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Abstract Approved:

The Stayton quadrangle is located in the western part of' 

Marion County and is approximately 210 square xii1es in area. 
It is drained by the North Santlam River and by the smaller 
tributaries of the Willamette River, The quadrangle may be 
divided into three topographic divisions, namely, the Vostern 
Cascades, the Salem Hills, and the Willamotte Valley Lowland, 
;ocycle of erosion are evident in the Western Cascades, the 

present streams flowing in narrow youthful valleys. 

The oldest rocks exposed in tile area are the marine ande- 
sitie tuff and conglomerate composing the fliahe sandstone of 
middle Oligocne age. This sandstone has been folded into 
broad, open folds along northeast-southwest axes and exhibits 
dips of one to twelve degrees. It is best exposed In the 
western face of the Salem Hills and in small basins and embay- 
merits eroded through the overlying lavas in the Western Cas- 
cades. 

trnconformably overlying the Illahe sandstone, and covering 
most of the Salem Hills and the Western Cascades, are the Stay- 
ton lavas of middle Miocene age. They consist of finely por- 
phyritic, extremely glassy, black and gray basalts. These lavas 
were folded in upper Mioceno into a syncline which crosses the 
western part of the quadrangle and plunges gently N30°E, the 
limbs of which dip between two and three degrees. 

Unconformably overlying the Stayton lavas is the pumicious, 
andesitic tuff and conglomerate making up the Fern Ridge tuff 
of Pliocene age. This stream deposited material is present on 
the spurs along the eastern margin of the ares as fingers of 
tuff from the more general cover of tuff farther eastward. 

Along both the north and south margins of the Stayton basin 
where they have been protected from erosion by the underlying 
basalt are the deeply weathered, high terrace Sand Ridge gravels 
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belonging to the Kansan stage of the Pleistocene. At a lower 
elevation, partially filling the i1tayton basin and spreading 
westward into the Wil1aìiette valley, are the Santiam gravels 
belonging to the Illinolsn 2tge cf the Pleistocene. Forming 
a veneer over the lower Elopes of most of these deoc'sits is a 
layer of WLametto silt, bclQngin to the isconsin stage of 
the Pleistocene, which extends up to approximately 325 feet. 
This silt is very extensive in the northwest pert of the area 
and thickens northward. 

No hydrothermal vein deposits are known in the area. The 
more important economic deposits are the clays developed on the 
Illahe sandstone and Fern Ridge tuff, road metal as turnished by 
Stayton lavas, &nd and gravel from the recont alluvium of the 
major streams, lignite from the Illahe sandstone, and flagstone 
from a platy basalt flow east of Stayton. 
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THE GEOLOGY OF TI 

STAYTON Q.TJADRANGLE, OHEGON 

mvi Ous irop 

The writings of the earlier observers of the geology 

of northwestern Oregon contain few references to the 

geology of Marion cotmty. Arnold and Hannibal (3) in 

1913 indicated on their areal map that marine sediments 

which they assignedto the middle Oligocene were to be 

found a few miles northeast of Silverton. No description 

was given of the area nor of the fauna found in that 

locality. Washburn (19) in 1914 described a fossil 

locality in the extreme western part of the Salen Hills 

a few miles south of the city of Salem, but he gave no 

mention of any of the area lying east of the Salem Hills. 

Diller (7) in 1915 mentioned the basalt occurring in the 

Salem Hills and the "basaltic appearing" Waldo Hills in 

conjunction with the areal map accompanying the report. 

He did not recognize the presence of any underlying sedi- 

ments in this area. Schenck (14) in 1930 mentioned this 

presence of tuffaceous Oligocene sediments in the north 

central part of Marion county, but did not describe the 

locality nor the fauna. 

The first important work in the county was that of 

Thayer (15) who in 1934 described a section from the 



Willamette River eastward to Mt. Jefferson. Part of his 

work included the southern half of the Stayton quadrangle, 

the northern third of the Lebanon quadrangle directly to 

the south, and that portion of the Salen quadrangle east 

of the Willamette River, as well as a six-mile strip ex- 

tending eastward up the valley of the North Santiam River. 

Thayer's work was of great assistance because of its 

description of the region east of the area described in 

this paper. 

Felts (8) in 1336 described the geology of the 

Lebanon quadrangle adjoining this area on the south, giv- 

Ing the first detailed description of the Cascade foot- 

hills and adjacent Willamette Valley for this part of 

Oregon. 

INTRODUCON 

Geographical Relationships 

The Stayton quadrangle is located largely in the 

southern part of Marion county with a part of the south- 

east portion of the area lying along the northern boundary 

of Linn county. The quadrangle is located in the lower 

Cascade foothills along the eastern edge of the Willamette 

Valley approximately sixty miles directly south of 

Portland. 
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The area as included in the quadrangle 11es between 

440 45 and 450 00' North latitude and 122° 45' and 123° 

00' West longitude. It thus consists of a 00 15' quad- 

rangle which at this latitude has an area of 209.3 square 

miles. Of this total area approximately 185 square miles 

are included in Marion county, the remaining 24 square 

miles being in Linn county. 

Climate 

This portion of Marion end Lirni counties has a mild, 

temperate climate characteristic of the northwest Pacific 

Coast region. The summer nights are usually cool, even 

though the days may have been comparatively warm. The 

winters are characterized by cool temperatures and a rainy 

season beginning in November and continuing until March, 

more than half the rainfall for the year occurring during 

this period. The lower part of the area normally has a 

frost-free season of about 210 days, the higher areas to 

the east a correspondingly shorter period. The Weather 

Bureau Station at Salem shows a total range of tempera- 

ture from _60 F. to 105° F., but the yearly mean tempera- 

ture is 52.7e F. The mean precipitation at Salem is 

recorded as 37.5 inches; the areas to the east, however, 

receive a higher precipitation. Some of the localities 

in the foothills have a total precipitation of nearly 



fifty inches. As a result of such a favorable climate

and adequate precipitation, vegetation is abundant and

all areas not farmed are covered with a heavy growth of

fir or oak timber and thick underbrush on the deep re

sidual soil.

Drainage

The quadrangle is drained by a well-developed system

of streams. The largest of these streams is the Horth

Santiam River, which flows westward through the southern

part of the area. The North Santiam River, however, re

ceives most of its water from the higher Cascades and

drains only about twenty per cent of the area included

in the quadrangle. The remainder of the area drains north

ward toward the Willamette River through Mill Creek,

Little Pudding River and Pudding River. All the streams

in the area are subject to a flood and lov/ water stage,

many of their smaller tributaries going dry in the summer

months. Mill Creek, however, is the least affected by

low water stage, since much of its water is derived from

irrigation and power canals which get their supply of

water from the North Santiam River near Stayton.

Culture

The area is well settled, but the towns are small
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and. generously scattered over the area. The town of 

Stayton, from which the quadrangle takes its name, is 

located in the southeastern part of the area and. is the 

largest city in the quadrangle. A small part of the city 

of Silverton is included. within the quadrangle, as is 

also a very small part of Salem, the capital and second 

largest city of Oregon. 

Llarion coimty was settled early in the history of 

Oregon, the settlers relying on agriculture for a living. 

That occupation has been maintained and is today the main 

Industry of the area included in the Stayton quadrangle. 

Lumbering end grazing rank a poor sec6nd as most of the 

timber except that on the tops of sorne of the hills and 

the steeper valley slopes was cut long ago, and the land 

cleared for farming. 

The North Sentieri HIhway No. 222, which crosses the 

Cascade Mountains, enters the area through the North 

Santiam Fiver valley east of Stayton, from which city it 

extends north and west through Sublimity and Aumsville, 

crosses the low foothills of the Cascade Mountains, and 

joins with Pacific Highway No. 99E at Salem. Other 

macadam roads extend from Stayton both northward across 

the foothills of the Cascade Mountains toward Silverton 

and westward across the lowland bordering the North 

Santiam River. In addition, as a result of a dominantly 



rural population añd industry the area is well covered 

with a net of market roads, making any district easily 

and quickly accessible. 

The area is served by the main lines of the Southern 

Pacific Railroad which passes through the western part of 

the area and by a branch line of the Southern Pacific 

which extends southward from Silverton through Aumsville 

to West Stayton. 

TOPOGRAPHY 

General Features 

The topography of the Stayton quadrangle may be 

divided into three topographic divisions. The basis for 

this subdivision is their relation to the larger physio-. 

graphic features of the region to which the small areas 

in the quadrangle belong, rather than the topography 

exhibited wholly within the quadrangle. The easternmost 

of these divisions, the Western Cascades, including most 

of the Waldo Hïlls, slopes gently westward and north- 

westward and exhibits relief in most localities of less 

than three hundred feet. The second division, the Salem 

Hills, embraces the range of hills which occur in the 

western part of the area and trend to the north-north- 

westward through the Salem quadrangle. These hills 
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exhibit the maximum relief of the area, apprOximately 

eiht hundred feet. The third division, the VJillainette 

Valley lowland, embraces all the lowland distinct from 

either of the two higher divisions. The large area 

northwest of the Waldo Hills belongs to this division, 

end. the North Santiam lowland between the Salem Hills 

and the Western Cascades may be considered n extension 

of it. 

Western Cascades. The Western Cascades compose 

approximately one-half of the area. They are relatively 
low--only 600 to 800 feet A.T. along the eastern margin 

of the area. East of this area, however, their elevation 

continues to increase as the Higher Cascades are ap- 

proached. Most of the Western Cascades slope to the 

northwest. Slopes vary from as high as 100 feet to the 

mile in the northeastern part of the Waldo Hills to as 

low as 35 feet to the mile in the central part. 
The western boundary is indefinite, as the Western 

Cascades merge physiographically with the Salem Hills. 
The Mill Creek gap is arbitrarily selected as a conven- 

ient boundary. 

Evidence of two cycles of erosion is present in the 

Waldo Hills. In the central part of the hills, over half 

the area is flat or only very gently rolling, and lies 
between 500 and 700 feet A.T. in elevation. The slope of 



this surface in msny places is as low as 25 feet per 

mile to the northwest, but other areas show slopes as 

high as 125 feet per mile. This surface is widespread 

in the Waldo Hills. In the northeastern part of the 

hills it increases both in height and slope and the slope 

changes more to a westerly direction. On this surface 

are low, rounded knobs which occur either singly or as a 

ridge composed of several knobs arranged linearly and 

connected at their bases. The knobs are aligned with 

the spurs oresent in the eastern part of the area. This 

suggests that in each case they are remnants of a spur 

which once extended farther northwestward between the 

streams of either side. The Imobs are iOWa 100 to 150 

feet in elevation, along the front of the Waldo Hills, 

but in the eastern part of the area where the erosion 

surface is less distinct, the height of the spurs is 

estimated to be LO to 250 feet above this erosion sur- 

face. 

The present streams in the Waldo Hills have cut 

youthful valleys, very steep-sided and narrow, into the 

underlying basalt. Because of the moderate height of the 

Waldo Hills above the Willamette Valley, these youtbíul 

valleys are limited to a depth of from 125 to 225 feet. 

Near Silverton where the Waldo Hills are hither and the 

available relief correspondingly greater, Silver Creek 



has cut a steep-sided valley 350 

of the youthful valleys diminish 

headwaters of the streams in the 

'7aldo Hills flowing leisurely on 

inherited erosion surface. 

On the upper headwat ers of 

feet deep. The depths 

rapidly upstream, the 

central portion of the 

the gently-sloping 

udding River and Beaver 

Creek in the northeastern part of the Waldo Hills, the 

narrow youthful valleys give way locally to more mature 

valleys having a maximum width of three-fourths of a 

mile. Three such valleys owe their greater width to the 

presence of less resistant sandstone which they have en- 

countered beneath the basalt. 

The Waldo Hills present at all points a steep north- 

western front. In the western part of the Ialdo Hills 

between eer and the Mill Creek gap, the margin of th 

hills is especially steepened with numerous short tribu- 

taxies heading in the area. 

The Mill Creek gap, which determines the western 

extent of this steepened face, extends in a north-north- 

westerly direction from the town of Turner. Its width 

varies from 0.3 of a mile at the southern end, to a 

maximum of 0.6 of a mile in its central portion. The 

walls of the gap rise abruptly on the western side, more 

gently on the eastern side, to more than 200 feet above 

the level of the streams 



Salem Hills. The small area belonging to this topo- 

graphical division occupies less than one tenth of the 

quadrangle. The eastern boundary has been arbitrarily 

set along the Mill Creek gap. The western boundary, 

except in a very small area in the extreme southwestern 

part of the area, lies beyond the boundaries of this quad- 

rangle. The hills which make up this division exhibit the 

mirnum relief of the area, more than 800 feet. The 

highest point in the Stayton quadrangle, 1075 feet A.T., 

is also on the Salem Hills. 

The Salem Hills are a distinct unit which trends 

N30°VI from a point two miles south of the southern boun- 

dary of this area. The maximum width of the hills in 

the quadrangle is three miles, but the range widens to 

the northwest. They present at all points a steep western 

escarpment which has a slope of from 800 to 1500 feet per 

mile; the east slope is moderate. 

Some slight evidence of two cycles of erosion can 

be found in the Salem Hills. The prominent hill directly 

west of Mill Creek gap apparently shows an erosion sur- 

face between 550 and 600 feet A.T. as relatively flat- 

topped, gnt1y-sloping spurs above which the main mass of 

the mountain rises about 200 feet, but such benches may 

have been caused by differential erosion. 
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Willamette Valley Lowland. The Willamette Valley 

Lowland mzes up approximately half of the area of the 

quadrangle. Its boundary is in most localities easily 

determined by its rather abrupt contact with either the 

Waldo or Salem Hills. Along the front of the Waldo Hills 

between Geer and Silverton, however, the boundary of the 

lowland is arbitrary because of the rather gently-sloping 

front of the Waldo Hills. 

South of the Waldo Hills the Willamette Valley Low- 

land is present in the Stayton basin, a triangular- 

shaped lowland lying between the Waldo Hills on the north, 

the Salem Hills on the west, and the un-named hills of 

Linn county on the south. The major apex of the tri- 

angular-shaped lowland is at Stayton, the main stream 

entrance to the lowland, the other two apices being at 

Turner and south of Marion, serving respectively as exits 

for the drainage of Mill Creek and the North Santiam 

Hiver. 

The Stayton basin is largely occupied by the North 

Santiain fan, a nearly-smetrical alluvial fan which 

spreads westward from the North Santiam River where it 

enters the Stayton basin. This surface, except for 

shallow flood channels, apparently represents the origi- 

nal surface of deposition. This surface iS separated 

from the recent river wash by a nearly-vertical face 
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averaging twenty-five feet in height south of the North 

Santiarn River, but north of the river this surface is in 

many places less than ten feet above the channeled recent 

deposits. 

The surface of the Willamette Valley Lowland varies 

in elevation from 450 feet A.T. near Stayton to less than 

150 feet A.T. in the extreme northwestern part of the 

area. North of the Waldo hills lies an extensive north- 

ward-sloping plain. Except for small valleys, most of 

which are less than fifty feet in depth, the plain pre- 

sents a nearly level surface. Its surface is underlain 

by a deposit of fine sand and silt which covers most of 

the Willamette Valley Lowland north of the Waldo Hills. 

This appears as a silt terrace along Mill Creek which 

increases in height to the northwest, reaching a height 

of about fifteen feet at the point where it passes out 

of the area. Except along Mill Creek, its nearly-level 

surface is cut only by the shallow, recent stream valleys. 

The greater degree of dissection of this surface north of 

the Waldo Hills as. compared to that of the surface in the 

Stayton basin is due to the greater number of streams, 

larger flow of water, and especially to the shorter path 

and hence the higher gradient which the streams in this 

part of the area take in reaching the Viillamette River. 

A recent floodplain averaging one mile in width has 
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been cut from ten to thirty feet into the North Santiam 

River fan by the present North Santiaìn River. An exten- 

sive floodplain north of the Waldo Hills approximately 

one mile in width has been cut from five to fifteen feet 

deep into the fine, sand and silt by Mill Creek. 

DESCRIPTIVE GEOLOGY 

General Features 

Approximately one-half of the area is covered by 

Stayton basalt, Liiocene in ase, through which the under- 

lying Oligocene marine sandstone is exposed in several 

basins and embaiments eroded through the basalt. In the 

eastern half of the area the Stayton basalt is overlain 

by the Fern Ridge tuff which extends out over the basalt 

as fingers from the more general cover of tuff farther to 

the east. Along the North Santiam River, old rotten high- 

terrace gravels of middle Pleistocene age are perched on 

the low basalt slopes which prevent their erosion. At a 

lower elevation and spreading westward from Stayton, 

later gravels form an extensive fan which partially fills 

the basin and spreads on into the Willamette Valley. 

Forming a veneer over the lower slopes of all these de- 

posits is a layer of silt which extends up to approxi- 

mately 325 feet in elevation. This silt is very extensive 

in the northwest part of the area and thickens northward. 
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Illahe Sandstone 

Distribution and General Relations. The Illahe 

sandstone is exposed in fourteen separate disconnected 

localities. The largest of these exposures is in the 

west facing escarpment of the Salen Hills. Here the more 

easily-eroded sandstone capped with a thin layer of basalt 

has been eroded back until it presents a slope too steep 

to farm, which extends for five miles in this area and for 

a much longer distance in the Salen quadrangle adjoining 

thïs area on the west. The maximum thickness exposed is 

about 650 feet, but the base of the sandstone is nowhere 

exposed. Thayer (12) stated that one-half mile was a 

liberal estimate of the total thickness. 

Two small localities are exposed near the crest of 

the Salem Hills where the thin layer of basalt has been 

eaten through. Battle Creek exposed three small local- 

ities two miles west of Turner, while the large emnbayment 

two miles east of Tm'ner is largely determined. by the 

sandstone. The two basins six miles southwest of Silver- 

ton are both underlain by Illahe sandstone. The wide 

valley of Pudding River in the eastern part of the area 

is cut into Illahe sandstone. In thïs locality the basalt 

cover is absent and the Fern Ridge tuíf lies on the Illahe 

sand..stone. The wide embaient along Silver Creek one mile 
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southeast of Silverton and the valley next south of Silver 

Creek are both cut in sandstone. This sandstone exposed 

in the valley is proboly continuous with the large ex- 

posüre south of Valley View School but the outcrops could 

not be traced through the intervening area. 

Marine fossils are scattered throughout all the 

localities, but are generally very poorly preserved. 

Leaf Imprints as well as marine fossils were found in 

most of the localities along the eastern edge of the area. 

The dense white sandstone south of Valley View School con- 

tained many small pieces of wood, but lacked both marine 

fossils and leaf imprints. The sandstone is probably 

nearly all marine, as marine fossils are known to be 

abundant a few railes to the east. The shoreline must 

have fluctuated back and forth over the eastern part of 

the area, never extending very far west of the eastern 

boundary of the area. The Meharna volcanics, terrestrial 

equivalent of the marine Illahe sandstone which Thayer 

(12) indicated to underlie the basalt at Kingston, could 

not be found. No evidence to support Thayer's view that 

the Oligocene shoreline lay along the western part of the 

Stayton basin could be found, all evidence pointing to 

its being farther east. 

Petrographic Character. The Illahe sandstone is, 

for the most part, a fine-grained tuffaceous sandstone 
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with minor amounts of pebble and granule conglomerate. 

Liost of the more porous, less cemented phases are snowy- 

white to creamy-white in color. The few exposures, how- 

ever, which consist of dense, compact material, are gen- 

erally bluish-green in color. The sandstone readily 
weathers and most of the exposures are stained with 

limonite or merely bleached to a brilliant white. 

The unweathered sandstone is generally hard and 

fairly resistant, but all except the very fine-rained 
phases readily soften and crumble upon slight weathering. 

Secondary cement was found in less than one-third of the 

samples, both silica and calcite being found. Even in 

these samples, the amount of cement was very small; only 

in one sample, a fine pebble conglomerate, was there 

enough cement to be readily distinguishable. 
The material composing the sandstone is in general 

well sorted. The bedding is for the most part very in- 
distinct, especially if the outcrop is aprreclably 
weathered. The bedding is more easily seen under the 

microscope where the parallel alignment of the flakes and 

shards of glass may be readily seen in most cases. 

The conglomerate typically exposed on the west slope 

of the Salem Hills consists of pebbles less than one- 

quarter inch in diameter set in a groundmass of flakes of 

devitrified glass. Only in the valley of Silver Creek 
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near Silverton is a coarser conglomerate found, the 

pebbles in the small lenses of conglomerate here being 

up to one inch in dismeter. The pebbles are generally 

subangular in shape and consist predominately of basalt 

or andesite. Both the basalt sud andesite are very glassy 

and generally show very well-developed flow structure. 

Sorne of the pebbles of doubtful classification appear to 

consist of nearly 50 to 60 per cent augite and 3 to 4 per 

cent Olivine set in a dark indistinguishable groundmass. 

A small outcrop of granule conglomerate, exposed west of 

Marion, consists of granules of quartz and chalcedony up 

to 6 or 7 millimeters in diameter set in a groundraass of 

fine flakes and. shards of devitrified glass. The larger 

granules are well-rounded, the smaller ones less so. The 

granules constitute approximately or 4 per cent of the 

rock. The source from which they were derived is not 

Imown. This saine outcrop also contains what appears to 

be badly-decomposed pieces of pumice up to one inch in 

diameter, possibly air-laid. 

The sandstone consists primarily of franents of 

devitrïfied glass. The shape of the glass franents 

varies widely from slivers of glass to irregular flakes. 

The grains of glass are usually cloudy-white or yellow. 

In all but a very few samples, the devitrified glass con- 

stitutes from 90 to 95 per cent of the rock. Small 
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franents of dark brown glass are present in most samples 

up to a maximum of 2 per cent. They are more nearly 

equidimensional and average slightly smaller than the 

light-colored glass. 
Feldspars are present in all the samples taken. 

They are characteristically clear, glassy crystals, both 

UblQCkyV? and lth-1ike, broken crystals, and cleavage 

fragments. They are completely unaltered, showing very 

plainly the common albite and rarer pericline twinning. 

In hand specimen, some of the feldspar franents may be 

seen to be set very loosely in a larger negative crystal, 
suggesting that parts of the feldspar franent have been 

removed by groundwater. In composition, the feldspar 

franents appear to be predòminantly andesine with an 

occasional crystal of acid labradorite. Fragments of 

zoned crystals are present, but are not conimon. Most of 

the franents are less than i millimeter in diameter; 

rarely one reaches 2 millimeters in length. The feldspars 

normally make up only i to 2 per cent of the rock; in one 

extreme case they constitute 5 to 10 per cent of the 

sample. quartz is probably present in all the samples, 

though it is definitely recognized in only half of the 

samples. It is present as angular franents generally of 

smaller size than the feldspar franents. The quartz 

franents contain abundant bubble cavities and partially 
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oriented mineral inclusions. In most of the samples the 

quartz makes up less than 1 per cent of the rock, rarely 

3 to 5 per cent, and in one extreme case a sample from 

Pudding River Valley was found to consist of nearly 30 

per cent quartz. 

Other minor constituents consist of jagged fragments 

of yel1ow-reen hornblende which are found in a few of 

the samples and corroded fragments of olivine, found in 

only one locality in the Salem Hills. 

The average mineralogical composition of the Illahe 

sandstone may be given as follows: 

Per cent 

Light colored glass --------- 95 
Dark brown glass ------------ 2 

Plagioclase ----------------- 2 

Q.uartz ---------------------- i 
Olivine --------------------- tr 
Hornblende ------------------ tr 

Structural and Stratigraphie Relations. The Illahe 

sandstone has been deformed into low gentle folds. These 

folds may be seen to best advantage in the western face 

of the Salem Hills. The most easily discernible struc- 

tuxe in this area is the syncline which plunges gently in 

an easterly direction in the Parrish Gap region. The 

northern limb of the syncline can be traced northwestward 

to the crest of the adjoining anticline near the western 
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boundary of Section 19. The apparent closure is about 

250 feet, but because of the easterly Dlunge of the 

structures, the actual closure can not be determined. 

The southern limb of the syncline cannot be traced be- 

cause of the poor exposures. Outcrops and measurable 

dips were not abundant enough in other areas to attempt 

even an approximate determination of the structure.. 

The maximi.m dip observed was 12 degrees, but the 

average is probably between G and 7 degrees. Because of 

the small ni.imber of measurable dips in other localities 

than the Salem Hills, the exact structure of the sand- 

stone is problematical, but it suggests in usny localities 

that the folds must strike approximately northeast. How- 

ever, at no place in the area was an exposure found which 

showed a western component of dip. In the Salem Hills 

the dips range from 4 to 12 degrees and dip easterly, 

either to the northeast or southeast. In the northeastern 

part of the Waldo Hills the dips are generally lower, 1 

to 5 degrees, all toward the south and east. 

The base of the Illahe sandstone is nowhere exposed, 

so its relation with the older rocks is unknown. It is 

overlain un.coníorrnably by the Stayton lavas of Miocene 

age. Thayer (15) stated that the Illahe sandstone grades 

eastward into the Meharna volcanics, but no proof of that 

statement could be found in this area. 
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Name, Ae, and Correlation. The name Illahe sand- 

stone was given by Thayer (15) to the sediments occurring 

both in and east of Illahe Hill, an isolated knob near 

the western margin of the Salem Hills four miles south- 

west of Salem. 

On the basis of a fauna collected from the Illahe 

sandstone, Thayer (15) determined the age of the formation 

as Oligocene. Previously Schenck (14) had stated that 

tTTaffaceous sandstone, probably the correlative of the 

Eugene formation, occurs in the southern part of Clackamas 

county, in Linn county, and elsewhere," and indicated an 

occurrence in Marion county northeast of Silverton. As 

a result of his study, Thayer (15) stated that "deposition 

was apparently simultaneous at Pittsburg Bluff, the 

Eugene formation, and the Illahe sandstone." The 

accompanying. chart shows the relations of the faunas of 

the three deposits. 

1 2 

Pelecycods: 
Acila gettyburgensis Reagin x 
Adia shumardi Dall x X 
Antigona mathewsoni (Gabb) x x 
Aturia angustata Conrad x 
Cardium eugenensis Clark x 
Dentalium petricola Dall x x 
Diplodonta stephensoni Clark x x 
Diplodonta cf. parues Conrad X 

(1) Eugene formation 
(2) Pittsburg Bluff sandstone 
(3) Illahe sandstone 



Dosinia inathewsoni Gabb 
Leda impressa Conrad 
Leda lincolnensis eaver 
Leda washinCtonensis Weaver 
Llacrocallista Pittsburgensis Arnold 
Marcia oregonensis Conrad 
Llodiolus eugenia Clark 
Mulinia eugenensis Clark 
Myadesma houei Clark 
Panope estrellana Conrad 
Phacoides acutilineatus (Conrad) 
Pitaria Clarki Dickerson 
Solen Curtus Conrad 
Solen cf. eugenensis Clark 
Solon gravidus Clark 
Spi3ula oregonensis Clark 
Spisula rarnonensis Packard 
Tellina eugenia (Dall) 
Tellina oregonensis Conrad 
Tellina cf. Pittsburgensis Clark 
Thracia condoni Dall 
Holdia oregana Shurriard 

Gastropods: 
Agasorna graviduin (Gabb) 
Ancillaria fishï Gabb 
Calyptraea excentrica (abb) 
Calyptraea inornata. Gabb 
Crepidula Praerupta Conrad 
Crepidula ungana Dall 
Epitoniun condoni Dall 
Epitonium oregonense Dall 

sinus (Priscofusus) hecoxi Arnold 
Heniifusus washingtoniana Weaver 
Molopophorous gabbi Dall 
Natica oregonensis Conrad 
Natica recluziana Petit 
Natica washingtononsis Weaver 
Scaphander, cf. oregonensis Dall 
Strepsidura californica Arnold 
Strepsidura lincolnensis Weaver 
Strepsidura washingtonensis Weaver 
Turritella porterensis Weaver 
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The fauna apparently indicates a warm, subtropical 

climate. Dickerson (6) stated that "we may conclude that 

the Molopophorous lincolnensis zone (middle Oligocene, 

western Washington).... .. (was) deposited under tropical 

or subtropical conditions....." 

The fossils found in the Illahe sandstone in this 

area are extremely poorly preserved. The 

collection from an outcrop west of Turner 

collection from the vicinity of Silverton 

their poor preservation, only a tentative 

ruination was possible. 

At an elevation of approximately 600 

writer made a 

and a meager 

, but because of 

generic deter- 

feet on the 

southeast slo of the embayment southeast of Silverton, 

a meager flora was collected. Only seven imprints could 

be found, six of these apparently being Osmunda cf. 

dorisckiana Goeppert, the other an indeterminate species 

of Salix. Such a collection has no correlative value 

and is too meager to indicate the climatic conditions. 

Further field work along this area and the adjacent area 

to the east might possibly result in the location of 

contiguous beds containing both a fauna and a flora. 

Stayton Lavas 

Distribution and General Relations. The Stayton 

lavas are present in both the Western Cascades and the 
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Salem Hills. The largest area exposed is in the Waldo 

Hills where, except for windows eroded through the basalt 

and. small areas covered with Fern Ridge tuff, the entire 

surface is composed of the lavas. South of the North 

Santiain River the entire foothills area, except for three 

small remnants of Fern Ridge tuff, is made up of the 

lavas. In the Salem Hills the east slope of the hills 

consists primarily of Stayton lavas. 

The Stayton lavas are composed mainly of gray and 

blacic aphantic to finely porphyritic basalts, with smaller 

amounts of andesite and interbedded tuff and palagonite. 

Because of the poor exposures and general buried condi- 

tian of the lavas the thickness and general appearance 

of the individual flows could not be determined, but 

Thayer (16) stated that the flows are locally imeven in 

thickness but that individual flows were traceable for 

3 or 4 miles. Columnar jointing is not common, block 

jointing being much the more abundant. 

Over most of the area, the thickness of the lavas 

is not great. In the Salem Hills, probably not more than 

100 or 200 feet of the lavas are present in much of the 

area, although west of Turner nearly 400 feet are ex- 

posed. Their thickness in the Waldo Hills averases prob- 

ably 200 to 400 feet, increasing to the northeast to 575 

feet south of Silverton. 
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Petroraphic Character. The dark gray to black 

basalts are usually slightly porous or vesicular. As 

seen in hand specimen, their texture varies from glassy 

to finely porphyritic. The texture as shown in thin 

sections is hyaloophitic with 25 to 30 per cent tabular 

feldspars, 15 to 25 per cent granular pyroxene, and a 

fraction of one per cent of olivïne, set in a dark, glassy 

base which constitutes from 45 to 60 per cent of the rock. 

The feldspar is labradorite, showing little or no 

zoning. In size it ranges up to 1.5 millimeters in 

length, the average being from 0.1 to 0.2 millimeters. 

The pyroxene is augite and is present both as subhedral 

crystals up to 0.3 millimeters in dïsmeter and as anhedral 

grains from 0.05 to 0.15 millimeters in dismeter. The 

pyroxene and olivine show a decided tendency to collect 

into small local segregations. The olivine is present as 

small anhedral grains, difficultly separable from the 

pyroxene grains which it resembles both in size and ap- 

pearance. Magnetite is present in some cases as earlier 

skeletal crystals. 

The glass matrix receives its dark color largely 

from the magnetite crystals, dendrites, and dust, as well 

as pyroxene and feldspar crystallites, which make it 

opaque at medium magnification on all but the thinner 

edges. The glass is commonly altered, being stained with 
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limonite. Epidote commonly fills the small vesicles. 

The following is the mineralogical composition of 

what is thought to be a representative sample of the 

black Stayton lavas, taken from the upper flow capping 

the hill in Sec. 2, T 7 S, R 1 W, three miles south of 

Sil ver ton: 

Calculated 
percentages 

Essential minerals: 

Plagioclase ------------------- 26.2 
Pyroxene ---------------------- 15.8 

Accessory minerals: 

Olivine ----------------------- 0.6 
Glass ) 

Pyroxene ) ------------------- 57.4 
Iviagnetite 
Apatite ----------------------- tr 

Secondary minerals: 

Limonite ---------------------- n.d. 
Epidote ----------------------- n.d. 

Rather wide variations in the megascopic and micro- 

scopic appearazice of the basalt flows are f ound. The 

black lavas just described mark one extreme in appearance 

while the light gray lavas mark the other extreme. The 

light gray lavas are usually more porous and show a finely 

porphyritic texture. 



Figure 3. Photomicrograph oí black Stayton 
lasalt. Plane polarized light, 45 X. 

Figure 4. Photomicrograph of gray Stayton 
'casait. Plcn.e polarized light, 45 X. 
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They differ rincipally in the extent of crystallin- 

ity, the gray lavas containing only 10 to 35 per cent of 

light colored glass, while the percentage of dark brown 

glass in the black varieties ranges from 45 to 64 per 

cent. Chemical analyses indicate that the black basalts 

and the paler tes of the Stayton lavas do not differ 

greatly in composition except for a two per cent differ- 

ence in total iron oxide. The color of each rock is 

dependent then, not on the relative percentages of the 

rnafic and felsic minerals, but upon the presence of 

magnetite in the glass. The glass of the black lavas is 

opaque with magnetite dendrites, while the gray lavas 

have pale brown or colorless glass. All intermediate 

variations apparently occur. The following are the 

chemical analyses of the two lava types as given by 

Thayer (16): 
1 2 

Si02 51.44 53.54 
A1203 13.29 14.10 
Fe203 2.16 1.73 
FeO 12.00 10.33 
MgO 4.28 4.59 
CaO 8.28 8.54 
1a90 2.93 3.14 

1.40 1.21 
1120 + 0.66 0.26 
1120 - 0.07 0.03 
Ti02 2.80 2.01 

0.61 0.35 
MnO 0,23 0.22 

(1) Black Stayton basalt, 4 miles north of Stayton. A 
Villman, analyst. 

(2) Gray Stay-ton basalt. East of Oregon State Training 
School. A. Willnian, analyst. 
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A coarse-grained igneous rock is present over an area 

three miles wide in the vicinity of Victor Point School 

in the northeastern part of the Waldo Hills. Its corapo- 

sition corresponds to a hypersthene bearing diabase. 

Because of its typical diabasic texture and topographic 

position in the lavas, it is thought to be a sill though 

all field evidence is lacking. Because of the uncertainty 

it will be described with the flow rocks. 

In hand specimen it is dark gray in color ith a 

porphyritic coarse grained texture. In thin section the 

texture is seen to be typically diabasic. The feldspar 

is ia'oradorite. It is present as phenocrysts from 1.0 

to 6.0 millimeters in length having a resorbed core of 

basic labradorite containing abundant brown glass and a 

zonally arranged outer portion ranging from medium to 

acid labradorite. Smaller tabular feldspars of medium to 

acid labradorite in the groundinass range in size up to 

0.75 millimeters in length and show little or no zoning. 

The clinopyroxene is augite, present as subhedral crys- 

tals and grains varying from 0.15 to 0.5 millimeter in 

diameter, and shows slight alteratiòn on its margin. The 

orthopyroxene is hypersthene, present as subhedral crys- 

tais from 0.2 to 2.0 millimeters in length showing exten- 

sive alteration along fractures in the crystals. Epidote 

is very common, apparently being derived from the 
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alteration, of the pyroxenes. The mineraloCical compo- 

sition is as follows:: 

Calculated 
percentages 

Essential minerals: 

Plagioclase ----------------- 60.8 
Augite ---------------------- 17.2 
Hypersthene ----------------- 7.6 

Accessory minerals: 

Magnetite ------------------- 1.8 

Secondary minerals: 

Epidote --------------------- 12.6 
Apatite --------------------- tr 
Bastite ? ------------------- tr 

The gray basalts exposed east of Stayton differ 

noticeably in texture and composition from the tical 

gray Stayton lavas. In hand specimens they are dark gray 

in color exhibiting a slightly porphyritic texture, the 

phenocrysts being readily recognizable with the aid of a 

hand lens. In thin section they are seen to e hob- 

crystalline with phenocrysts of feldspar and pyroxene 

scattered through a fine-grained .ounds of feldspar, 

pyroxene, and magnetite crystallites exhibiting pilo- 

taxitic texture. The feldspars average andesine- 

labradorite, Ab5OAn5O. The phenocrysts range in size up 

to 3.5 millimeters in length and show a partially resorbèd 

medium labradorite core, later zoning producing a margin 

down to acid andesine. A second generation of euhedrab 
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crystals from 0.1 to 0.2 millimeters in length are rnedii.un 

to acid andesine, 

The pyroxene is apparently augite, being p esent as 

phenocrysts up to 1.5 millimeters in cIiamèterand as 

anhedral grains froni 0.02 to 0.1 millimeter in diameter. 

The grains tend to collect either around the phenocrysts 

or as segregations containing grains of magnetite.. Oli- 

vine is present as slightly greenish anhedral 'ains 

averaging 0.1 millimeter in diameter showing a slight 

marginal alteration. Magnetite is present as subhedral 

crystals and grains up to 0.1 millimeters in diameter in 

the groun±nass, rarely as inclusion in the feldspar or 

pyroxene. 

Because of the small percentage of the feldspar 

phenocrysts as compared to the second generation and 

crystallites of feldspar the average composition may fall 

below Ab5OAn5O, in which case the rock may rightly be 

called an andesite. The following is the mineralogical 

composition of the rock: 

Calculated 
percentages 

Essential minerals; 

Plagioclase ----------------- 11.4 
Pyroxene -------------------- 7.1 

Accessory minerals; 

Olivine --------------------- 1.4 
Magnetite ------------------ 4.1 
Groundrnass (undifferentiated) 76.0 



Figure 5. Photomicrograph of platy basal 
flow exposed one mile east of Stayton. Plane 
polarized light, 45 X. 

Figure 6. Photoinicrograph of hypersthene 
diabase. Crossednicols, 45 X. 
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A very similar flow is present directly north of 

Stayton but because of its deeply weathered condition, 

exact description is difficult. Petrographically, it is 

similar to the f low, just described, differing only in two 

points. The feldspar is similar in appearance but is 

medium to basic andesine. Bòth a dino and ortho pyroxene 

are present, the orthypyroxene being hypersthene. This 

flow should then be termed a hypersthene bearing augite 

andesite. The following is the mineralogical composition: 

Calculated 
percentages 

Essential minerals; 

Plagioclase ----------------- 25 
Augite ---------------------- 8 

Hyparsthene ----------------- 0.5 

Accessory minerals: 

Magnetite ) ----------------- 
Groundinass) 

66 5 

Olivine ? ------------------- tr 

Structural and Sbratiraphic Relations. The Stayton 

lavas overlie unconformably the Oligocene Illahe sand- 

stone. Because of the small outcrops of the sandstone 

it is difficult to determine the relief of the surface 

upon which the lavas were deposited, but near Silverton 

the relief of the buried topography is at least 500 feet 

and possibly slightly more. The Stayton lavas are un- 

conformably overlain in turn by the Fern Ridge tuff of 
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Pliocene age. The Stayton lavas in the Salem Hills dip 

from one to three degrees to the northeast. At the 

southern end of the Salen hills the Stayton lavas appar- 

ently originally swung across the present North Santisin 

River, joining with the northwestward dipping lavas east 

and south of Shelburn. In this area, as well as in the 

Waldo Hills, the Stayton lavas dip two to three degrees 

to the northwest, almost directly opposite to the dip of 

the underlying sediments. The Stayton lavas with their 

northwest and northeast dips are thus seen to be gently 

folded into a syncline which Thayer (15) termed the 

i1larnette syncline end which apparently plunges gently 

a few degrees east of north. No other folds which affect 

the Stayton lavas are imown to be present in the area. 

NsmeAge, and Correlation. The Stayton lavas were 

nerned by Thayer (15) for their abundant exposure both 

north end south of the city of Stayton. They were assigned 

to the Middle Miocene by Thayer (16) and were considered 

to be the equivalent of the Columbia River basalte. In 

discussing the correlation Thayer stated, 'They resemble 

the Columbia River basalte in general character, and their 

thickness, as it increases toward the northeast, approaches 

that of the Columbia River basalt exposed in the Meharna 

enticline where the Clackemas River crosses it. The 



Stayton lavas also interfinger with and might be con- 

sidered part of the Sardine series, which is probably 

equivalent to the Columbia River basalts, for the basalts 

were traced to the southern edge of the Estacada quad- 

rangle by Barnes and Butler, and the writer mapped the 

Sardine lavas within 5 miles of the same point. The 

regional structure shows such continuity that the two 

lava series must be stratigraphically equivalent with 

interfingering flows." The present study of such a res- 

tricted area has added nothing to the correlation of the 

Stayton lavas. 

Fern Rid,e Tuff 

Distribution and General Relations. The Fern Ridge 

tuff is present along the eastern margin of the area as a 

cover of tuff on the ridges and spurs which project west- 

ward onto the Waldo Hills. It is also present in some of 

the valleys along the eastern boundary of the area. 

Thayer (15) recorded a thickness up to 1500 feet for the 

Fern Ridge tuff, but apparently 200 feet is the maximum 

thickness attained in this area. Because of Its hIgh 

porosity and good drainage, it readily weathers in all 

areas protected from rapid erosion until a deep, porous 

red tt510.0 soil is produced which may extend to a depth 

of ten or more feet. Because of this fact, it is very 
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difficult to detect the presence of the.tuff on gentle 

slopes where this soil has developed. The gravelly phases 

are deeply weathered to the greatest depth exposed, thus 

causing them greatly to resemble the Pleistoene gravels, 

next to be described. The tuff is only known definitely 

to be present in the Waldo Hills along the ridges on the 

erosion surface not more than three miles west of the 

eastern boundary of the area. West of this area the ridges 

give way to a very gently-rolling surface and occasional 

low hills on which a deep residual soil has developed. 

Over much of this area of the Waldo Hills in the western 

half of Range Two West no basalt appears at the surface, 

and it may well be covered with a veneer of Fern Ridge 

tuff. Because it was impossible to prove the presence of 

tuff in the field the area was mapped as Stayton lavas. 

From the higher elevations in Sec. 36 directly east 

of Sublimity, the Fern Ridge tuff extends westward with 

steadily diminishing elevation into the northeastern por- 

tian of the Stayton basin. Its surface from a poInt one 

mile east of Sublimity westward to the eastern margin of 

Sec. 29 has accordant suanmits despite dissection. Its 

preservation in this location is due in large part to the 

protection of the underlying Stayton lavas, as the tuff in 

most areas, Ii not in all, is less than fifty feet thick 

and locally as little as twenty feet. In the western 
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portion the contact with the Sand Ridge gravels is not 

distinct. 

Small deposits of gravelly Fern Ridge tuff are pres- 

sent on the basalt margin of the Stayton basin in Secs. 

20 and 21, T. 8 S., R. i W. northeast of kumsville. Only 

small deposits remain perched on the basalt, the remainder 

having been strijped off by erosion. The patch in Sec. 

21 is too small to map, and hence does not appear on the 

areal map. 

South of the North Santiam River, three small isolated 

deposits occur, one perched on basalt at Kingston, another 

capping the knoll directly east of Kingston at the bound- 

ary of the area, the third lying on the west slope one 

mile south of Kingston. These undoubtedly are outliers 

of the once more general cover of Fern Ridge t,f which 

formerly covered this area. 

Because of the great difficulty of recognizing the 

presence of Fern Ridge tuff without the aid of pits or 

roadcuts, it is probably that other small isolated de- 

posits are present. More detailed field work would prob- 

ably result in the discovery of other such deposits, but 

their small area and doubtful value did not warrant the 

time necessary for such field work. 
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Petroraphic Character. The Fern Ridge tuff con- 

sists of stream laid deposits of purnicious vitric ancle- 

sitic tuff containing small &nounts of granules of 1assy 

anclesite or basalt along with franents of quartz and. 

glassy feldspar crystals interbedclod with local deposits 

of pebble conglomerate. Two of the outcrops of the tuff 

south of the North Santiam River appear to have franents 

of an overlying lava flow on their surface. At the ex- 

posu±'e south of Kingston, a flow appears to be contained. 

in the tuff, but the exact relations are uncertain. The 

groundmass of the tuff consists of nearly completely 

devitrified flakes, sickles, blades, and hairs of glass. 

Samples taken some distance above the valley floors gen- 

erally show little or no kaolinization of the glass 

matrix, while the glass in samples taken near or in the 

valleys are usually cloudy or opaque from the kaolin 

present. The index of refraction of the glass is gener- 

ally from 1.520 to 1.525, thus indicating according to 

George (9) that the parent rnana corresponded probably to 

an anclesite. In one sample, the glass flakes had an index 

of refraction between 1.500 and 1.505, indicating the 

possible presence of a more silicic parent rnana. The 

groundmass of glass flakes comnonly makes up 80 to 90 

per cent of the rock. 

Pumice is present in most of the samples as 
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subangular pebbles up to an observed maximum of one inch 

in dismeter. An average of all semples taken indicates 

that up to 15 per cent of the rock is composed of pebbles 

of pumice over one-quarter inch in diameter. In one 

sample from the vicinity of Sublimity, pebbles of pumice 

make up nearly 60 per cent of the rocke The index of 

refraction of the pebble pumice is the same as that of 

the matrix, 1.520 to 1.525. 

Quartz is present in all phases of the tuff. It 

occurs as. .angular fragments 'generally showing abundant 

inclusions which appear to be apatite. In all the samples 

studied, quartz averages not more than 5 per cent of the. 

rock. An exception occurs near Victor Point School in 

the northeastern part of the Waldo Hills where the tuff 

contains nearly sixty per cent quartz, hence properly 

called a crystal tuff. The maximum size of the grains is 

3 millimeters, but the average size is approximately 1 

millimeter in diameter. 

Plagioclase is present in most of the samples, ap- 

pearing as clear glassy euhedral crystals or broken 

crystals. Twinning is common and appears to follow the 

albite law. The composition varies from oligoclase to 

rarely acid labradorite, andesine being much more common, 

The percentage of plagioclase present is always small, 

generally being less than 1 per cent. The size of the 
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grains is never more than 3 millimeters and is generally 

from i to 2 millimeters in length. 

Granules of glassy andesite are generally esent in 

the more pumicious phases, rarely in the fine grained 

phases of the tuff. A well developed flow structure is 
shown in these granules by the aligned crystallites of 

plagioclase which range in composition up to acid labra- 
dorite. The clear glass between the crystallites has an 

index of refraction between 1.515 and 1.520, a figure 

which is only very slightly lower than that of the puriice 

and. glass grains. Using the index of refraction as a 

guide for the composition of the glass (9), then the 

pumice, glass shreds, and andesite granules must have 

nearly the same composition. The fraction of anclesite 

and basalt granules varies from one per cent or less in 
the fine grained phases to a maximum of three or four per 

cent in the pumicious phases. 

The pebbles contained in the gravelly phases of the 

tuff are dominantly igneous in origin, apparently con- 

sisting mainly of basalts and. andesites. A very notice- 
able fraction of the pebbles contained in the tuff are 

chert, chalcedony, or similar hih1y silicious rocks. 

Some of the pebbles appear to be silicified frauents of 

tu.ffaceous sediments. The pebbles are generally well 

rounded, but a very short distance east of this area, 
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angular pebbles and cobbles are present in the tuíf. The 

igneous pebbles are completely softened to the greatest 

depth exposed in any outcrop, only the silicious pebbles 

remaining solid. 

Structural and Stratigraphic Relations. The Fern 

Ridge tuff overlies unconfonnably the Stayton lavas. Only 

on the upper reaches of the Pudding River are the Fern 

Ridge tuff and Illahe sandstone in contact. At this lo- 

cality in Secs. l-2 11-12, T. O S., R 1 W., previous 

removal of the basalt allowed the Fern Ridge tuff to be 

deposited directly on the Illahe sandstone. West of 

Sublimity the Fern Ridge tuff is overlain or abutted by 

the Sai. Ridge gravels of Pleistocene age. Because of 

the scanty occurrences of the Fern Ridge tuff in the area, 

the maximum relief of the suTface upon which it was de- 

posited cannot be accurately determined. Apparently a 

maximum relief of 200 feet vould be a safe estimate. 

As closely as can be determined, the deposits show 

in all localities a westerly dip which may be mostly if 

not entirely original. The structure is not readily 

determined because of the generally poor sorting exhibited 

and because of the deeply weathered character of the 

outcrops. 



Figure 7. Fine grained hase of Fern 
Ridge tuff exposed S.E. - Sec. 13, 
T. 8 S., R. 1 W. 

Figure 8. Face of Santiam gravel terrace 
exposed by North Santiam River three miles 
west of Kingston. 



Neme, Are, and Correlation. From his studies in the 

1]estern and Higher Cascades, Thayer (15) concluded that 

the Fern Ridge tuff was upper Miocene in age and conform- 

able upon the Stayton lavas. More detailed study of the 

smaller area included in this paper has led the writer to 

doubt the correctness of such an age for the tuff. 

In this area the Fern Ridge tuff lies unconformably 

upon the Stayton lavas. This may be most easily seen 

along the northwestward sloping spur in Secs. 13, 14, and 

15, T. S S., . i W. where a ortion of the biried top- 

ography under the tuff may be seen. The presence of the 

tuff on the erosion surface which is conspicuous in the 

Waldo Hills may be seen along the northern margin of the 

Stayton basin, as well as on the southeastward extension 

of this erosion surface in the area surrounding Sublimity. 

The topography upon which the Fern Ridge tuff was de- 

posited must have been mature ith a relief which may 

have reached two hundred feet in this area. 

The, time consumed in the development of this mature 

topography removes all likelihood that the Fern Ridge 

tuff could have been deposited in the upper Miocene. In 

view of this fact, the Fern Ridge tuff is here tentatively 

assigned to the middle Pliocene. 
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Sand Ridge Gravels 

Distribution and General Relations. The Sand Ridge 

gravel is present in this area both north and south of the 

North Santiam River. On the south side of the river it 

occurs as a high terrace standing an average of about 40 

feet above the surface of the later and lower Santiam 

gravels. This terrace has an average width of nearly one 

mile and extends southwestward from Kingston for about 

seven miles along the course of the North Santism River. 

In the eastern part, this terrace presents a steep 

escarpment toward the river, little touched by erosion 

since the Santian gravels were deposited below it. South 

of Bear Branch, the terrace front is well lowered and 

rounded by subsequent erosion. The terrace top itself 

has been eroded into a somewhat rolling surface. Bear 

Branch has succeeded in eroding a valley about 200 yards 

wide through the terrace. This more advanced degree of 

erosion indicates the greater age of these gravels as 

compared to the lower Santiam gravels. Because of the 

rolling surface, the slope of the terrace can only be 

approximated, but it is about 25 feet per mile to the 

southwest. 

North of the North Santiam River the gravels are 

present as a western extension of the bench extending 
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westward Í'rom Sublimity. An area two miles long by three- 

fourths mile wide is covered by the gravels. The eastern 

boundary of the gravels is very indistinct, since they 

merge physiographically and in general appearance with 

the Fern Ridge tuff. 

The gravels carry westward the surface exhibited by 

the Fern Ridge tuff, but close examination shows several 

differences both in their occurrence and in the surface 

Itself. Whereas the surface of the Fern Ridge tuff is 

well dissected and gently rollïng, the gravel surface is 

nearly level and only very gently rolling. Outcrops of 

Fern Ridge tuff are fairly common, as well as Stayton 

lavas, in the area mapped as Fern Ridge tuff, while in the 

area mapped as Sand Ridge gravel, no single occurrence of 

underlying tuff or basalt can be found. An additional 

aid in the separation is the conimon presence of moder- 

ately softened basalt or andesite cobbles in the soil 

developed on the Sand Ridge gravels, while cobbles or 

pebbles other than cherts and similar rocks are generally 

absent in the soil developed on the gravelly phase of the 

tuff. These facts, in conjunction with the similar degree 

of weathering and the common elevation and surface of 

this deposit as compared with the Sand Ridge gravel 

terrace south of the North Santiam River, are thought to 

be sufficient evidence to separate this gravel deposit 



47 

from the adjacent gravelly Fern Ridge tuff. 

The remaining boundaries are fairly distinct, the 

gravel terrace exhibiting on the north, south, and west 

margins a steep escarpment at least 30 feet in height, 

which slopes down to the lower Santiam gravel surface. 

The upr surface of the gravel deposit slopes approxi- 
mately 30 feet per mile a few degrees north of west. 

Two small deposits of the gravel are present on the 

inner slope of the northern margin of the Stayton basin 

north of Aujusville. The area of the two deposits is very 

small, and they merely form a thin veneer over the under- 

lying Stayton lavas which have protected them from 

erosion. 

A thickness of at least 50 feet of gravel is probably 

present, but the total thickness may be lOO feet or more. 

Not more than 20 feet is shown in any continuous exposure. 

Since the character of the topography beneath the gravels 

is unknown they may be present only as a veneer 10 to 20 

feet thick. 

General Character. The Sand Ridge gravels consist 

essentially of pebbles and cobbles of igneous rocks, dom- 

inantly basalts and andesites, with smaller smounts of 

chert and similar highly siliceous pebbles. The gravels 

have been deeply weathered, no exposure occurring in the 



area where the unaltered gravel can be seen. Oxidation 

has proceeded, then, to a depth of at least 20 feet and 

probably to a somewhat greater depth. The pebbles have 

been softened to such a degree that they may be readily 

cut with a shovel. The pebbles in the upper 8 to 12 feet 

of the deposit have been softened to a greater extent than 

the deeper gravel. In the upper 2 or 3 feet of the de- 

posit, all traces of the pebbles are generally absent, 

due to the more extensive weathering near the surface, 

but softened cobbles of basalt or andesite are commonly 

present in the topsoil, especially on sloping land, and 

appear rather abundantly at the surface in many local- 

ities. 

Structural and Stratigraphie Relations. On the 

bench extending west from Sublimity, the Sand Ridge 

gravels undoubtedly lie on the Fern Ridge tuff along their 

eastern margin. In the western part or this deposit the 

underlying rock is not exposed. In all other localities 

the gravels lie on the Stayton lavas. They are clearly 

older than the Santiamn gravels, since they resent at all 

points an escarpment at least 30 feet in elevation facing 

the Santïsm gravel surface. 

The Sand Ridge gravels were apparently deposited as 

an alluvial fan by the North Santiam River. The direction 
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and. amount of slope of the Sand Ridge gravels in each 

case is very similar to that exhibited by the Santian 

gravels .ear the same locality. The Sand Ridge gravels 

must then be portions of an older alluvial fan which had 

its upper surface approximately 50 feet above the present 

Santiam gravel fan. 

Because of the great depth of weathering in these 

gravels, bedding and all structural features are oblit- 

erat ed. 

Naine, Age, and Correlation. The naine Sand Ridge 

gravels was first applied by Felts (8) to the gravels be- 

longing to this stage of the Pleistocene because of the 

presence of similar gravels in the vicinity of Sand. Ridge 

School in Sec. 24, T. 12 S., R. 3 w., six miles southwest 

of Lebanon. 

The Sand Ridge gravels are the oldest well-defined 

gravel deposit in the area. They are clearly older than 

the Santiam gravels, since they occupy areas above the 

Santiam surface and were already terraced before the 

Santiam gravels were deposited. Their greater age is also 

indicated by the much greater depth of oxidation as com- 

pared to that of the Santiam gravels. Subsequent erosion 

has added another distinction, since the surface of the 

Sand Ridge gravels is noticeably rolling and embayed by 



small streams in contrast to the little-altered surface 

of the Santisin gravels. On the basis of their topographic 

position, the degree of their weathering and the amount 

of subsequent erosion, Allison (2) thought them to belong 

to the Kanaan stage of the Pliestocene. 

Santiaxn Gravels 

Distribution and General Relations. The Santiam 

gravels are coníined solely to the Stayton basin, cover- 

Ing all but a small part of the basin. The gravels were 

deposited in the basin as a fan which issued from the 

North Santisin River where it flowed into the Stayton 

basin. The gravels filled the Stayton basin and spread 

westward through the gap between the Salem Hills and the 

Cascade foothills into the Willamette Valley. In a sim- 

ilar manner, the gravels spread northward through the 

Mull Creek gap between the Salem Hills and the Waldo 

Hills 
The form of the deposit can readily be seen on a 

topographic map, but in the field great difficulty is 
experienced because of the large area covered by the 

gravels and the low surface slopes. The siope of the de- 

posit averages approximately 25 feet per mile, becoming 

slightly less as the gravels are followed westward. Be- 

cause of the perfect fan-shaped form of the deposit, 
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lateral slopes are present anti drainage in the basin is 

separated into two marginal systems of streams by the 

higher ground along the median line of the deposit. 

Flood waters have left an interlacing system of 

channels on the Santiam gravel fan. Two patterns of 

channels are present. Those cut by water which remained 

in the North Santiam drainage basin cut many narrow inter- 

lacing channels, some of which merely cut off "islands' 

from the main mass, but most of which appear as a well- 

developed distributary stream pattern with the headwater 

tributaries receiving their supply of water from a single 

stream. This system of channels apparently received its 

supply through a narrow channel near West Stayton and 

coalesced farther west to spill southward into the North 

Santiam River near Marion. 

The other channel pattern was produced by water which 

spilled over into the northern part of the basin and 

drained out through the present Mill Creek route through 

the gap north of Turner. Only two intake channels are 

present, both near Stayton, but apparently not all the 

channels were cut by water which spilled over at this lo- 

cality. Other channels were cut by water which left no 

Indication of its source. This system of channels does 

not constitute a typical dendritic drainage pattern. 

The "islands" cut out by the channels are irregular in 
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shape, enera1ly narrower on the down stream part. The 

channels themselves are variable in width within a short 

distance, crooked, and in no way resemble a normal stream 

pattern. None of them are more than 6 feet in depth, many 

only 2 or 3 feet. The importance of the channels is not 

known definitely, but they apparently represent flood 

channels of the North Santiam River cut before the river 

had entrenched itself to its present depth in the Santiam 

gravels. 

General Character. The Santiam gravels are composed 

predominantly of cobbly gravel. Few of the cobbles exceed 

a diameter of six inches. The average pebble sïze is one 

to two inches in diameter. Sand is present either as 

thin sheets in the gravel or as lenses several feet in 

thickness. Lenses of size-sorted pebbles of various 

sizes are also present. The pebbles are commonly ande- 

site and basalt with a small number of rhyolite.. 

The gravel is fairly well compacted below depths of 

abòut ten feet. Banks stand vertically with only the 

upper ten feet of weathered gravel having a tendency to 

slump. Blocks of conglomerate are occasionally found at 

the base of the bank after it has been undercut by the 

North Santiam River. Subsurface drainage is generally 

very poor, both because of the clay which has been 
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deposited as a result of illuviation of the gravels, and 

because of the weathering of the interstitial matter, even 

to depths below 15 feet. 

Oxidation has extended to a depth of approximately 

10 to 12 feet in these gravels. The edges of the terraces 

where the gravels are best exposed are noticeably rounded, 

so that the observed depth of oxidation may be less than 

the actual depth in uneroded localities. The pebbles and 

cobbles have a soft rind a few millimeters in thicimess 

'which can be easily scratched with a hammer. The pebbles 

in the soil zone are usually entirely decomposed so that 

no trace of them remains. 

Structural and Stratigraphie Relations. Bedding is 

not generally observable in the Santiam gravel except in 

cliffs along North Santiam River. Where seen, it gener- 

ally dips gently in a westward direction. However, fore- 

sets are found to be in all directions, even upstream 

along the present North Santiain River. 

The thin layers of sand are generally rippleniarked, 

whereas the larger lenses are connnonly parallel bedded. 

In exposures containing only gravel, the structure can 

scarcely be made out. In a few places, however, current 

foresets four to eight feet in length can be distinguished. 

The Santiam gravels are younger than the high terrace 
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Sand Ridge gravels, being deposited at a level cut below 

the Send Ridge gravels. They are clearly distinguished 

from the recent gravels along the North Santien River, 

standing as a terrace from a few feet to nearly thirty 

feet in height above the recent deposits. In the vicinity 

of Turner end the present Nul Creek course, the boundary 

between the two is somewhat arbitrary, since Willamette 

silt is absent and the present streams are reworking the 

Santiain gravels into which they have cut their way a few 

feet. 

Name, Age, and Correlation. The name Santiam gravels 

was first applied by Felts (B) to these and similar 

gravels in the Lebanon quadrangle because of the wide 

areas which they covered along both the North and South 

Santiam Rivers. 

The assigned age of the Santlain gravel is based on a. 

study of their topographic position, the degree of their 

weathering, and the ainotint of their subsequent erosion, 

As a result of these studies, Allison (2) has fixed the 

age of the gravels as belonging to the Illinoian stage 

of the Pleistocene. 
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Willamette Silts and Related Deposits 

Distribution and General Relations. The Willamette 

silts and associated deposits differ noticeably from the 

earlier Pleistocene alluvial deposits in the character of 

the material deposited, the source of most of this mater- 

ial, and the method of deposition. The material composing 

the deposit consists mainly of fine sand and silt, with a 

minor amount of coarse material ranging up to several 

inches in diameter. Because of their conspicuous gray or 

buff color, they are usually readily separable from the 

underlying brovm or yellow-brown residual soils upon 

which they were deposited. 

The Willamette deposits are the most widespread of 

the alluvial deposits in this area, their most extensive 

occurrence being north of the Waldo Hills, in which area, 

except for the recent floodplain of Mill Creek, they are 

the only deposit present in the Willamette Valley Low- 

land. West of the Salem Hills in the extreme southwestern 

part of the area, a small extension of the more general 

cover of silt to the west is present. These deposits 

also cover most of the western part of the Stayton basin. 

The silts in this area lap upon the Santiam gravels 

to an elevation of approximately 350 feet, and probably 

some silt and erratics occur at a higher elevation, 

possibly as high as 400 feet. Above 325 feet the silt 
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d.eposlts are generally thin, probably not more than 3 or 

4 feet beine present. Below an elevation of 325 feet the 

silt forms a thicker cover, B to 10 feet being present 

directly south of Turner. in the vicinity of Turner end 

southeast of that point most of the silt has been removed 

by the floodwaters which swept across this area. Because 

of the relatively thin cover of the silts and their in- 

distinct boundary in the Stayton basin, they have not 

been included on that part of the areal map. 

In areas with rood subsurface drainage, the Viillam- 

ette silts develop a typical soil series lmown as the 

Willamette soils and in such areas oxidation has taken 

place down to a depth of 4 to 6 feet. Such areas gener- 

ally occur near the margins of the terraces or in such an 

area as that north of the VJaldo Hills in which the streams 

have aided subsurface drainage by the development of a 

complex system of fairly deep valleys. On less aerated 

deposits the Amity soils are developed, while in the ex- 

treme case with poor subsurface drainage Dayton soils 

with i to l- feet of under clay are the result. Because 

of the generally poor drainage in the west central por- 

tion of the Stayton basin, the Amity and Dayton soils 

developed tIe constitute handicaps to agriculture. 
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Petrographic Character and Origin. The material of 

the Viillamette deposits is chiefly fine sand and silt. 

This material consists of igular grains or shreds of 

quartz, feldspars, micas, garnet, tourmaline, and a var- 

iety of other minerals, a well as fragments of granite, 

quartzite, basalt, and other rocks. Of these constitu- 

ents only the quartz and basalt grains could have been 

derived from the Willamette River drainage basin in any 

quantity, the other material being decidedly foreign to 

this area. The origin of the foreign material has been 

assigned by Allison (1) to the upper drainage basin of 

the glacial Columbia River. 

The coarse material associated with the silts is corn- 

posed generally of granitic rocks or quartzite, occa- 

sionally limestone, phyllite and other metamorphic rocks. 

This coarse material is generally angular but rounded 

pebbles, occasionally showing striae, are also present. 

These coarser materials are commonly found scattered over 

a small area and are thought to have been deposited by 

icebergs floating in the same body of water from which 

the fine sands and silts were deposited. The coarse 

material is generally present on the surface of the de- 

posit or at a depth of 1 or 2 feet, less commonly at 

greater depths. 



Stratigraphic and Structural Relations. The Wil- 

lernette deposits were deposited upon the lower basalt and 

sedimentary material forming the lower slopes of the 

Salen Hills and the Western Cascades as well as upon the 

surface of the Santiarn gravels and the trenches cut into 

this surface. The form of the deposit is mainly that of 

a sheet of fine sand and silt deposited from an open body 

of water rather than as a stream deposited fan such as 

that exhibited by the two previously described alluvial 

deposits. No.bedding or structural features could be 

definitely recognized because of the poor condition of 

all exposures. 

The thickness of the deposit in the Stayton basin 

ranges from a few inches near its upper limit to a prob- 

able maximum of 15 feet, while in the area adjacent to 

the Pudding River north of the Waldo Hills, well records 

of unknown reliability indicate the presence of 60 to 90 

feet of the silts. Probably a thickness of 60 feet is 

actually present, as the accuracy of the higher figure is 

particularly uncertain. 

Name, Age, and Correlation. The name Willamette 

silts was first applied to these deposits by Felts (8) 

because of the typical Willamette soil series which was 

developed on much of their surface. 
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on the basis of the degree of weathering of the 

erratics, the profile of weathering of the silts, and. 

their topographic and stratigraphie relations, Allison 

(1) assigned the orratics and. associated. silts to the 

Wisconsin stage of the Pleistocene. Comparison of their 

profile of weathering with that of the Santian gravels 

suggests that they are approximately one-half as old as 

the Santiam gravels. At several points in the Wilismette 

Valley a buried soil zone may be found on the Santiam 

gravels below the Willamette deposits, indicating that a 

considerable period of time elapsed before the depositIon 

of the Willamette deposits. 

Recent Deposits 

Recent deposits consist mainly of sand and gravel 

deposited along the floodplains of present streams. The 

largest area of recent deposits lies north of the North 

Santian River and consists of a channeled floodplain of 

more then a mile average width. In the vicinity of Turner 

the separation of recent from Santiam gravel was entirely 

arbitrary, most of the leniency being on the side'of the 

recent deposits. West of Turner, Mill Creek lias stripd 

off the Willamette deposits and left a strip of recent 

gravel deposits at least one mile in width, The re- 

cent deposits along most of the smaller streams are very 



minor and hardly worthy of mapping. 

The materials deposited consist of gravel and sand. 

along the larger streams with marginal areas of silt 

along the f lood.plains flanking the streams, and a silty 

clay loam usuallyhigh in organic matter along the smaller 

tributaries. 

STRUCTURE 

According to Thayer (17), the rocks of the Northern 

Cascades have been compressed into a series of gentle 

folds which trend northeast-southwest and apparently 

plunge to the northeast. The area of the Stayton quad- 

rangle is contained. largely in the westernmost of these 

structures, the \Willamette syncline. The western limb 

of the syncline is formed by the northeastward dipping 

lavas of the Salem Hills, the eastern limb by the western 

11mb of the iehaxna anticline. This syncline, in. harmony 

with the folds farther east, appears to plunge gently 

about N30°E. 

Thayer (17) indicated that the Staton lavas dipped 

to the south along the northern margin of the Stayton 

basin, but proof of this statement could. not be found in 

the field. As a result of this southward dip, he attri- 

buted the extension of the Waldo Hills westward to the 

Salem Hills to a cross-warp extending in a northwest 



by southeast direction. The Stayton basin then became 

a structural basin formed by the separation of the 

synclinal "chute" from the remainder of the structure by 

the Turner cross-warp. Such a structural origin for the 

basin is not necessary, as will be shovm. If the writer's 

theory as to the origin of the basin is correct, the 

Stayton lavas may well have extended across the basin 

with a nearly constant dip to join with those south of 

the North Santiam River. Thayer (17) correlated the 

folding of the Turner cross-warp with the development of 

veins and andesitic and dioritic dikes of the higher 

Western Cascades, all of which trend northwest-southeast 

and cut the larger northeast-southwest structures. 

No faulting, however minor, was recognized in the 

area. Probably slumping on a small scale has occurred at 

several places near the contact of the basalt with the 

underlying Illahe sandstone. 

The age of the folding is probably upper I1iocene or 

lower Pliocene in age. Thayer (17) and Callaghari and 

Buddington (4) dated the folding and. minor normal faulting 

of the Western Cascades as probably upper Miocene, while 

Hodge (il) concluded that "the deformation of the John 

Day-Columbia River basalt and Mascall, the erosion of the 

Coriba Surface, and the deposition and tilting of the 

Rattlesnake took place in early Pliocene, time; hence, 



early Pliocene was the time of the Cascade Revolution." 

Accord±ng to Thayer (17), the present elevation of 

the VJestern Cascades was reached not later than middle 

Plioceno time. This elevation was considered to be due 

almost entirely to the uplift which occurred when the 

region west of a fault in the high cascades was raised 
and possibly tilted toward the west, probably as a more 

or less rigid block. 

GEOLOGIC HISTORY 

The known history of this region began with the de- 

position of the Illahe sandstone in middle Oligocene. 

The material deposited consisted primarily of andesitic 
tuffs with minor amoimts of pebble and granule conglom- 

erate. These materials were furnished by the explosive 
volcanoes which were then present to the east along the 

higher ground msking up the base of the present Cascade 

Mountains. The erupted material falling on land to be 

reworked by streams formed part of the base of the Sardine 

series and the Mehazna volcanics, while the material 
carried westward by the surface streams was deposited in 
the shallow Oligocene sea. For the most part, the shore-- 

line of this sea was east of the area considered in this 
paper, but the presence of extensive beds of conglomerate 

throughout the entire area, as well as the widely 
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scattered marine fossils and leaf imprints, is sufficient 

to indicate that the sea must have fluctuated over a 

wide area. 

The fauna present in the Illahe sandstone is indica- 

tive of a subtropical climate as is also that of the Scio 

flora, taken from a locality a few miles south of this 

area, and belonging to the upper Oligocene. 

Following the deposition of the sandstone and con- 

glomerate, the sea was withdrawn and the sediments were 

folded into broad open folds probably striking abOut 

northeast-southwest. This was followed by erosion until 

a mature surface of medium relief was formed. 

Meanwhile the volcanic activity to the east was 

changing from the explosive type of vulcanisni to the quiet 

eruption of lava. This source, possibly the area between 

House Mountain and Detroit, gave rise in middle Miocene 

time to flows of basic lava which extended out west and 

northwestward. These flows in conjunction with beds of 

flow breccia and thin local layers of basic tuff making 

up the Stayton lavas gradually buried the mature topogra- 

phy developed on the Illahe sandstone. At the close of 

the vulcanisin which affected this area, a nearly level 

lava plain sloping gently to the west or northwest was 

present. 

Upon completion of the Stayton lava plain and the 
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fo1ing of this surface in late Liiocene time, surface 

draina:e was concentrated into streams which souht'the 

lowest elevations on tuis surface. Such streams should 

have drained from either slope into the Jillamette syn- 

clime and then to the north o' northeast along the a_ds 

of the fold. The streams present in the Salem and Waldo 

Hills have this general pattern at the present time. 

Continued erosion resulted by middle Pliocene in the de- 

velopment of a topography rerresenting probably a stage 

of late maturity in the cycle of erosion. 

During this same period of erosion, the destruction 

of the Salem Hills must have started at some point west 

of the area considered in this paper. Eventually the 

streams encountered the great thiclmess of sedimentary 

material underlying the basalt capping with tho result 

that the erosion of the Salem Hills was eatly acceler- 

ated. This exposure of the underlying sedimentary mater- 

ial in the western face of the hills caused this margin 

to retreat to the east end northeast by removal of the 

soft underlying sediments. 

In middle Pliocene the effects of the explosive 

vulcanism to the east became evident as the streams 

brought down and posited large quantities of andesitic 

tuff, pumice, angular frarents of igneous rocks, as weil 

as local beds of pebble conglomerate to make up the Fern 
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Ridge tuff. These deposits spread westward and north- 

westward over the Western Cascades. Their actual western 

extent is not known, but they must have reached and ex- 

tended beyond the northwestern margin of the Waldo Iiïlls. 

Because of the relative thinness of these deposits, they 

formed a veneer over the Western Cascades oevering all 

the surface except the very highest hills. 

Irosion soon became again the dominant process with 

the result that the tuff was stripped from the western 

part of the Waldo Hills. Possibly because of the wide 

linear valleys of the buried topography, the streams which 

were superimposed from the tuff reverted again to their 

older valleys with little derangement of the drainage 

pattern. One example of possible derangement is that in 

Sec. 5, T. 6 S., R. i W. where the southern tributary of 

the Pudding River apparently has been superimposed across 

a low hill. A more important examp1 because of its 

effect on the present topography is the superimposition 

of the North Santiam River across the higher hills north 

of Turner. Continued erosion resulted in the eventual 

development of a late mature topography in the Waldo 

Hills, a fact which may well explain the absence of more 

extensive stream derangement. 

The removal of the Fern Ridge tuff. and the superini- 

position of the North Santiam River during late Pliocene 
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was followed during early Pleistocene by the deepening 

of the North Santiam River valley with the result that 

eventually the underlying Illahe sandstone was exposed 

along most if not all of its length below Stayton. The 

presence of these soft sediments greatly increased the 

rate and ease of erosion of the Stayton basin by the 

North Santiam River and its marginal tributaries. The 

presence of the Stayton lavas at and below the elevation 

of the tributary streams appears to be the main limiting 

factor determining the size and shape of the basin at the 

present time. The effects of the Illahe sandstone in the 

erosion of the Stayton basin are well shown by the large 

embaient east of Turner caused by the rapid erosion of 

this soft material, as well as by the open upper valley 

of Battle Creek west of Turner. 

Following the removal of the Fern Ridge tuff from 

the western portion of the Waldo Hills and the more corn- 

plete development of a late mature topography in that 

area, the streams began to entrench themselv3s in the 

underlying basalt. The effects of this entrencbrnent may 

now be seen in the western part of the Waldo Hills where 

the streams are found to be flowing in deep, steep- 

walled valleys indicative of extreme youth. These steep 

youthiul vleys are locally expanded up to three-fourths 

mile in width. These bulges are due entirely to the 



presence of Illahe sandstone, lateral erosion having 

taken place imtil the overlying basalt was exposed at 

the level of the stream. Such basins illustrate on a 

small scale the suggested origin and the factors limiting 

the size of the Stayton basin. 

During the Kanaan stage of the Pleistocene, an ex- 

tensive gravel deposit consisting of the Sand Ridge 

gravels filled the North Santiam River valley and lapped 

upon the higher basalt slopes bordering the valley. The 

height of this fill was sufficient to allow the gravels 

to spread westward and southwestward across the low divide 

between the Salem Hills and the western Cascades in Li 

county. The retreat of the Salem Hills escarpment east- 

ward had undoubtedly resulted in the presence a few miles 

south of Marion of a low divide between the North Santisin 

and the Willamette River drainage areas. Southwestward 

flowing streams may also have shifted this divide even 

farther to the northeast with the result that much of the 

area in the Stayton basin adjacent to the present North 

Santiam River may have drained to the southwest. The 

North Santiam River may have temporarily deserted the 

Mill Creek gap drainage outlet at this time by the devel- 

opinent of a distributary stream system on the rising 

gravel surface, the drainage ultimately flowing south- 

westward thTough the present North Santiam River outlet 
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into the Willamette River, but by the close of the period 

of aggradation it was again flowing out through the iiill 

Creek gap. 

Thïs riod of aggraciation was followed in turn by 

a period of extensive erosion. The Sand Ridge gravels 

were deeply trenched and largely removed by the North 

Santiam River, only those deposits protected from erosion 

were f t as high terraces. In addition, the Stayton 

basin was deepened and widened,. especially in the 

southern and western portions. 

The steepening of the front of the Waldo Hills must 

have been accelerated during this period of valley deep- 

ening. At least fifty feet of alluvial deposits overlie 

the eroded surface northwest of the Waldo Hills so that 

Illahe sandstone, now buried, may have been an important 

factor in steepening the face of the hills. 

This period of valley deepening was followed during 

the Illinoian stage of the Pleistocene by extensive 

aggradation. The deposits of this stage made up the 

Santiam gravels which partially filled the newly enlarged 

Stayton basin and spread westward into the Willaniette 

Valley. The North Santiam River again developed a dis- 

tributary stream system. on the rising gravel fill with 

the result that when aggradation ceased and erosion began 

the stream was flowing southwestward near Marion into the 
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Villsmette River. 

Upon the lower reaches of the gravel and the lower 

slopes of the Salem Hills and Vestern Cascades was de- 

posited the Viillsmette silts of the Wisconsin stage of 

the Pleistocene. They are regarded as having been de- 

posited from an open body of water or ttWïllarnette Sound," 

possibly a floodpond from the ice jmned Coliunbla River. 

Angular err.atics associated with the silt indicate the 

presence of icebergs floating in the slack water from 

which the silts were deposited. 

Following the deposition of the silts and the dis- 

appearance of the ponded water, erosion began and has 

continued to the present time. The deposits of the 

Wisconsin stage, as a result, have been dissected by 

streams, resulting in. the foiiation of stream valleys 

from a few feet to nearly fifty feet in depth. The 

larger streams have developed extensive floodplains and 

channeled deposits upon which fine material is deposited 

during high water stages, but this deposition is offset 

by the undercutting and retreat of the banks along the 

streams. 
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ECONOMIC GEOLOGY 

Mineral Deposits 

No mineral deposits occirring as hydrotherinally de- 

posited veins are known in the quadrcngle, nor was any 

evidence of hydrothermal alteration found. 

Oil and Gas 

Surface indications of the possible presence of oil 

or gas within the area are entirely lacking, no oil seeps 

or other surface evidence being found. Structures which 

might be favorable to the collection of oil and gas are 

undoubtedly present, at least in the western part of the 

area, though they are almost everywhere buried by the 

Stayton basalt. The Illahe sandstone is noticeably lack- 

ing in any shale which might serve either as a source 

rock or as an impervious cover for the structure. Oil or 

gas might be found in the older sediments which undoubt- 

edly underlie this area, but all evidence is lacking. 

Coal 

A small deposit of lignite is present in the extreme 

southern portion of the basin in Sec. 28, T. 7 S., R. i 

W. The seams are generally only a few inches thick and 

the production to date has been very small. The reserves 
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are probably very limited as the lateral extent of the 

deposit is undoubtedly small. The coal is relatively low 

grade, a sample having yielded 16.2 per cent ash upon 

i gni t ion. 

Clay 

The mineral deposits of most value in the area are 

the clay deposits. These are generally considered to 

have been derived from the alteration of the Fern Ridge 

tuif or the Stayton basalt by descending meteoric waters. 

More than. twenty of these clay deposits have been lo- 

cated, the majority of them near the eastern margin of 

the quadrangle between Sublimity and Silverton. The most 

important of these deposits lies one or two miles east 

of the boundary of the quadrangle. 

The most promising of these is the deposit (20) in 

the SW*SE* Sec. 18, T. 8 S., R. i E. This deposit Is 

contained in the Fern Ridge tuff and consists of chalky 

white clay containing small clear grains of quartz. 

Limonite is present only along the joint planes, the 

amount decreasing in depth. Tests showed the clay to be 

high refractory and also that manufacturing difficulties 

would be encountered because of the large per cent of 

shrinkage when the pure clay was used. This could be 

largely overcome by mixIng with other coirmiercial clays 
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with low sbrinkae characteristics. Preliminary work 

showed about 330,000 short tons available. lThirther in- 

vestigation would probably result in increasing the known 

size of the deposit or in the discovery of adjacent de- 

posits. 

The gravelly Fern Ridge tuff exposed in a roadcut 

in the SE*SW Sec. 18, T. 8 S., R. i E. was also scnpied 

(20). The gray portion containing nodules of white clay 

proved to be high refractory, but in the remainder 

kaolinization had proceeded to such a small extent that 

the material readily fused at a very low temperature. 

The deposit described (20) as "locality 19" near the 

bottom of a small swale in SH*NW* Sec. 24, T. 7 S., R. 1 

W. differs from the others in that it is developed On 

the Illahe sandstone. The clay is heavily iron stained 

and more gritty in depth. 

One mile south in the SE*SW* Sec. 25, T. 7 S., R. i 

W. is a fine-grained heavily iron stsned deposit (20). 

The clay was of good quality but the quantity is limited. 

This deposit also is located on the Illahe sandstone. 

A test (20) of the weathered gravel exposed in a 

roadcut 0.8 mile north of Sublimity in 1iW*SE Sec. 27, 

T. 8 S., R. i W. showed it to be a high refractory clay. 

A saucer shaped layer of white clay about one foot thick 

and twenty feet long is contained in the deposit at a 
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depth of about six feet. Because of its small volimie, 

this was not sampled. 

In several areas in the quadrangle the basalt has 

been altered to a clay which may appear as layers or thin 

seams of red, yellow, brown, or white clay. The basalt 

in which weathering has proceeded to a depth of 6 to 10 

feet commonly has the pattern of spheroidal weathering 

outlined with narrow seams of yellow or greenish-yellow 

clay. Pieces of this hard clay were found in the soil 

in many places in the western part of the VJaldo Hills. 

A very noticeable exposure of this clay occurs in a 

roadcut on the Salem-Stayton highway in the NW*S* Sec. 

9, T. B S., R. 2 Ï. A clay deposit derived from basalt 

was described by ''íilson and Treasher (20) from Sec. 

3, T. S S., R.. 2 W. near Macleay. A portion of the 

lighter colored clay proved to be a high refractory clay, 

but the amount is limited. No imown commercial high re- 

fractory clay deposits in the quadrangle have been 

derived from basalt. 

Flagstone 

The platy basalt flow which is well exposed one 

mile east of Stayton on the North Santiarn Highway offers 

a convenient source of flagstones. A small local industry 

has been built up around the quarrying and selling of 
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these flagstones. Large slabs of imiform thiclmess are 

so easily procured that lawn furniture has been made 

from them. The stone finds a wide local use for retain- 

ing walls and walks. This is the only known locality in 

the quadrangle where such a platy flow is exposed. 

Tif f 

The more purnicious phases of the Fern Ridge tuff 

were formerly widely used around the pioneer homes. The 

stone acquired the name "cementstone" from the early 

settlers, a name still widely used in the eastern part 

of Marion county. This phase of the Fern Ridge tuff was 

ideal for foundation blocks, fireplace hearths, and many 

other uses since it could be readily substituted for the 

more costly firebrick. This phase of the tuff was easily 

cut and shaped, was light in weight, and at the same time 

was strong enough to withstand nearly any use to which 

it might be put. One example was seen where an early 

building was still standing on these tuff foundation 

blocks after nearly 75 years of service, the foundation 

blocks still showing little or no outward signs of fail- 

ur e. 
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oad Metal 

Many possible sources of road metal are present in 

the quadrangle. Basalt occurs at the surface in many 

localities and in general lies only a few feet below the 

surface. Much of the basalt is roughly jointed, greatly 

aiding blasting down and crushing. The basalt contains 

much g].,ass and should be rather easily crushed. 

Gravel 

Another possible but much inierior source of road 

metal is the extensive gravel deposit in the Stayton 

basin. The gravel at the surface and to a depth of 10 

to 12 feet is partially rotten, and, while it could be 

used, it is not as satisfactory as the basalt nor as 

easily obtained as the gravel from the present North 

Santiani River. Below about 12 feet in depth, however, 

the gravel is firm and would easily serve were it not 

partially cemented. Removal of the deeper gravel would 

be greatly hindered also by the water table which gener- 

ally lies between 15 to 0 feet of the surface. 

A much more satisfactory source of gravel is the 

North Saritiani River bed. The much greater ease with 

which the gravel could be obtained, the absence of an 

overburden, the uncemented condition of the gravel, and 



its unweathered condition are all important factors mak- 

in this source more suitable. 

Soil 

The soil is the deposit of greatest value in the 

Stayton quadrangle. Away from the main stresm valleys 
the soil is residual and is generally thin. In most 

localities the hillsides are overlain by such a thin 
layer of soil that blocks of basalt are turned up in 
working the fields. South of Kingston in Liim county 

and north of Sublimity in Marion county the soil has been 

stripped from the basalt and as a result several square 

miles are nearly worthless except for scanty grazing. 
The sedimentary material crumbles more readily and as a 

result pieces of it seldom reach the surface to inter- 
fere with tilling the fields. 

The soils developed on the Stayton basalt and on 

the underlying and overlying sediments have not been 

differentiated by the U±iited States Department of Agri- 

culture (18) in their soil maps, but have been mapped 

regardless of the underlying rock mainly as Aiken, Polk, 
and Olympic sells. These three soils are generally re- 
markably granular in texture, owing partjy to a conspicu- 
eus smount of small spherical cemented shot-like pellets. 
The pellets are reddish-brown, usually dark colored on 



77 

the inside, and may include both concretion or accretion 

of soil material, cenented by iron oxide and organic 

matter, and residual particles of partly weathered parent 

rock. These soils are the typical red soils of the hills 

and are commonly called ttred hill soils" or "red shot 

soils." In productivity and value, they compare very 

favorably with many of the valley soils. 

The soils developed on the Sand Ridge terrace are 

usually two or tbree feet thick and lie on soft gravel. 

At a greater depth, the soil is usually less porous and. 

the soil zone may be underlain by a clay-pan. 

The soils developed on the Santiarn gravel surface 

all contain a small portion of waterworn pebbles. In 

some of the soils the amount of pebbles at the surface is 

small, but the soils could hardly be called gravel free. 

Many of the areas on the Santiam surface are partially 

waterlogged. and are covered with water during the rainy 

season. In these localities a system of large drainage 

channels would be neessary before the land could be used 

to best advantage. Many of the soils on this Santiaxn 

surface, however, are very productive and receive a rela- 

tively high price per acre. 

In contrast, the soils developed on the Wilismette 

silt contain no material coarser than fine sand. The 

Willemette soils are considered among the best for general 
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farm crops. They ci'e very productive in most areas and 

command a premii.m price. 

Vîater Resources 

Water is abimdant and has been used for power and 

irrigation in the Stayton region for over sixty years. 

The Stayton basin is admirably suited to irrigation, end 

as a result it is covered with a network of ditches which 

receive their water from the North Sant±am River. The 

entire quadrengle would be more productive if extensive 

irrigation was possible, but outside the Stayton basin 

the necessary water is not present. A possible source 

of water for irrigation would be the installation of 

deep wells and pumping equipment, but as yet the neces- 

sary capital has not been available. 

The Santiem River has long been used for power for 

small local industries. No feasible location for a dam 

to produce power for public use is present in the quad- 

rangle. East of Stayton the North Sentieri River flows in 

a relatively narrow valley in which it would be possible 

to locate a power dam at several points farther upstream. 

Obtaining a suitable source of drinking water is no 

problem in this area. In the Stayton basin, the water 

table lies from 15 to 30 feet under the surface so that 

a constant supply of pure water is easily obtained by 
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digging a shallow well. Both the cities of Stayton and 

Salem have located wells in the river gravel near Stayton 

as a means of obtaining municipal water supplies. In the 

upland away from the streams, a suitable supply is usu- 

ally obtained by drilling or digging a well. Many of 

the streams are pure and can be safely used. Springs are 

rather common, especially near the contact of the basalt 

on the underlying Illahe sandstone. 
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