hematite 
stain 

Co1urnar joint- 
ing, flows uni- 
forr' thickness, 
low angle dip, 
red baked con- 
tact 

Usually fresh 
except where 
laterized 

4co - 3,coo ft. 
Overlies 011go- 

cene marIne 
beds, overlain 
by Troutdale 
gravels and 
Fern didge 
tuff 

G ray 

Expanded, 
many e'al1 
vesicles 

Ilighly 
porphyritic 

Phenocrysts 
andes1re, 
cl mo- 
pyroxene, 
olivine 

Secondary miner- 
als: limonite 
stain 

Crude columnar 
to piaty jxnt- 
inc, flows 
often intra- 
canyon, often 
high initial 
dip 

Weathe ring 
el ight 

100 ft. plus 

Lieø on Trout- 
dale or Rho- 
dodendron 
form....tion 



STRUCTURE 

Coast Range 

The Coast Rance is folded into an anticlinorium which 

p1unes to the north. A1thouh the sediments enera11y dip 

away from the axis oÍ' t- fold, numerous smaller folds and 

faults affect the dips locally. The northward plun.ce of the 

upfold is easIly detected by the sout1ard diverence of the 

Eocene rock outcrops northwest of Forest Grove. 

In the St. Helens quadrsnle Viilkinson et al (42, p.5) 

describes a syncline with the axis striking southeast and 

plun'in: in that direction. 

Willamette Valley 

In the Willamette Valley the Eocene and Oliocene 

rocks have a enera1 east dip. Post-Mioceno folding, is 

detected largely by the attitude of the Columbia River 

basalt flows. Since the initi1 dip of the basalt was 

small, dips of moro than a few deroes are considered to 

be doformational. 

The Willamette Valley northeast of Salem is situated 

a1on. the axis of a north plunging structure named the 

Willamette synclino by Thayer (M, p.13). The syncline is 

formed by the eastward dippin basalt flows in the Eola 

Luis and the northwest dipping Stayton lavas in the a1do 

lïills. The downwarped lavas (if present) along, the axis 
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of the syncline are interpreted to be buried by valley fill 

several hundred feet thick. 

In the Tualatin Valley west of Portland the Miocene 

basalt is folded into a syncline with its axis trending 

northwest trouh the city of Hulisboro. The Tualatin 

syneline is bounaed on the southwest by the Chehalern Hills 

and on the northeast by the Portland Hills anticlirie. 

The Portland Hills anticline which trends northwest 

through Portland along; the west bank of the Willamette 

Hiver has been described by Treasher (5, p.8), who states 

that folding is sufficient In itself to produce such a 

structure. In the opinion of the writer a fault alonr the 

northeast ed'e of the anticline is suested by the scarp 

of the Portland Hills northwest of that city. 

Western Cascades 

The Cascade Rance is considered to be a north-south 

pile of volcanic materials of moderate relief prior to the 

extrusions of the Columbia Hiver basalts. The Columbia 

Hiver basalts which occur at lower elevations have since 

been ently folded. Later Cascado lavas have flowed out all 

along the Cascade Hange with moderate to stoop initial dips 

which mask later folding if such occurred. 
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STRUCTURE MAP 
PLATE VII 
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ECONOMIC GEOLOGY 

The relatively unaltered and geologically younger 

formations of northwest Oregon have but little to offer in 

the way of econoric xiinera1s. Gold, copper, sphalerite and 

galena have been mined in the upper reaches of the North 

Santiam River, but high labor costs and inaccessibility have 

thwarted most mining ventures. 

The economic worth of resources in this area is coupled 

to the development of industry which in turn is dependent 

upon cheap hydroelectric power. The abundant water 

resources in northwest Oregon are therefore a factor in 

determining the economic importance of brick and tile clay, 

road metal, cernent and, to a small extent, building stone. 

There are numerous deposits of clay suitable for brick 

within the Willarnette Valley. The yearly value of clay 

products in Oregon approaches 1,000,000 dollars (2, p.5) 

and the majority of brick plants are in northwest Oregon. 

Numerous rock quarries and gravel pits are in continual 

operation to provide the aggregates required in concrete 

used in all types o construction, and to provide materials 

for highway construction and repair. The Columbia River 

basalt is preferred for highway construction where it is 

available. 

Limestone occurring in the Eocene marine deposits 

southwest of Dallas, Oregon, is crushed and used in soil 

locally for enrichment. 
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A process for "poppin' calcareous shale by heat treat- 

ment has boon recently developed and "li1htwoight aggregato" 

is beinT produced conuriercially. One plant is located just 

east of the Sunset Thnnel on the Sunset Hi:hway about fifty 

miles west of Portland, Oreon, and. another in Portland. 

The sliales utilized are marine O1iocene Keasey ShSlOSe 

"rerruginous bauxite occurs in many areas west of the 

Cascade Range as a result of the laterization of the 

Columbia River basalts (25). Durir&r VJorld War II critical 

shortaes of aluminum activated a study of tiiO deposits 

as well as the construction of a pilot plant at Salem, 

Oregon, to process other clays. No bauxite was processed, 

however, since the war's end preceded completion of the 

plant. With the end of the war the cost of processing low 

grade ores did not warrant further expenditures. 

As better methods aro developed for the processing of 

"ferruinous bauxite' many of the hauxitic ores in Oregon 

may become of commercial importance. 
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GEOLOGIC HISTORY 

Pre-Co1umb.a River Basalt Time 

The oldest exposed rocks in northwest Oregon are the 

rocks of the rnid-Eocene Tillamook volcanic series which 

are best seen in the eroded core of the Coast Range. Other 

exposures of Eoceno volcanic rocks have been recognized as 

Pre-Butte Croak lavas in the io1alla quadrangle, a small 

unnamed outcrop of steeply dipping lavas occurring in the 

channel of the 'illamette River one mile north of New Era, 

the P.iletz volcanic series, and the Coffin Butte volcanics 

north oi Corvallis. In the Coast Range, Eocene volcanics 

are unconformably overlain by late Eocene elastic rocks 

which are roconized in the mapped area only along the 

flanks of the Coast Range (undifferentiated Ts and Tes, 

Plate X) and the Helmick beds exposed in the southwest 

corner of the Salem quadranle. 

A mid-oceno sea with its east coastline lyin near 

the Dre$ont day foothills of the Cascade Range must have 

literally boiled at times from sub-aqueous vulcanism which 

took place at that time. During intervals of quiescence, 
sea life irated back to where it had been obliterated by 

a previous eruption only to have the process repeated. At 

times tho sa must have been dotted with fiery volcanic 
islands which probably greatly resembled tie active 

volcanoes in the Aleutian Islands. When the volcanic phase 
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of the :oceno epoch had ceased, folding occurred which 

exposed the submarine lavas to vigorous erosion by waves 

and weather. As the sea eroded its way landward, deposi- 

tion of the coarser c1asttc resulted in the foriation of a 

basal con4omerato seen in the Rocky Point forniation in 

northwest Oregon. Thrt erosion had reduced the high areas 

by the end of tbe Eocene epoch is evidenced by the 

increasingly finer texture of the sediments upward in the 

Rocky Point formation. That a variety of conditions pre- 

vailed during, the transitional period from the deposition 

of Eocene clastics to the more tuffaceous Oliocene phase 

is evidenced by the heteroenoous 1itho1oy of the Nehalem 

formation in the upper Nehalem basin. 

In early O1iocene time subsidence occurred which 

caused a general deepening of the sea and probably a sub- 

mergence of most if not all of the land areas to the west 

of the present day Cascade foothills. Volcanoes,which 

supplied the vast quantities of ash to the Oli, ocene sea, 

became increasin7ly active later in the epoch. By the end 

of the Oliocene epoch vast quantities of terrestrial tufi 

and tuffaceous marine sediments had accumulated. After 

folding and uplift, ari extensive period of erosion by 

mid-Miocene reduced the area to a mature topography 

characterized by gently rounded hills. 

Immediately prior to the extrusion of Columbia River 

lavas, the area west of the present Cascade Range was one 
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of low mature topography with a relief of about 500 feet. 

The Cascade area probably had slightly areater elevation 

since it had remained above the level of the seas and had 

been the main source area throughout 01iocene time. 

Columbia River Basalt Time 

Beginning with the nid-Miocene, lavas quietly erupted 

from vents and fissures. As the lava poured out, it spread 

out as tiick syrup fillin: the depressions, but having, a 

nearly level upper surface. The flow from one outburst 

was seldom tiücker than 100 feet and probably flowed a 

maximum distance of fift7 miles from its source. A neigh- 

borinr flow may or may not have been able to reach the 

first one, but other "well spaced" fissures probably 

supplied lavas to the intervening gaps. Continual sporadic 

eruptions of basalt, with geologically short quiescent 

periods locally, resulted in one of the largest aggregations 

of basaltic lava known in geoloic history. When the 

eruptions had ceased, a vast lava plain with an average 

thickness or r:.ore than 3,000 feet covered more than half 
of Oregon and 1Xasiiington, and part of Idaho. The lavas in 

the Willamette Valley were :oined to the main body of the 

Columbia Plateau in eastern Oregon by a connecting strip 
of lava which crossed the Cascades near the present Gorge. 

The basalts spread out west of the Cascades but were much 

thinner near the extremities of the formation. 



Post Columbia River Basalt Time 

Following the extrusion of the basalts, but prior to 

folding, in sorne areas, the top thirty or more feet was 

completely altered laterization. That this lateriation 

was quite ei.tensive west of the Cascades is apparent from 

the fact that almost any area containing Miocene basait 

flows contains patches of latente. ]his period of laten- 

zation represents tropical to sub-tropical humid climatic 

conditions with the land at or near sea level. 

Gentle folding and erosion followed the period of 

latenization. Fast running streams loaded with gravels 

and ash derived from eastern highlands deposited thick 

sequences of gravels and tuffs in the area adjacent to the 

present day Columbia River Gorge. During the final stag.es 

of the deposition of this gravel, active vulcanism in the 

Cascade area produced quantities of tuff and breccia which 

were deposited with and upon the cross-bedded gravels. In 

late Plioceno or early Pleistocene the area was Lolded 

further as i evidenced b the attitude of the Pliocene 

gravels. Lxtrusions of andesite, which continued up to 

almost recent times, have given the youthful relief to the 

Cascade ikange. Sub-recent epirogonic uplift or eustatic 

changes in sea level in response to Pleistocene climate 

changes is evidenced by the several terraces formed by the 

Willamette River and its tributaries. It is possible a 

lowering of sea level iight have been responsible for the 

loweriri:. of the base level o.L' erosion in this area. 
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Conclusions which are presented in more detail in the 

body of the thesis are here summarized. Strati:raphic 

correlation8 have involved strata of Eocene to Pleistocene 

age. 

Eoceno lavas and related sediments of the Coast fian:e 

of northwest Oregon described as Tillamook, Gobie, Siletz 

hiver and Coffin Butte volcanics are similar in litholoy, 

structure and strati:raphic age. It is sugjestod that the 

earlier used name Tillamook volcanics he used for Eoceno 

volcanics in the Coast Range of northwest Oregon. 

Since the Scappoose formation in the northwest Oregon 

has not been proved a mappable unit, it is herein sugT,est'd 

that the name Scappoose be dropped and the strata previous- 

'y considered to be Scappoose be included in the Pittsburg 

Bluff formation. 

The Eugene formation of Schenck (33) should be extended 

northward to includo the Illahe of Thayer (34) and the Butte 

Creek beds of harper (18). 

The i1ebama and Berlin volcanic formations are similar 

in all respects. Since the name Mehama has priority, its 

use should he extended to include the i3erlin volcanics. 

The Salem and Stayton basalts are concluded to have 

been continuous with the Columbia Lava Plateau east of the 



Cascades; therefore, the names Salem lava and Stayton 

basalts should be dropped in favor of the name Columbia 

River basalt. 
The Boring Ttagjlomeratefl formation as well as the 

Boring lavas are westward extensions of formations in the 

Cascade Range. Their occurrence froi local vents near 

Portland accounts for the use of a local name. 



FCOMMENDATIONS FOR FURTHER STUDY 

Of considerable value to the further completion of the 

o1oy of the Willamette Valley and the Cascade area would 

be th mapin and study of certain quadrangles bordering 

the east side of the Willamette Valley. 

A detailed geologic study in the southwest quarter of 

the Estacada quadrangle would possibly prove the equivalency 

of the Troutdale gravels in the Boring quadrangle to the 

north with those in the Molalla quadrangle to the west. 

Evidence as to the position of the ancestral Columbia River 

in riid-Pliocene time in this area might be revealed (see 

p. 47). 

The Lyons and Snow Peak topographic quadrangles, lying 

east of the Stayton and Lebanon quadrangles respectively, 

have been published recently. Study in these areas which 

link the high Cascade formations with those in the Valley 

may provide the information necessary to a better under- 

standing of the geology of the Cascade Range. 

Detatled mapping in the Vernonia and surrounding 

quadrangles would establish whether or not the Scappoose 

f ormtion is a valid mappable unit. 
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APPENDIX 

Notes on Map 

Under the index to eoloic mapping' on Plate X Allison 

"in press" should be read Allison l953since the publication 

was in print prior to the completion of this thesis. 

"Tcb" area on the west side of the Albany quadrangle 

colored as Eocene lava should be lïsted in the "Explanation" 

of Plate X as Corfin Butte volcanics. 

"TS" used alon, the left border near the top of 

Plate X and shown in the Explanation as Oliocene is that 

of Warren et al (9) which on their map of northwest Oreon 

includes upper Eocene to Miocene niarmne sediments. The 

orange color symbolizin an Oligoceno a:;e is utilized on 

Plate X since the area represented by "Ts" on this map is 

alriost entirely Oli:ocene comprised of the Keasey, Pittsburg 

Bluff and Scappoose formations. 

In the text (p. 47) it was stated that part of the 

lavas mapped as Zocene by Harper in the Molalla quadrangle 

aro actually Pliocene. The writer has not re-mapped these 

lavas but has indicated by color and a dotted line where the 

contact presumably occurs. Note: Eocene lavas are red- 

brown while Plioceno lavas are purple. (See map, Plate X) 


