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FOREWORD 

Large-scale urbanization in the United States began in the latter part of the 19th century, and 
migration from rural to urban areas has continued to increase. Since 1 940, metropolitan areas (major 
city centers and their environs) have nearly doubled in number. The urban districts account for the 
growth, while the centers of the metropolitan areas are declining in population. 

A group of connected metropolitan areas, sometimes termed a "megalopolis," already exists in 
several parts of the nation. Within the next few decades the Willamette Valley is destined to be
come a megalopolis made up of merging urban areas extending all the way from Portland to Eugene, 
and laterally as far as the foothills of the Coast Range and Cascade Mountains. 

In order to develop these urban areas to the best advantage, a detailed knowledge of the ground 
conditions should be a prime consideration. Planners will need the facts geologists and engineers can 
provide on bedrock, soils, and ground water. It is this kind of information that can make the task of 
urban planning meaningful. 

To further the compiling of this record, the Department is engaged in a detailed study and map
ping of the geology of urban areas in the Willamette Valley. Since the fastest growing portion of the 
Willamette Valley is the Tualatin Valley region, this area is the first to undergo investigation in the 
Department's long-range program. The preparation of this report was financially aided through a 
federal grant from the Urban Renewal Administration of the Housing and Home Finance Agency, under 
the Urban Planning Assistance Program authorized by Section 701 of the Housing Act of 1 954, as 
amended. 

The report includes information for the Tualatin Valley on the character of the bedrock and un
consolidated deposits, on the distribution of surface and underground water, on the location of poten
tially valuable minerals and construction materials such as sand and gravel, and on the environment 
of hazards such as floods, landslides, and soft ground. Engineering problems related to these geologic 
factors have been analyzed, and this information should serve as a guide for those making detailed, 
on-the-site i nvesti gati ons. 

This report also provides basic new information on the stratigraphy and structure, which will 
advance significantly geologic knowledge on this part of Oregon. 

It is expected that the next phase in the engineering-geology study of the Willamette Valley 
will extend into the Salem region and that it will be followed by similar investigations in theCorvallis
Aibany area and, finally, in the Eugene-Springfield area. It is the Department's sincere belief that 
investigations of this type can lay the foundation for safe and effective development of urban land. 

March 17, 1967 
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Hollis M. Dole 
State Geologist 
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INTRODUCI'ION 

Purpose and Scope of Report 

The purpose of th i s  report is to bri ng together i nformation on the geo l og i c  and hydro logi c  fac tors per
t inent to the urban development of the Tua l a ti n  Val l ey reg ion . The necessi ty for such bas ic  data i s  
emphasized by current popu l ation trends , i ncreased complexity i n  bu i I d i ng practi ce , and  the recog
n ized need for carefu l  p l ann i ng for maxi mum l and ut i l ization . 

The geology sec tion of the report descri bes the surfic ia l  depos i ts and bedrock u ni ts of th e area . 
Together wi th the geo l og i c  map , i t  prov i des the pr imary basis for i nterpreta tion and study of engi neer
i ng prob l ems . The eng i neeri ng sec tion descri bes the performance character isti cs of the ind iv idua l  soi l 
and roc k  u n i ts .  I t  a l so outl i nes areas of lands l i des,  f loods, and compressi b l e  soi I s; rev i ews earthquake 
potenti a l s; and summarizes data on ground water and  construct ion mater ia l s . 

I t  i s  hoped that th i s  report w i l l  serve as a va luab le  a i d  to those whose task i s  to se lect  future 
res i denti a l ,  commercia l ,  and i ndustr i a l  s i tes , preserve agri cu l tura l and recrea tional  l ands , and lo
cate mi neral deposi ts and ground-water resources . The i nformation i s  not i ntended to rep lace ac tua l  
si te eval u ation ,  but ,  rather, to serve as a gu ide for engi neeri ng and l and-use p lann i ng . 

Previous Work 

Regional studies and mappi ng cover ing the proj ect area have been prev ious ly  conduc ted by 
Warren ,  Norbi srath , and Grivetti ( 1 945) and by Hart and  N ewcomb ( 1 965) . A geo l og i c  map of west
tern Oregon (Peck, 1 96 1 ) a l so covers the area . Deta i l ed stud ies were carr i ed ou t i n  port ions of the 
area by Sch l i cker ( 1 962 ,  1 964) ,  Treasher ( 1 942) and  Trimb l e ( 1 963) . Bretz ( 1 925 , 1 928), Al l ison 
( 1 933, 1 935, 1 936) ,  and G l enn  ( 1 965) d i scussed the ori g i n  of the Wi l l amette S i l t  deposi ts on  the va l 
l ey f loors . Lowry and Ba l dw i n  ( 1 952) ,  Thei sen ( 1 958) ,  and Tri mb le  ( 1 963) d i scussed th e genesis of 
the so-ca l l ed aeo l i an si l t  (up l and si l t  of th i s  report) . The U . S. Department of Agri cu l ture Soi l Con 
servation Serv ice a l so pub l i shed the fo l l ow i ng county soi l  maps: Washi ngton Cou nty (Watson and o th 
ers ,  1 923) , Yamh i l l  Coun ty (Kocher a n d  others , 1 920) ,  Marion County (Torgerson and G l assey , 1 927) , 
and  C l ac kamas County (Kocher and o thers, 1 926). 

Sources of Data 

The geologi c map (plate 1 )  was constructed from publ i shed  and unpu b l i shed geo log ic  data , w i th 
add i tiona l  fi e l d  moppi ng by the au thors . The entire sou thwest portion represents new mapping and 
new i nformation tha t  was previous ly  known on ly  in  gross charac ter . Rev is ion of previous mapping has 
developed  a ddi tiona l and si gn if icant new i nformation on th e bedrock and u nconso l i dated surfi ci a l  de
posi ts i n  the remainder of the study area . Bori ng- l og sec tions for the N ewberg , Tua lati n ,  Beaverton ,  
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Hillsboro, and Forest Grove areas have been adapted from subsurface investigations by consulting 
engineering firms. Eight geologic cross sections (plate 2) have been prepared by utilizing subsurface 
information provided by logs of water wells and records of private consulting firms. 

Investigation of soils has included mapping of soil variation in the field, together with office 
study of published and unpublished information. Laboratory test data, presented in table and graphs, 
provide the basis for the classification of the soils. The information was obtained from the Oregon 
State Highway Department, the U.S. Soil Conservation Service, city and county planners, and pri
vate engineering consulting firms. 

Information on construction material resources has been obtained primarily from the soils and 
geology section of the Oregon State Highway Department and from field investigations by the authors. 
Laboratory analyses for many of the samples are shown in tables. 

A geologic hazards map (plate 3) has been prepared to show landslides, flood areas, and areas 
underlain by near-surface water, compressible clay, and soft, organic soils. Knowledge of these 
problem sites has been obtained through field studies and through interviews with city, county, state, 
and private engineers. 

A map (plate 4) showing the depth below ground surface of the Columbia River Basalt formation 
in the Tualatin Valley has been constructed by utilizing water-well data from Hart and Newcomb 
( 1 965) and from well records obtained from the otfice of the State Engineer. The map is intended as 
a guide for determining depth to the top of the Columbia River Basalt where important ground-water 
aquifers are present. 
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GEOGRAPHY 

Location and Extent of Area 

The project area is situated in the northern part of the Willamette Valley in northwest Oregon. 
It is part of the regional Willamette-Cowlitz-Puget Lowland of the Pacific Border physiographic prov
ince (Fenneman, 1931). The area includes approximately 600 square miles and is bounded by longi
tudinal meridians 122°45' to 123°15' west and by latitudes 45°15' to 45°37'30" north. The area 
covers most of Washington County and portions of Yamhill, Marion, Clackamas, and Multnomah 
Counties. The plan dimensions of the area are approximately 26 miles by 26 miles (figure 1). 

The district is serviced by U.S. Highways 99 W and 26, U.S. Interstate 5, and Oregon High
way 8. Southern Pacific Co., Oregon Electric Railway Co"� and Spokane, Portland & Seattle Rail
way Co. all maintain trunk lines into the Tualatin Valley. 

Climate and Vegetation 

The climate is temperate and characterized by worm and relatively dry summers with mild but 
rainy winters. Forty percent of annual total precipitation occurs during November, December, and 
January and less than three percent during July and August. The average annual precipitation at For
rest Grove is 43.56 inches for a 25-year period. Annual precipitation on the flanks of the Coast Range 
along the west margin of the area increases to approximately 50 inches. Maximum temperatures dur
ing the four summer months range from 72° F. to 7� F., although maximum daily temperatures as high 
as 1 0� F. have been recorded. The normal minimum January temperature is 36°. Periods without 
killing frosts range from 207 days at ForestGrove to 299 days at Portland. Snow rarely lasts more than 
a few days in lowlands and foothills. 

The abundant rainfall and mild climate help promote a variety of vegetation. On uncultivated 
land the most common trees are ash, cottonwood, vine maple, dogwood, willow, Oregon white oak, 
Douglas fir, Or�gon red cedar, and Oregon hemlock. Smaller plants include: snowberry, Oregon 
grope, bracken, wild rose, poison oak, hazel, wild blackberries, and native grasses. 

The area is suited to diversified forming and produces a wide variety of products including veg
etables, fruits, nuts, and berries. 

Population Trends and Industrial Growth 

The eastern margin of the area is part of metropolitan Portland. Other principal cities and their 
populations according to the July 1966 census include: Beaverton -11,400; Hillsboro -11,000; For
est Grove -6,550; Tigard - 2,203; Newberg -4,500; and Cornelius- 1 ,377. Municipalities of less 
than 1,000 population include Yamhill, Gaston, Banks, and Wilsonville. 

Population trends and industrial-growth predictions ore discussed only for the Tualatin Valley 
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Figure 1 .  Index mop of the Tualotin Valley region. 
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wi th i n  Wash i ng ton County . Al though other portions of the pro j ec t  area , such as the Wi l sonv i l l e d i s
tric t ,  w i l l  doubt lessl y  receive si gn i fi cant  i ncreases in  popu lation and in  new i ndustry, they are not 
expected to exper i ence the dra mati c growth anti c i pated for the Tua lati n  Va l l ey .  

P o p u l a t i o n  

The popu lcrt ion of Washi ngton County is  exper i enci ng one of the most rap id  percentage-growth 
rates in th e S tate of Oregon (Fi gure 2) . As th e fi gu res be low ind icate ,  the popu la ti on has i ncreased 
98 percent s ince. 1 950. 

Year 

1 950 
1 960  
1 966 

Popu la tion 

6 1 , 500 •. 

92, 237 
125, 000 

(Data from: Center-for Popu la tion Research and Census·� Port l and State Co l l ege 
[MacConne l l ,  1 966] ) . 

.. ·· 

Recent popu l at ion projections-i ndi cate that  thi s  i ncrease may continue-a t the same rap i d  rate . 
The Port l and C i ty P lanni ng Commi ssion i n  i ts report, " Popu l at ion forecasts and. proj ect ions , " of Aug
us t  1 965, states that  the popu l ation of Wash i ngton County is  expected to near ly'doub le  between 1 960 
and 1 980, wh i l e  the esti mate of th e SMSA (Standard Metropo l i ta n  Statisti ca l  Area) i s  for an  i ncrease 
of near ly 50 percent .  At th e present t ime a l arge percentage of the tota l popu la tion is located in the 
Cedar H i l l s-Beaverton -Ti gard Clrea , wh ich  l i es direc t ly  west of th e c i ty of Portl and . The U .  S .  Cen
sus sta tist ics for 1 960  show that  near ly 40 percent of the tota l popu l a tion is  concentrated in th is area , 
wh i ch accou nts for on ly  3 p'ercent of Wash ington Cou nty . 

' 

I t  i s  anti c i pated that  the east Wash ington County area w i l l  receive the maj or portion of the 
1 960-'1 980 projected popu lation i ncrease . More than 75 perc ent of the fu ture growth is foreseen for 
th i s  reg ion,  w i th appro)< imately 1 6  percent for the H i l l sboro-Forest Grove d istri ct  and  an est ima ted 8 
percent d istr i b.-! ted over the remai nder of th e coun ty . Popu lation pro jections i ndi cate tha t  by 1 980 
the pop� l ation  of Wash i ngton Cou nty w i l l  reach 1 80, 000 persons (Wash i ngton County C i ty-Coun ty 
Joi n t  P la�ni ng Department, 1 965) . 

I n d u s t r i a l  G r o w t h  

A recent survey conduc ted by the Wash i ngton County P l ann ing Department showed that as of 
Dec�mber 1 9q5 industria l  l and uses occupied a tota l of 420 ac res w i th i n the i ncorporated and un i ncor
porated parts of the.coun ty . These reg ions i nc l ude the Bon i ta Road  I ndustr i a l  Park, Cascade I ndus
tri a l  Park,  Tuaia.t i n  i ndustr ia l area , T igard industri a l  area ,  $.unset Sc ience Park ,  Beaverton  I ndustr i a l  
Park , Tectron ix I ndustria l  Park,  and H i l l sboro I ndustr i a l  Park ,  most of wh i ch h ave been deve l oped dur
i ng the past five to eight years . On  the basis of stud ies proj ecti ng i ndustri a l  l and needs for the Port
l and  metropo l i tan  area (Metropol i tan P l ann i ng Commission , 1 960; Batte l l e  Memor i a l  I nsti tu te, 1 965L 
Wash i ngton  County migh t  reasonab ly  expec t 250 to 350 addi t iona l  acres to be used for i ndustr ia l  pur
poses by  1 975. 
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Figure 2. Rapid changes in land use as orchards and farm lands become freeways, industrial parks, 
shopping centers, and housing developments. View looking north towards Progress and 
Beaverton (photograph courtesy of Oregon Highway Department). 
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GEOLOGY OF THE TUALATIN VALLEY REGION 

Topographic Features 

The topography of the Tua lati n  Va l l ey region is characteri zed by wide, fl at  low lands and prom
i nent up lands wh ich are contro l l ed pr imari l y  by the fo l d i ng and fau l t i ng of the under lyi ng bedroc k .  
I n  genera l , these features trend i n  a norther ly  or northwester ly  di rection (fi gure 1 and cover photo) .  

The low lands i nc lude the Tua lati n Va l l ey, wh ich is  the major topograph i c  feature i n  the area , 
the Newberg ,  Wi lsonvi l l e ,  and Yamh i l l  va l l eys, and the Cheha lem-Wapato Lake val l eys . A l l  of 
these val l eys have a very low grad ien t  and a l l  bu t the Cheha lem and Yamh i l l  va l l eys conta in  a th i ck  
fi l l  o f  sediments . The low lands are drai ned by streams f low i ng ei ther di rec t ly or i ndirec tly i n to the 
Wi l lamette R iver . 

The up lands i nc l ude the Tua l ati n Mounta ins (Port l and H i l l s ) ,  Cooper and Bu l l Mountai ns, th e 
Parrett Mounta in-Cheha lem Mountai ns-Dav id H i l l  trend , the Red H i l l s of Dundee, and a part of th e 
east fl ank of the Coast Range . These h i gh l ands r i se from 500 to 800 feet above the adjacent val l eys . 
With the exception of the Coast Range, the up lands are under l ai n  by resistant Co lumbia R iver Basa l t .  

L o w l a n d s  

Tua lati n Val l ey 

The Tua lati n Va l l ey covers an area of approxi mate ly  300 square mi l es .  I t  consists of a broad , 
e l l i pt ical  p la in  surrounded by long terraces that s l ope toward the center of the va l l ey . The va l l ey av
erages about 200 feet i n  a l ti tude but i t  ranges from 1 20 to 250 feet, w i th the exception of Bu l l  and 
Cooper Mounta i ns ,  wh ich  r i se to an e l evation of about 750 feet .  The Tua l ati n R iver, ori g i nat ing i n  
the Coast Range to the west, i s  the pri nc i pa l  drai nage course . Major tri bu tar ies fl ow ing souther l y  i n to 
the Tua la ti n  River i nc lude:  Cedar Creek, East and West Forks of Dai ry Creek , Rock Creek,  and Fanno 
Creek . The Tua lati n  River and i ts tri bu tary streams form si nuous courses i n  entrenched va l l eys over 
most of the l ow land . I n  the northwestern part of the Tua l at in  low l and, stream val l eys are character
ist ica l l y  i nc i sed abou t 20 feet be low the main p la in; in the southwestern part ,  stream va l l eys range 
from 30 to 40 feet deep . The va l l ey f loor r i ses gent ly  from i ts center toward the near l y  enc i rc l i ng h i gh
l ands to an approximate terrace e l evation o f  250 feet ,  where s lopes abrupt ly steepen . The change i n  
s lope ang l e  occurs near the contac t of the Wi l l amette S i l t  w i th o l der rock .  The northeast portion of 
the va l l ey typ ica l ly contai ns l ong terrace s lopes that fa l l  southwester l y, approximate ly  20 feet per 
mi l e  at the margi1:1 of the va l l ey to 1 0  feet per mi l e  in the centra l portion . The sou thern portion of 
the val l ey conta i ns steeper and more variab le  s lopes because of the lower base l eve l  establ i shed by 
the Tua lati n River f lood p la i n; s lope ratios i n  th i s  area are common ly  20 to 30 feet per mi l e .  About 
30 percent of the Tua lati n Val l ey l ow land i s  a re lat ive ly  f lat  val l ey p la in  wi th low ,  ro l l i ng h i l l s ,  
about 10  percent i s  iso lated h i l l s (Cooper and  Bu l l  Mountai ns), and  the remai n i ng 60 percent i s  l ow 
ang l e, basi nward-s lopi ng terraces . 

Newberg and Wi lsonvi l l e  va l l eys 

These tri butary va l l eys of the Wi l l amette Val l ey con ta in  si mi lar  physiograph i c  features . The 
Newberg va l l ey covers an area of approximate ly  35 square mi l es and i s  defi ned to the northeast by 
Parrett Mountai n and Cheha l em Mountai ns and to the southwest by the Red H i l ls of Dundee . The va l 
l ey merges w i th the Wi l l amette River va l l ey a t  the sou thern edge o f  the map . The pri nc ipa l streams 
are Ch eha lem ,  Hess, Brook, and Spr i ng Creeks . They are contai ned in steep l y  i nc i sed , fl at-bottomed 
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channels which drain southerly into the Willamette River. The margins of their valleys are character
ized by long basinward terraces that slope approximately 50 feet per mile, while the central portion 
of the valley at Newberg is relatively flat and slopes less than 1 0  feet per mile. 

The Wilsonville valley is located at the southeast corner of the project area and covers a low
land of approximately 1 2  square miles. The principal drainage is provided by Seely Ditch and Brock
man Creek, which drain southerly into the Wi llamette River. Except for the steeply incised canyon 
of Brockman Creek, which has been cut 70 to 80 feet below the valley plain, the Wilsonville valley 
is gently undulating with slopes ranging from 30 to 40 feet per mile. Approaching the confining up
lands of Parrett Mountain on the west, Tonkin Hills on the north, and Petes Mountain (not on map) on 
the east, slopes steepen abruptly above a terrace at an approximate elevation of 250 feet. Seely Ditch 
flows through a relatively flat valley that averages a quarter of a mile in width over most of its course. 
Highly irregular scabland topography is present just south of Mulloy and in the uplands to the north at 
the headwaters of Seely Ditch and Rock Creek. 

The Willamette River has cut across both the Newberg and Wilsonville valleys leaving two prom
inent terraces; one at an approximate elevation of 1 00 feet, and the other at approximately 90 feet. 
The present river course is entrenched in the lower terrace, but the Willamette occasionally floods 
above 90 feet. Either lowering of the falls at Oregon City or regional uplift may be the cause of the 
entrenchment. 

Yamhill valley 

This valley covers an area of approximately 45 square miles in the southwest corner of the proj
ect area. It is drained principally by the Yamhill River and its main tributaries, Panther Creek and 
Hawn Creek. Within the project area, the central portion of the valley is approximately 5 miles wide 
and 6 miles long. Slopes in much of the valley are less than 20 feet per mile. On the sides of the 
valley, terrace height is at an elevation of about 200 feet; above the terrace elevation slope angles 
steepen abruptly. The Yamhill River flows southeasterly in a relatively flat valley that ranges in width 
from a few hundred feet to about one mile. The Yamhill River and its tributaries are incised 50 to 60 
feet below the adjacent terraces. 

The Yamhill valley is covered with a relatively thin layer of alluvium or Willamette Silt over 
bedrock and, with the exception of Chehalem valley, contrasts with other lowlands of the project area 
which contain thick sequences of sedimentary fill of Troutdale and younger age. 

Chehalem-Wapato Lake valleys 

The Chehalem-Wapato Lake valleys form a long, narrow link between the Tualatin and Newberg 
valleys. The Newberg valley narrows and merges northwesterly into the Chehalem valley in the vi
cinity of Ewing Young School. The Chehalem valley is about 4 miles long and not more than half a 
mile wide. It is drained by Chehalem and Wapato Creeks, which flow in opposite directions from a 
divide in the north half of the Chehalem valley. Bedrock crops out in the channel of Chehalem Creek. 
Numerous landslide masses have moved into the valley from adjacent hills. 

The Chehalem valley trends northerly and merges with the Wapato Lake valley in the vicinity 
of Lakeview School. The Wapato Lake valley extends northward for about 6 miles, attaining a maxi
mum width of about 1 �  miles north of Gaston, and merges with the Tualatin Valley near Dilley. Sev
eral unnamed streams drain into the southern part of the Wapato Lake valley, and the Tualatin River 
and Scoggin Creek enter the valley from the west in its central and northern portion. 

U p l a n d s 

Tualatin Mountains (Portland Hills) 

The northwest-trending Tualatin Mountl.lins rise to an elevation of about 1 , 1 00 feet in the north
east portion of the map area. The flanks of the mountains are underlain by Columbia River Basalt, 
and slope 400 to 500 feet per mile. The northeast flank slopes to the flood plain of the Columbia and 
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Wi l l amette R ivers, and the sou thwest f l ank  to the Tua la t in  Va l l ey . Loca l  areas u nder l a i n  by Bor ing 
Lava genera l ly s lope about 1 50 feet  per mi l e  i n to the Tua l a t in  Va l l ey and  a l so control sharp con i ca l  
peaks such as E l k  Poi n t  i n  sec . 1 ,  T .  1 S . ,  R .  1 W .  Both f lanks of the Tua lat in  Mountai ns have been 
deep l y  di ssec ted by streams . 

Cooper-Bu I I  Mountai ns 

Cooper and  Bu l l  Mounta ins  r i se approxi mate l y  500 feet  above the va l l ey p l a i n  in  the southeast 
portion of th e Tua l ati n l ow land . The mounta in s  are separa te doma l h igh lands that are c lose l y  con
tro l l ed by geo log ic  struc ture . Bedrock dip s lopes on the f lanks of th e moun ta i ns range from 200 feet  
to 500 feet  per mi l e .  I n term i ttent streams dra i n i ng  to th e su rround ing l ow l a nds have cut  deep canyons 
in these s l opes . 

Parrett Moun ta i n-Cheha l em Mountai ns-Dav i d  H i l l  trend 

These mou nta ins trend northwester l y  from the sou theast corner of the pro j ec t  area to the north 
west corner and mark the bou ndary of the Tua l a ti n  low l and . The maximum e l evation on Parrett Mou n
tai n i s  1 , 247 feet,  at  Ba l d  Peak i n  the Ch eh a l em Mounta i ns 1 , 629 feet,  and on Dav i d  H i l l  1 ,165 
feet .  Th e Cheha l em mounta i ns-Dav i d  H i l l  system forms a cuesta i n  wh ich  th e basa l t  s l opes gent ly  
northeast from the crest at  approx ima te l y  400 feet per  mi l e  i nto the Tua l ati n Va l l ey; the erosiona l 
scarp faces sou thwest w i th s l opes as much as 800 to 900 feet per mi l e . Parrett Mounta i n  is a l so a cues
to , bu t i t  trends northeaster l y  at near l y  r i gh t  ang l es to the trend of th e Ch eha l em Mounta in s .  Th e ba
sa l t  surface here s l opes southeaster l y  toward the Wi l l amette Ri ver at approxima te l y  400 feet  per mi l e ,  
and the scarp s l opes northwest from the crest abou t 800 feet per mi l e .  

Parrett Mountai n and the Cheh a l em Mou n ta i ns have been extensive ly  dissec ted by streams, w i th 
l oca l stream canyons as deep as 350 to 400 fee t .  

Red H i  lis o f  Dundee 

The Red H i l l s of Du ndee form a cuesta that stri kes north and northeaster l y  s imi l ar l y  to that of 
Parrett Mountai n .  I ts surface s l opes sou theaster l y  toward the Wi l l amette R iver at  400 to 450 feet per 
mi l e  and has been extens ive l y  modi fi ed by steep l y  i nc ised stream canyons . Th e h i l l s r i se to a maxi 
mum e l evation of 1 , 087 feet . 

Coast Range 

O n l y  the most eastern footh i l l s of the Coast Range are present at the west margi n  of the pro ject  
area . The topography i s  contro l l ed pri mar i l y  by east- and  northeast-dippi ng vo l can ic  and sed imentary 
bedrock .  The port ion of the range consi dered i n  th i s  report commences i n  ro l l i ng footh i l l s just west of 
Yamh i l l  a nd extends norther ly ,  i nc lud ing  the h i l l s west of Gaston and Di l l ey and sou thwest of Ga l es 
Creek . The h ighest e l evations of the range occur at Moun t  R ichmond a t  1 ,  230 feet and a t  Ga l es Peak 
at 1 ,  788 feet. Ma jor streams f low i ng easter ly  from the range i nc l ude Ga l es Creek,  Scogg i n  Creek, 
and the Tua l a ti n and Yamh i l l  Ri vers . Most of the topography consists of moderate l y  steep , rol l i ng 
h i l l s w i th some str i ke ri dges that ex tend for severa l mi l es and  d ip gentl y eastward . 
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Geologic Units 
Indurated rock units, ranging from middle Eocene through early Quaternary age, and unconsol

idated deposits of Quaternary age underlie the project area. The consolidated units include crystal
line and pyroclastic rocks, marine sedimentary rocks, and lacustrine and fluvial rocks. They have 
been divided into the following formational units from oldest to youngest: volcanics and sediments of 
late middle Eocene age; Yamhill Formation of early late Eocene age; marine sediments of Spencer 
Formation of late Eocene age; undifferentiated Oligocene marine sediments; Columbia River Basalt 
of middle to late Miocene age; semiconsolidated lacustri11e and fluvial deposits of the Helvetia and 
Troutdale Formations of Pliocene age; and late Pliocene or early Pleistocene age Boring Lava. Un
consolidated Quaternary deposits include upland silt, Willamette Silt of lacustrine origin, lacustrine 
sand and gravel, terrace gravels, and young alluvium on the flood plains of the principal streams and 
rivers. The occurrence and distribution of consolidated and unconsolidated units are shown on plate 1. 

E o c e n e  V o l c a n i c s  a n d  S e d i m e n t s  U n d i f f e r e nt i a t e d  

A sequence of structurally complex basalt flows, pillow lava, tuffs, agglomerates, and breccias 
with well-indurated marine siltstone and sandstone interbeds is present along the west edge of the map 
area. These rocks are exposed in a nearly continuous belt commencing near Carlton and extending 
northerly beyond Gales Creek. They have been invaded by numerous dikes and sills of gabbro, basalt 
porphyries, and diabase. Weathering has been extensive and much of the sequence is soft and crumbly. 

The sequence is correlative with similar volcanics mapped by Baldwin and others (1955 and 1952) 
in the Sheridan, McMinnville, and Spirit Mountain quadrangles to the southwest of the area. In these 
localities the rocks were considered to be upper middle Eocene and early late Eocene in age. Foram
iniferal data from a locality within the project area (F-1 on plate l) indicate a Narizian age (Rau, 
written communication, 1964). The sequence dips east and northeast and is overlain, probably con
formably, by marine sediments of the Yamhill Formation. The section is several thousand feet thick 
and thickens to the west in the Coast Range. 

Y a m h i l l  F o r m a t i o n  

The Yamhill" Formation within the map area consists primarily of well-indurated, thin-bedded 
shale and siltstone with occasional interbeds of green basaltic sandstone and poorly sorted tuffaceous 
sandstone. Locally, basalt and gabbro dikes and sills have invaded the formation (figure 3). The Yam
hill Formation underlies most of the Yamhill valley in the southwest portion of the project area and 
trends northerly in a thinning outcrop belt to within a short distance north of Scoggin Creek. It is also 
present in isolated exposures in the bed of Gales Creek. Its thickness ranges from probably less than 
1, 000 feet in the Scoggin Creek area to more than 2, 000 feet in the Yamhill River valley. Its primary 
structure is monoclinal eastward with local irregularities. 

The formation is similar in composition to its type section on Mill Creek 2d miles to the south
west, where it attains a maximum thickness of approximately 4, 500 feet. Faunal data (foraminifera) 
obtained from three localities (F-2, F-3, and F-4) within the area and identified by W. W. Rau 
(written communication, 1962) indicate that the formation is lower upper Eocene (A-2 Laiming) in age. 
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(A) 

(B) 

Figure 3 .  A .  Well-i ndurated, thin-bedded sil tstone of the Yamh i l l  
Formation in roadside cut west o f  the town o f  Yamh i l l .  
B. Detail of Yamh i l l  Formation. 
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Massive, friable Spencer sand exposed in road cut on north 
side of Patton Valley west of Gaston. 

I 

Figure 5. Spencer sandstone in roadcut showing displacement along 
small faults. 

13 
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S p e n c e r  F o r m a t i o n 

The Spencer Formation i s  exposed i n  a near l y  conti nuous ,  1 7-mi l e  be l t  that  commences just east 
of Car l ton and trends northwester l y  near l y  to Ga l es Peak , a few mi l es north of Scoggi n  Creek . The 
formation is more than a mi l e  w i de east of Car l ton and narrows to abou t a quarter of a m i l e  where i t  
c rosses the Tual ati n River and Scoggi n  Creek . The formation consists of th i ck-bedded to massive , 
we l l -sorted,  fr i ab l e ,  fi ne- to medium-grai ned fe l spath i c  sandstone (figure 4) wi th occasiona l  th i n  
carbonaceous si l tstone a n d  c l aystone i n terbeds . I n  the top a n d  bottom portions o f  the formation , th i n
bedded si l tstone and c l aystone predominate . 

The sandstone i s  typica l l y composed of abou t 40 percent quartz , 55 percent p l ag ioc l ase fe l dspar , 
and 5 percent muscovi te, biotite, and ch lori te . I n  the nor thwest two-thi rds of i ts outcrop be l t, where 
it averages 200 feet in th ickness, the forma tion is composed a l most ent ire ly of fr iab l e ,  f ine sandstone 
(fi gure 5) . To the sou theast i t  contai ns more si l tstone i n terbeds (±50%) and occasiona l l enses of 
pebbl e  cong lomera te (fi gure 6) and reaches an esti mated th i ckness of about 500 feet . Where the for
mation is pri mar i ly sand,  i t  weath ers i nto re l ative l y  thi n ,  permeab l e ,  sandy soi l s ,  bu t i n  areas where 
it contai ns a si gn i f icant  percentage of s i l tstone, such as east of Car l ton , weather i ng has produced 
p last ic c l ay .  

The Spencer Formation has been extended from i ts type l oca l i ty near Eugene i nto the Yamh i l l 
County area by Sch l i cker (1 962) . Sch l i cker dates the Spencer Formation as upper Eocene on the basis 
of i ts posi tion between the l ower u pper Eocene Yamh i l l  Format ion and the over l y i ng mari ne sedimen
tary beds wh i ch conta i n  lower O l i gocene Keasey fauna . Forami n i fera l assemb lages (F-5) from core 
sampl es taken from U . S .  Bureau of Rec lamation foundation bor i ngs at the proposed Scoggin Creek dam 
(NE* sec . 20, T .  1 S . ,  R .  4 W . )  have been i dentif ied by W .  W .  Rau (wri tten commun ica tion,  1 963) 
as Nar iz ian  (upper Eocene) . F i e l d  ev idence i ndi cates tha t  th e Spencer Formation l i es upon a fo l ded 
and eroded surface of the Yamh i l l  Formation . 

F i gure 6 .  Pebb l e  l ens i n  Spencer Formation west of Yamh i l l . 
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Figure 7. Dipping Oligocene shales and thin, sandy tuff beds in rood 
cut west of Forest Grove. 

Figure 8. Sandstone quarry in Oligocene rocks on Scoggin Creek a 
short distance east of the Stimson mill. 

15 
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(B) 

Figure 9 .  A .  Fossil bed i n  basaltic sandstone of Oligocene age at 
quarry on Scoggin Creek. 
B. Detai I of fossi I bed shown above . 
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O l i g o c e n e  M a r i n e S e d i m e n t s  U n d i f f e r e n t i a t e d  

The rocks mapped as O l i gocene mari ne sediments undifferentiated contai n  forami nifera l assem
blages of Refugian (lower O l igocene) (F-6) and Zemorr ian (upper O l igocene) age (F-7) (Rau , wr itten 
communi cation,  1962). The Scoggin Creek quarry (sec. 27, T. 1 S. , R. 4 W . )  conta i ns abundant 
megafossi l s  which have been correlated with Gries Ranch fauna of western Washi ngton by Addicott 
(written commun ication, 1964). Although the O l igocene rocks are disti nct i n  gross character , no per
sistent l i thology has been recognized in the map area to permit recognition of separate formations . 
Fau lt ing, l ands l i des, poor exposures, and lack of adequate fauna l  control are pri nc ipa l  factors that 
prevent separation of rocks i n  th i s  study . 

The uppermost rocks of the O l igocene sequence are composed of tuffaceous sandstone and s i l t
stone (figure 7). Beneath th is sequence i n  most areas is a section of moderate ly i ndurated quartzitic 
sandstone. The lower part of the O l i gocene section genera l ly consists of si ltstone, basa lt ic sandstone, 
and local conglomerate. In the Scoggin Creek quarry basa ltic sandstone and conglomerate occur be
low a wel l-i ndurated, l imy sandstone wh ich contai ns abundant megafoss i l s  in severa l 1-foot l ayers 
(figures 8 and 9). 

The tota l maximum th ickness of the u ndi fferentiated O l i gocene sequence is estimated to be about 
3, 000 feet , a lthough i ts th ickness var ies consi derab ly i n  the map area. On the basis of faunal data , 
the lower O l i gocene section is estimated to be about 1, 000 feet th i ck  and the upper Ol igocene about 
2, 000 feet th ick. 

The Ol igocene sequence genera l l y  dips to the east and northeast at low to moderate ang les . 
Loca l l y near fau lts, beds dip 400 to 500, and i n  a few areas dips are reversed to the south and south 
west to form loca l anti c l i nes. 

C o l u m b i a  R i v e r  B a s a l t  

The Co lumbia River Basa l t  forms the bedrock of the Tualati n Mountai ns (Port land Hi l i s) , Cooper 
and Bu l l  Mountains,  Parrett Mountai n-Cheha lem Mountai ns-David  H i l l  trend, and the Red H i l l s of 
Dundee . The formation under l i es the entire Tua lat i n  Val l ey at depths ranging from a few feet to a 
maximum of about 1, 500 feet. I t  a l so l i es beneath a portion of the Newberg va l l ey and a l l of the 
Wi l sonvi l l e  val l ey. The lavas u nconformably over l i e  Ol igocene mar ine sediments. 

The name "Columbia River basalt" was given to the basa lt ic lavas of the Paci fic  Northwest by 
Russe l l (1901) . At that time Russe l l i nc luded f lows rangi ng i n  age from Eocene to Recent which spread 
over much of eastern Washi ngton, eastern Oregon , and the p la ins of southern I daho . Merriam (1901) 
l ater restr icted the formational name to the basa l ts that are exposed a long the Co lumbia R iver Gorge 
and in the John Day Bas in  farther to the east. Waters (1961) proposed rais ing the Col umbia River Ba
sa l t  to group status so as to i nc lude "the Yakima basa lt as defi ned by G. 0. Smith , and the o lder ba
sa l ts of the John Day Basi n ,  ca l l ed the 'Co lumbia lava' by Merriam, but here in  renamed the Picture 
Gorge Basalt . "  

Not enough petrograph ic  and chemica l work has been done on the basa l ts i n  the Tua lat i n  bas in  
to determine whether one or both formations i n  the Co lumbia River Group are present i n  th i s  region. 
The authors have , therefore , used the name "Columbia R iver Basa l t" for these lavas because they are 
essential ly corre lative with flows exposed in the Columbia River Gorge. 

The Co lumbia River Basa l t  has been moderate ly deformed by folding and fau lti ng . The lavas 
have been fo l ded i nto broad anti c l i nes in most of the up land areas and broad sync l i nes in the va l l ey 
areas. I n  the center of the Tua latin Va l l ey the l avas have been depressed beneath the va l l ey f loor 
approximate ly 1, 500 feet and i n  the Newberg and Wi lsonvi l l e va l l eys more than 500 feet . Fau lt ing 
with displacement from l ess than 100 feet to severa l hundred feet has loca l ly broken the l avas. 

The formation is composed of a ser ies of weathered and u nweathered l ava flows with occasiona l 
i nterflow zones of breccia ,  ash , and baked soi l horizons . The unweathered surfaces are brownish gray 
to dark b l ue-gray, dense , and fi nely crystal l i ne. The lavas show a joi nt system that ranges from 
mass ive-columnar to c lose cubic (Figure 10). Rectangu lar and platy joint systems are present local ly. 
Bottom and top portion of flows are commonly vesicu lar and i n  some places are scoriaceous (fi gure 11). 
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Figure 10. Columbia River Basalt showing cubic and columnar joint
ing, Krueger quarry, west of Cornelius Pass. 
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Figure 12. Deeply weathered surface of Columbia River Basalt over
lain by silt. 

Figure 13. Dipping weathered Columbia River Basalt  flows in Cobb 
quarry at Sexton Mountain. 
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Figure 15. 
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The weathered flows are general ly  present in the upper portion of the series and consist common
ly of reddish -brown to gray-brown, crumbly to medium-dense basalt (fi gures 12 and 13) .  They show a 
joint system simi lor to the unweathered f lows, but j oints have been opened ond their surfaces contain 
thick coatings of iron and manganese oxide minerals. The basa l t  weathers to thin, reddish-brown, 
stony, heavy cl oy soi l s .  In local areas loteri zotion has completely reduced basalt flows to bauxite. 

The Columbia River Basalt ranges in thickness from a few tens of feet at outcrop edges to a max
imum of about 1 , 000 feet in the central port of the Tualatin Volley. I ndividual basalt flows common
ly range from 3 0  feet to 6 0  feet i n  thi ckness. 

He l v e t i a  For m a t i o n  

The nome Helvetia Formation i s  appl ied i n  this report t o  poorly indurated sedimentary deposi ts 
of laterized pebbly sand, silt, and cloy that over lie the Columbia River Basa l t  (figures 14,  15, and 
16}. These deposits hove been previously mopped as residual soi l s  derived from in situ weathering of 
the Columbia River Basalt, and carefu l study i s  required to distingu i sh residual soils from the Helvetia 
Formati on. 

The type locality is just north ofthe community of Helvetia in sec. 3, T. 1 N. , R. 2W.,w here 
rood cuts expose several feet of firm, reddish-brown, pebbly silty sand, sandy silt, and clayey si l t .  
Pebbles contained in the formation consist of weathered basalt with lesser amounts of granite and 
quartzite. Rood cuts in the vicinity of Helvetia expose a minimum of 25 feet of this material, and 
water-well  logs in other places indicate reddish-brown clayey soi l s  up to about 75 feet thi ck overly
ing the Columbia River Basalt .  The scope of this report does not a l l ow for a detoi led stratigraphi c  
study or description of this formation. 

Reddish-brown, lateritic Helvetia Formation i s  present around almost the entire periphery of the 
Tualatin Vol ley. I t  i s  always found di�ectly above the weathered surface of the Columbia River Ba
sal t  and extends up the volley slopes to elevations ranging from 200 feet to about 900 feet. In the 

Figure 16. Helvetia Formation overlying Columbia 
River Basalt at Cornelius Pass. 
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Tualatin Mountains the formation is local ly present, but not mapped, up to about 1 , 000 feet eleva
tion beneath the upland si l t .  The Helvetia Formation is also found southeast of Sherwood on the north
east flank of ParrettMountain and on the lower east slopes of theRed Hi l l s  of Dundee. This formation 
is over lain at the val ley margins (± 250 to 300 feet elevation) by the Wil lamette Si lt  and at h igher 
elevations by upland si l t .  I n  the subsurface of the Tualatin Vo l ley,  data from water wells indicate 
that the formation may be overlain by the Troutdale Formation. 

The Helvetia Formation is variable within the project area but generally consists of weathered, 
reddish-brown and l ight-brown c layey s i l t  or sandy si l t .  The wri ters have found one outcrop where 
Helvetia parent mater ial can be seen weathering to typical reddish-brown Helvetia soi l .  This local
ity is on the north flank of Cheholem Mountains, sec. 27, T. 1 S . ,  R .  2 W . ,  at the base of a cut on 
Iowa Hill Road, where the formation is composed of mottled, brownish-gray sil tstone which hosweoth
ered upward i nto a reddish-brown s i l ty clay. I nformation from nearby water wel ls indicates that the 
s i l tstone lies above Columbia River Basa l t .  

Some 48 soil samples were obtained from localities of Helvetia outcrops around the val l ey and 
were washed and screened for study of the mineral content by a b i nocular and a petrographic micro
scope. A l l  samples contained angular quartz and muscovite, which ore foreign to material derived 
from the Columbia River Basa l t .  Other minerals identified were: feldspars, pyroxene, amphibole, 
zircon, tourmaline, opal, magnetite, and gibbsite nodu les. Diatoms were also observed in some 
sam pies.  

The upper few feet of the Helvetia Formation commonly weathers to a mottled gray-and-buff 
s i l t  which has been leached by downward percolation of ground water. 

The formation is considered to be correlative with the earliest Troutdale Formation sediments 
because of its strati graphic position and occurrence in deep borings, and because its l i thology includes 
granite, quartzite, muscovite, quartz, and minerals foreign to the weathered lava. The age of the 
Helvetia Formation is probably early Pliocene. 

F igure 17. Troutdale Formation exposed in Wi l lamette River 
at Newberg. 
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T r o u t d a l e  F o r m a t i o n  

The name Troutdal e  Formation as used i n  th i s  report refers to the general concept of Hodge 
( 1 938) and Trimble ( 1 957) , and i ncludes the Troutdale and Sandy River Mudstone named by Trimble 
( 1 963) . 

The Troutdale  Formation is exposed i n  the east-central portion of the project area; north , east , 
and southeast of Beaverton; and i n  the bottom of steep ravi nes in  the Newberg and Wilsonvi l le valleys . 
It a l so crops out in patches along the Wil lamette River from near Newberg to Wi l sonvi l le and in  two 
isolated local ities northwest of Six Corners (figures 1 7 , 1 8, and 1 9) .  Subsurface information indicates 
that the Troutdale under l ies most of the Tualati n ,  Newberg , and Wi l sonvi l le val l eys at a depth of ap
proximate ly 50 feet . 

The formation in the study area i s  composed l argely of poorly i ndurated, fi ne-grained sedi men
tary material . I n  outcrops a long the Wi l lamette River and in  adjacent ravi nes i t  consists predominant
ly of weathered gray and brown mudstone and mottled yel low and reddish-brown, fine, si l ty sandstone 
with occasi onal pebble congl omerate beds and lenses . Typical bori ng-log sections at Beaverton , 
H i l l sboro , Newberg, Tualat in ,  and Forest Grove (figure 20) provide detai l ed information on the 
l ithology of the upper portion of the formati on i n  these l oca l i ti es .  I nformation from deep water wel ls 
in the Tualatin Valley i ndicates that the formation is composed largely of si l t  and clay with occasion
al beds of fine sand and rare gravel . The formation reaches its maxi mum thickness of about 1 ,  500 feet 
in the center of the Tualatin Val l ey near Hi l l sboro and tapers to a th i n  edge where it  fi nal ly pi nches 
out on the slopes of the surrounding h i l l s .  Further information on the th ickness of the Troutdale For
mation appears in a geologic section (plate 2) . 

The Troutdal e  i s  considered to be early Pl iocene i n  age (Trimble, 1 957) . The writers regard 
the Troutdale  Formation of the study area to be deposited under variable fluvia l  and lacustrine condi 
tions in a s lowly subsiding basin .  The base of the Troutdale Formation , therefore , i s  probably c lose ly 
parallel to the deformed surface of the underlyi ng Columbia River Basalt . The upper portion of the 
formation appears to have had litt le or no foldi ng .  

B o r i n g  L a v a  

The Boring Lava/ named by Treasher ( 1942) , occurs along the west edge of th e  Tualatin Moun
tains genera lly above 200 feet elevation i n  scattered outcrops and extensi vely in the foothi l l s of the 
northern Cascade Mountai ns of Oregon . I n  the Tualati n Mountai ns the Bor ing Lava erupted from local 
vents such as Mount Sylvania i n  sees.  31 and 32, T .  1 S . ,  R. 1 E . ,  and Swede H i lls in the NWdr sec . 
1 1  T .  1 S . ,  R .  1 W .  The lavas crop out i n  road cuts and stream canyons from West S l ope east of Bea
verton northwesterly for about 3 mi les (figure 21 ) .  From i nformation obtained from water well s  they 
are also known to underl ie  the footh i l l  areas between N .W .  Laid law Road and Old Germantown Road . 
The lavas are mostly covered with a veneer of upland loessal si lt  wh ich ranges from a foot or so in  
th ickness in the Cedar H i  l i s  area to more than 50 feet i n  the Springvi l l e Road locality (sec . 1 7, T .  1 
N " �  R .  1 W . ) .  The lavas overlie an irregular erosional surface of the Troutdale  Formation . 

The Boring Lava is principal ly a gray, ol i vi ne basalt having an expanded texture . It i s  weath
ered from the surface to depths as much as 1 5  feet and along jo int fractures .  The jointing i s  blocky 
and an abundance of large, spheroidal ly weathered boul ders occurs at the surface .  Associated with 
the lava adjacent to the vents are pyroclastics composed of lapi l l i  tuff, breccia, and c i nders . 

The Boring Lava within the project area ranges from a few feet in th ickness in the Cedar H il l s  
district to more than 1 50 feet as  indicated by water wel l s near the Spri ngvi l le Road in  sec . 1 7, T .  l 
N . , R . l W . 
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Figure 18. Troutdale Formation mudstones in  bonk of Yamh i l l  River 
near Dayton. 

Figure 19. Troutdale bedded mudstones in  bonk of Wil lomette River 
east of Wi I son vi l i e .  
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Figure 20b. Typical boring log of the Hillsboro area (data from Shannon & Wilson, Inc.). 
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Figure 21 . Boring Lava exposed i n  road cut on S .  W. Canyon Road 
near West Slope . 

Figure 22. Wi l lamette Silt exposed in bank of Wil lamette River south 
of Newberg . 
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U p l a n d  S i l t  

S i l t  over l i es the o l der roc ks i n  the upl ands a t  e l evations genera l l y  from 250 feet to the summi ts . 
I t  caps ri dges , spurs , and fl a tter parts of the Tua lat in  Mountains,  Cooper and Bu l l  Mou nta i ns,  and th e 
Ch eha l em Mounta i ns ,  where i t  over l i es var ious ly  the Col umb ia  Ri ver Basa l t ,  He l veti a Formation , 
Trou tda le  Formation , and Bor ing Lava . I t  is extensive east of Port land and Oregon Ci ty (Tri mb l e ,  1 963) . 

The si l t  i s  consi sten t ly  un i form i n  appearance, texture, and m i nera logy over i ts entire outcrop 
area . I t  consi sts typica l l y  of massive and struc turel ess , ye l low-brown to buff, micaceous sandy si l t  
and c l ayey si l t  w i th occasiona l we l l -rounded basa l t  pebb les . Th e si l t  and sand frac ti ons of the de
pos i t  are composed pri nc ipa l l y of quartz and fe l dspars . 

Composi t ion of the si I t  was determi ned by Lowry and Ba l dw i n  (1 952) as conta in ing  muscov i te ,  
biotite, fe ldspar, quartz, augi te , hypersthene, hornb lende, magneti te , tourma l i ne ,  garnet, apat i te ,  
tremo l i te ,  vo lcan ic  g l ass , sponge spi cu l es ,  and dia toms . X-ray ana l ysi s o f  the s i  I t  reported by 
Tri mbl e ( 1 963) i ndi ca ted the c l ay mi nera l s  are kaol i n i te ,  i l l i te ,  and perhaps montmori l l on i te and 
ch lori te . 

Ear l i er wri ters refer to th i s  materi a l  as being loessa l ,  f luvia l ,  and part of each (D i l l er, 1 896) , 
(Darton ,  1 909) , (Ruzek, 1 922) , (Treash er , 1 942) , (Li bbey , Lowry, and Mason, 1 945) , ( Lowry and 
Ba l dw in ,  1 952) , (The i sen , 1 958) , and ( Tr imbl e ,  1 963) . The descr iptions of the ou tcrops and mi nera l 
content are frequentl y i n  agreement even though the i nterpretati ons are wide l y di vergent .  

The si l t  h as been previous ly  ca l l ed th e Port l and H i l l s si l t  member o f  the l acustri ne Troutda l e  
Formation by Lowry and Ba ldwi n ,  l oess- l i ke soi l parent mater ia l  by Theisen , and Quaternary loess by 
Tri mbl e .  

The mi nera logy of the up land si l t , th e H el veti a Formation , and the Wi l lamette S i l t  i s  s im i l ar .  
Th i s  i s  i nd icative that a l l  th ree formations have had the Co lumbia River dra i nage as their  source,  w i th 
the possi b i l i ty that some of the up land si l t  was der i ved from the Wi l l amette Si I t  as wi ndb lown  materi a l . 

The wri ters bel i eve tha t  the Port land H i l l s si l t  member of the Trou tda le  Formation (Lowry and 
Ba l dw in ,  1 952) i nc l udes both the He l vetia and up l and si l t  un i t .  Th is paper used the term "up l and 
si l t "  for the l oessa l si l ts wh i ch are s imi l ar and undisti ngu i shab l e  from the Wi l l amette S i l t  except for 
their  occurrence a t  e l evations above 250 feet . The red-brown Trou tda l e  of Lowry and Ba l dw in  and 
the He l vetia Formation (th i s  report) have been previous ly  considered to be residua l basa l t  soi l .  A l 
though res idua l  basal t  soi l occurs l oca l l y ,  the wri ters do not be l i eve tha t  i t  i s  widespread . Much of 
the so-ca l l ed l a teri zed basa l t  i s  now i nterpreted to be in rea l i ty the la teri zed H e lveti a  Formation . 

S i nce the Boring Lava i s  considered to be l ate P l iocene-ear l y  P leistocene i n  age, the overl y i ng 
si l t  can be no o l der; i t  i s  probab l y  part l y  equ iva l ent to the earl i est Wi l lamette S i l t .  

W i l l a m e t t e  S i l t  

The Wi l l amette S i l t  underl i es near ly  a l l of the l ow l ands w i th i n  th e pro ject  area . I t  genera l l y  
extends onto the surround i ng uplands to a n  approxi mate average e l evation o f  250 feet ,  where i t  occurs 
on s loping terraces . The Wi l lamette S i l t  l i es on the erosional surfaces of a l l  the ol der bedrock uni ts . 

The un i t i s  composed of unconso l i dated beds and l enses of fi ne sand, s i l t ,  a nd c l ay .  Strat i fica
t ion i s  common l y  in the order of 4- to 6-i nch beds; 3- to 4-foot beds are loca l l y  present; and i n  
many areas the si l t  i s  massive wi th i nd isti nct strati fication (figure 22) . Lenses of pebb l y ,  fine to me
d ium sand w i th scattered cobbles  of gran i te and quartz i te occur in some of the ou tcrops . The si l t  i s  
usua l l y  l i gh t  brown to buff i n  color ,  a nd  occasiona l l y  l i gh t gray. where granu lar soi l s  predominate . 

The upper surface of the si l t  has undergone l each i ng by perco l ating ground water , wh ich  h as 
loca l l y  concentrated c layey soi l s  a t  a sha l l ow depth beneath the si l t .  C lays h ave a l so been concen 
trated i n  poorly drained, sha l low depressions on the surface of the Wi l l amette S i l t .  Th e c'lay  phase 
of the Wi l l amette S i l t , wh ere observed,  h as been i ndi cated on the geo logi c map . 

The Wi l l amette Si l t  w i th i n  the pro j ec t  area ranges from a few feet to about 50 fee t  i n  th ickness . 
I n  the Tua la ti n  Va l ley i t  i s  genera l l y 20 to 50 feet th i c k  and th i ns rap id ly  a long the marg ins of the 
va l l ey . In the Newberg and Wi l sonv i l l e  distr ic ts it ranges from a 5- to 1 0-foot th i ckness on the 
h igher e l evations to abou t 50 feet adjacent to the Wi l l amette R iver . I n  the Yamh i l l  Va l l ey the 
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Figure 23 . Torrential bedding in sand pi ts near Onion Flat. 

Figure 24. Coarse sand with pebbles and cobbles in pits at Onion Flat .  

31  
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si l t  i s  genera l l y  l ess than 40  feet th i ck .  Bori ng- log sec tions {fi gure 20) a t  Newberg, Beaverton , 
H i l l sboro , and Forest Grove show the th i ckness and  character of the Wi l l amette Si l t  i n  these loca l i t i es .  

The Wi l l amette S i l t  i s  corre l at ive w i th widespread l acustr i ne deposi ts of si m i lar composi tion 
wh i ch mant le  a l most the ent ire Wi l lamette Val l ey up to an e l eva ti on of about 250 feet from Por t l and 
to  Eugene, Oregon . The si l t  h as been stu di ed by Al l i son { 1 933 ,  1 935,  1 936) and G l enn  { 1 965) sou th 
of the pro ject  area . The study by G l enn is the most recent on the ori gi n and h i story of the Wi l l amette 
S i l t .  G l enn provides data to i n di cate tha t  si l t  was deposi ted dur i ng at l east 40 l arge Col u mbia  R iver 
f loods i nto the Wi l l amette Val l ey .  Carbon- 1 4  dates reported by G l enn i ndi cate tha t  the s i l t  was de
posi ted from 1 9 , 000 years {B . P . )  to 34, 4 1  0 ± 3 , 450 years {B . P . )  

E l ephant bones have been found a t  the base of the Wi l l amette S i l t  o n  the surface of Troutda l e  
sediments i n  the map area and a t  other loca l i t i es i n  the Wi l l amette Val l ey .  With i n  the map area , th e 
bones have been found at Garden Home, N E*S E*NW! sec . 30, T .  1 S . ,  R .  1 E . ,  on the surface of 
Trou tda l e  sediments ,  a nd on the north bank of the Wi l l amette R iver across from C l ar k 's Mar ina , sec . 
29, T .  3 S . ,  R .  1 W . , a t  the contact of Wi l l amette S i l t  and the Troutda l e Formation {G lenn ,  1 965) . 
G l enn a lso found bones a t  the contact  of the Wi l l amette S i  I t  and the Mo l a l l a  Formation {probab l y 
Troutda l e  equ i va l ent ,  a t  Needy {sec . 6 ,  T .  5 S . , R .  1 E . ,  east of map area) . 

L a c u s t r i n e  D e p o s i t s  

Sand 

Torrent ia l  fl ood deposi ts of cross-bedded sands are conta i ned w i th i n  an  east-west ou tcrop bel t ,  
about 3 mi l es w ide ,  extendi ng from Tua l a ti n  i n  the sou theast port ion of  th e proj ect area wester l y  to 
about 3 mi l es northwest of S ix  Corners on U . S .  H i ghway 99 W .  The surface of th e deposi ts is loca l l y  
h i gh l y  i rregu l ar ,  conta i n i ng numerous low r idges and  sma l l  c l osed depressions . 

The sands are we l l exposed i n  severa l pi t excavations loca ted a short di stance north and east of 
Onion F la t  {figures 23 , 24, and 25) . H ere the sands are a t  l east 50 feet th i ck  and are med ium to 
coarse gra ined . Th i n  pebb l y  l enses are presen t .  They conta i n  scattered cobb les of basa l t  a nd rare 
cobbl es of gran i te and quartz i te .  The gran i te and quartzi te c l asts are redeposi ted errati cs from the 
upper Co l umbia Ri ver dra i nage . 

De l ta i c  bedd ing w i th moderate ly  dipping foresets is common . The sands are c l ean and,  w i th 
the exception of the pebb le  and cobb l e  l enses , are we l l sorted . L i th i c  vo l can ic  c l asts ,  some quartz , 
and fe l dspar predominate . 

Grave l s  

Gravel  deposi ts near Durham and  C ipo l e ,  a nd near W i l sonv i l l e  i n  th e sou theast portion o f  th e 
pro j ect  area are consi dered to be of l acustri ne  orig i n  and to have been deposi ted dur ing torrenti a l  
f loods . Tri mb le  ( 1 963) mapped th e deposits at Durham as an ex tension of w idespread P l ei stocene la
custr i ne  deposi ts i n  the east Por t land area . The wri ters consider tha t  grave l s  near C ipo l e  and  at Wi l 
sonv i l l e  are a l so part o f  th is  sequence . 

The grave l s  at Durham and Wi l sonvi l l e are of l i ke composi tion and gradation; they consist of 
cross-bedded, bou l dery pebb l e  and cobb l e  gravel  in  a matr ix of s i  I t  and medi u m  to coarse sand (fi gu res 
26 and 27) . Bou l ders i n  the gravel are as much as 5 feet in  diameter . The grave l s  are pri nci pa l l y  ba 
sa l t  w i th sca ttered grani ti c ,  metamorph i c ,  and l i mon i te c l asts (fi gure 28) . Most of th e basa l t  c lasts 
have been deri ved from the Bor i ng Lava and Co lumbia  R iver Basa l t  in th e Tua la ti n  Mountai ns adj acent 
to Lake Oswego . Quartz i te and gran i te cobbl es are from grave l  deposits of sou theast Port l and oppos i te 
the east end of Lake Oswego . Li moni te cobb l es probab ly  have th eir source i n  an i ron deposi t a t  Lake 
Oswego . 

· 

Composi tion of the grave l s  and th e struc ture of th e deposi t  and i ts ori entation g ive credence to 
the occurrence of a g i gant ic flood du r ing the l a te Pl e istocene . F l ood waters poured th rou gh the gap , 
erodi ng out  the presen t  Lake Oswego , and wash ing  grave l s  and b locks of basa l t  through the Tua l ati n 
Mounta i ns to deposi t them i n  th e fan-shaped de l ta at Durham . G l enn ( 1 965) , Tri mb l e  ( 1 963) , Bretz 
( 1 925, 1 928 ) ,  and Al l i son ( 1 933 , 1 935, 1 936) discuss th e evi dence and mechan ism for such a fl ood . 
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Figure 25. Cross-bedded sand in pit at Onion Flat; sun glasses give 
scale. 

Figure 26 . Deltaic bedding in gravel pit at Durham. 
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Figure 27. Unsorted si l ty grovels overlying torrentially bedded grovels 
at Durham pi t .  

l 
Figure 28. Limonite cobble in  grovels at Durham pi t .  
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The lacustr ine deposi ts appear to over l i e and/or truncate Wi l l amette S i l t  west of Tua lati n .  Th e 
l acustr i ne deposits over l i e  Co l u mbia R iver Basa l t  sou th of Tua lati n ,  and a t  W i l sonvi l l e th e gravel  
phase of the depos i ts over l i es th e Trou tda l e  Formation and u nder l i es s i l ts that may be a l ate phase of 
the Wi l l amette S i l t .  The deposi ts range i n  th i c kness from a few feet to more than 50 feet . 

T e r r a c e  G r a v e l  

Gravel deposi ts are present i n  a former va l l ey p l a i n  w i th i n  and a l ong th e s ides of th e present 
f lood p l a i n  of Ga l es Creek in the northwest part of the map area . The grave l terraces are 1 0  to 1 5  
feet th i ck  and rest on Eocene vo l cani cs and sedi ments . They are composed of s l i ght ly  w eathered pebbl e 
grave l ,  w i th occasional cobbl es ,  conta i ni ng a si l ty ,  fi ne-to-medium sand . The pebbl e  and cobbl e  
c lasts are large l y  basa l t  and gabbro w i th a sma l l  percentage of sandstone and s i l ts tone .  

Terrace grave ls  were deposi ted dur i ng an  ear l i er period of a l l uv iation o f  th e Gal es C reek val 
l ey .  The deposi ts are probab ly  ear ly Recent or l ate P le i stocene i n  age . 

Y o u n g  A l l u v i u m  

You ng a l l uv i um predomi nates i n  the f lood p la i ns of the Wi l l amette R iver ,  Tua lat in R i ver , and 
Yamh i l l  R i ver . It a l so covers s ign i fi cant areas i n  the f lood p la ins  of Ga les Creek ,  East Fork of Dai ry 
Creek, and Mc Kay Creek . I t  i s  present in the channe l s  of a l l  of the mai n  streams and in most of the 
sma l l er tr i bu tar i es . 

The composi tion of the young a l l uv ium i s  mai n l y  si l ty c l ay,  c l ayey si l t ,  and fi ne sand,  w i th l o
ca l  areas of peat and organ ic  c l ay .  Grave l s  are being deposi ted on l y  i n  the upper reaches of Gal es 
Creek and i n  the Wi l l amette Ri ver at Ash I s l and . 

Cl ayey soi I s  cover most of the flood-pla i n  areas of th e Yamh i I I  Ri ver and adjacent tri butari es 
and th e f lood p la ins of East and West Dairy Creek and Mc Kay Creek . C layey soi l s  are a l so present 
at numerous l oca l i ties in the Tua l at in  R i ver f lood p la i n ,  especia l l y  i n  areas where waters may be 
ponded du r ing wet per iods of th e year . Th e deve lopment of natura l l evees often causes pondi ng of 
f l ood water, and th e sett l i ng ou t of c l ays in these qu iet ponds is probab ly  respons i b l e  for most of the 
c l ay phase of th e you ng a l l uv ia l  soi l s .  

I n  areas where dra i nage i s  poor and th e water tab l e  rema ins a t  the surface for most o f  the year , 
abundant vegetation produces pea t or organic  c l ay soi l s .  The pri nc ipa l  areas of organic soi l s  are Wa
pato Lake , Car l ton La ke , S troh meyer Canyon,  and Onion F l a t .  The many sma l l  occurrences of or
gan i c  soi l s and peat suggest that these deposi ts are probably much more abu ndant than is shown  on the 
map (p l ate 1 ) .  Peat has been reported at the I nterstate 5 c ross ing of th e Tua l ati n R iver , at the j unc
tion of  th e Sunset H ighway w i th th e Wi l son Ri ver H ighway east of Banks , and in  See l y  Di tch j ust west 
of Mu l l oy . 

The young a l l uv ium has been deposi ted i n  channe l s  and flood p la ins i n  areas underl a i n  by Wi 1 -
l amette S i l t , Troutda le  Formation ,  Co l umbia R iver Basa l t , and O l igocene and Eocene mar i ne sed iments 
and vo l cani cs . I n  genera l ,  the th i ckness of th e young a l l uv ium ranges from 5 to 1 5  feet over areas of 
Miocene and o l der rocks . Over areas of Troutda l e  Formation and Wi l l amette S i l t  i n  the Tua la ti n Va l 
l ey ,  i t  i s  20 to 30 feet th ick . You ng a l l uv i um i s  much th i c ker i n  Wapato Lake val l ey wh ere dr i l l i ng 
logs i ndi cate about 60 feet of organi c c l ay .  
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Structural Framework 

The predomi nant struc tura l  framework of the pro jec t  area is expressed by the northwest-trendi ng 
anti c l i na l  r i dges of the Tua l ati n Moun ta i ns ,  Cooper Mounta i n-Bu l l  Mounta i n ,  and Parrett Mounta i n
Cheh a l em Moun ta i ns separated by th� broad sync l i na l  areas o f  the Tua l a ti n ,  New berg, and  Wi l son
vi l l e  va l l eys . In the sou thwest .  portion of the pro j ec t  area , the beds of the east f lank of th e Coast 
Range d ip  pri mari l y  north easter l y  to form a monoc l i na l  stru c ture . Major fau l ts wi th d i sp l acemen ts 
greater than 1 ,  000 fee t  are common i n  the bedrock u n i ts of the proj ect area . 

T u a l a t i n  M o u n t a i n s A n t i c l i n a l  S y s t e m  

The Tua l a ti n  Mountai ns are deve loped i n  Co l umbia R i ver Basa l t  and  form a broad,  near l y  sym
metr ica l  northwest-trendi ng anti c l i na l  system tha t  has been overs teepened on each f lank by fau l ti ng 
para l l e l  to th e mounta i n  fron t .  Th e pri mary an ti c l i na l axi s i s  be l i eved to be loca ted a t  the crest of 
the mountai ns; however, sma l ler  l i near fo l ds are a l so present para l l e l  to the main  axi s .  A major nor
ma l fau l t ,  mapped on th e east f lank of th e mou nta i ns ,  i s  part of a regional 50- to 60-mi l e  fau l t  trend 
tha t  extends at l east 30 mi l es northwest of the map area and 20 mi l es to th e south east up  th e C l acka 
mas R iver (Sch l i cker and oth ers , 1 964) . Th e fau l t  o n  th e nor th f lank o f  the moun ta i ns near Corne l i us 
Pass i s  probab ly  a l so norma l bu t may extend beyond what  i s  shown on the map . 

C o o p e r - B u l l  M o u n t a i n s A n t i c l i n e s  

These anti c l i nes are apparent ly  separate struc tura l  fea tures that form doma l up l ands of basa l t  i n  
the sou theast portion o f  the Tua la t i n  Val l ey .  A c ross fau l t  separa tes the two stru c tu res, and subsur
face i nformation i n di cates th e presence of other fau l ts on th e north east and sou thwest fl anks of Cooper 
Mou nta i n . The Cooper-Bu l l  Mounta i n  anti c l i nes are near ly symmetr ica l  struc tures whose fl anks d ip  
toward the va l l ey .  

P a r r e t t  M o u n t a i n - C h e h a l e m M o u n t a i n s  S y s t e m  

The Parrett Mou nta i n-Ch eha l em Mo�nta i ns system is a comp l ex ,  northwest-trend i ng structura l  
fea ture tha t  probab ly  deve loped origi na l l y as  a broad anti c l i ne ,  bu t tha t  has been so modi fied by sub
sequent fau l t i ng and eros ion tha t  i ts present pr i nc i pa l struc ture i s  obscure .  Parrett Mounta i n  i s  sepa
rated from th e Cheh al em Mountai ns by a major cross fau l t  th at may conti nue to th e sou thwest i nto th e 
Grand Ronde area and to th e north east through th e Oswego Gap and beyond .  Parrett Mounta in ap
pears to be a sou th -p l ung i ng ant ic l i na l nose tha t  h as been cut by a series of northwest-trend ing normal  
fau l ts h av i ng sma l l displ acements . 

Severa l  d i p  reversa l s  and th e presence of Co lu mbia R iver Basa l t  on the sou thwest f lank of the 
Ch eha l em Mountai ns i ndi cate that th e feature may be a northwest-trendi ng anti c l i ne that h as been 
mod i fied  by fau l ti ng .  Wh i l e  detai l ed i n formation is l ack ing ,  i t  i s  possi b l e  tha t  th e scarp a long the 
sou thw est edge of the mou nta in  has been produced by fau l ti ng and erosion . Th e scarp may a l so have 
been formed by sou thwest movement of  major l ands l ide b locks . The pri mary struc tu re  of th e Cheha l em 
Mounta i ns i s  monoc l i na l , w i th l ow northeast d ips i nto the Tua l at i n  Va l l ey and loca l steep sou thwest 
d i ps i n to the Newberg va l l ey .  
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C o a s t  R a n g e  

The struc ture i n  bedrock  un i ts of the east f lank of the Coast Range i s  basically a northeast
dipping monoc l i ne w i th a we l l -deve loped system of rectangu l ar fau l ts .  Fau l ts wh i ch show strati graph i c  
disp lacement o f  severa l h undred to more than l ,  000 feet inc lude the sou th east-trendi ng fau l t  i n  Ga l es 
Creek va l l ey and probab ly  the fau l ts i n  the va ll eys of Scoggin  Creek and the Tua l ati n River . These 
fau l ts a l so conti nue for many mi l es northwester ly  i n to and poss ib ly  across the ent ire Coast Range . Th e 
northeast-trendi ng cross fau l ts appear to be of l ess magni tude . 

V a l l e y S t r u c t u r a l S y s t e m s  

The Tual ati n ,  W i l sonv i l l e ,  and Newberg va l l eys are the resu l t  of broad reg ional dow nwarping 
that has produced sync l i na l  struc tures . The Tua la ti n  Va l l ey i s  a bow l -shaped sync l i ne tha t  i s  under
la in  by Co l u mbia R i ver Basa l t  w i th a f luv ia l  and l acustr i ne fi l l i ng of Troutdal e  sedi ments and Wi l lam
ette S i l t .  The basa l t  surface has been depressed to an e l evation of  about l , 300 feet be low sea l eve l 
i n  the center of th e va l l ey .  Th e Wi l sonvi l l e  and N ewberg areas are sma l l er sync l i nes, wi th fi l l i ng 
comparab le  to that of the Tua la ti n  basi n .  They p l u nge souther ly i nto the struc tura l basin of the Wi l 
l amette Va l l ey . 
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Econom ic Minerals 

N o n m e t a l l i c  M i n e r a l s 

Nonmeta l l ic mi nera l deposi ts wh i ch are current ly bei ng exp loi ted i n  the region i nc l ude basa l t , 
sand and grave l , and c l ay .  Basa l t  quarri es and sand and grave l  deposi ts are d i scussed i n  detai l u nder 
"Construction Materia l s" in the engi neer i ng sec tion  of th is report . Location of the quarri es and pi ts 
i s  show n  on the geolog ic  map (p l ate l ) .  

Dra i n  ti l e  i s  bei ng manufactured commerc ia l l y by the Scho l l s  Ti l e  Co . ,  l ocated near Scho l l s ,  
and  by the Forest Grove C l ay Products Co . at Forest Grove . The  Scho l l s  T i l e  Co . obtains  raw mate
r ia l  from the c l ay phase of young a l l uv ium deposi ts of the Tua l ati n R iver and the Forest Grove C lay 
Produc ts Co . u ti l i zes c l ay soi l s  from the Wi l la111e tte S i l t .  

Peat deposi ts are present i n  the area , bu t no commerc ia l  use has yet been made of th em . 

O i l  a n d  G a s  

Major oi l compani es have been i nterested i n  the oi l and gas possi bi l i t ies of the region s ince the 
ear l y  1 940' s .  Two deep tests were dri l l ed i n  1 946 to exp lore the mar ine formations wh i ch under l i e  the 
area . One test was dri I I  ed by Texaco , I nc . ,  to a depth of 9 ,  263 feet on Cooper Mountai n (sec . 25, 
T . l S . ,  R .  2 W . ) .  The other was dr i l l ed by R ichfie l d Oi l Co . to a depth of 7, 885 feet on the Tua
lati n Mou nta i ns in sec . 23, T .  l N . ,  R .  l W . , Mu l tnomah County . N ei th er test found s ign i ficant 
shows of oi l  or gas , a l though the Texaco wel l recovered sa l t  water on a dri l l -stem test at  a measured 
rate of 750 B/D . A b lock of approxi mate l y  1 5 , 000 acres of oi l and gas l eases i s  present ly  h e l d  by 
At lanti c -Ri chfi e l d  i n  the Gaston area (Northwest O i l  Report, 1 965) . 

F e r r u g i n o u s  B a u x i t e 

Deposi ts of ferrugi nous bauxi te were discovered by the Oregon Department of Geo logy and Mi n
era l I ndustr ies i n  1 944 a long th e lower s l opes of th e Tua lati n Mounta ins north and west of He l vetia 
(Li bbey , Lowry , and Mason , 1 945) . The ores are genera l l y  oo l i t ic  or piso l i t i c  and magnetic ,  and 
occur in flat- l y i ng beds as much as 30 feet th i c k  u nder the si l ty c lay of the He l vetia Formation . The 
ore i s  of l ater i ti c  orig i n  and was apparen t ly  formed by the weather i ng of th e Co lumb ia  River Basa l t  
duri ng la te Miocene and ear l y  Pl iocene t ime prior to the fo l di ng and accompany i ng up l i ft o f  the re
g ion . Depos i t ion of th e over l y i ng He l vetia Formation is be l i eved to have preserved th e bauxi te ho
r izon before natura l erosiona l processes removed a l l of the upper surfaces of the weathered basa l ts .  

An exp loration dri l l i ng program i n  Wash i ngton County by the Department  i n di cated more than 
5 mi l l i on long tons of ferrug i nous baux i te in two l oca l i ti es . An ari thmetical  average of samp l es ob
tai ned by auger-ho l e  dri l l i n g  of deposi ts in these l oca l i ti es i s  34 . 7  percent a l um ina ,  23 . 1  percent 
i ron , 9 . 5  percent s i l i ca ,  4 . 9  percent t i tanic ,  and 0 . 1 76 percent phosphoru s .  

Dur i ng the period from 1 945 to 1 950, the A lumi num Co . o f  Amer i ca extens ive l y  expl ored the 
bauxi te deposits in  Wash i ngton and Co l umbia Counti es,  Oregon , and in Cow l i tz County , Wash . Most  
of  the known deposi ts are  now owned by A l coa as  a resu l t  of  i ts dri l l ing exp loration program .  

The Oregon-Wash i ngton l ateri tes are re lati ve ly  l ow i n  a l umina as compared w i th h i gh -grade 
bauxi te i n  other partS Of the WOr l d ,  but they have advantages wh i ch partia l ly 1 at  l east I COmpensate 
for th i s  di spari ty .  The h igh i ron content cou l d  make a commerc i a l  by-produc t ,  e i th er pig i ron or ferro
ti tan i um . I t has been reported author i tati ve ly that there are no meta l l u rg ica l  obsta c l es to treatment 
of the ore ei ther by the Bayer or Pedersen processes . The physi ca l  characteri sti cs of th e deposi ts are 
favorab l e  for cheap surface mi n i ng ,  and there are exce l l en t  transportation fac i l i ti es to the lower Co
l umbia R iver area where a l um inum reduc t ion p lants are operati ng . 
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APPLICATION OF GEOLOGY TO ENGINEERING PROBLEMS 

Th is  section of the report is based on the geol ogy of the area , as described previous l y  and shown 
on the geo log ic  map (p la te 1 )  and cross sec tions (p l ate 2) . It d i scusses ( 1 ) the engi neer ing  character
i st ics  of the various soi l  and rock un i ts ,  (2) geo l og i c  hazards, (3) construc tion  materia l s ,  (4) ground
water resources , and (5) pol lu ti on prob l ems ,  and summarizes these topics for each of th e four geologic 
provinces . Wh i l e thi s  i n formation  i s  not i ntended to serve as a subst i tu te for a s i te i nvest i gation , i t  
w i l l  be of consi derab le  a id  to engi neers and p lanners worki ng i n  the Tua lat in  Va l l ey .  Aspects o f  pri
mary app l i cabi l i ty are: 

1 .  Pre l i mi nary si te eva l uat ion of soi l  and foundation characteristics  for i n dustria l ,  com
merc ia l , and res identia l properti es . 

2 .  Evaluation of geo l og i c  and soi l  condit ions for l ocation of roads , pipe l i nes, and other 
surface and subsurface i nsta l l at ions . 

3 .  Evaluation of response of soi l s  to erosion ,  compaction of embankments , s lope stabi l i ty ,  
and i n terna l drai nage . 

4 .  Location of geo log ic  hazards such  as areas of floodi ng , natural s lope fai l ure ( land
s l i des) , and near-surface ground-water tab l e . 

5 .  Determi nation of response o f  soi l  and roc k  un i ts to earthquake forces . 

6 .  Location of construction materia l s  i n c ludi ng rock quarr i es and sand and grave l  depos i ts . 

7 .  Evaluation of ground-water potenti a l  for water-supply systems . 
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Engineering Characteristics of Geologic Units 

Each of the various soi l  and rock  uni ts w i th i n  the area has fai r l y  disti nctive characteristics when 
used as supporti ng horizons for structures , as sources of materi a l s  for earthwork construc tion , as media  
for di sposa l of sani tary wastes, and i n  other engi neer ing appl i cations . A summary of soi l c lassifi cation , 
laboratory tests, and soi l  performance data for each sedimentary formation i s  presented i n  tab l e  1 .  
The fo l low ing paragraphs descri be i n  genera l terms the engi neeri ng properties of the indiv idua l un i ts .  
The in tent of th is  section is to furnish gui dance i n  reconnaissance , p l anning,  and pre l im inary esti mates 
of engi neering pro jec ts; the importance of a spec i fic  si te investi gation for the design phase of a pro
ject cannot be overstressed . 

E o c e n e V o l c a n i c s a n d  S e d i m e n t s a n d  Y a m h i l l  F o r m a t i o n  

The unnamed Eocene vo l can ics and sediments and th e Yamh i l l Formation are discussed together 
because the soi l s  deve loped on these un i ts are simi lar i n  composition and engi neering characteristics . 
These sediments , l a id  down i n  a sha l low marine environment, crop out a long the western edge of the 
map area i n  a be l t  2 to 8 mi l es wide .  

The surface of  the Yamh i l l  Formation is composed of  deeply weathered thi n-bedded marine  sha l es 
and mi nor amounts of basa l tic  sandstone . The u nnamed vo l canics and sedi ments are composed of deep
ly weathered, Yamh i l l -type sediments wh ich  in some p laces are in terca lated w i th basa l t  flows and i n
truded by gabbroi c and basa I t ic rocks . 

The soi l  deve loped on these uni ts i s  a heavy , impermeab le  pl asti c c l ay having engi neering char
acteristics s imi lar  to those of the more weathered c lay soi l s  derived from the O l i gocene mari ne sedi
ments descri bed later . The soi l horizon is  frequent ly very sha l l ow , often l ess than one foot th ick ,  
above weathered bedrock .  

Soi l  c l assi fi cations and laboratory data on Yamh i l l  Formation soi l s  are g iven below .  

A . A . S . H . O .  

A-7-6 ( 1 5) 

Gradation 

% Pass- % % 
i ng 200 Si I t  C lay 

9 1 . 2  47. 2 44 . 0  

Soi l  C l assifications 

F . A . A .  

E-8 

Laboratory Data Summary 

Atterburg L imi ts 

Liquid Pl asti c i ty 
Li mit  I ndex 

50 23 

Un ifi ed 
System 

CH 

Proctor Densi ty 
(Harvard Miniature) 

Opti mum Dry Densi ty 
Moisture Lb/cu . ft . 

26 . 2  94 . 6  

The weathered part of the bedrock is usua l ly quite fi rm, and road cuts stand on a 1 !  horizonta l 
to 1 verti ca l  sl ope . Where the beddi ng dips in to the cut, diffi cu l ti es may be exper ienced in  mainta in
i ng sl opes i n  bedrock .  Rave l l i ng from the th in-bedded sha l es frequent ly fi l ls roadside d i tches and i m
pedes drai nage . Lands l i des of cons iderab le size are preval ent on steep s lopes , parti cu l ar l y  i n  areas of 
h igh re l i ef (p late 3) . 
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Materia l  excavated from the Yamh i l l  Formation breaks dow n  to i ts or iginal  c l ay or si l t  consti tu
ents u nder th e action of construction equ i pmen t .  F i l l s made w i th th i s  materia l  present the construction
contro l probl ems of si l t  or c l ay, rather than of roc k .  

The Yamh i l l  and o lder sediments are i mpermeable; consequent ly ,  roads requ ire adequate ly  de
signed rock base for drai nage and l oad d i stri bu tion . The re lat ively u nweathered roc k  w i l l  support 
moderate to heavy structures . The deep ly  weathered and softened bedrock may be poor fou ndation 
mater ia l  for structures wh ich are e i ther very heavy or i n to lerant to settl ement . 

The sha l es and associated c lays ore genera l l y  u nsatisfac tory for dra in  fi e l d  i nsta l l at ions . 

S p e n c e r F o r m a t i o n  

The Spencer Formation crops out i n  a narrow band about ha l f  a mi l e  w i de and 20 mi l es long, 
borderi ng the eastern edge of th e Yamh i l l  Formation . Th is  d iscussion i s  l im i ted to the sandstone phase 
of the formation . Al though the sandstone i s  someti mes suffi c i ent ly cemented to retai n i ts character as 
rock (upon excavation ) ,  i t  usua l ly breaks down to i ts soi l  consti tuents . These are c lassifi ed as fo l lows: 

Soi l C l assi fi cations 

Un i fi ed 
A . A . S  . H  . 0 .  F . A . A . System 

A-4 (8) E-6 S P  

S ieve Ana llsis ·bl State of Oregon H ighway Deportment 

S i eve Analysis - Passing MM Size - Hydrometer Analysis 
Ty ler Screen S i zes S i ze in MM 

Lab . No . Location 1 0  20 40 60 1 40 200 . 053 . 038 . 024 . 007 . 005 

6 1 7749 Sec . 32 1 T .  1 S . 1  R .  4 W . 1 00. 0 99 . 8  99 . 4  95 . 4  23 . 4  1 5. 4  1 0 . 0  6 . 0  6 . 0  2 . 0  2 . 0  

6 1 7747 Sec . 1 1 T .  2 S .  1 R .  4 W .  1 00 . 0  98 . 8  98 . 6  98 . 0  4 1 . 6 27. 8  20. 0 1 6 . 0  1 2 . 0  4 . 0  2 . 0  

6 1 7748 Sec . 1 5  I T .  2 S . ,  R .  4 W .  1 00 . 0  99 . 8  96 . 2  6 7 . 4  23 . 0  1 7. 6  1 2. 0  8 . 0  8 . 0  3 . 0  2 . 0  

6 1 7744 Sec . 301 T .  3 S .  1 R .  3 W .  1 00 . 0  99. 8  99 . 4  97. 2 39 . 8  3 1 . 2  28 . 0  22 . 0  1 6 . 0  4 . 0  2 . 1 

6 1 7745 Sec . 24 I T .  3 S . ,  R .  4 W .  1 00 . 0  99 . 8  99 . 6  99 . 2  35 . 0  22 . 8  1 6 . 0  1 2 . 0 1 2 . 0 4 . 0 4 . 0  

6 1 7746 Sec . 7, T .  3 S . ,  R .  3 W . 1 00 . 0 99 . 8  99 . 6  92 . 8  32 . 2  24 . 4  24 . 0  20 . 0 1 8 . 0  1 3 . 0  1 0. 1 

The Spencer sand is poorly  graded . Approximately 68 to 80 percent is fine sand ( .08-0 . 25 in . ) . 
The 1 5  to 31 percent passing the 200-mesh screen is chiefly si l t .  

Permeabi l i ty varies from good to fair, depending upon si l t  and c lay content, and drainage ranges 
from fair to poor . 

Much of the Spencer sandstone crops out on steep topography .  Landsl ides have occurred where 
streams have cut deep channels through this materia l ,  such as on Woodland Loop Road.  The poorly 
cemented portions of the formation wi l l  stand vertical ly  for heights of 1 0  or 1 2  feet . The better ce-
mented portions have been observed to stand vertical ly to heights of 30 feet . · 

Spencer sand lends itself to construction of embankments of high strength , low compressibi l ity, 
and low-to-moderate permeabi l i ty .  Compaction may be achieved by routing of loaded hau l ing equip
ment, rubber-tired rol l ers, and vibratory rol lers . Compaction is aided by addi tion of some moisture; 
however, construction operations cannot be carried on i n  heavy or continuous rai n .  New embankments 
must be protected immediately agai n5t surface erosion . 
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E N G I N E E R I NG GEO LOGY OF  THE TUALAT I N  VA LLEY R EG ION 

Tab l e  1 .  Soi l C l assi f ication and Laboratory Test and Performance Data 

for Geo log i c  Un i ts i n  the Tual a ti n  Va l l ey Region . 

orma 1 0n or 01  oung U V I U m tya 
Soi l Phase I Si I t  C l ay O rga n i c  

F S ' I  y A l l  (Q 

Nu mber of Sampl es 6 3 5 

A . A . S . H . O A-4(8 )  A - 7-6( 1 2) A-8 

F . A . A . E-6 E - 7  

U n i fi e d  M L  C L  O H - PT 
Textur a l  S i l t  loam C l ay l oa m  Orga n i c  ma t ' l  

Percent Sand 1 2-24 3- 1 7  43-6 2  

Si  I t  4 1 -74 36-71 42-58 

C l ay 7-39 25-47 1 5-29 

Passi n g  No . l O  94-99 . 9  99 . 7-99 . 9  92- 1 00 

40 92 . 5-99 . 8  96 . 5-99 . 4  89-99 

60 89 . 5-99 . 6  9 5 .  1 -98 . 8  85-98 

200 8 1 . 8-94 . 7 92 . 1 -96 . 4  6 5-91 

Angl e of i nternal  fr i c t ion Var i a b l e  Low Low 
Cohesion P . S . I .  Modera te H i gh Low 

L i qu i d  l i m i t  24-32 40-53 4 1 - 1 53 

P l a s t i c  i ndex 0-8 1 4-27 0-23 

Opti mum moi s ture 1 7-22  20-26 

Dry densi ty 99- 1 09 96- 1 04 

Foundation r a t i n g  Fair  t o  poor Fair  to poor Very poor 
Frost poten t i a l  Med . t o  h i gh Med . to h i gh S l i gh t  

I Shri n ka g e -expansion S l igh t-med . Med i u m  Very h i g h  
I nternal dra i nage F a i r -poor I m pervious F a i r -poor I Dry s trength S l i gh t -med . Med . -h i gh None I I 
C . B . R .  We t-compacted 6-25 4- 1 5  N one I I 

W' l l  I a me e I tt S ' l t  (Q W S  

S i  I t  C l ay 
5 4 

A-4(8) A - 7-6( 1 1 )  

E -6 E - 7  

M L  C L  
S i l t  l oam C l ay loam 

9-35 4-30 

46-6 1 36 -58 

1 2- 3 1  24-47 

93 . 2-97 . 6  94-99 . 9  

92 . 1 -97 . 0  86-99 . 5  

90 . 9-96 . 4  84-99 . 3  

8 0 . 2-94 . 4  77-95 . 9  

Mod .  -h i gh Low -mod . 
Low Mod . - h i gh 

23-30 29-49 

0-6 1 1 -2 7  

1 5-22 20-22 

1 00- 1 1 0  1 02- 1 05 

Fair -poor F a i r -poor 
Med . -h i gh Med . -h i gh 
S l i gh t -med . Med i u m  
F a i r - poor I mpervious 
S l i gh t -med . Med . -h i q h  
6 -25 4- 1 5  
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Tab l e  l ,  Conti nued . 

O l i gocene 
Upland S i l t  (Qs) Trou tda l e  (Tpt) H e l vet ia  (Tph ) Undiff . (Tos) Spencer (T es) Yamh i l l  (Tey) 

2 33 3 2 6 1 

A-4(8) A-6 ( 1  0)-A-7-6 ( 1 8 )  A-6 ( 1 0) A-7-6 ( 1 2)  A-2 A-7-6 ( 1 5) 

E -6 E -6 to E -8 E - 7  E-7 E -3 E -8 

ML ML-C L-CH M L- C L  C L  S P  C H  
S i  I t  S i l ty & i norganic  c l ay S i l ty c l ay I norga n i c  c l ay F i ne sand I norgan i c  c l ay 

1 0- 1 8  2-32 8 - 1 8  25-30 69-85 9 

58-73 50-62 44-69 4 1 -6 1 1 3- 29 47 

1 6-21  1 9-36 23-40 25-56 2-4 44 

99 . 8- 1 00 99 . 7- 1 00 99 . 3- 1 00 99 . 6- 1 00 1 00 1 00 

96 . 4-97 . 8  9 1 . 7-99 . 2  9 1 . 8 -97 . 5  98 . 4-99 . 5  98 . 6-99 . 6  99 

96 . 2-96 . 8  8 9 . 9-99 . 2  85 . 8-96 . 8  98 . 6 - 95 . 4-99 . 2  97 

90. 2-93 . 4  84. 7-98 . 2  74 . 2-92 . 7  74 . 5-96 . 9  1 5 . 4-27 . 8  9 1  

Moderate Low to moderate Low to mod . Low to mod . H i gh Low to moderate 
Low Mod . to h i gh Moderate Var i ab l e  None Mod . -h i gh 

26-29 29-6 1 35-40 38-63 50 

0 ·-6 8 -35 1 0- 1 6  1 3-24 None 23 

1 6- 1 8  1 6- 22 22-24 1 8- 25 26 
1 06- 1 09 1 03 - 1 1 3  1 02-1 04 98- 1 07 95 

Fair -poor Fai r-very poor Fair -poor Fai r -poor F a i r -good Poor-very poor 
Med . -h i gh Med . -h i gh Med . -h i gh Med . -h igh S l i gh t-me d .  Medi um 
S l i ght-med . Med . -h i gh S l i gh t-med . Medium None- l ow H i gh 
Fair -poor I mpervious Fair-poor I mpervious  F a i r -poor I mpervious 
S l i gh t -me d .  Med . -h i gh S l i gh t-med . Med . -h i gh S l igh t-med . H i gh 
6-25 0-1 5 6-25 4- 1 5  8 -30 0-6 



44 E N G I N E E R I N G  G E O LO GY O F  TH E T U A LAT I N  VA L LE Y  R E G I O N  

A proposed damsi te on Scogg in Creek just west of Stimson Mi l l  i s  located on the Spencer sand . 
The abutments are sandstone, wh ile the main dam will rest on imperv ious a lluv ia l  so i l s of the stream 
valley. The presence of a semi-perv ious formation wi th in  the dam abutment may have a far-reach ing 
influence on stabil i ty of the va lley walls downstream from the dam. Exist ing landsli des in th e proposed 
reservoir area also suggest aggravation of s l ide activ i ty from reservoi r  fluctuati ons. 

O l i g o c e n e  M a r i n e  S e d i m e n t s  U n d i f f e r e n t i a t e d  

The Oligocene marine sediments crop out i n  the eastern part of the southwest quarter of th e 
mapped area. The sediments include indurated tuffaceous and basaltic sandstone, massive siltstone , 
shale , and occasional cong lomerate beds . Bedding ranges from 2 feet  in  th ickness to less than 3 inches. 
The rock is deeply weathered, often to 1 5  feet or more. An exception is the well-indurated lime
cemented sandstone exposed in the quarri es on Scoggin Creek and in Patton Val l ey. 

The soi ls derived from these sed iments range from clayey sands to h i ghly plastic clays, depend
ing upon the composi t ion of the parent mater ial. Th e tuffs alter to a l i gh t-co lored plastic clay and 
the shales to a silty c lay of moderate plastici ty. The sandstones weather to a cl ayey sand. 

Landsl ides are common in  areas of moderate to steep slopes. Because of low permeabi l i ty and 
h igh moisture capaci ty, the weathered shal es remain wet much of the year. The clay developed along 
bedding planes prov ides sl iding surfaces wherever the direction of dip coincides with the surface sl ope. 
Dislocations in roads, fences, and bu i ldings on old lands l ides serve as indicators of s l i de movement. 

Soils developed from the Oligocene marine sediments have good shear strength when dry; how
ever , shear strength decreases rapid ly wi th increase in  moisture content. Bentonit ic c lays developed 
from weathering of tuffaceous sandstone frequently swe ll or shr ink wi th changes in moi sture content 
and, therefore , can be troublesome as foundation mater ia l . When used as borrow, these materia l s  
tend to break down to th eir textural consti tuents. Sampling and testing availab le  to th is study do not 
indicate all of the var iations w i th i n  each of the sedimentary rock types. The fo l lowing tab les sum
marize the known propert ies of  the materials. 

% Pass-
ing 200 

74 . 5  

96 . 9  

96 . 6  

87  

A . A . S . H. O .  

A-6 (9) 
A-7-5 ( 1 8 )  
A-7-6 ( 1 2) 
A-7-6 ( 1  0) 

Gradati on 

0/o 0/o 

S i I t  C lay 

47 . 8  26 . 8  

4 1  60 

6 1  36 

6 1  26 

Soil C l ass if ications 

F . A . A. 

E-7  
E-10 
E-7 
E-7 

Laboratory Data Summary 

Liquid 
Li m i t  

38 

63 

4 1  

40 

Atterburg L i m i ts 

P lasti ci ty 
Index 

1 3  

24 

2 1  

1 5  

Uni f ied 
System 

M L  
M H  
C L  
C L  

Proctor Density 
(Harvard Miniature) 

Opt imum 
Moisture 

24 

38. 3 

22 

27 

Dry Densi ty 
Lb/ cu . ft . 

98 
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C o l u m b i a  R i v e r B a s a l t  

The Co l u mbia R i ver Basa l t  crops ou t on the Red H i l l s of Du ndee and the mountai ns surround ing 
the Tua lat in  Va l l ey . I t  a l so crops ou t in  Bu l l  and Cooper Mounta i ns and i n  sma l l er promi nences i n  the 
Tua lati n Va l l ey . 

I n  the areas u nder l a i n  by Co l u mbia R i ver Basa l t , the topography i s  mounta i nous w i th s lopes rang
i ng from moderate to steep . Numerous steep-s ided canyons have been cut  i nto the basa l t .  

O n  canyon wal l s ,  erosion has stri pped th e over ly ing si l t  and weath ered basa l t  exposi ng hard , 
unweath ered roc ks . O n  h igh r idges the soi l cover i s  occasiona l l y  very th i n ,  w i th hard rock on ly  a 
few feet beneath th e surface . I n  f latter areas the basa l t  i s  deeply  weathered and bur ied by a th i ck 
cover of si l t  and c l ay . 

Al though the Co lumbia Ri ver Basa l t  i s  norma l l y  exce l lent  foundation materia l , th e s lope and 
th ickness of the roc k, na ture of the over l yi ng and under l y i ng formations , geo l og i c  stru c ture, and de
gree of weath eri ng and jo i n ti ng at the s i te must be consi dered . 

Unweathered basa l t  surfaces are usua l l y  joi n ted or fractured to such  an extent that surface water 
gai ns access to the ground; frequent l y ,  however, a c lay or weathered si l t  zone l yi ng on the basa l t  
forms a n  i mpermeab le  b lanket . D i sposa l of sewage by septi c tanks may offer ser ious di ffi c u l ti es when 
the eff l uent dra i ns ei th er direc t ly  i n to the ground-water supp ly or wh en it  breaks ou t on steep h i l l s i des 
a short d istance downh i l l  from the drai n  fi e l d .  

I n  most cases the basa l t  surface d ips dow ns lope . The construc tion of roads and the l ev e l i ng of 
the ground for bui l ding si tes usua l l y i nvo l ve maki ng a cut i nto the h i l l s i de and p l ac i ng th e excavated 
materia l  dow ns lope . The l eve l ed area is then part cu t  and part fi l l .  Attenti on must be g i ven to the 
possi bi l i ti es of u neven sett l ement and adverse effects on genera l stabi l i ty . Un l ess appropriate steps 
are taken to i nsure stabi l i ty of the cut  s l ope , a fai lu re may ensue . 

Excavation i n  the weathered basa l t  requ i res ri ppi ng of the weathered rock  and removal of l arge, 
unweathered b locks of basa l t .  Excavation o f  fresh basa l t  requ i res the u se o f  exp l osi ves . 

Co l umbia R iver Basa l t  is the most w ide ly  used crushed rock  i n  the area . Th e rock i s  usu a l l y  sound,  
shoots sma l l  enough to be handl ed by standard-size jaw or cone crushers , and i t  i s  bri t t l e enough to 
break easi l y . Labora tory test data by th e Oregon State H ighway Department are g iven i n  tab l e  4, i n  
the section of th i s  report on Construc tion Materia l s .  

Al though much o f  the area on  the geo logi c  map h a s  been show n  to b e  basa l t  l ava , the economica l  
quarry si tes are l imi ted by a number of consi derations , f irst of  wh i ch are th e d i stance to market and lo
ca l competi tion . Oth er important consi derations are rock qua l i ty ,  stri ppi ng of overburde n ,  and ac
cessi bi l i ty .  A quarry si te must have amp le  room for p lant  and stockpi l e  and be re la tive ly  remote from 
popu l ation centers . Today ' s  uneconomica l  rock sources may be tomorrow ' s  quarry s i tes . 

H e l v e t i a  F o r m a t i o n  

The H elveti a  Formation crops out  i n  patches at the l ower e l evations i n  the mounta ins surround
i ng th e Tua l ati n Va l l ey .  Th e formation i s  composed of poorly i ndurated sand,  s i  I t ,  a nd c l ay and i s  the 
o l dest sed iment resting on the Co lumb ia  R iver Basa l t .  Th e He l vetia Format ion has been la ter ized i n  
pl aces to a deep,  red-brow n ,  c l ayey si l t .  Al though firm when i n  a dry state, th e materi a l  from th i s  
formation d i s in tegrates to i ts bas ic soi l consti tuents when saturated i n  water or d isturbed by construc
tion equ i pmen t .  Th e l aboratory tests ava i l ab le  on random samp les gi ve the fo l low ing  range of c l assi 
fi cations: 

Soi I C l assi fi cations 

A . A . S . H . O .  F . A . A .  

A-6 (8) to A-6 ( 1  0) E-6 to E-7 

Un i fied 
System 

M L  to C L  
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Figure 29. Helvetia Formation standing in vertical cut .  

Figure 30. Severe gullying in Helvetia Formation occurs where cut 
at 1 to 1! slope. 



ENGIN E E R I N G  CHARACTER I STICS OF GEOLOGIC U N I TS 47 

Laboratory Data Summary 

Proctor Density 
Gradation Atterburg Limi ts (Harvard Miniature) 

% Pass- % % Liquid Plastic i ty Optimum Dry Density 
i ng 200 Si l t  Clay Limi t I ndex Moisture Lb/cu . ft .  

74-92 44-69 23-40 35-40 1 0- 16  22-24 1 02- 1 04 

Soi l data are insuffi cient to defi ne adequately the engineeri ng characteristics of thi s  unit  be
cause of variations throughout the area . Previous studies have fai led to recognize that the Helvetia 
Formation i s  separate from laterized basa l t; carefu l examination i s  needed to identi fy the two units .  

Ava i lable tests show that soi I from the Helvetia Formation i s  moderately p lastic . Road cuts are 
stable and wi I I  stand vertica l ly to heights of 1 0  or 1 5  feet; but in cut s lopes of 1 to 1 or 1 !  to 1 ,  ero
sion by gul ly ing is common (figures 29 and 30) . The undisturbed material can adequately support l ight 
structures . When soi l taken from the formation is  reworked for embankment construction , a fi l l  of low 
to moderate compressibi l i ty, permeabi l i ty,  and shear strength wi l l  resu l t .  Al though low fi l ls may be 
constructed w ithout difficu l ty,  very h igh fi l l s shou ld be undertaken only upon fu l l  consideration of the 
effects of stabi l i ty and compressibi I i ty . 

The formation i s  of low permeabi l i ty i n  situ; attempts to dispose of septic tank effluents by ti le  
drain  fields may not be successfu l ,  particularly for large insta l l ations . 

T r o u t d a l e  F o r m a t i o n  

The Troutdale Formation is  exposed i ntermi ttently and s l igh tly above water level i n  the Wi l lam
ette River channel between Newberg and the Wi lsonvi l l e  area . I t  crops out i n  the deeper stream can
yons north of the river from Newberg to east of Wi lsonvi l le .  I t  is  found in the Tualatin Mountains a long 
the eastern margin of the Tualatin Val ley north of Tigard , where i t  occurs i n  scattered patches capped 
i n  places by Boring Lava . Several sma l l outcrop areas of Troutdale  are exoosed north and west of S ix 
Corners . The Troutdale  occurs at shal low depth beneath the Wi l lamette Si l t  throughout most of the 
Tual atin Val l ey .  The depth to the Troutda le  is 1 5  to 30 feet at Beaverton and about 50 fee .. 11t H i l l s
boro and Newberg . 

The Troutdale Formation i n  the map area is predominantly c lay, s i l t ,  and fine sand, w i th occa
sional l enses of grave l . Al though the materia l  is som�hat i ndurated in situ , i t  breaks down to i ts par
tic l e  constituents upon excavation . Laboratory data and c lassi fication for the Troutdale  Formation 
soi ls  are as fol lows: 

Laboratory Data Summary 

Proctor Density 
Gradation Atterburg Limits (Harvard Miniature) 

% Pass- % % Liquid Plastic i ty Optimum Dry Density 
i ng 200 Si l t  Clay Limit Index Moisture Lb/cu . ft . 

85-97 50-70 1 8-36 32-62* 1 0-36* 1 6-23 1 03-1 1 3  

* Isolated samples - LL = 78, Pi = 39 1 05' depth at H i l lsboro 
LL = 97, Pi = 58 1 28' depth at H i l l sboro 

These two samples are indicative of variations whi ch can be encountered i n  the Troutdale  Formation . 
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C l ass i fica tion Based o n  Selected Test Boring Data 

location Depth U nifi ed 
(Sec . , T .  , R . }  (Feet) A . A . S . H . O . F . A . A .  System 

1 5, 1 s . ,  1 w .  30 A-6 (9) E-7 Ml 
35 A-6 (1 0) E-7 Cl 
38 A-6 ( 1 0) E-7 C l  
57 A-7-6 ( 1 5) E-7 C l  

22, 1 s . , 1 w .  3 A-6 (9) E-7 Cl 

1 5, 1 s • 1 1 w • 35 A-6 (9) E-7 C L  
45 A-4 (8) E-6 Ml 
55 A-7-6 (20) E-1 0 CH 

1 30 A-5 ( 1  0) E-7 M l  

20, 3 s . ,  2 w .  55 A-7-6 (1 5) E-8 CH 
1 45 A-7-6 (1 3) E-7 C l  

32, l N .  I 2 w .  60 A-7-6 (20) E-8 CH 
1 05 A-7-5 (20) E-ll MH 
1 20 A-7-6 {1 9) E-8 CH 
1 29 A-7 (20) E-1 2 CH 

% Natural 
Moisture 

30. 4 
- -
23 . 7  
- -

24 

27. 2  
1 9 . 5  
30 
1 6  

28 
33 

24 
48 
4 1  
65 

Trou tdale so i l s  range from moderatel y  to h ighly p l asti c .  Penetration tests in th e fine,  granu l a r  
materia l  i ndicate relative densi ties vary i ng from medium dense to dense . Consistenc ies o f  th e  c l oys 
range from firm to sti ff, and occasional l y  bri tt le,  w i th s l i c kensides . Presence of the i mpervious Trout
dol e  Formation at very sha l l ow depth beneath the W i l l omette S i l t  may prevent satisfactory disposal of  
effluent from septic tanks . 

The Troutdal e  mudstones con be used for embankment construction u nder favorab l e  cond i tions, 
where strength and compressibi l i ty ore not c r i ti ca l  factors . 

The Troutdal e  Formation i s  a competent bearing hori zon for i mportant structures i n  whi ch l i tt l e  
or n o  settl ement c o n  b e  tol erated . 

Deep bori ngs indi cate that the Trou tdal e  w i l l  be the founda tion for most of the l arger engi neer
i ng structures i n  many loca l i ti es i n  the Tua l atin Val l ey area . I n typica l  bori ng l ogs, f igure 20, the 
densities are indicated by S tandard Penetration Tests . 

B o r i n g  l a v a  

The Bor i ng lava occurs in  scattered outcrops on the western slope of the Tua l a ti n  Mounta i ns . 
Usua l l y ,  the l ava i s  over l a i n  by vary i ng thi c knesses of si l t .  

The Iovas have a w i de joint  pattern; consequently 1 wea thering produces Iorge residual bou lders, 
many of which are more than 5 feet i n  diameter . These bou lders present special  excavation a nd di s 
posal probl ems i f  they occur at o r  above grade . One solu tion often used i s  to dig a hole next to the 
bou lder and bury i t  on the s i te .  Where the lava i s  re latively u nweathered, excavation may require 
exp losi ves . Thi s  breaks the rock a l ong joi nts to produce l arge ,  unw i e l dy bou l ders which c al f  for th e  
employment o f  h eavy equ ipment for removal .  
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The Boring Lava general ly provides a solid foundation for heavy structures if it occurs at or near 
the surface .  In Cedar Hil l s, for example, at the east end o f  the shopping center the Boring Lava oc
curs 7 to 1 4  feet below the surface and can be utilized for founding heavy structures . 

Few quarries for crushed rock have been developed in the Boring Lava . The qual ity of Boring 
rock products is good, but because of the blocky j ointing, secondary blasting may make the cost of 
producing crushed rock prohibitive . 

U p l a n d  S i l t  

The upland silt caps the flatter areas above 250 feet e levation on the Tualatin Mountains and 
on Bu l l  and Cooper Mountains and Chehalem Mountains .  h ranges from a foot or so in thickness to a 
maximum of about 55 feet, and consists primarily of unindurated sandy si lt and c layey si lt . Soil c lassi
fications and avai lable laboratory data for the upland si It are as fol lows: 

A .A .S . H . O .  

A-4 (8) 

Gradation 

Yo Pass- % % 
ing 200 Sil t Clay 

90-94 58-74 1 7-21 

Soil C lassifications 

F .A .A .  

E-6 

Laboratory Data Summary 

Atterburg Limits 

Liquid P lasticity 
Limit Index 

26-32 6-1 2 

Unified 
System 

ML 

Proctor Density 
(Harvard Miniature) 

Optimum Dry Density 
Moisture Lb/cu . ft . 

1 6- 1 8  1 06- 1 09 

The upland si It is a near ly homogeneous and structure less material of low plasticity . At low 
moisture content it is stable, but it is unstable and spongy at moisture contents much above the p lastic 
l imit . It has low permeability, is subject to high capil lary rise, and therefore is frost susceptibl e .  

The upland silt may be used for support of light to moderate structures by means o f  spread foot
irygs at sha l l ow depth, provided that a smal l amount of settl ement can be tolerated in the structure . 
Heavy structura l l oads, or those in which no settlement can be tolerated, cannot be supported in this 
unit . In many locations, the ground water is able to rise to the surface of the upland silt, thereby 
serious ly weakening heav i ly stressed foundations and earth s lopes . Mud flows and s l umps have been 
observed in many areas where the s lope of the ground surface i s  in the order of 1 5  to 20 percent . It 
is apparent that considerable care shou l d  be exercised in increasing the stresses within an earth s lope 
either through excavating of the toe or fil l ing at the top . Loss of stability in this soi l unit frequently 
occurs where the upland sil t  is  under lain by bedrock whose surface slopes with the ground contou r .  

Although it i s  occasional ly possibl e  to construct a septic tank drain fie ld  i n  the upland sil t ,  this 
formation should be considered as marginal at best for this purpose . Attempts to construct septic tank 
drain fiel ds for large instal lations such as schoo l s  or shopping centers wou l d, in a l l  probability, meet 
with serious difficu l ty .  

The material from the upland sil t  unit can be compacted into fil l s  of moderat� strength and com
pressibility . Construction operations are usual ly suspended in prolonged periods of wet weather be
cause of difficu l ty in maintaining the c lose moisture control necessary to achieve adequate compaction 
in this material . As a ru l e, 2 to 3 percentage points above or below optimum moisture content wil l  re
su lt  either in unsatisfactory compaction or in a compl etely unworkable  fil l .  Compaction of embank
ments made from the upland sil t  can be achieved by routing of loaded hau ling equipment, heavy 
rubber-tired rol l ers, and sheepsfoot rol lers . 
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W i l l a m e t t e  S i l t  

The Wi l lamette Si l t  i s  the most extensive soi l  occurr ing i n  the low lands and on the sides of the 
val leys to about 250 feet e levation . 

Certai n areas i n  the Wi l lamette Si lt contai n appreciabl e amounts of plastic c lays , whi l e  i n  other 
areas the soi l i s  al most entirely si lt  of low plastic ity .  Where i nformation was avai lable on the c layey 
areas, they have been mapped . Areas not mapped as c laymay have c lay layers and lenses i n  the sub
surface . 

The uppermost part of the Wi l lamette S i l t  has been modified by weathering,  l eaching,  and mix
i ng with organic matter . Deep borings have penetrated c lay l enses at variabl e depths throughout the 
Wi l lamette S i l t .  The presence of these c layey soi l s  at or near the surface has a considerable effect on 
the permeabi l ity and affects the engineering aspects of the soi l .  The c lay phase of the unit i s  discussed 
later . Classi fi cation of Wi l lamette S i lt soi Is and avai I able laboratory data are given as fo l lows: 

A . A . S  . H  . 0 .  

A-4 (8) 

Gradation 

% Pass- % % 
i og 200 Si lt  C lay 

80-94 46-6 1 1 2-31 

Soi l Classifi cations 

F . A . A .  

E-6 

Laboratory Data Summary 

Atterburg Limits 

Liqu id  Plasticity 
Limit Index 

23-30 0-6 

Unified 
System 

ML 

Proctor Density 
(Harvard Miniature) 

Opti mum Dry Density 
Moisture Lb/Cu . Ft . 

1 6-1 9 1 03-1 09 

The Wi l l amette Si l t  soi ls are fi ne-grai ned , sandy, c layey si lts having l i tt le or no p lasticity .  
The consistency ranges from soft to medi um firm . Dry strength ranges from s l ight to moderate; i n  the 
natural state , the s i l ts are re latively weak and moderately compressible . 

Wi l lamette S i lt can be used as the supporti ng horizon for l ight to moderate structura l  loads for 
wh i ch some sett l ement can be to lerated . Heavy loads or extremely critica l  structural loads must be 
transferred to more competent formations beneath the Wi l lamette Si l t  by means of piers or pi l i ng .  

Di sposal of effl uents from septic tanks of si ngle-fami ly dwel l i ng units i s  possib le  i n  the Wi l lam
ette S i l t  where not precluded by the presence of a h igh ground-water table during the w inter months .  
In  areas where the ground-water table rises to or near the surface, or i n  cases where a large quantity 
of effluent i s  to be discharged as for a schoo l or shopping center, conventional sept ic  tank and drain 
fie ld  construction may not be feasibl e .  

The Wi l lamette Si l t  can be used as embankment material for projects in  wh i ch a fi l l  of moderate 
strength and moderate compressibi l i ty is  acceptabl e .  Particu lar difficu lties may be encountered i n  
constructing embankments from thi s  material wh en the natural water content exceeds the optimum mois
ture content by more than 2 or 3 percent . The moi sture content may be reduced to an acceptabl e per
centage i n  favorabl e  weather by aeration . Compaction of th is  material can be accompl ished by routing 
of loaded hau l i ng units ,  rubber-tired rol l ers, or sheepsfoot rol lers . 

Wi l lamette S i lt c lay phase 

The c lay phase of the Wi l lamette S i l t  has developed pri ncipal ly i n  areas of poor drainage . Soi l s  
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of thi s  phase have moderate to h igh p lastic and l iquid l i mi ts .  Dry strength i s  moderate to h igh; i n
situ strength is low to moderate . 

Soi l c lassifi cation and avai lable laboratory data on the c lay phase are as fol lows: 

A.A . S . H . O .  

A-7-6 (1 6) 

Gradation 

% Pass- % % 
i ng 200 Si l t  Clay 

77-96 36-59 24-47 

Soi l  C lassifications 

F .A .A.  

E-7 

laboratory Data Summary 

Atterburg limi ts 

liquid Plastic i ty 
limi t I ndex 

34-46 1 1 -27 

Unifi ed 
System 

Cl 

Proctor Density 
(Harvard Miniature) 

Optimum Dry Density 
Moisture lb/cu .  ft . 

1 9-26 1 02-1 05 

The c lay phase of the Wi l lamette Si l t  can be used as a supporti ng horizon for extremely l ight 
structures in which some settlement can be tolerated . The time rate of settl ement i s  restricted by the 
escape of pore water through the comparatively i mpervious soi I structure; consequently, settl ement of 
a given structure may be protracted over a considerable period of time, depending on size of loaded 
area, thickness of c lay , and drainage layers w i th i n  the c lay . 

Disposa l of sani tary effluent in the c lay i s  at best margi nal and general ly  not possib le  for schools 
or shopping centers . 

Where no other soi ls  are avai lable, the c lay may be used i n  embankment construction; however , 
thi s  shou l d  be attempted only where a compressibl e embankment is acceptable, and during dry weather . 
Compaction of the c lay may be accompl ished by routing of loaded hau l i ng equ ipment, rubber-tired 
rol l ers, or sheepsfoot rol l ers . 

l a c u s t r i n e D e p o s i t s 

The lacustrine deposi ts of sand and grave l  are of principa l  i nterest as sources for aggregate and 
sel ect borrow materia l s .  The gravel deposits at Durham and Wi lsonvi l l e  have been uti l ized extensive
ly for road construction . Gravel deposits near Cipole have not been exploited at th is date . The sand 
phase of the lacustrine deposi ts has been used extensively  for h igh-qua l i ty fi l l  materia ls . 

Soi l s  developed on both the sand and gravel phases have high permeabi l i ti es .  The gravels are 
dense and. wi l l  support heavy bu i l di ng loads with minor settl ement . Standard Penetration Tests con
ducted in these sands at a s i te south of Tualatin i ndicate that the sands are predominantly medium dense 
but that they range local ly from loose to dense . 

These materials are particularly va luable as borrow for site preparation in  proj ects located on 
less favorable formations . Proper ly  compacted and control l ed embankments may be used to support 
very heavy structures w i thout harmfu l settlement, provi ded that adequate steps are taken to guard 
agai nst settlement of the supporting soi l formation . Compaction of these materia ls  may be achieved 
by routing of loaded hau l i ng units, rubber-tired rol l ers, or vibratory rol lers . The best uni ts of the 
formation may be worked in al l kinds of weather . 
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Y o u n g  A l l u v i u m 

The youngest materials  in the area are those being deposi ted by the present-day streams along 
their  channe l s  and on the adjacent flood plains . These deposi ts are variable and include granular, 
non-plastic soi l s, plastic clay soi l s, and h ighly compressible organic clays . These uni ts have been 
indicated on the geologic map by separate patterns . 

The modern stream channel s  transgress the o lder soi l s and bedrock . The young al luv ium over
lying the ol der soi l s  and bedrock is usual ly not more than 30 feet thick . In some instances these soi l s  
may be stratified and have clay, organic soi l, and si l t  i n  a vertical section . 

S i l t  phase 

Soi l c lassification and laboratory data for the si l t  phase of the young al luvium are as fol lows: 

A .A . S . H . O .  

A-4 (8) 

Gradation 

% Pass- % % 
ing 200 S i l t  Clay 

82.,95 44-74 8-32 

Soi l C lassifications 

F .A . A .  

E-6 

Laboratory Data Summary 

Atterburg Limi ts 

Liquid P lastici ty 
Limi t Index 

24-32 0-8 

Unified 
System 

ML 

Proctor Densi ty 
(Harvard Miniature) 

Optimum Dry Density 
Moisture Lb/cu . ft . 

1 7-32 99- 1 09 

The si l t-phase soi l s  are fine grained, wi th l i tt le  or no plastici ty .  The soi l s  have a consi stency 
ranging from very soft to soft . Dry strength ranges from low to moderate; in si tu the soi ls  are weak 
and moderately compressibl e .  

Heavy structural loads or l i ght  loads which can tolerate l i tt le or no settlement should not be 
placed on th i s  materia l . Pi l ing or piers can usual ly be used to transmi t  the loads for such engineer
ing structures to the more competent underlying Troutdale Formation . 

The h igh ground-water table,  which exi sts during much of the year at the low elevations, oc
cupied by these soi l s  precludes the di sposal of effluents from septic tanks . 

The young a l l uvium should not be used in embankments except as a last resort and only where 
low strength and moderate to h igh compressibi l i ty can be to lerated . The saturated condi tion of the 
young al luvium poses special problems in reducing the moisture content to the required optimum . 

Clay phase 

The clay-phase soi l s  occur in poor ly drained areas with in the stream channels and recent flood 
plains . Classi fication and laboratory data are given on the fo l lowing page . 

· 
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Soi l C lassifications 

A.A . S . H . O .  F .A.A.  

A-7-6 ( 1  0) , A-7-6 (1 7) E-7, E-8 

Laboratory Data Summary 

Gradation Atterburg Limi ts 

Unifi ed 
System 

CH , CL 

Proctor Densi ty 
(Harvard Miniature) 

53 

% Pass- % % Liquid Plastic i ty Optimum Dry Densi ty 
ing 200 Si l t  C lay Lim i t  I ndex Moisture Lb/cu . ft . 

92-96 36-71 25-46 40-53 1 4-27 20-25 97-1 04 

The recent c lay soi ls  have moderate plastic i ty and moderate-to-h igh l iquid l imi ts .  They have 
moderate-to-h igh dry strengths; i n  the natural state the strength is low to very low .  As foundation 
material these soi l s  can be used to support only very l ight structures and some settlement can be ex
pected . Since the matenol  has h igh compressibi l i ty and is practica l ly impervious,  settl ement can 
take place over a long period of time . Embankments may be constructed from thi s  soi l only during the 
dry season and if compressibi l i ty con be tolerated . Compaction con be accompl i shed by sheepsfoot 
rol l ers and equipment traffic .  

Di sposa l of effluents from septic tanks is general ly not practica l because of low permeabi l i ty 
and h igh ground-water tabl e .  
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Geologic Hazards 
Geo log ic  hazards are consi dered here as earth probl ems wh i ch have spec ia l  si gn i ficance to man 

and h i s  bu i l d i ng activi ti es .  I n  the study area the probl ems i nc l ude l ands l i des and unstabl e sl opes , 
near-surface ground water , annua l or cyc l i c  f loods , soft and h igh ly  compress ib le  organi c  soi l s ,  and 
sa l i ne  ground water . An assessment i s  a l so made of earthquake h i story and areas wh i ch may be parti 
cu lar ly  sensi t ive to damage of struc tures from seismi c  ground motion . The l ocation of th ese part icu l ar 
problem areas i s  shown on the geo l og ic  hazards map (p late 3) . 

L a n d s l i d e s  a n d  U n s t a b l e  S l o p e s  

Major lands l ides are l ocated pr imar i l y  i n  th e southwest portion of the map i n  areas of re lative ly  
steep topography underla i n  by mari ne sedimentary rocks . Most of the s l i des have occurred on s i des of 
stream va l l eys where the f ine-gra ined phases of the mar i ne rocks have been deep ly  weathered and 
slopes oversteepened by erosi on (fi gures 31 and 32) . Because a l l  of th ese l ands l i des have moved u n 
der natura l c i rcumstances ,  they emphasize the precarious  cond i tion  o f  s l opes i n  this  area . Man-made 
changes in moi sture condi tions and s lope dec l iv i ti es may react ivate o l d  lands l i des or create new ones 
(fi gures 33 and 34) . 

S ign i fi cant sl ope fa i l ure h as occurred local l y  on the southwest f lank of the Cheha lem Moun ta i ns ,  
and  a few sma l l areas of  l andsl i des are present i n  the Red  H i l l s o f  Dundee, on Parrett Mounta i n ,  and 
in the Tua lat in  Mountains . Numerous l a nds l ides have taken p lace in the dense ly  popu l ated part of 
the Tua lat in  Mountai ns east of the map area where up land s i l t  and res idual  c l ay soi l s  have fai l ed 
through oversteepening of s lopes and remova l of la tera l support . S imi l ar so i l  condi tions are present i n  
the Tualat in  Mounta ins  of the map area and w i th i ncreased popu lation  s l ope fai l ure may a l so be  anti 
c i pated u n l ess precaution is taken (Sch l i c ker, 1 956) . The Cheha l em Mounta i ns l i kew ise conta i n  si I t  
and c l ay soi l s  above the Co l umbia River Basa l t  wh i ch may be subj ec t  to s l ope fai l ure i f  h i l l si des are 
art i fi c ia l l y  oversteepened . 

Numerous lands l ides have occurred on steep s l opes adjacent  to the W i l lamette R iver , but they 
are too sma l l  to be shown on the map i n  true sca l e . Most l ands l i des i n  the ban ks of the river have oc
curred as a resu l t  of undercu tti ng  of s lopes . 

N e a r - s u r f a c e  G r o u n d  W a t e r  

Ground water occurs at  near-surface e levations over a l arge part of the Tua lat in  Va l ley as i nd i
cated on the map (p late 3) . I n  severa l areas, such  as  i n  the v i c i n i ty of H i l l sboro , Aloha ,  and  Forest 
Grove , ground water rises to surface e l evations . Hydrographs (fi gure 35) show the annua l variation 
in the ground-water tab l e  in severa l we l l s  in the Tua lat in  Va l l ey .  The near-surface ground-water 
tab l e  requi res that speci a l  precaution be taken to protec t basements of houses and other bui ld i ngs from 
water i nfi l tration . E i ther the basement floor s l ab must be designed to w i th stand hydrostati c up l i ft pres
sures, or water l evels must be contro l l ed .  H ydrostati c upl i ft can a l so produce damage i n  swi mmi ng 
pool s  u n l ess water is reta i ned  i n  the poo l s  dur i ng the h igh  ground-water season or un l ess th e structure 
is  des igned to w i th stand upl i ft pressures . W i th i n  the h i gh ground-water areas , it shou ld  be anti c i pated 
that any sha l low excavation wi I I  encounter ground water and speci a l  precautions may be requi red to 
protect excavated s lopes . 

The h i gh ground-water tabl e  of the Tua la ti n  Va l l ey is a part icu lar ly annoy i ng hazard to sept ic 
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Figure 31 . Slump topography on Patton Valley northwest of Gaston . 

Figure 32. Slump topography in Yamhi l l  Formation west of Stimson 
m i l l  on Scoggin Creek . 
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Figure 33.  Landslide in  weathered Oligocene rocks at  reservoir west 
of Di l ley is due partly to excavation of material from 
edge of reservoir and partly to fluctuation in reservoir 
level . 

Figure 34. Landslide in O l i gocene sediments west of Forest Grove. 
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Wi l lamette River during the December 1 964 f 
Newberg and Bald Peak in the distance. 
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tank drainage. Either the entire system wil l  simply fail to function and wi l l  back up into feeder l ines, 
or the effluent wi l l  break out to the ground surface and escape above ground. I n  either case, the 
condition is unpleasant and potentia l ly  dangerous. 

Ground-water data are incomplete for the Yamh i l l ,  Newberg, and Wilsonvi l le  valleys. Present 
information indicates that these valleys are also subject to high ground-water conditions, particularly 
during flood periods when river levels approach ground surface elevations. 

F l o o d i n g  

Flooding occurs in the Wil lamette Basin primarily during winter months. I t  is caused by high 
discharge rates of streams flowing from the Cascade Mountains and Coast Range into the flat valley 
areas which are already fully saturated with water. The sinuous and meandering courses of major 
streams temporarily detain sudden runoff and flooding resu lts. In the Tualatin Valley system the Tu
alatin River and its major tributaries, which originate in the Coast Range to the west of the map area, 
discharge their high-velocity runoff near Gaston and Forest Grove. The river then fol lows an approx
imately 45-mile, meandering channel which descends only 20 feet before meeting a bedrock reef 4 
miles north of the town of Wil lamette (east of the map area), where it drops 40 feet in 4 miles and 
empties into the Wi l lamette River. Seide (1965) discusses the nature of the flood problem on the T u
alatin River: "The adverse effects of flooding upon the social and economic well-being of the people 
in the Tualatin Valley basin have long been a matter of much concern. During the past 50 years flood 
damage has increased greatly in the Tualatin Valley; however, one must not be misled by the fact 
that increased flooding is due to c l imatological changes. Rather, the increased magnitude of flood 
damage is primarily the result  of unimpeded encroachments by man upon the flood plains of the Tuala
tin Valley streams. "  

In  December 1 964 and January 1 965, major floods occurred i n  a l l  stream courses of the project 
area. The Wil lamette River experienced what is considered to be a "100-year flood" (figures 36, 37, 
and 38) (U . S .  Corps of Engineers, July 1 966) and the Yamhi l l  River and the Tualatin and i ts tribu
taries a "50-year flood . "  The Tualatin River and tributaries and the Yamhil l  River experience some 
flooding on an annual basis, but not to the extent of the major flood periods (plate 3).  

The hazards mop shows I i mi ts of the December 1 964 flood in major stream courses where i nfor
mation was available, and also the flood limits in the Tualatin River and tributaries during a similar 
major flood which occurred in December of 1933. Records also indicate that major floods occurred in 
the Tualatin Valley (U . S .  Corps of Engineers, 1953) in February 1890, November 1 904, January 1905, 
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Figure 37. Wi l lamette River west of Wilsonv i l l e  during the 1 964 flood. 
Champoeg State Park at first sharp bend in  river. 

Figure 38 .  South bank of Wil lamette River at Wilsonvi l le  during 1 964 
flood. 
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January 1 91 4 ,  and December 1 937, which were sma l l er than the 1 933 flood. I n  the lower W i l lomette 
River basin (Oregon State Water Resources Boord, June 1 965) on average of one and a half to two 
floods tokes place i n  a given season, with severe floods occurring on the overage of about once in 1 0  
years. Basin-wide floods on theWil lomette River occurred i n  1890, 1 923, 1 945, and in December 1964. 

Seven upstream reservoirs in the W i l lomette River system provide 1 , 200, 000 acre-feet of storage 
and three more under construction w i l l  bring upstream reservoir capacity up to 2, 000,000 acre-feet of 
flood-control space. This is al most 70 percent more than was available in December 1 964, when the 
flood i nundated more than 600 square miles in the entire W i l lamette Basin (U . S .  Corps of Engineers, 
1 966) . 

The U . S .  Corps of Engineers (1 953) prepared a report on water resource development in the Tu
alatin River basi n .  The report recommended channel changes in the Tualatin River and upstream stor-
age reservoir dams on the river above Gaston and on Gales Creek and McKay Creek . The U .  S .  
Bureau of Reclamation (1 955) made studies for a dam on Scoggin Creek, which was subsequently au
thorized. Funds for construction hove not yet been mode ava i lable. In a recent news report, the 
U . S .  Deportment of Agriculture, Soil Conservation Service, announced that funds hod been author
ized for final studies and construction for dams at McKoy Creek and Rock Creek. Construction for 
these dams is scheduled for 1 967. 

A r e a s  of S o f t  a n d  C o m p r e s s i b l e  C l a y  a n d  O r g a n i c  S o i l s  

These areas hove been shown on the hazards mop by spec ial patterns for each soil type. Soft 
and compressible cloy soils ore found prima r i l y  within flood plains o f  the major stream courses and 
i n  several localities within the W i l lamette S i l t .  Organic soi l s  with significant oreal extent occur ex
c l usively in areas of young a l l uvium and are found at several localities within the flood plains of the 
Tualatin River and i ts northern tributaries, at Wapato Lake, and in the Carlto n  Lake area of the Yam
h i l l  River. 

Soft and compressi ble clay and organic soils represent hazards to certain types of construction. 
Since these soils ore genera l l y  located within flood plains of streams and not where building i s  l i ke l y  
to occur, construction problems ore primarily associated w i th placement o f  rood embankments. Spe
cial  embankment design and construction procedure must be adopted in order to place roods success
fu I I  y across these areas. 

Cl ayey soils developed on the surface of the W i l lomette S i l t  present special  design problems for 
buildings with heavy loads and particularly difficult problems i n  the operation of septic tanks, because 
of poor droindge . 

S a l i n e  G r o u n d  W a t e r  

A number of wells drilled i n  the Trou tdale Formation and Columbia R i ver Basa lt i n  the Tualatin 
and Newberg volleys hove encountered water containing high concentrations of calcium chloride and 
sodium chloride. Wells dril led in marine sedimentary rocks in the southwest portion of the map area 
commonly encounter saline ground water . Locations of salt-water wells  are shown on the hazards 
map, plate 3. 

The occurrence o f  salt water i n  the Tualatin and Newberg valleys i s  not completely understood, 
but since marine sedimentary rocks containing connate saline waters under l i e  each of the basins i t  i s  
assumed that saline waters have migrated upward to the younger rocks through the pore, fracture, and 
joint systems. Wells yielding salt water in the Tualatin Volley can genera l ly be associated with steep 
flexures i n  the Columbia River Basal t ,  which probably i n dicates fau lting. I n  some cases salt-water 
wel l s  ore found along trends of fau lting mapped in surface exposures . Hart and Newcomb (1965) dis
cuss several ways in which saline waters may have entered Troutdale and Columbia River Basalt 
aquifers. Saline waters obtained in w e l l s  dri l l ed into marine sedimentary rocks are from indigenous 
connote aqui fers w i th i n  the marine sequence. 
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E a r t h q u a k e  P r o b a b i l i t y 

Oregan is a tectonically active state within the circum-Pacific belt of crustal instability, in  
company with California, Washington, British Columbia, and Alaska. All of the states and provinces 
which border the Pacific Ocean have received violent earthquake shocks in recent years. Oregon has 
received fewer earthquakes than either of the neighboring states but the tota l ,  and particularly of those 
recorded in the Portland area, is impressive. Since 1841 , the state has experienced 167 earthquakes 
ranging from Mercalli  intensities I I  to VII and 47 of these quakes were centered in the Portland vicin
ity.  A list of earthquakes whose epicenters were located in and around Portland is shown in Table 2. 

Earthquakes are caused primari ly by deep-seated movements in the earth's crust which general ly 
can be associated with the surface expression of major fault systems . In some cases, such as the San 
Andreas system in California, earthquake movement is expressed in surface displacement of soi I and 
rock and in offsetting of roads, streams, and buildings. Recent studies of the November 5, 1 962, 
earthquake at Portland by Dehlinger and Berg (1962); by W .  H .  Westphal (1962); and by Dehlinger, 
Bowen, Chiburis, and Westphal (1963) indicate that the earthquake was probably associated with a 
major fault  which parallels the northeast flank of the Tualatin Mountains. The earthquake was assigned 
a Mercol l i  rating of VII (see mop at end of earthquake discussion). No terrain effects such as ground 
displacement or landslides were noted. 

The geologic structure of the project area includes several other major faults, in addition to the 
one on the northeast flank of the Tualatin Mountains, which could provide the locus for propagation 
of earthquake seismic waves . Major fau l ts occur on the flanks of the Coast Range in the volleys of 
Gales Creek, Carpenter Creek, Scoggin Creek, and across the Tualatin Volley west of Gaston. A 

Year 

1 846 
1877 
1877 
1879 
1883 
1884 
1885 
1891 
1892 
1892 
1 896 
1897 
1 898 
1 898 
1 904 
1 904 
1 904 
1 904 
1 907 
1 909 
19 10  
19 10  
19 10  
1914  
1 9 1 4  
19 15  
1 91 8  
1 920 

Table 2. Earthquakes with Epicenters in the Portland Vicinity, 1846-1963. 

Mercoli 
Epicenter Intensity Year Epicenter 

Oregon City 1921 Portland 
Cos codes VIII  1 921 Portland 
Portland I l l  1 922 Portland 
Portland IV 1 930 Perrydale 
Portland 1 930 Perrydal e  
Portland IV 1932 Portland 
Portland 1 1- 1 1 1  1933 Portland 
Salem IV 1937 Da l las 
Portland VI 1939 Portland 
Oregon City 1939 Portland 
McMinnvi l l e  VI 1941 Portland 
Forest Grave I l l  1941 Tigard 
Portland I V  1941 Portland 
Portland I l l  1 942 Portland 
Portland I V  1951 Portland 
Portland 1953 Portland 
Portland 1 954 Canby 
Portland 1 954 Portland 
Portland I l l  1957 Salem 
Portland 1957 Portland 
Portland 1 958 Portland 
Por tland IV 1958 Gresham 
Portland 6 . 8  mag. 1 959 Portland 
Portland iV 1 961 Albany 
Portland I l l  1 961 Portland 
Portland v 1 961 Portland 
Portland I l l  1961 Scappoose 
Portland I l l  1 962 Portland 

1963 Portland 

Mercoli 
Intensity 

1 1-11 1  
IV 
IV 
I l l  
VI 
I V  
I l l  
IV 
I l l  
I l l  
I l l  
I V  
VI 
v 
I I  
V I  

IV 
VI 
I l l  
I I  
I ll 
I l l  
I I I -IV 
v 
I V  
I l l  
VII 
v 
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major fau l t  w i th a possi b l e  50-m i l e  northeast-southwest trend  separates Parrett Mounta i n  and the Ch e
ha l em Mountai ns . 

The re lationsh i p  between earthquake damage and geo l ogy i n  Port l and and v ic i ni ty east of the 
map area i s  d i scussed by Sch l i cker and others ( 1 964) . S i nce  many of th e same geo logi c un i ts are pres
ent w i th i n  th e area of th i s  study , some general compari sons may be made . Sch l i c ker and others ( 1 964) 
desc r ibe fi ve of the most i mportant types of reactions a geo l og i c  formation exper i ences i n  earthquake 
vi brations . These i nc l ude: ( 1 ) e l asti c ,  (2) f l u i d ,  (3) bri tt l e ,  (4) vi scous or v i sco-e l ast ic , and (5) 
granu l ar .  

I n  the pro ject  area , geo logi c un i ts are present that w i l l  respond to each of the major types . 

E lasti c response 

E lasti c  response to v ibrations occurs i n  bedrock  formations i n  wh ich  dampi ng does not p l ay an 
impor tant part  and in wh i ch the component parti c l es mai nta i n  the same re lat ive pos i t ion . Geologi c 
uni ts wh ich  may be expec ted to respond  e l asti ca l l y  to earthquake ground motion i nc l ude the u nd i ffer
entiated Eocene vo l can i cs and sedi ments , mar i ne sed iments of the Yamh i l l  and Spencer Formations, 
O l i gocene mari ne sedi ments , Co lumbia River Basa l t , Bori ng Lava , and probab ly  the semiconso l i dated 
Troutda l e  and H el vet ia  Formations . These formations consti tute the bedrock u n i ts of th e area and are 
genera l l y considered as " good ground . "  Reports on prev ious earthquakes i n  th i s  and oth er areas i nd i 
cate that structu res fou nded i n  bedrock are not severe ly  di sturbed by quakes whose epi centers are more 
than 50 mi l es distan t .  I n  the event of an extreme l y  v io l en t  earthquake i n  the near v i c i n i ty ,  however, 
the maxi mum l a tera l acce lerations may be u n l eash ed on structures founded on competent  bedroc k .  

F I u i d response 

F l u i d-reacti ng  formations are those wh ich u ndergo a tota l l oss of strength upon repeated appl i 
cation of forces . Exampl es of f l u i d  reac tion i n  th e A l aska Good Fr i day earthquake, March 27, 1 964, 
i nc l ude th e Turnagai n  s l i de and th e s l i de at the Seward waterfront .  Soi l s  wh ich  are capab l e  of f l u i d  
response are usual l y  saturated and range i n  texture from c lay to coarse sand and  grave l .  Formations i n  
the study area which  may be  expected to respond i n  a f l u i d  manner to earthquake vi brat ions i nc l ude 
a l l  of the unconso l i dated deposi ts of the va l l eys and,  i f  satura ted , th e u pland s i l t .  I f  a l i qu i fi ed soi l 
i s  confined la tera l ly  i n  a l l  di rections the struc tures may s imp ly  si nk  i nto i t; i f  i t  is not confi ned ,  then 
the soi l  may f low toward the unconfi ned side in a mass movement . 

Bri t t le  response 

Bri tt le response occurs wh ere re lat ive ly competent u n i ts occupy precarious pos i tions on h i l l si des 
or mou nta i n  tops and are detach ed dur ing ground motion . Ordi nari ly  th e masses of mater ia l  detach ed 
are of sma l l  magni tude , but ve loci t ies can be great and potent ia l  damage h igh i f  structures are located 
at l ower e l evations than detached masses . Un i ts i n  th e pro ject  area wh ich have potent ia l  for br i tt l e 
response i nc l ude the H e l vetia Formati on , up land loessa l si l t , mar i ne bedrock un i ts, and deep l yweath
ered areas of  th e Col umbia R iver Basa l t .  I n  a l l i nstances th e danger is the grea ter where permanent l y  
h i gh shear stresses are presen t  because of steep s l opes ,  a s  i n  th e case o f  h i gh ,  verti cal  c l i ffs o f  bedrock . 

Viscous or v i sco-e l asti c response 

Th i s  type of earthquake response is characteri sti c of masses of cohes ive mater ia l s  having th e fo l 
lowi ng general proper ti es: ( 1 ) l ow mobi l i ty of pore water; (2) abi l i ty to deform p lasti cal ly  under shear 
stresses of low to moderate order; (3) inabi l i ty to undergo sudden changes in vo l ume; and (4) a " rubber 
l i ke " response to dynamic  l oads . Most exi sting l ands l i de areas i n  wh ich  earth movemen ts have been i n  
more or l ess con ti nuous progress for many years wi l l  exh ibi t  a v i scous or visco-e lasti c response to earth 
quake stresses . Geologi c un i ts in  the map area wh ich  may respond to th is type of action i nc l ude th e 
c l ay phases of the Wi l l amette S i l t  and young a l l uv ium of the va l l ey area , the l ands l i des which are com
posed of cohesive soi l s ,  and possi b l y  fi ne-gra ined phases of th e Trou tda l e  Formati on . 
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Granu l ar response 

Geo log ic  u n i ts wh i ch may respond in th is  way to earthquake v i brations i nc l ude th i ck  beds of 
loose , coh es ion l ess soi l s  wh ich  tend to densi fy under v ibratory loadi ng . Struc tures founded i n  th ese 
soi l s  are subj ect to damage pri nci pa l l y  by di fferenti a l  sett l ement . Geo logic un i ts i n  the map area 
wh i ch may be suscepti bl e to a granu l ar response i nc l ude th e sands and grave l s  of th e l acustr i ne de
pos i ts and the granu lar phases of soi l s  i n  the f lood p la ins of the major stream courses . 

Roman numerals designate 
intensity accord i ng to the 
Modif ied Mercal i  Sca le 
1 956 Ver s i on. 

' 

lsosei s m a l  Mop of t he Port land Eart h q u a k e  N ovember 5 ,  1 9 6 2 .  

Repr i n ted fro m  D eh l i n ger a n d  Berg , 1 96 2  
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Construction Materials 

Crushed basa l t , grave l , and sand u sed i n  port land cement concrete, i n  asph a l ti c  concrete , and 
for rock  base and fi II mater ia l  are produced from quarries and grave l  pi ts in the map area . Most of 
the sand and grave l used i n  the Tua l at in  Va l l ey , however, comes from the Port l and metropol i tan area 
to the east . 

The location of opera ti ng and non-operating quarr i es and grave l p i ts are show n  on th e geo log ic  
map by symbo l s  and  numbers . The  numbers correspond to those i n  tab l e  3 ,  wh ich  l i sts the quarries and 
gravel  pi ts . Some areas that  are considered as prospects for basa l t  quarr ies are a l so i nd i ca ted on the 
map . Th e prospec t areas l i sted have been determi ned by Oregon State H i ghway Department  geo log i sts 
through combinat ions of geo log i c  surface i nspection , bu l l dozer trench i ng ,  and i n  some cases by sub
surface i nvestiga tions by core dr i l l i ng .  Tab l e  4 shows test resu l ts of roc k  from a number of quarr i es 
and grave l p i ts l ocated  th roughout the proj ect area . 

B a s  a I t  

Basa l t  i s  quarri ed  from si l l s ,  d i kes , and l ava f lows rangi ng i n  age from Eocene through P l i ocene . 
Th e most des i rab le  roc k quarr ied for crush i ng i s  the Col umbi a  R iver Basa l t .  I t  i s  the most extens ive 
lava sequence i n  the map area . The roc k i s  common l y  wea th ered and vesi cu l ar at  the top of f lows,  bu t 
i t  i s  dense and  of good qua l i ty between the weath ered zones . Th e rock crush es c l ean ly  because of i ts 
br i tt l eness and  c l ose jo i n ting . Labora tory tests of the Co l u mb ia  R iver Basa l t  are shown i n  tab l e  4 .  
Some of the typi ca l  quarr i es i n  Co l umbia R iver Basa l t  ore shown i n  fi gu res 39, 40, 4 1 , 42, and 43 . 
Quarr i es i n  Bor i ng Lava are l i m i ted i n  extent w i th i n  the mapped area and  therefore a re of mi nor con
sequence . 

Eocene vo lcani cs and sedi ments i n  the western par t  of  th e map area i nc l ude basa l ti c  l ava f lows,  
i nterbedded p i l l ow basa l t ,  and brecc ia  i ndi cat ive of extrus ion i n  a mar i ne env ironment . These rocks 
can be extremel y  var iab l e  i n  qua l i ty ,  w i th exce l l ent roc k  con ta i n i ng pods of extreme ly  poor roc k .  
Quarryi ng must b e  sel ecti ve i n  order to produce good qua l i ty rock (fi gure 44) . Th i c k  overburden u su
a l l y l i mi ts the extent to wh ich a deposi t  can be u ti l i zed . 

Severa l quarries have been developed i n  basa l t i c  d i kes and si l l s wh ich  i ntrude the Yamh i l l  For
mation and O l i gocene sedi men ts i n  the sou thwest portion of th e map area . Th e rock bodi es ore gener
a l ly  of l i m i ted s ize , and overburden can be a s ign i fi cant deterrent fac tor as quarry operations proceed 
i n to a h i l l s i de .  

Di kes and si l l s  composed of b locky ,  coarse-gra i ned gabbro i n trude Eocene vo l can ics and sedi 
ments . B l asti ng produces a h i gh percentage of large b locks wh ich  make crush i ng di ffi c u l t  and expen
s ive . H i gh abrasi on i n  some of the rock makes i t  u nsa tisfac tory for road meta l . 

The i n trus ive roc ks i n  the map area genera l l y  have consi derab l e  overburden . Most of the quarries 
are sma l l  and are not economi ca l  for commerc i a l  operations . They h ave had  u ti l i ty in the past and may 
have va l ue i n  the future for use i n  a spec i f ic  loca l  proj ect where l arge quanti ti es of roc k  are not re
qu ired and where h au l i ng costs can be reduced . 

S a n d  a n d  G r a v e l  

Sand and grave l depos i ts of commerc i a l  s i gn i fi cance are located at  Durham ,  W i l sonv i l l e ,  i n  the 
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Figure 39. Cobb quarry in Columbia River Basal t  at Sexton Mountain 
south of Beaver ton. 

Figure 40. Beaverton quarry on Cooper Mounta i n .  Columbia River 
Basa l t  shows columnar and cubic jointing. 



CONSTRUCTION MATERIALS 

Figure 41 . Krueger quarry i n  Columbia River Basa l t .  Layer of  blocky
jointed basalt  overlies cubic -jointed basa l t .  

Figure 42. Aerial view of Boker and Quality Rock Products quarries 
on Cooper Mountain .  

6 7  
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Figure 43. Baker quarry in  Columbia River Basalt on Cooper Mountain. 

Figure 44. Vanaken quarry on Carpenter Creek i n  variably jointed 
basalt of Eocene age. 
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T a b l e  3 .  R o c k Q u a r r i e s a n d  S a n d  a n d  G r a v e l  P i t s 

1 .  Al ecs Butte Prospec t: SE� sec . 9 ,  T .  3 S . ,  R .  4 W . ,  and NW� sec . 1 5 , T .  3 S . ,  R .  4 W .  
A poorly exposed in trusion of fresh , dense basa l t ,  poss ib ly a di ke .  Needs more prospect
i ng to determine quanti t ies  and feas i bi I i ty of quarry i ng . 

* 2 .  Baker Quarry : Cen ter N! sec . 26 , T .  1 S . ,  R .  2 W .  
Commerc ia l  quarry i n  Col umbia Ri ver Basa l t .  

3 .  Baker Tua lat in  Quarry: SW�NW� sec . 2, T .  3 S . ,  R .  1 W .  
Commerc ia l quarry i n  Col umbia River Basa l t .  

4 .  Ba ld  Peak Quarries: S E� sec . 26 , T .  2 S . ,  R .  3 W . ,  and 
5 .  NW�S E� sec . 3 1 , T .  2 S . ,  R .  2 W . 

Abandoned quarr i es loc ated on south scarp of Ch eha lem Mounta i ns a long Ba l d  Peak Road 
i n  Columbi a  R i ver Basa l t .  

6 .  Barnford Quarry: N EkNWl sec . 1 6 ,  T .  1 N . ,  R .  4 W . 
Abandoned quarry i n  Co lumbia R i ver Basa l t .  

* 7 .  Bearce Quarry: SEkN Ek sec . 6 ,  T .  3 S . ,  R .  2 W .  
Smal l roads i de quarry i n  Columbia R i ver Basa l t .  Basa l t  resti ng o n  tuffaceous mar ine sha l es .  

* 8 .  Beaver ton Quarry: S El sec . 26 , T .  1 S . ,  R .  2 W . 
Commerc ia l  quarry operated by L .  C .  Cobb . Rock  is Col umbia R iver Basa l t .  

9 .  Beef Bend Quarry: Sfk sec . 9 ,  T .  2 S . ,  R .  1 W .  
Abandoned quarry adjacent to Beef Bend Road,  i n  Columb ia  R iver Basa l t .  

1 0 .  Berger Quarry: NEkSWk sec . 7, T .  1 N . ,  R .  1 W .  
Abandoned quarry i n  Co lumbia River Basa l t .  

* 1 1 .  Burkha l ter Quarry: NWkNEk sec . 30, T .  1 S . ,  R .  2 W .  
Abandoned quarry i n  Co lumbia Ri ver Basa l t  adjacent to Burkha l ter Roa d .  

1 2 . Cedar H i l l s Quarry Prospect: SW! sec . 27, T .  1 N . ,  R .  1 W .  
Basa l t  outcrop prospect i n  Bor i ng Lava . W i l l amette S i l t  over l i es Bor i ng Lavas on f latter 
areas . 

1 3 .  Cheha l em Creek Quarry: SWkNW! sec . 30, T .  2 S . ,  R .  3 W .  
Abandoned quarry i n  fi ne-gra i ned basa l t  i n trusi ve .  

1 4 .  Ch erry Grove Quarry: N E  corner sec . 36 , T .  1 S . ,  R .  5 W .  
Abandoned quarry i n  basa l t  i ntrudi ng Eocene mar ine sedi ments . Quanti ty sma l l ,  qua l i ty 
of rock  questionabl e .  

1 5 . Cipo le  Sand P i t :  SE! sec . 2 1 , T .  2 S . ,  R .  1 W .  
Abandoned p i t  i n  l acustr i ne sand . 

* Laboratory data i n  Tab l e  4 .  
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T a b l e  3 .  R o c k Q u a r r i e s a n d  S a n d  a n d  G r a v e l  P i t s ,  Conti nued 

* 1 6 .  Cobb Quarry: S E*N E* sec . 29 , T .  1 S . ,  R .  1 W .  
Commerc i a l  quarry o n  Sexton Mounta i n ,  i n  Co l u mbi a R iver Basa l t . 

1 7 . Crabtree Quarry: S E* sec . 281 T .  3 S . ,  R .  3 W .  
Commerc ia l  quarry i n  Co lumbia R iver Basa l t .  

1 8 .  Cu tbank  Quarry Prospec t: NW* sec . 22, T .  1 S . 1 R .  1 W .  
Quarry prospect i n  Co l umb ia  River Basa l t  ou tcrop . 

1 9 .  Dan ie l s  Quarry Prospect: S E*N E* sec . 3, T .  1 S . ,  R .  1 W .  
Quarry prospect i n  Bor i ng Lava ou tcrop . 

20 . Dober Quarry Prospect: NW*N E* sec . 34, T .  1 S . ,  R .  3 W .  
Co lumbi a R iver Basa l t  outcrop . 

*2 1 . Dugda l e  Quarry Prospect: S E* sec . 36 , T .  2 N . ,  R .  5 W .  
Quarry prospect i n  s i l l - l i ke body i n trud ing O l i gocene mar i ne sedi ments . 

22 . E l l i ot Quarry: NW . corner sec . 1 01 T .  1 S . ,  R .  4 W . 
No i nformation . 

23 . Ewi ng You ng Marker Abandoned Quarry: NW* sec . 1 5, T .  3 S . ,  R .  3 W .  
Co lumb ia  R iver Basa l t  quarry . 

* 24 .  Fuegy Quarry: N E .  corner sec . 1 2, T .  1 N . ,  R .  2 W . 
Abandoned quarry i n  Co lumbi a  Ri ver Basa l t .  

* 25 .  Ga l es Creek Gravels :  NW* sec . 8 ,  T .  1 N . ,  R .  4 W .  
Gravel s  6 to 1 0  feet th i ck overl y i ng mar ine  sediments i n  Ga l es Creek va l l ey . 

26 . Garri sh Va l l ey Abandoned Quarry : N E* sec . 1 9 , T .  2 S . ,  R .  4 W .  
A l tered basa l t  of questionabl e qua l i ty .  Probab ly  f low or s i l l . 

* 27 .  Groner Quarry: SW*NW* sec . 2, T .  2 S . ,  R .  2 W .  
Abandoned quarry i n  Co l u mbia R iver Basa l t .  

28 . Gun C l ub Prospect: Center of sec . 33, T .  2 S . ,  R .  1 W .  
Co lumb ia  R i ver Basa l t  i n  channel  of Rock  Creek . 

* 29 .  Herget Quarry: NW*S E* sec . 20, T .  1 S . ,  R .  3 W .  
Co lumb ia  R iver Basa l t .  Consi derab l e  overburden of red weathered basa l t  and si l t .  

30 . H ess Creek Quarry: s H  sec . 27, T .  3 s .  I R .  3 w .  
Commerci a l  quarry i n  Col umbia River Basa l t .  

3 1 . H i l l  Prospec t: N E*SW* sec . 2, T .  1 N . ,  R .  2 W . 
Co lumb ia  R iver Basa l t .  

32 . Huffman Quarry Prospect:  SW* sec . 35, T .  2 S . ,  R .  3 W .  
Co l umb ia  R iver Basa l t  above O l i gocene mari ne sed i men ts . 
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T a b l e  3 .  R o c k  Q u a r r i e s a n d  S a n d  a n d G r a v e l  P i t s ,  Continued 

33 . Hu tch i nson Quarry: SW!NW! sec . 1 8 , T .  3 S . ,  R .  2 W . 
Colu mbia R i ver Basa l t  exposed i n  hi I I  surrounded by a l l uv i um . 

* 34 .  Jackson Creek Quarry: N E!NW! sec . 33,  T .  2 N . ,  R .  2 W . 
County quarry in  Co l umbia R iver Basa l t .  

* 35 .  J ames Gravel Pi t: S E! sec . 5 ,  T .  1 N . ,  R .  4 W .  
Gravel 8 to 1 0  feet th i c k  over l y i ng mar ine sedi ments i n  Ga l es Creek va l l ey .  

36 . James Quarry Prospect: SW!SE! sec . 1 ,  T. 1 N . ,  R .  2 W .  
Columbia R iver Basa l t  ou tcrop . 

37 .  Joh nson Quarry Prospect: S E!SW! sec . 23, T .  1 S . ,  R .  3 W .  
Co lumbia  R iver Basa l t  ou tcrop . 

* 38 .  K i n ton Quarry: Center N E! sec . 5 ,  T .  2 S . ,  R .  1 W .  
Large quarry face of Co l umbia Ri ver Basa l t  exposed on Scho l l s  Ferry Road . 

39 . Kr ueger Quarry :  S E!  sec . 36, T .  2 N . ,  R .  2 W .  
S tate-ow ned quarry i n  Col umbia Ri ver Basa l t .  
Quarry has zones of poor rock .  

*40 . Kuhns Quarry Prospect:  S E! sec . 5 1  T .  3 S . 1  R .  2 W . 
Near O l iver Spri ngs . Col u mbia Ri ver Basa l t .  

4 1 . Lambert Quarry Prospect: NW! sec . 3 1 1 T .  3 S .  1 R .  4 W .  

7 1  

Basa l t  si l l  i n  Eocene mar i ne sedi men ts .  Prospected by Oregon S tate H i ghway Department 
w i th test p i ts . 

*42 . Laure l  Quarry: NE! sec . 1 1 ,  T .  2 S . ,  R .  3 W . 
Abandoned quarry i n  Co lumbia R iver Basa l t .  

43 . Laure lwood Quarry: N E! sec . 1 71 T .  2 S . 1  R .  3 W .  
Columbia Ri ver Basa l t  quarry owned by Laure lwood Academy and opera ted by C .  Meise l . 

*44 .  Leff ler Quarry Prospec t: NW! sec . 1 ,  T .  3 S .  1 R .  3 W .  
Co lumb ia  R iver Basa l t  ou tcrop . 

45 . Mi l l i can Creek Quarry : Center sec . 3 1 1 T .  3 S . 1  R .  3 W . 
Sma l l quarry i n  basa l t  d i ke .  

46 . Mou nt R ichmond Quarry Prospect: N E!S E! sec . 1 ,  T .  2 S .  1 R .  5 W .  
Basa l t  d i ke i n trudi ng Eocene sha l es .  

47 . Ol denburg Quarry :  Center sec . 1 9 , T .  3 S . ,  R .  4 W .  
Gabbro si l l  i n truded in  Eocene sha l e .  

48 . Onion F l at  Sand Pi ts: N �  see s .  21 , 22, T .  2 S . ,  R .  1 W .  
Coarse sand deposi ted by fl ood waters . Severa l operators sel l i ng from i nd iv i dua l pi ts for 
sel ected fi l l  mater i a l . 
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T a b l e  3 .  R o c k Q u a r r i e s  a n d  S a n d  a n d  G r a v e l  P i t s ,  Conti nued 

49 . Patton Va l l ey Abandoned Sandstone Quarry: sw� sec . 27 I T .  1 s .  I R .  4 w .  
H ard, foss i l i ferous sandstone o f  O l i gocene age . Bu i l d i ng stone or base rock  sou rce . 

50 . Perr ine Quarry Prospect: N E�NW� sec . 27, T .  1 N . ,  R .  1 W .  
Probab ly  Bor ing  Lava . 

51 . Peters Grave l  Pi t: Center sec . 36 , T .  2 N . ,  R .  5 W .  
Gravel 8 to 1 0  feet th i c k  i n  Ga l es Creek val l ey .  

52 . Pi ke Grave l  Pi t: NW� sec . 25, T .  3 S . ,  R .  5 W . 
Abandoned gravel  pi t .  Smal l quanti ty . No i nformation . 

53 . P ike Quarry: NW� sec . 26 , T .  3 S . ,  R .  5 W .  (Not on map l i st . )  
One mi l e  west of Pi ke Grave l Pi t .  Commerc ia l l y  opera te d .  

54 . Pioneer Quarry : NW� sec . 1 3, T .  1 N . ,  R .  1 W .  
Commerc ia l l y  operated quarry i n  Co lu mbia R iver Basa l t .  

* 55 .  Qua l i ty Roc k Quarry: S E�NW� sec . 26, T .  1 S . ,  R .  2 W . 

Commerc ia l quarry i n  Col umbia  R iver Basa l t .  

*56 . Reddi ngs Quarry: N E�NW� sec . 2 ,  T .  3 S . ,  R .  1 W .  
Co l umbia  R iver Basa l t  quarry . 

* 57 .  Renne Quarry: S E� sec . 22,  T .  3 S . , R .  2 W . 

Commerc ia l quarry i n  Col u mb ia  R iver Basa l t .  

58 . Rex H i l l  Quarry : N E� sec . 1 5, T .  3 S . , R .  2 W .  
Co lumbia  R iver Basa l t  quarry operated by C .  Meise l . 

59 . Rogers Sh erwood Quarry: SE  corner sec . 33 , T .  2 S . ,  R .  1 W .  
Quarry i n  Col umbia Ri ver Basa l t .  

60 . Sanders Quarry Prospect: NW� sec . 1 1 ,  T .  3 S . ,  R .  2 W .  
Co lumbia R iver Basa l t  outcrop . 

*6 1 . Scogg i n Creek Sandstone Quarry: NW� sec . 27, T .  1 S . ,  R .  4 W . 
Hard , fossi l i ferous O l i gocene sandstone . For use as bu i l d i ng stone or base rock . 

62 . Sudol Quarry Prospec t: NW . corner sec . 3 ,  T .  3 S . ,  R .  1 W .  
Co lumbia R iver Basa l t  outcrop . Th i n  overburden . 

*63 . T igard Sand & Gravel Pi t :  Center sec . 1 3 , T .  2 5 . ,  R .  1 W .  
Loca ted i n  l acustr ine grave l s . 

64 . Tonqu i n  Quarry Prospect: NW:l sec . 34, T .  2 S . ,  R .  1 W .  
Co lumb ia  R iver Basa l t  outcrop . Th i n  overburden . 

65 . Trappis t Abbey Abandoned Quarri es: N E1SW1 sec . 29, T .  3 5 . ,  R .  3 W . ,  and 
66 . N E .  corner sec . 3 1 , T .  3 S . ,  R .  3 W . 

Sma l l quarr i es i n  basa l t  d ike i n trudi ng mar i ne sediments . 
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T a b l e  3 .  R o c k Q u a r r i e s a n d  S a n d  a n d  G r a v e l  P i t s ,  Con t inued 

67 .  Tua l at in  Abandoned Quarry:  SE;kN E;k sec . 24, T .  2 S . ,  R .  1 W .  
Sma l l  quarry i n  Bor ing Lava , a quarter of a m i l e  east of edge of map near Tua l a tin . 

*68 . Tw i n  H i l l s  Quarry: NW;kS E;k sec . 35, T .  3 S . ,  R .  2 W .  
Quarry i n  Col umbia Ri ver Basa l t .  

*69 . Vaanderi ng Quarry: N E;kNW;k sec . 1 0, T .  1 N . ,  R .  4 W .  
Commerc ia l ly operated basa l t  quarry . Roc k  i s  assoc iated wi th Eocene sedimen ts . 

* 70 .  Vanaken Quarry: SWdrNW;k sec . 1 0, T .  1 S . ,  R .  4 W .  
Commerc ia l ly operated . Basa l t  assoc iated w i th Eocene sedi men ts . 

* 71 . Vanaken Sand & Gravel P i t: sw;t sec . 27, T .  1 N .  I R .  4 w .  

73 

Gravel 8 to 1 2  feet th i c k  over ly i ng mar ine sedi ments i n  Ga les Creek va l l ey .  Commerc i a l l y 
opera ted . 

* 72 . Vandecoeveri ng Quarry: NW corner sec . 29, T .  1 S . ,  R .  2 W .  
Quarry i n  Col umbia R iver Basa l t .  

* 73 .  Votaw Quarry Prospect: SW;kNW;k sec . 1 2 , T .  3 S . ,  R .  2 W .  
Colu mbi a R i ver Basa l t  outcrop . 

74 . W i l sonvi l i e  Gravel Pit :  NW;kSEdr sec . 23, T .  3 S . ,  R .  1 W .  
Lacustr i ne  grave l s  h avi ng appreci abl e la rge bou lders . S tate owned . 

* 75 .  Za iger Quarry Prospec t: s H  sec . 32, T .  1 s .  I R .  3 w .  
Co lumbi a R iver Basa l t  ou tcrop dri l l ed and samp led by Oregon S tate H i ghway Department . 



T a b l e  4 .  L a b o r a t o r y  D a t a f o r  Q u a r r y  a n d  G r a v e l  P i t s  i n  t h e T u a l a t i n V a l l e y R e g i o n . 
'.J I �  

Asphal t 
Type of Abrasion Specif ic  Na 2S04 Str ipp i ng Degradation 

No . N ame Materi a l  Lab . No . % Loss* Gravi ty % Loss**  Test*** (Hgt . i nches) Remarks 
' m  

z 
2 Baker Quarry Basa l t  72n6o 2 1 . 8  2 . 76 3 . 2  95+ 1 8 . 7  Lava flow . Gi 

-

7 Bearce Quarry Basa l t  4281 56 1 8 . 1  2 . 79 Fair 28 Lava f low . 
z 

-- m m 
;:c 

8 Beaverton Quarry Basa l t  727762 1 9 . 0  2 . 84 0 . 9  95- 20 . 6  Lava f low . l z  
Gi 

1 1  Burkhal ter Quarry Basa l t  721 28 7 32 . 7  2 . 9 1 3 . 2  Np 29 . 8  Lava flow . I GJ  
m 

1 6  Cobb Quarry Basa l t  727758 1 8 . 1 2 . 89 0 . 2  95- 1 5 . 8  Lava flow . j O  
r-

0 
2 1  Dugda l e  Quarry Prospect Basa l t  721 058 63 . 6  2 . 97 1 5 . 6  95+ 44 . 5  Si l l  (surface material ) .  Gi 

...( 
2 1  Dugda l e  Quarry Prospect  Basa l t  38 3794 22 . 7  2 . 76 1 2 . 8  -- - - Horizontal  core 1 ' -45 ' . 0 

'T1 

2 1  Dugda l e  Quarry Prospect Basa l t  384597 22 . 7  2 . 75 6 . 9  Horizontal  core 46 ' -6 1 ' .  � -- -- :::c m 
2 1  Dugda l e  Quarry Prospect Basa l t  384728 1 9 . 0  2 . 76 9 . 4  -- - - Horizonta l  core 0' -55 ' .  � c 

)> 
2 1  Dugda l e  Quarry Prospect  Overburden - - - - -- -- -- -- 20' -65 '  th ick . r-)> � 

-

2 1  Dugda l e  Quarry Prospect Basa l t  385729 - - 2 . 67 1 0 . 3  - - -- Vertical  core 2 1 ' - 26' . z 
2 1  Dugda l e  Quarry Prospect Basa l t  385728 25 . 4  2 . 69 

< 
22 . 5  -- - - Vertic a l  core 26 ' - 27' . )> 

r-
r-

24 Fuegy Quarry Basa l t  351 065 26 . 3  2 . 76 -- Fair -- I �  
;:c 

25 Gal es Creek Gravels  Gravel 38 71 63 23 . 6  2 . 84 -- -- - - Test ho le  3' -8� ' .  j m  
Gi 

2 7  Groner Quarry Basa l t  72776 1 27 . 2  2 . 79 2 . 3  95+ 20 . 4  , �  
29 H erget Quarry Basa l t  72 1 285 1 5 . 1  2 . 84 0 . 2  95+ 1 6 . 5  Test o n  better zone . 

34 Jackson Creek Quarry Basa l t  353825 1 9 . 0  2 . 85 -- - - - - Cou nty quarry . 

35 James Sand & Gravel Pi t Gravel 387927 25 . 4  2 . 9 1  



38 Ki n ton Quarry Basa l t  727763 1 6 . 3  2 . 72 2 . 5 95+ 1 9 . 2  Lava f low . 

40 Kuh ns Quarry Prospect Basa l t  428 1 57 25 . 4  2 . 80 -- -- -- Lava f low . 

42 Laurel Quarry Basa l t  721 8 1 8  20 . 9  2 . 93 0 . 4  95+ 1 4 . 3  Lava f low . 

44 Leff ler Quarry Prospec t Basa l t  4 28 1 55 20 . 0  2 . 85 -- Good -- Lava f low . 

50 Perri ne Quarry Basa l t  3546 8 1  32 . 7  2 . 79 -- Good 

51 Peters Sand & Grav e l  P i t  Grove l  387537 1 6 . 3  2 . 85 

55 Qua l i ty Quarry Basa l t  727759 20 . 9  2 . 76 0 . 6  95+ 20 . 9  Lava f l ow . 

56 Reddi ngs Quarry Basa l t  2761 74 37 . 2  2 . 94 -- -- -- Lava flow . l g  
57 Renne Quarry Basa l t  5748 1 1 1 5 . 1  2 . 78 1 . 1  Fa ir  20 . 9  Lava flow . I �  � ;;:o 
61  S cogg i n  Cr . Sandstone Qy . Sandstone 722743 22 . 7  2 . 43 3 0 . 0 95+ 2 1 . 8  O l i g .  mar i n e  sandstone . I C  () � 
63 T i gard Sand & Grovel  Pi t Grave l 776565 33 . 6  2 . 84 1 9 . 8  -- 42 lacustr ine grave l s .  l o  

z 
68 Tw i n  H i l l s Quarry Basa l t  428 1 54 20 . 9  2 . 78 -- Fai r  -- lava f low . ' �  
69 Vaandering Qu1Srry Basa l t  72 1 8 1 9  1 3 . 6 2 . 93 0 . 3 95+ 1 2 . 6  Eocene l ava . I �  

;;:o 
70 Vanaken Quarry Basa l t  72 1 8 20 1 3 . 6  2 . 84 3 . 6  95+ 1 3 . 7  � �  
71 Vanaken Sand & Grove l  Pi t Gravel 38 1 996 23 . 2  2 . 85 

72 Vandecoever i ng Ouarry Basa l t  721 288 26 . 3  2 . 79 7. 4 95+ 26 . 2  

73 Votaw Quarry Basa l t  428 1 52 25 . 4  2 . 89 -- -- 22 

75 Zei ger Quarry Prospect  Basa l t  691 3 1 0 22 . 7  2 . 85 0 . 4  Goad 2 1 . 5  Core samp l e  75' - 1 50' . 

Loss expressed as percentage of origi na l weigh t  of test sampl e for percent of wear \Resistance to Abrasion of large S i z e  Coarse Aggregate by Use of the 
Los Ange l es Mac h i n e ,  ASTMC535 . )  

* * Weigh ted overage ca l cu l ated from loss percentage (Sou ndness of Aggregates by Use of Sod i u m  S u l fate , ASTM C88 ) .  

* * * Esti mated coated area o f  aggregate (Coati ng and S tr i pp i ng of Bi tumen - Aggregate Mixtu res , ASTM D 1 664) .  I �  
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va l l ey of Ga les Creek, at  Ash I s land ,  and  nearby in  the channel of the Wi  l l amette Ri ver . Gravel re
sou rces in the Portl and metropo l i tan area to the east are a l so avai I ab le  to the Tua lat in  Va l l ey area 
and are used a l most exc l usi ve ly  as the source of concrete aggrega te .  

Terrace grave ls  

Terrace grave l s  in  the va l l ey of Ga les Creek are shown on the map as Quaternary terrace grav
e l s . The grave l terraces are about 1 0  to 1 5  feet th ick  and rest upon Tertiary sedi mentary bedrock at 
about stream leve l . A l though some sedi mentary pebb les and cobb l es of poor qua l i ty occur in the 
grave l s ,  the rock is sa ti sfac tory for many construc tion pu rposes . Screen i ng and crush ing of th e over
size cobb l es is genera l ly suffi c i en t  to e l imi nate the poor qua l i ty sed imentary rock which breaks dow n 
to sand and c l ay and i s  wasted . Of the severa l grave l  pi ts on Ga l es Creek, one i s  operated i ntermi t
tently whi l e  the others appear to be abandoned . The deposi ts a long Ga l es Creek are smal l ;  however, 
i f  rock shou l d  become requ i red loca l l y  some of these pits cou l d  be reac tivated . 

Grave l s  i n  young a l l uv ium 

Grave l s  i n  young a l l uv ium occur i n  the channel of  the W i l l amette Ri ver a t  Ash I s l and and near 
Wi l sonvi l l e and are produced by dredge operations . Young grave l s  of unknown th ic kness are be l i eved 
to occur beneath th e si l t  cover on the upstream end of Ash I s l and . More exp l oration i s  needed to de
term ine the extent of these grave l s . 

Lacustr ine grave l s  

Lacustr ine grave l s  are  mapped sou theast of T igard at Durham . Th is deposit ranges from pebb l es 
up to l arge bou l ders 5 feet i n  diameter . The large bou l ders are composed mai n ly of Bor i ng Lava and 
Co l umbia Ri ver Basa l t .  The grave l and cobb le si zed mater ia l  i s  most ly basa l t  bu t a l so contains some 
quartz i te ,  gran i te ,  and a few pi eces of l i moni te . Th e gravel  is used loca l l y  for concrete aggregate 
and road construction . Some of th e engi neeri hg qua l i ti es of th e gravels  determi ned by l aboratory tests 
are l i sted in tab l e  4, i tem No .  63 . 

Lacustr ine sand 

Lacustr ine sand i s  shown on the map in severa l areas of ou tcrop w i th i n  a be l t  about 3 m i l es wide 
and 6 �i l es long between Tua l ati n and Six Corners . Th e coarse sands are composed mostly  of basa l t ,  
bu t the fi ner sand i s  predomi nantl y quartz and cha l cedony . Th in  l enses of pebb l es and cobbl es are ex
posed i n  the sides of deep excavations . 

The sand i s  wide ly used for se l ect fi l l  mater ia l , but the poor ly graded nature of th e depos i t  makes 
it unsati sfac tory for use i n  concrete . 

F u t u r e  R e q u i r e m e n t s fo r S a n d , G r a v e l , a n d  C r u s h e d  R o c k 

The fu ture rock requi rements for the Tua lati n  Va l l ey area can be di rec t ly re lated to the pop
u lation trends . Ca l c u lations re lating rock requi rements to popu l ation have shown tha t th e year ly 
requirement for each person i n  an area averages a l i tt le  more than fi ve tons (Metropo l i tan Pl ann i ng 
Commission , 1 964) . The Wash i ngton County popu lotion trend and esti mated gravel and crushed rock 
requ irements are tabu l ated as fo l l ows: 

Year 

1 965 
1 975 
1 980 

Popu lation 

1 21 , 905 
1 60, 000 
1 90, 000 

Year ly  roc k 
requ i remen ts (tons) 

(5 tons/capi ta) 

6 1 0 , 000 
800, 000 
950, 000 
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Gravel resou rces 

Sand and grave l resources, espec ia l l y  for u se as concrete aggregate, are severe ly  l i mi ted i n  the 
pro ject area . Esti mates of reserves i n  the Port land metropo l i tan  region to the east of the pro j ec t  area 
i ndi cate that th ese reserves w i l l  not be suffi c i ent to l ast beyond 1 98 5 .  The Metropo l i ta n  P lann ing  
Commiss ion " Sand and Grave l  Resources Repor t , " of  1 964 i nd icates that  th e tota l rema i n i ng gravel  re
sources i n  1 964 were about  1 00 mi l l i on tons . The  report esti mates that s l i gh t l y  l ess tha n  1 00 mi l l i on 
tons w i l l  be used by 1 980, and more than  1 00 mi l l ion tons w i l l  be used between 1 980 and 2000 . Tota l 
use pro jec tions for the Port land metropo l i tan area a lone i ndi cate that  more than 200 mi l l ion  tons w i l l  
be needed by th e year  2000 . I t  i s ,  th erefore,  apparent tha t  si nce th e Tua l at i n  Va l l ey i s  curren t ly  
l argely dependent on grave l  resources of  th e Port l and metropo l i tan  area , th e combi ned need  by both 
areas for th i s  i mportan t  construc tion mater ia l  w i l l  resu l t  i n  severe shortages much sooner than 1 980 .  

The  reserves of  grave l s  at  Durham are present ly restr i c ted by  u rban deve l opments ,  and  i t  does 
not appear that th i s  area w i l l  be ab l e  to supp ly  si gn i fi cant fu ture reserves . Some of the exist i ng p i ts 
of Tigard Sand & Grave l  have been excavated to depths at wh i ch the under ly i ng fi ne-grai ned so i l s  of 
th e Troutda l e  Formation  h ave been encountered . Expansion of the p i ts must th erefore proceed l ater
a l ly ;  however, property and zon i ng restr ic tions w i l l  prevent major reserves from bei ng ut i l i zed . 

The ma jor sources of sand and  gravel  for the fu ture are l ocated w i th i n  the channe l  of the Wi l 
l amette Ri ver and on gravel  bars w i th i n  and a long the s i des of the r i ver upstream from Newberg . 
Grave l s  a l so occur in the Wi l l amette R iver at  the mou th of the Mo l a l la R iver . U ti l i zation of these 
depos i ts from th e standpo in t  of barge transportat ion is not present ly  feasi b l e  because of the restr i c ted 
s ize of th e l oc ks a t  th e Oregon C i ty dam . Truck  hau l i ng wou l d i mpose addi t iona l h i gh cost for del i v
ery to the Port land o r  Tua la t i n  Va l l ey areas . A reconstruct ion pro ject  was  au thorized by  Congress i n  
1 945 to prov i de en l argement and  moderni zation of the present Oregon C i ty locks and  dam .  The  tota l 
cost of th e pro ject  was estimated i n  1 945 to be $ 1 1 , 300 , 000 of wh ich  on ly  $ 1 67, 800 h as been appro
pri ated by Congress . Obvi ous l y  the cost estimate i s  now obso l ete , and the status of th i s  project i s  
qu i te uncerta i n . Unti l such ti me that  the Oregon Ci ty l oc ks are en larged for economica l  barge trans
por tat ion , the u pr iver grave l resources w i l l  no t be avai l ab l e  for u se . 

Large reserves of grave l  are bei ng developed adjacen t  to the Col u mb ia  R i ver near Scappoose . 
The mater i a l  w i l l  be dredged and p laced on barges for del i very to th e Port land m etropol i tan  area i n  
the near fu ture as the market requ i res . Th i s  deposi t may be an important source to meet fu ture grave l  
requ irements . 

Crushed rock resou rces from quarr i es 

Adequate reserves of rock for cru sh ed roc k  products appear to be present i n  th e Tua l ati n Va l l ey 
region . Most of the c rushed roc k  u ti l i zed  i n  th e u rban a reas of Beaverton and West Port land i s  obtai ned 
from quarr ies at Sexton Moun ta i n and nearby Cooper Mountai n .  Crushed rock i s  a l so produced in th e 
Red H i l l s of Dundee between N ewburg and  McMi nnv i l l e .  Reserves i n  th ese quarri es appear to be ex
tens ive,  but encroach i ng urban deve lopments cou l d  create zoni ng prob l ems tha t  wou l d  r estr i c t  fu ture 
exp lo i tat ion . 

Add i t iona l reserves of basa l t  cou l d  be deve loped from quarr i es present ly  opera tive i n  the Tonqu in
Mu l l oy area , i n  th e Tua l at in  Mounta i ns northwest of  Por t land,  and  i n  th e Cheh a l em Mounta i n s .  U se 
of th i s  basa l t  for the Tua l at i n  Va l l ey ,  however , wou l d  present an addi tiona l cost fac tor because of the 
greater hau l  di stance . Poten tia l  quarry prospec ts are know n  i n  the th ree areas c i ted above ,  but ex
tensive detai l ed fi e l d  i nvesti gations w i l l  be requ i red to deve lop new sources of basa l t  of adequate 
qua l i ty and quanti ty . 

The amount of overburden ,  degree of weath er i ng ,  character of jo i nt systems,  and var iation of 
qua l i ty betw een l ava f lows are a l l important factors that determine the su i tab i l i ty _for quarry operations . 

Th i s  report  recommends that a compreh ensive study be made to determine the potenti a l  reserves 
of stone su i tab l e  for quarry deve lopment and to form gu ide l i nes for conservation of l a nds conta i n i ng 
quarr ies and quarry prospects . I t  may we l l  be that  l arge percentages of crush ed rock products from  
quarr i es w i l l  be needed i n  the future to supplement sand and  grave l  requ irements i n  construction ma
ter ia l s .  
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Ground Water Resources 

The ma jor ground-water resources i n  the pro j ec t  area occur w i th i n  the Tua l ati n ,  Wi l sonvi l l e, 
and Newberg va l l ey systems . These va l l eys provi de water supply for domesti c consumption ,  for i rr i ga
tion ,  for commerci a l - i ndustr i a l  purposes , and  for mun i c i pa l  use . Th e up l and areas of basa l t  and areas 
u nder l a i n  by mar ine sed imen tary rocks y i e l d  h i gh l y  var iab le  quant i t ies of water of poor to good qua l i 
ty wh ich  i s  used pr i mar i l y  for domesti c supply and i n  a few cases for i rr iga tion of sma l l  acreage . 

G r o u n d  W a t e r  f r o m  V a l l e y  A r e a s  

Ground-water deve lopment from strati graph i c  un i ts of the Tua l ati n and Wi l sonvi l l e  va l l eys has 
been treated in detai I by Hart and Newcomb ( 1 965) , and, s ince s imi l or stra ti graph ic  u n i ts are present 
in the Newberg va l l ey ,  i nformation g i ven i n  th i s  report is l arge ly  su mmarized from the work of those 
authors . 

The pr i nc ipal  aqu i fers i n  the va l l ey areas are w i th i n  the Wi l lamette S i l t ,  Trou tda l e  Formation , 
and Co lu mbia R iver Basa l t .  Ground water occurs i n  the Wi l lamette S i l t  under unconfi ned condi t ions , 
i n  the Troutdal e  Formation under u nconfi ned and  sem iconfi ned condi tions, and i n  th e Col umbia R iver 
Basa l t  under artesi an  pressure in confi ned aqui fers . 

Y i e ld  from water we l l s  dri l l ed and dug i n to the Wi l l amette Si l t  of th e va l l ey areas i s  u sua l l y 
suffi c i ent for domesti c pu rposes , and i n  rare cases i t  i s  amp l e  for i rr i gation of sma l l  acreage .  We l l  
yi e l ds are genera l l y about 5 gpm, occasiona l l y 1 0  gpm, and i n  one known i nstance as much as 50 gpm 
(sec . 2 1 , T .  1 N . ,  R .  2 W . ) .  Wel l s  must be compl eted below th e year ly  fl uc tuat ion of the water ta
b l e ,  wh ich  has a maxi mum annua l range i n  the Tua lat in Va l ley of approxi mate ly 20 feet .  Many of 
the we l l s dri l l ed to depths of 40 to 50 feet g ive a low water y i e l d  i n  the l ate summer or ear ly fa l l .  

We l l s comp leted i n  the Trou tda l e  Formation i n  the va l l ey area range from a common depth of 
about 1 00 feet  to depths of severa l hundred feet .  We l l  yi e l ds are genera l l y  l ess than 1 0  gpm,  but 
some we l l s  produce 40 to 50 gpm . One we l l  (sec . 1 5, T .  1 N . ,  R .  3 W . )  w i l l  y ie l d  1 00 gpm w i th a 
sma l l  amount  of drawdow n . Most of the aqui fers i n  the Trou tda le  Formation are f ine to very fi ne  sand 
beds w i th l i m i ted area l extent and rare ly  gravel beds . Aqu i fer th i ckness i s  genera l l y l ess than  1 0  feet . 
I n  recent years, we l l s  have been comp leted by i nsta l l ation of screens and gravel  pack ,  and we l l yi e l ds 
have been i ncreased i n  some cases to 1 00 to 200 gpm for i rr iga ti on or commerc i a l  use . We l l s w i th suf
f ic i ent water supply for domesti c use, i r r iga tion , and commerc ia l  purposes can be deve loped in most 
va l l ey areas by performi ng carefu l logg ing  of sand hor izons and by u ti l i z i ng spec i a l  compl etion methods 
such as perforated casi ng , screens , and  gravel poe k .  

Co l umbia R iver Basa l t  i s  fou nd a t  depths of severa l hu ndred feet  i n  th e va l l ey areas . I n  th e Tu
a lati n Va l l ey near H i l l sboro the l avas are reached at a max imum depth of abou t 1 , 500 feet below 
ground surface .  Th e l avas provi de th e pri nc ipa l aqu i fers for i r r igation ,  i ndustr i a l -commerc ia l ,  and 
mun i c i pa l  water suppl y .  At the present t ime T igard, Beaverton ,  and Aloha  obta i n  a l l  or a port ion of 
the i r  water supp l y  from deep we l l s  dr i l l ed i n to the Co l umbia R i ver Basa l t .  Newberg obtai ns i ts water 
supply from spr i ngs on the southwest f lank  of the Ch eha l em Mounta i ns and from wel l s  compl eted i n  
gravel s  of young a l l uv ium i n  the Wi l l amette Ri ver fl ood pla i n . 

A part ia l  l i st of water wel l s  dri l l ed i nto the Co lumbia R iver Basa l t  i s  shown on tabl e 5 .  Th e 
chart i ndi cates the range of we l l y i e l ds that  have been obta i ned from w e l l s  of various d iameters dri l l ed 
i nto the formation to vari ab l e  depths . I t  i s  apparent that  wel l yi e l d  i s  d i rect ly re lated to wel l di ameter 
and th i ckness of basa l t  penetrated be low th e water tabl e .  Newcomb ( 1 959) states that "One gpm of 
water for each foot of wel l penetration be low the reg ional water tab l e  i s  a fa i r  over-a l l average of the 
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yie l d  obta ined by a 1 0- or 1 2- inch wel l  wh en pumped a t  the common draw down of 50 to 1 00 fee t . " 
Theoret ica l l y ,  then , a 1 0- to 1 2-i nch we l l  dri l l ed 200 feet i nto basa l t  be low the regional  water tab l e  
cou l d  expec t a we l l  y i e l d  of approxi mate l y  200 gpm , and  one dri l led to 1 , 000 feet approx imate l y  
1 000 gpm . 

Ground water occurs i n  the Co lumbia R i ver Basa l t  i n  confi ned aqu i fers . Hart  and N ewcomb 
( 1 965 ) ind icate tha t  the pri nc ipo l  aqui fers are i nterflow zones between basa l t  f lows  where brecc i a  
zones or " c i nders" perm i t  compara tive l y  free movement o f  water . I t  i s  apparen t that fractur i ng  a ttend
ant w i th fau l ti ng  has a l so been a s ign i fi cant  fac tor i n  increasi ng h igher water yi e l d .  

We l l s dri l l ed i n to the Co lumbia R iver Basa l t  are comp l eted by dr i ving  cas ing through the over
l y ing formation and  i n to the basa l t .  The we l l  i s  then advanced open ho l e  i n to the basa l t  un ti l a de
sired quanti ty of water is obta i ned or the p l anned depth is reached . Most domesti c wel l s dri l l ed i n to 
the basa l t  have been 6-i nch diameter we l l s ,  a l though i n  recent  years 8- inch  w e l l s  h ave become more 
common . Most i rr i ga tion , commerc ia l ,  and  mun i c ipa l we l l s  are 1 2  i nches i n  d iameter , a l though some 
are 1 4  or 1 6  i nches in diameter . 

A map showing the depth of the Col umbia R iver Basa l t  be low ground surface i n  th e Tua lati n and 
Wi l sonvi l l e va l l eys appears on p l a te 4 .  The map can b e  used as a gu ide to determi ne the approximate 
depth requ i red for we l l s to reach ground water i n  Co l u mbia R iver Basa l t  aqu ifers . Depth of  the basa l t  
be low ground surface i s  show n  o n  the map by contours of 1 00-foot i nterva l s . 

G r o u n d  W a t e r  f r o m  U p l a n d  A r e a s  

Good water suppl y can be obtai ned from basa l t  i n  most up l a nd areas . However, deep wel l s  are 
often requ ired to reach the reg iona l  water tab l e  whose e l evation i s  approx ima te l y  that of the va l l eys . 
The stat ic water leve l  i n  these we l l s may be as low as 550 feet be l ow the surface; expens i ve pumpi ng 
equ ipment i s  therefore necessary . I n  h i gher e l evations of th e Cheha l em Mountai ns the regional water 
tab l e  may l i e  be low th e basa l t ,  and i t  is th erefore necessary to dri l l  to the under l yi ng O l i gocene ma
ri ne sedi men tary rocks , from which  water yi e l ds ore errati c . 

Perched aqui fers i n  th e up land areas can produce adequate supp l i es for domest ic  use i n  some l o
ca l i ti es; i t  shou l d  be understood ,  however , tha t  perched water tab l es are not presen t  i n  a l l  areas . 

G r o u .n d W a t e r  f r o m  M a r i n e  S e d i m e n t a r y  F o r m a t i o n s  

We l l s dri l l ed i n to the marine sedi mentary rock sequence for water suppl y obta i n  h i gh ly  variab l e  
resu l ts both as to quan ti ty and qua l i ty .  Quanti ti es obta i ned i n  6-inch diameter w e l l s  vary from 1 gpm 
to 50 gpm, but most are l ess than  1 0  gpm and common ly  l ess than 5 gpm . Drowdown i n  we l l s  tha t  
y ie ld  1 0  to 1 5  gpm is frequent ly  75 to 1 00 feet o r  even more . Water qua l i ty i s  frequent ly poor, w i th 
h igh i ron and su l fu r  content, and  i s  common l y  brackish or h igh l y  sa l i ne .  Most of the water we l l s  are 
between 1 00 and 200 feet deep . 

G r o u n d  W a t e r  f r o m E o c e n e  V o l c a n i c s a n d  S e d i m e n t s 

Wel l s  dri l l ed i n to the vo l can ic-sedimentary rock  sequence se l dom produce more than  20 gpm; 
many we ll s are bare l y  suffi c i ent  for domestic requ i remen ts .  Attempts to obtain su ff ic ient  ground-water 
supp l i es for i rri gation purposes are met w i th varyi ng resu l ts .  A l though direct i nformati on  i s  l acki ng,  
wel l dr i l l ers report tha t  water qua l i ty i n  we l l s i s  common ly  brackish and occasiona l l y h i gh ly sa l i ne . 
Carbon diox ide spr i ngs are l ocally present; one spr ing  area i s  s i tuated i n  th e canyon of C l ear Creek 
in sec . 1 8 , T .  1 N . , R .  4 W . ,  and  another near Fairda l e  west  of Carl ton a few mi l es west of th e 
bou ndary of the pro ject  area . 



80 E N G I NE E R I N G  G EO LO GY OF TH E TUALAT I N  VALLEY R E G I O N  

T a b  I e 5 .  W e l l  Y i e l d  f o r C o l u m b i a R i v e r  B a s a l t .  

Casi ng Top Basa l t  
We l l  l ocation diame ter Draw down D epth basa l t  th i c k ness 
(Sec . , T .  , R . )  ( inch es)  G PM (feet) (feet) (feet) (feet) 

1 7  P . , 1 s . ,  1 w .  1 4  1 089 83 4 1 4  1 1  403 
of the W i l lamette M .  
1 9  E(2) ,  1 S . ,  1 W .  6 1 2  1 30 2 1 1 1 59 52 
1 9  J (2) ' 1 s . ' 1 w . 6 20 30 308 1 70 1 38 
25 D . ,  1 S . ,  1 W .  8 650 1 42 462 1 6 5  297 
26 B .  , 1 S . , 1 W .  1 2- 1 0 500 98 503 1 68 235 
29 A(1 ) ,  1 S . ,  1 W .  1 2- 1 0 235 400 900 1 00 800 
33 A . , 1 S . , 1 W .  8- 6 20 235 855 71 5 1 40 
1 0  Q . ,  1 s . ,  1 w .  6 50 1 0  8 1 3  608 205 
1 1  L . , 1 S . ,  1 W .  1 0-8 420 735 650 85 
1 3  D . ,  1 S . , 1 W .  1 2  350 240 958 589 369 
24 D .  , 1 S . , 1 W .  8 450 400 300 1 00 
1 4  G . ,  1 5 . ,  1 W .  6 2 1 7 388 1 090 698 392 
26 E .  , 1 S .  , 1 W .  1 2  300 1 62 1 4  1 48 
2 P . , 1 S . ,  1 W .  8 -6 1 75 68 8 75 673 202 
24 F . ,  1 S . ,  1 W .  8 500 52 350 1 50 
1 4  H . ,  1 S . ,  1 W .  1 90 250 1 080 707 373 
2 1  P . ,  1 S . ,  1 W .  1 6  950 80 800 54 746 

3 1 C . , 1 S . , 2 W . 6 300 7 1 5  266 449 
23 R .  , 1 S .  , 2 W .  1 2  1 250 78 874 5 853 
23 G .  , 1 S .  , 2 W .  1 2- 1 0  400 1 67 805 640 1 65 
24 J . ' 1 s . ' 2 w .  1 6- 1 0 470 1 62 720 45 649 
26 D .  , 1 S .  , 2 W .  6 40 35 540 455 85 
26 G . , 1 S .  , 2 W .  1 0-8 232 95 472 3 469 
28 A . , 1 S . ,  2 W . 8 1 50 1 5  1 50 1 05 45 
29 p . ' 1 s . ' 2 w . 6 600 30 750 450 300 
29 Q .  ' 1 s .  ' 2 w .  6 F l ow 1 00 GPM 505 445 60 

1 6  E . ,  1 S . ,  3 W . 1 0  260 1 02 392 55 337 
1 6  G . ,  1 S . ,  3 W . 8 550 1 00 472 245 237 
1 6 J . , 1 S . , 3 W . 8 F l ow 1 00 G PM 742 680 82 
21 C (2) , 1 S . ,  3 W .  8-6 80 200 6 1 0  300 290 

28 E . , 1 N . , 1 W .  1 2  230 1 45 576 470 1 06 

1 G . ,  1 N . ,  2 W . 8 1 00 1 20 20 1 00 
2 N . ,  1 N . ,  2 W . 6 80 543 250 293 
3 R . ,  1 N . ,  2 W . 8 1 1 0 1 90 397 1 60 237 
S R . ,  1 N . ,  2 W . 6 300 86 547 342 98 

1 M . ,  1 N . ,  3 W . 6 75 1 50 440 325 1 1 5 
(F lows 5 G PM) 

3 R . ,  1 N . ,  4 W . 6 F l ow 25 G PM 341 309 32 

1 1  E . ,  2 S . , 1 W .  1 2  200 38 1 260 1 2 1 
4 B . , 2 S . , 1 W . 8 300 385 1 35 250 

4 G . , 2 S . , l W . 1 2  380 1 53 494 86 408 
24 M . '  2 s .  I 1 w .  8 1 1 0  35 278 1 50 1 28 
1 0 C . , 2 5 . , 1 W . 1 0  400 90 494 21 5 279 

2 B . , 3 5 . , 1 W . 6 25 0 236 38 1 98 
5 L(2) , 3 S . ,  1 W .  8 60 35 1 38 74 64 
1 5  L . ,  3 S . ,  1 W .  1 4  2000 1 000 240 760 

1 6 R . ,  3 5 . ,  1 W .  1 4  760 5 1 000 340 660 

1 5  E . ,  3 5 . ,  2 W . 6-5/8 1 40 54 1 05 85 20 
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Water Pol lution Problems 

Reports from the State Sani tary Au thori ty ind icate tha t  streams i n  the T�a l at in  Va l l ey are being 
overused for di sposa l of waste from sewage-trea tment p lants . Stream f lows of th e Tual a ti n  Ri ver are 
h i gh ly var iab le ,  w i th f lows ranging from near ly  zero for about 1 00 days in the summer months to a 
maximum of 20, 000 cfs i n  the w i n ter . Th i s  has produced a serious pol l u tion  problem duri ng the sum
mer months when the f low i s  i nadequate to carry th� presen t effl u ent load . Po l l u tion i s  a l so com
pounded in the Tua l ati n Val l ey by i neffecti ve sep ti c tank  drai n fi e l ds constru c ted i n  i mpervious soi l s, 
and in  areas wh ere the ground-water tab l e  i s  a t  or near surface e l evation . 

Popu l a tion i ncreases anti c ipa ted for the fu tu re i ndi cate seri ous po l l u tion probl ems u n l ess th ere 
is adequate pre-p lann i ng for fu ture waste d i sposa l . Th e S tate Sani tary Au thori ty has pub l ished re
ports (Oregon S tate Board of Hea l th ,  1 965, 1 966) in whi ch po l l u tion probl ems of the Tua l a ti n  bas in  
were di scussed . The  pri mary pu rpose of  these reports was to poi n t  out that direction and organ ization 
were needed in order tha t  th e Tua l ati n basi n m i gh t  deve lop i n  an order l y  way . Their most urgen t 
recommendation was that: " Expansion of exi st i ng or construc tion of 11ew ly proposed waste trea tment 
faci l i ti es shou l d  not be consi dered un ti l di rection i s  out l i ned by an over-a l l  basi n -w i de study . "  

Th i s  study indica tes that so i l  testi ng shou l d  be conduc ted  for drai n -fi e l d  des ign and construc ti on 
i n  urban deve lopment areas . The requi rements for dra i n-fi e l d  soi l s  have been determined and i n for
mation is ava i l ab l e from the loca l hea l th au thor i t ies .  Th e U . S .  Depar tment  of Hea l th ,  Educa tion ,  
and Welfare has  pub l i shed a book let enti t l ed " Manua l  of Septi c Tank Pract i ce , " Pub l i c  Hea l th Serv ice 
Pub l ication No . 526,  ava i l ab l e  from the U . S .  Government Pr i nt i ng Offi ce ,  Wash i ngton ,  D . C .  A l so 
contai ned i n  th i s  manua l  are descr iptions of methods wh i ch can be used for ind iv idua l  trea tment ,  com
parab l e to that of sept ic tanks, in  areas wh i ch wi l l  not a l l ow conventional drai n  fi e l ds to be u sed . 

I n  the pro j ec t  area , dra i n -fie l d performance can be ant i c ipated by consu l ti ng th e soi l descr ip
t ions in the text,  the geo logy and soi l s  map (p l a te l ) ,  and the geo logic hazards map (p l ate 3) . Lo
ca l i ti es where sept ic  tank  insta l l a tions may prove unsuccessfu l i nc l ude f ine-grai ned, low- permeabi I i ty 
soi l s ,  f lood-pl a i n  areas of h igh ground-water tab le ,  rock  ou tcrops , and steep s l opes . 
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Summary 

The si gn ifi cant geo log i c ,  engi neer ing , and hydro logi c  aspects of the Tua l at in  Va l l ey region 
are summarized here by div i d ing the area i nto four geo logic  prov i nces .  I n  a genera l way, each prov
i nce is a topograph i c  enti ty and conta ins a character i s t ic  group of soi l and bedrock u ni ts w i th fai r l y  
d isti nctive engi neer ing and hydro log ic  properti es . Th ese prov i nces are: ( I ) areas u nder l a i n  by va l l ey 
fi l l  and semi conso l i dated sedimentary rocks; ( I I )  areas under l a i n  by basa l ti c  l avas; ( I l l ) a reas under
l a i n  by mari ne sedi mentary rocks; and ( IV) areas under l a i n  by Eocene vol canics and sedi ments (fi g 
ure 45) . 

A r e a s  U n d e r l a i n  b y  V a l l e y  F i l l  ( I )  

Areas under l a i n  by va l l ey fi l l  and semiconso l i dated sedi ments i nc l ude th e Tua l at in  Va l l ey ,  th e 
Wi l sonvi l l e ,  Newberg , and Yamh i l l  va l l eys , Wapato Lake va l l ey ,  north ern Wi l l amette Va l l ey ,  and 
Chehal em va l l ey (fi gure 45) . The topography of the va l l ey areas i s  ch aracter i zed by l ow ,  ro l l i ng 
h i l l s ,  l ong,  bas inward-s l op i ng terraces, and moderate to steep s lopes confi ni ng present-day s treams . 

The surface materia l of the va l l ey areas i nc l udes unconso l i dated, fi ne-grai ned deposits of the 
Wi l l amette S i l t , l acustri ne sand and grave l ,  and recent f lood-p l a i n  depos i ts i n  present stream courses . 
These deposi ts are under l a i n  at var iab l e  depths from a few feet to abou t 50 feet by conso l i dated mar i ne 
sedi mentary roc ks i n  the Yamh i l l  va l l ey and Wapato Lake va l l ey and by semiconso l i dated, fi ne-gra i ned 
sedi ments of the Trou tda l e  Formation in the Newberg , Wi l sonv i l l e ,  and Tua lat in  va l l eys . Bor ing- log 
soi I sec tions encou ntered i n  the N ewberg and Tua l ati n va l l eys appear i n  figure 20, c and d .  These 
show in considerab l e  deta i l  the types of soi I encountered at th e l ocation of each sec tion and refl ect to 
some degree the character of soi I s  tha t  may be expec ted i n  ad jacent areas . 

The Wi l l amette S i l t  i s  the pri nc i pa l  surface soi l formation i n  each of the va l l ey areas . I t  con 
s ists predomi nan t ly  of sandy si l t  and s l i gh t l y  c l ayey si l t  w i th c l ay phases of moderate p l asti c i ty .  Th e 
dens i ty of si l t , as i ndi ca ted by S tandard Penetration Tests, can be descr ibed as l oose to medium dense, 
and the more p l ast i c  phases of the si l t  as soft to moderate ly  fi rm . 

The l acustr ine deposi ts of sand and grave l are restr ic ted to an area of severa l square mi l es cen
teri ng near Tua la t i n  and to one sma l l  area near Wi l sonvi l l e .  The gravel  phase of th i s  u ni t  consi sts 
l argely of dense cobb l e  and bou l der gravel  and the sand phase of medium- to coarse-gra ined, loose to 
medium-dense sand . 

Deposi ts i n  modern flood p la i ns of the Tua l at in  Va l l ey cons i st l arge l y  of soft, c l ayey si l t  and 
si l ty c l ay w i th s ign i fi cant l oca l  areas of h i gh l y  organ ic  soi l s .  F l ood-pl ai n deposi ts of streams i n  th e 
Yamh i l l  Va l l ey and Wapato Lake area are predomi nant ly  of c lay ,  w i th varying amounts of organ ic  
matter . Recent fl ood-pla i n  deposi ts of the Wi l l amette R iver are pri ncipa l l y  very fi ne sand and si l t w i th 
grave l  deposi ts commenc i ng at the sou th end of Ash I s land near Newberg and extendi ng upstream . 

Dur i ng wi nter and ear l y  spr ing ,  unconfi ned ground water occurs beneath a l arge portion of the 
Tua l atin Val l ey at depth s  of l ess than 1 0  fee t .  I n  some areas, such as  near A loha ,  H i l l sboro , and For
est Grove, th e ground-water tab l e  ri ses to or near th e grou nd surface .  Basements of pr i vate houses and 
commerc i a l  bu i l d i ngs frequent ly are fi l l ed w i th water . Dur i ng the su mmer and fa l l  months the ground
water tab l e  ranges from 1 5  to 30 feet be l ow the su rface .  

I n  the Wi l sonvi l l e and N ewberg va l l eys the ground-water surface dra ins to a base e l eva tion es
tabl ished by the Wi l l amette R i ver . Duri ng w in ter f lood per iods, or t imes of h igh -water leve l s  in the 
Wi l l amette R i ver , the ground-water tab l e  i n  these two va l l eys can r i se to el eva tions near ground surface . 

The ground-water surface i n  the Yamh i l l  va l l ey adjusts to a base l eve l  estab l i shed by the Yamhi l l  
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E x p l a n a t i o n  

Areas u nder l a i n  by val l ey fi l l  and semiconsol i dated sedimentary roc ks . 

(a) Tua l ati n Va l l ey; (b) Wi l sonvi l l e va l l ey; (c ) Newberg va l l ey; 
(d) Yamh i l l  va l ley; (e) Wapato Lake va l l ey; (f) Northern Wi l l amette 
Va l l ey; (g ) Ch eha lem val l ey .  

T.ZN. 

Areas under l a i n  by basa l tic  l avas . I l l Ar eas under l a i n  by rnar 1 ne sedi�en tary rocks . 

I V  Areas u nder l a i n  by Eocene vo l can ic  and sedi men tary roc ks . 

F igure 45 . Geologic provi nces of th e Tua l ati n  Va l l ey regi on . 
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River ,  and i t  a l so can r ise to near-surface e l evations dur ing  flood periods o f  the r iver . 
The approxi mate area of ground-water tab l e i n  th e Tua l a ti n  Va l l ey i s  shown on th e geo logi c  

h azards map, p l ate 3 .  Hydrographs shown i n  f igure 35 prov i de i nformation on the annua l  f l uc tuation 
of the ground-water tab I e .  

F loodi ng occurs annua l l y i n  the major stream courses of the Tua lati n Va l l ey and l ess frequent ly  
in  the Wi l l amette R iver . F l oods are di scussed i n  deta i l i n  the sec ti on of  the report wh ich descr ibes 
geo log i c  h azards . 

A r e a s  U n d e r l a i n  b y  B a s a l t i c  L a v a s  { I I )  

Th i s  prov i nce consi sts of up land areas under l a i n  at  sha l l ow depth by basa l ti c  l avas . Th ese areas 
i nc l ude:  Red H i l l s  of Du ndee, Parrett Mounta i n-Cheha l em Mounta in s-Dav i d  H i l l  trend ,  Cooper and 
Bu l l  Mounta i ns and adjacent r i dges, a nd the Tua la ti n  Mounta i ns (figure 45) . The up lands are local l y  
steep l y  di ssected by  streams f low i ng to the adjacent va l l ey floors; th ey rise from th e edge o f  va l l ey 
terraces at  abou t e l evation 250 feet  to e l evations of more than 1 ,  000 feet . S lopes i nto th e va l l eys 
average abou t 400 feet per m i l e .  

F lows of the Co l umbia R iver Basa l t  and Bor i ng Lava are consi dered together i n  th i s  prov i nce . 
These l avas cons ist ch i ef ly  of weathered and u nweath ered, dense , fi ne-grai ned basa l t .  The Col umbia 
River Basa l t  genera l ly has a c l ose ly  spaced joi n t  system and weath ers to resi dual c l ay soi l s  as  much as  
20 feet th i c k .  Bor i ng Lava h as a b locky to massi ve jo int  system and weath er i ng a long the joi nts pro 
duces a surface soi l conta i n i ng numerous rounded basa l t  bou lders . Hard and dense basa l t  i s  exposed 
l arge ly  i n  steep s lopes of stream canyons and on steep escarpments . Such ou tcrops are ma i n l y  on th e 
northeast f lank of the Tua la t i n  Mounta i n s ,  the sou thwest f lank of th e Ch eh a l em Mou nta i ns ,  and the 
northwest fl ank of Parrett Mounta i n . 

S i l t  caps the basa l t  on spurs , r idges , and summ i ts of the Tua l at i n  Mou nta in s ,  Cooper and Bu l l  
Mou nta ins ,  a nd Cheh a l em Mounta i ns .  The si l t  cover ranges from a few feet  to more than  50 feet i n  
th i ckness . I n  genera l , i t  i s  greater than 25 feet  th i ck  i n  the Tua l at i n  Mounta i ns and from 5 to 1 5 feet 
th i c k  on the oth er mou nta i ns . 

Areas under l a i n  by basa l ti c  l avas present spec i a l  prob lems for construction pract i ce  and l a nd 
u ti l i zation . Th ese prob l ems are re lated to: (1 ) steepness of s l opes , (2) th e degree of  weather i ng , (3) 
the character of the over l yi ng soi l  formation , (4) in some cases th e charac ter of the under l yi ng for
mation , and (5) i n  p l aces the struc ture of the basa l t .  I n  most i nstances the l ava can be cons idered as 
exce l l ent fou ndation support, prov i ded that  struc tures or loads are p laced d i rect ly on th e basa l t .  Land
s l i des are common in  the s i l ts and resi dua l  soi l s  over l y ing th e basa l t .  At  p l aces maj or l andsl i des have 
deve loped in the basa l t  as a resu l t  of erosion of under ly i ng formations (p late 3) . In areas where the 
basa l t  i s  present at  surface e l evations, weather i ng has genera l l y  weakened the rock  so tha t  sha l l ow ex
cavations of 5 to 8 feet can norma l ly be made w i th l i tt l e  d i ffi c u l ty .  I n  some areas , however, the ba
sa l t  i s  unwea thered and suffi c i ent ly  dense as to requ i re the use of exp losives , 

Th e areas under l a i n  by basa l t  prov i de the pri nc i pa l  source of h i gh -qua l i ty stone for produc tion 
of roc k products . Near l y  a l l  quarr ies in th i s  prov i nce are l ocated w i th i n  the Co l umbia R iver Basa l t .  

Ground water i n  basa l t  a t  th e h i gh er e l evations occurs l arge l y  i n  perched aqu i fers , i n  contrast 
to va l l ey areas where i t  occurs i n  both u nconfi ned and confined aqu i fers . 

Good supp l ies of grou nd water can be obta i ned i n  we l l s that  are dri l l ed i n  basa l t  be low the re
g iona l ground-water tab l e  wh i ch i s  present near va l l ey-floor e l evations . Such we l l s  are frequ ently 
severa l h undred feet in depth and may requ i re expensi ve pumpi ng equ ipmen t .  In some areas, such as 
in the h igh'er e l evat ions of the Ch eha l em Mounta i ns, mari ne sedi mentary rocks are present beneath the 
basa l t  at e l evations above th e regiona l  water tabl e ,  and resu l ts obtai ned are common l y  poor, both as 
to quanti ty and qua l i ty .  

A r e a s  U n d e r l a i n  b y  M a r i n e  S e d i m e n t a r y  R o c k s ( I l l )  

Th i s  provi nce l i es i n  the sou thwest portion of the map area west of Newberg and sou thwest of 
Forest Grove (fi gure 45) . The topography vari es from ro l l i ng h i l l s w i th moderate re l i ef to areas of 
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relati vely steep rel i ef such as o n  the southwest flanks o f  the Cheh a l em Mou ntains a n d  Dav id H i l l  and 
the mountainous topography j ust north of the Sti mson mi l l  on Scoggi n Creek . Th e rocks in th i s  prov
ince i n c l u de the Yamh i l l  Formation , Spencer Formation , and u nd i fferentiated O l i gocene marine sedi
ments . They consist  large ly  of conso l i dated tuffaceous s i l tstone and sha l e ,  occasional l i me-cemented 
sha l es w i th some poor l y  sorted, fr iable tu ffaceous sandstone, basa l ti c  sandstone, and fe l dspath ic  sand
stone . 

Bedroc k uni ts are commonly found at or near th e ground surface i n  th i s  prov i nce, bu t i n  local 
areas weath eri ng has produced several feet of p l astic resi dual  c lays and softened bedroc k .  Weathered 
mater i a l s  on moderate to steep slopes have fai l ed, produ c i ng extensive slump-type lands l i des . Where 
slope fai l u re has not yet occurred, artifi c i a l  or natura l oversteepening may cause lands l ides . Fi ne
grai ned sedimentary rocks d ipp i ng in th e di rection of the s lope are a l so subject to lands l i di ng . 

The sequence is loca l l y i n truded by basa l ti c  di kes and si l l s,  which  may represent prospecti ve 
sources for stone produ cts, but present information indicates that the intrusives are sma l l  and variably 
weathered . 

Ground-water supply from mar i ne sedimentary rocks i s  si m i l ar to that found i n  th e Eocene vol 
canics and sedi ments . Quanti t ies obtai ned i n  wel l s  vary from a few gal lons per m i nute u p  to but rare
ly 40 to 50 gal l ons per m i nu te . Water is common l y  brac kish or sa l i ne . 

A r e a s  U n d e r l a i n  b y  E o c e n e  V o l c a n i c s  a n d  S e d i m e n t s  ( I V )  

The area u nder l a i n  by Eocene vol canics and conso l i da ted sediments l i es a l ong the western edge 
of the map from i ts sou thern boundary to G a l es Creek (fi gure 45) . The topograph y ranges from ro l l i ng 
footh i l l s  to steep mounta i nous terrain . The soi l s  are genera l l y th i n ,  w i th parent bedroc k at or near 
the surface .  Bedrock consists of basal.t f lows and i n trusi ves i n tercalated w i th tuffaceous sandstones 
and sha l es . The basa l t  is weathered but is often found to be very hard and blocky w i th i n  a few feet 
of the surface .  Th e i n trusives are eith er basa l t  di kes or gabbroic si l ls .  The di kes are usua l ly fresh and 
unweathered, but the si l l s range from hard and fresh to mechan ica l l y  dis integrated gabbros wh ich con
tai n  scattered bou l ders in the centers of spheroida l l y  weathered joint  b locks . 

The sedimen tary i nterbeds i n  the sequence are loca l l y deep l y  weathered and produce soi ls that 
are large l y  c l ay .  Where such materia ls  are present on oversteepened h i l l s ides or stream canyons , 
large lands I i des have taken place . 

Quarri es h ave been developed i n  a number of loca l i ti es w i th i n th i s  sequence . The qua l i ty of 
stone obtained from these sources i s  q u i te vari abl e; some sma l l  di kes or s i l l s  w i th i n  quarries produce 
good qua l i ty stone, bu t genera l l y abrasion test resu l ts are h i gh .  

Ground-water resources of Eocene vo l cani cs  and sediments are h i g h l y  vari able both as to quan
tity and qua l i ty .  Most wel l s  y i e l d  barel y enough water for domestic use, and on ly  occasiona l ly are 
quanti ties suffi c i ent  for i rri gation . Water obta i ned from we l l s  is  commonly sa l i ne . 
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APPENDIX 

A .  M o i s t u r e  D e n s i t y  C u r v e s  

The react ion of a l i mi ted number of soi l s  to l aboratory tests has been p lotted on th e accompany
i ng graphs to show the relationsh i p  of moisture con ten t  to degree of poss i b l e  compaction dens i ty and 
shear strengths (see pages 90, 9 1 , and 92} . 

Opt imum moi sture con ten t  i s  the percen tage of mo isture by weigh t  wh i ch w i l l a l l ow the great
est  densi ty (dry) of compac ted materia l  to be atta i ned w i th a reasonab l e  effort (that  i s ,  i n  6-i nch l ay
ers) by whee l and rol l er traffic .  At l ower moisture content than  opt i mum ,  the fri ct ion between the 
soi l parti c l es w i l l  res i s t  the compact ive effort and maxi mum dry dens i ty w i l l  not be a tta i ned . Wi th 
greater than opt i mum  moi sture, the water w i l l  fi l l  th e vo ids and the soi l grai ns w i l l  be he l d  apart by 
pore-water pressure , thus resist i ng the compact ive effort .  

The shear strength of a soi l i s  the sum of the forces exerted by i nterna l fr i c tion and cohesion . 
" Th e  ang l e  of i n terna l fr i ct ion i s  th e ang l e  whose tangent  i s  the ratio between the resi stance 

offered to  s l i di ng a l ong any p lane in  the soi l and the component of th e app l ied force acti ng normal to 
that  p l ane . "  (Port land Cement Assoc iation Soi I Pri mer, 1 962) . 

Cohesion i s  the mu tual  a ttrac tion of parti c l es due to mol ecu lar forces and the presence of mois
ture fi l ms .  H ence the cohesi ve force in a parti cu lar soi l w i l l  vary cons iderab ly  w i th i ts moisture con
ten t .  I n  th i s  report cohes ion i s  l i sted i n  pounds per square i nch . 

Most of the soi l s  can have a natura l moisture content c lose to 30 percent, wh i ch means that  
they must  be dri ed to  opt i mum before compact ion can be adequately accompl i shed . I n  addi t ion to 
compactio n ,  fai l ure can occur i n  embankments ow ing to shear i ng of the soi l .  At h i gh moi sture con
ten t the sheari ng resi stance of the soi Is is shown to be l ow .  

B .  G r a i n  S i z e D i s t r i b u t i o n  C u r v e s 

Gra i n  s ize di str i bu tion curves are shown on the accompanyi ng charts for each of the soi l s  des
cri bed in the engi neer i ng sec tion of th i s  report . The data p lot ted was obta i ned from si eve and hydrom
eter tests and is usefu l  for re la t ing the percentages of the various s ize fractions i n  the samp l es from 5 
mm down to . 00 1  mm (see pages 93 to 97, i n c l usi ve} . 
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Maximum dry density 98 l b/ft3 
Optimum moisture 24% 
Liqu i d  l imit  38 
Plastic i ndex 1 3  

% Moist . DD "' c 
1 9 . 3  92 . 4  
2 1 . 3  95 . 4  
23 . 9  98 . 0  
25 . 5  95 . 7  1 1  6 
27. 3 7 5 
29. 1 1 4 

A-6(9), E-7, ML 
* Harvard Miniature Procedure 

M O I S T U R E  D E N S I T Y C U R V E * 
H e l vetia (Tph ) Lab .  N o .  677493 

% Moisture content 

Maximum dry density 1 03 . 8 lb/ft3 
Optimum moisture 23 . 5% 
Liquid l i mi t  35 
Plastic i ndex 1 0  

% Moist. DD <I> c 
1 8 . 9  96 . 9  
20. 9  1 01 . 1  
23 . 2  1 03 . 7  1 9  1 3  
25 . 5  99. 6  1 0  4 
27. 8 4 2 

A-4(8), E -6, ML 
* Harvard Miniature Procedure 

M O I S T U R E  D E N S I T Y  C U R V E * 
Yamh i l l  Fm (ley) Lab . No . 648641 .  

roo --�--L t , -"---'- w_,___ _ . L ---r 20 ._ 
- -� 1. n 1 ,, -r-;-- L +-__ q$f-'-' -1f-L 1-i-i+ c: --H+ H- I'-;- -'- -+ TIT U .2 

· , j · fTTTI u cY'>_ T N •-� 
·

��D�D�������� � � 
Q_ - c: 

-g •o tO g .!  
£ : t-•-r-:+:±±__t_+_.,++.--'l.-!t+-+-+-H ·� ·= ·-r+t-t-r-�_-:)•::+'=t+4tlllt:!=j -g 0 -r; f -"- - � +-t-+-t u � 

aof--i-'--!-r:::::±:J �H-L�t1o � 
20 !4 4o 

% Moistur� content 

Maxi mum dry densi ty 94 l b/ft3 
Optimum moisture 26. 2% 
Liquid l i mi t  50 
Plasti c index 23 

% Moist.  DD <I> c 
20 . 5  90. 3 
22 . 8  91 . 5  
24 . 9  93 . 6  
27. 5 93 . 6  1 2  1 7  
30. 2  9 1 . 2  8 1 2  
32. 9 4 8 

A-7-6(1 5),  E-8 ,  CH 

* H arvard Mi nature Procedure 

M O I S T U R E  D E N S I T Y  C U R V E * 
Upland S i l t  (Qs) Lab .  No . 671 724 

% Moi sture content 

Maxi mum dry densi ty 1 06 l b/ft3 
Optimim moisture 1 8% 
Liquid l i m i t  27 
Plastic index 6 

% Moist.  DD <I> c 
1 1 . 7 96 . 2  
1 3 . 5  99 . 1  
1 5 . 5  1 02 . 3  
1 7. 3  1 05 . 6  
1 9 . 3  1 02 . 4  
20. 0 26 5 
22 . 4  1 1  4 
24 . 7  4 3 

A-4(8),  E-6, ML 
* Harvard Miniature Procedure 



Percent moisture 
Dry densi ty 1 1 0 . 6  l b/ft3 
Optimum moisture 1 7. 2%  
Liquid l i m i t  29 
Plastic i ndex 7 

% Moist. DD <P I C  
1 4 . 0  1 05 . 2  
1 6 . 3  1 09 . 7  
1 9 . 1  1 07 . 8  1 8  7 . 5  
2 1 . 8  5 2 . 0  
23 . 7  3 1 . 5 

A-4(8), E-7, ML 

* Harvard Miniature Procedure 

M O I S T U R E  D E N S I T Y  C U R V E * 
Wi l lamette Si l t  c l ay phase (Qws) Lab . N o .  336894 

20 
o/o MoistUre content 

Maxi mum dry density 1 03 lb/ft3 
Optimum moisture 2 1 %  
Liquid l i mi t  46 
Plastic i ndex 27 

% Moist.  DD <P c 
1 6 . 6  96 . 4  
1 9 . 2  1 02 . 2  
20. 6  1 03 . 0  
23 . 3  1 00 . 2  8 1 3  
26 . 0  5 5 . 5  
28 . 8  4 3 

A-7-6(1 4), E-7, C L .  

* Harvard Miniature Procedure 

APPEN D I X  

% Moisture content 

Dry densi ty 1 03 lb/ft3 
Optimum moisture 1 8 . 2%  
Liquid l i m i t  26 
Plastic i ndex 0 

% Moist.  DD "' c 
1 3 . 2  98 . 7  
1 5. 4  1 00 . 7 
1 7. 4  1 02 . 7  
1 9. 9  1 01 . 8  34 4 . 5  
21 . 8  26 1 
23 . 6  1 7  1 

A-4(8) ,  E -6 ,  ML 
* Harvard Miniature Procedure 

M O I S T U R E  D E N S I T Y C U R V E * 
Wi l lamette S i l t  c lay phase (Qws) Lab . N o .  604892 

20 

Maximum dry densi ty 1 05 . 3  l b/ft3 
Optimum moisture 20 . 0%  
Liquid l i m i t  37 
Plastic index 20 

o/o Moi•t. 0[ 4> r 
1 6 . 4  1 00 . 4  
1 8 . 7  1 04 . 1 
2 1 . 2  1 04 . 2  1 5  9 
23 . 6  99 . 3  5 7 
25 . 3  2 4 

A-6(1 1 ), E-7, C L .  
* Harvard Miniature Procedure 

9 1  
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M O I S T U R E  D E N S I T Y C U R V E  * 

"1. .... 
... 
cu 

Dry density 1 05 . 8  l b/ft3 
Optimum moisture 1 9 .  2"/o 
Liqui d  l i m i t  32 
Plastic i ndex 6 

% Moist.  DD 4> c 
1 7. 8  1 03 . 7  
1 9 . 7  1 05 . 6  
22 . 1  1 01 . 9  1 2  9 
24 . 3  4 8 
26. 5  1 5 

A-4(8),  E-6 ,  ML 

c: 0 u ·.o:: 
0 

N ·� 
c: .... 
�� 

10 c: ! 0 c: 
"' 
CIJ 4-..s::: 0 13 �  Cl 

c: <( 

* Harvard Miniature Procedure 

:; IOOH-4-4-4-HtiH-4-t+++t-t--1 
-o 

c: 
:l & 

20 
o/o Moi store content 

Maximum dry density 96 . 7  l bjft3 
Optimim moisture 26% 
Liquid l i mi t  53 
Plastic i ndex 27 

o/o Moist. DD 4> c 
22 . 9  93 . 9  
25. 5  96 . 6  
27. 3 95 . 1  7 1 2  
29 . 8  6 1 0  
34. 2  2 5 

A-7-6(1 2), E-7, C L  
* Harvard Miniature Procedure 

M O I S T U R E  D E N S I T Y  C U R V E * 
Young Al l uvi um S i l t  Phase (Oya) Lab . No . 556925 

o/o Moisture content 

Dry densi ty 1 06 . 5  l b/ft3 
Optimum moisture 1 8 . 7% 
Liqu id l i m i t  27 
Plastic i ndex 8 

30 

o/o Moist .  DD 4> c 
1 3 . 6  Y9.j_ 
1 6 . 2  1 03 . 7  
1 8 . 6  1 06 . 3  
20 . 3  1 03 . 1  1 0  3 
2 1 . 4  9 1 
22 . 5  4 2 

A-4(8), E-6, ML 

* Harvard Miniature Procedure 

c: 0 u ·z 
0 

N •;: 
C: 4-

Maximum dry density 97. 2 l b/ft3 
Optimum moisture 25. 2"/o 
Liquid l i mit  41  
Plastic index 1 4  

% Moist.  DD "' c 
1 8 . 6  9 1 . 9  
20 . 5  95 . 1  
22 . 8  96 . 3  
25 . 0  97. 2 20 1 5  
27. 3 94 . 1  1 5  1 2  
29 . 9  5 9 

A-7-6( 1 2) ,  E-7, C L  
* Harvard Miniature Procedure 
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C .  U n i f i e d S o i l C l a s s i f i c a t i o n S y s t e m  C h a r t *  

The un i fi ed soi I c l ass i fi ca ti on system i s  based on the system deve loped by Dr . Arthur  Casagrande,  
of  Harvard Un i versi ty ,  for the Corps of Eng i neers dur i ng Worl d War I I . The or ig ina l  c l ass i fi cation h as 
been expanded and revi sed i n  cooperation w i th th e U . S .  Bureau of Rec l amation so that i t  now appl i es 
to embankments and foundations as we l l  as to roads and a irfi e l d s .  I t  is u sed by both the Corps of En
g ineers and the USBR . 

The accompany i ng tab l e  and the d i scussion g iven be low are from "Th e  Uni fi ed Soi I C lassi fi ca
tion System, " Mi l i tary S tandard 6 1 9 , U . S .  Army Corps of Eng ineers , 1 960 . More detai l ed i nforma
tion may be  obta i ned from that pub l i cat ion . 

The un i fi ed soi l c l ass if icat ion system i denti fi es so i l s  accordi ng to the i r  textura l and p lasti c i ty 
qua l i t i es ,  and th ei r grou p ing w i th respec t to th e i r  performances as engi neering construc tion mater ia l s .  
The fo l l ow i ng properti es form th e basi s of soi l i dent if icat ion :  

1 .  Percentages of grave l ,  sand , and fi nes (fraction passi ng th e No . 200 s ieve) . 

2 .  Shope of th e grai n-s ize d istri bu tion curve . 

3 .  Pl asti c i ty and compressi bi l i ty character i sti cs . 

Th e soi l i s  g i ven a descr i p ti ve  nome and a l e tter symbol i nd icat ing i ts pri nc i pa l  charac ter i s ti c s .  
Fou r so i l  fra c tions are recogn ized: cobb l es ,  grave l , sand,  a n d  fi nes (si l t  o r  c l ay ) . 
The soi ls are di v i ded as ( l ) coarse-grai ned soi l s ,  (2) fi ne-gra i ned soi l s ,  and (3) h i gh l y  organ ic  

soi l s .  Th e coarse-gra i ned soi l s  conta i n  5 0  percent o r  l ess materia l  sma l l er than the No . 200 s ieve,  
and fi ne-gra i ned soi l s  con ta i n  more th an 50 percent materi a l  sma l l er than the No . 200 s ieve . H i gh l y 
organ i c  so i l s  can genera l l y  be i denti fi ed v i sua l l y .  

The coarse-grai ned soi l s  are subdi v ided i nto grove l s  (G) and sands (S) .  Th e grave l s  have the 
greater percentage of the coarse frac tion ( that port ion reta i ned on the No . 200 s i eve) reta i ned  on the 
No . 4 si eve , and the sands have the greater portion passi ng the No . 4 si eve . Th e four secondary d i 
v i si ons of each group--GW , G P ,  G M ,  and G C  (gravel ); SW , S P ,  SM,  a n d  S C  (sand)--depend on 
th e amou nt  and type of fi nes and th e shape of the gra i n-s i ze di str ibu tion curve* * . Representa ti ve  so i l  
types fou nd i n  each of th e secondary groups are shown i n  th e accompanying tab l e  under th e h eadi ng 
" Typi ca l  names . " 

F i ne-grai ned so i l s are su bdi v ided i nto si l ts (M) and c l ays (C) , dependi ng on the i r  l iqu id  l i m i t  
and p lasti c i ty i n dex . S i l ts are those fi ne-grained soi l s  w i th a l i qu id  l i m i t  and p l asti c i ty i ndex that 
p lot  be low th e "A" l i ne in th e d iagram in the tab l e ,  and c l ays are those th at p lot  above th e "A" l i ne . 
The forego i ng defi n i t ion i s  not val i d  for organ i c  c l ays s i nce the i r  l iqu id  l i m i t  and p l asti c i ty i ndex p lot 
be low the "A"  l i ne . The s i l t  and c l ay groups have secondary div isions based on whether th e soi l s  have 
a re lat i ve l y  low (L) or h i gh (H ) l i qu id  l i m i t .  

The h i gh l y  organ ic  so i l s ,  usua l ly  very compress i b l e  and w i th u ndesi rabl e construc tion charac 
teri sti cs ,  ore c l ass i fied i n to one group desi gnated by the symbo l " Pt . " Peat ,  hu mus , and swamp soi l s  
are typ i ca l  examp les .  

. 

k From PCA Soi l Pr i mer , pu b l i shed by Por t l and  Cement Assn . ,  Ch i cago , I l l . ,  1 96 2 .  
* * The gra i n -s ize curves of wel l -graded mater ia l s  are genera l l y  smooth and concave , w i th no s1 zes 
l ac k i ng and no excess of mater i a l  i n  any s ize range . 
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Unified Soil Classification System 

Maior divisions 
Group 

symbols 
Typical names 
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Well-graded gravels, gravel-sand 
mixtures, little or no fines 

Poorly g r a d e d  g rave ls, g ra ve l 
sand mixtures, little o r  n o  fines 

Silty gravels, gravel-sand-silt mix
tures 
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SW 

SP 
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Clayey gravels, gravel-sand-clay 
mixtures 

Well-graded sands, gravelly sands, 
little or no fines 

Poorly g r a d e d  s a n d s, g r a ve l l y  
sands, little or n o  fines 

Silty sands, sand-silt mixtures 

� �  �- �--�L---4-------------------------------- 1 tD (D 7 � Q  
3 
0 c :l. 

sc 

ML 

CL 

OL 

Clayey sands, sand -clay mixtures 

Inorganic silts and very fine sands, 
rock flour, silty or clayey fine sands, 
or clayey silts with slight plasticity 

Inorganic clays of low to medium 
p l a sticity, g ra ve l l y  c l a ys, s a n d y  
clays, silty clays, lean clays 

Organic silts and organic silty clays 
of low plasticity 
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Inorganic silts, micaceous or diato
maceous fine sandy or silty soils, 
elastic silts 

Inorganic clays of high plasticity, fat 
clays 

Organic clays of medium to high 
plasticity, organic silts 

Peat and other highly organic soils 
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Laboratory classification criteria 

Ooo (030I2 c. = 010 
greater than 4; C, = 010 X 060 

between i and 3 

Not meeting all gradation requirements for GW 

Atterburg limits below uA" 
line or P.l. less than 4 

Atterburg limits a bove 1 1A" 
line with P.l. greater than 7 

Above "A" line with P.l. be
tween 4 and 7 are border
line cases requiring use of 
dual symbols 

Oso (Oaol2 c. = 010 
greater than 6; C, = 010 X 060 

between 1 and 3 

Not meeting all gradation requirements for SW 

Atterburg limits below "A" 
line or P.l. less than 4 

Atterburg limits above "A" 
line with P.l. greater than 7 

Limits plotting in hatched 
zone with P .1. between 4 and 
7 are borderline cases re
quiring use of dual symbols. 

CH / / 

L., .. / .. {r OH and M H  

/ 

CL / / 
��=S"'I/ 
CL-M�V ML a1nd OL 

JL 
1 0  20 30 40 50 

Liquid limit 

60 

Plasticity Chart 

70 80 90 1 00 

*Division of GM and SM g roups into subdivisions of d and u are for roads and airfields only. Sub division is based on Atterburg limitsi 
suffix d used when L.L. is 28 or less and the P.l. is 6 or less; the suffix u used when L.L. is greater than 2 8 .  

**Borderline classifications, used for soils possessing characteristics of two g roups1 o r e  designated by combinations o f  group symbols. 
For example, G W-GC, well-graded gravel-sand mix�ure with clay binder. 

Repri nted from PCA Soi l Pr i mer 



1 00 E N G I NE E R I N G  G E O LOGY OF  THE  TUALAT I N  VA LLEY R E G I O N  

D .  I n t e r r e l a t i o n  o f  S o i l C l a s s i f i c a t i o n a n d B e a r i n g V a l u e s C h a r t * 

Resistance va l u e  - R 

The stabi l i ty ,  expressed as the " resistance (R) va l ue , " represents the sh eari ng resi stance to p l asti c 
deformat ion of a sa turated so i l  a t  a g iven density . The test is descr i bed under AAS H O  T l 75 .  Th e sta
bi l i ty of a so i l  can be determ i ned by means of the Hveem stabi lometer, wh i ch measu res th e transmi t ted 
horizonta l pressu re due to a vert ica l  l oad . 

The R-va lue  may vary from 0 to 1 00 - - 0 represent i ng a l i qu id  and 1 00 represent i ng a mater
i a l  that transmi ts no hori zonta l  pressu re from an appl i ed loa d .  Th e R-va l ue  is used i n  fl exi b l e  pave
ment desi gn . 

Modu l u s  of subgrade reac t ion - k 

The modu lu s  of subgrade reaction (k) i s  defi ned as th e reaction of th e subgrade per u n i t  of area 
of deformation and is g iven i n  pou nds per square i nch (ps i )  of area per i nch of deformat ion . The un i t 
l oad for a deformation of 0 . 05 i n .  i s  genera l ly used i n  determi ni ng k .  However , th e Corps of Engi n 
eers determi nes k for the deformation obtai ned under a l oad o f  1 0  psi . 

The determi nation of k i s  made i n  the fi e l d  on the su bgrade in  p lace at opti mum mo isture con 
ten t i f  possi b l e .  I n  any case , the moisture content and the densi ty of th e subgrade a t  t i me of test  are 
determi ned and recorded . A 30-i n . -diameter p l a te is genera l l y used . Th e p l ate s ize i nf l u ences bear
i ng-test resu l ts because th e forces resi sti ng deformat ion consist of sh ear around th e p l a te peri meter as 
we l l  as conso l i dat ion under the area of the p l a te . With pl ates of 30-i n .  d iameter and greater ,  the 
sh ear-resi sti ng forces around th e peri meter are of mi nor magni tude . 

Prac ti ca l l y  a l l  concrete pavement design is based on the modu lu s  of subgrade reaction ,  k ,  used 
in the Westergaard formu l as and in the PCA formu las contai ned in th e book l et ,  Concrete Pavement 
Desi gn . 

Beari ng va l ues 

Soi l -bear i ng va l ues, expressed i n  pounds per square i nch , are determ ined i n  th e fie l d  for ( 1 ) 
soi l s  u nder bu i l d ings,  br i dges , and dams; and (2) subgrade soi l s  and pavements i n  p l ace . Var ious d i 
rec t I oadi ng  procedures are used . 

The fi e l d  test i s  usua l l y  conduc ted on th e soi l ,  i n  p l ace , a t  th e e l evat ion of the proposed foo t
i ng or fou ndation . Th e s ize of the loaded area i s  determined by the problem at  hand , as is th e type of 
area l oaded; in some cases a footi ng i tse l f  may be loaded . I n  tests of th i s  nature th e pr i mary da ta ob
tai ned consi st of th e un i t  load and a ti me deformation curve under l oad . Repeti t ive load ing may or 
may not be requ i red by th e des ign prob l em . ASTM procedures and textbooks on soi l mechan ic s  may be 
consu l ted for addi ti ona l deta i l s . 

For large s tructu res , fie l d  tests on soi l s  are directed to th e determ i nat ion of th e s izes of footi ngs 
or fou ndat ions,  w i th or w i thou t pi l i ng ,  needed to support th e design l oadi ngs ,  or structu res i n  servi ce ,  
w i thou t obta i n ing  u neven or excessive sett l ement dur i ng or after construct ion . Pore pressu res bu i I t  up 
by conso l i dation i n  th e presence of moisture may a l so requi re ana l ysi s .  

Bear ing-va l u e  fi e l d  tests of subgrade soi l s  for p l anned or ex i st i ng pavements have cer-ta i n  s ta n
dard procedures , ASTM D l l 95 and  D l l 96 .  Research , p lus  data on u n i t  loads and t ime-deformat ion 
re la t ionsh ip ,  i nd icates that bear ing-va l ue resu l ts for genera l h i ghway pavement loadi ngs change l i t 
t le  for p lates of 30-i n . d iameter and grea ter . For heav i er loadings, p l a te s i zes of 48- to 60- i n . 

* Excerpts from P .  C .  A .  Soi I Pr imer 
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A pproxi mal<' int<'rrt'lationships of soil classifications and h<'aring vaht<'S. 

California Beo ring Roti o - CB R  (1 )  
2 3 4 5 6 7 8 9 10 1 5  20 25 30 40 50 60 70 80 90 1 00 

U n ified Soil  Cla,;sification (2) 
Corps of Engi neers� 
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l====f===+====J=9==\==t=i=+I ===J===1== ! I ! j ! Modulus of Soil  Reoct i o n - lc, psi (6) j I j l 
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I ' 
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i I j I --r I I \ : Colifornia Bea�i n g  Rati o - CBR 
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( 1 )  For the b a sic ideo, see 0. J.  Porter,  "Foundation; for Flexible Pavements," Highway Research Board 
Proceeding s  of the Twenty-second Annual Meeting, 1 9 4 2 ,  Vol. 2 2 ,  p a g e s  1 00 - 1 36.  

( 2 )  "Cha racteristics of Soi l  Groups Pertaining to Roa
.
d s  and Airfields," Appendix B, The Unified Soil  Classification 

Syslem, U.S. Army Corps of Engineers, Technical Memorandum 3 - 357, 1 95 3 .  
( 3 )  " Cl a ssification of Highway 5ubgrode Materials," Highway Research B o a r d  Proceedings of t h e  Twen ty�fifth 

Annual Meeting, 1 9 4 5 ,  Vol. 25, p a g es 376-392�  
{ 4 )  Airport Paving, U.S. Department of Commerce,  Federal  Aviation Agency,  May 1 9 48, p a g es 1 1 · 1 6. Esti· 

mated using values given in FAA Design Manual for Airport Pavements. 
{5) F.  N .  Hveem, "A New Approach for Pavement Design," Engineering News- Record, Vol. 1 4 1 ,  No. 2, July 8, 

1 9 4 8 ,  p a g es 1 3 4 - 1 3 9 .  R is factor used i n  C alifornia Stabilometer Method of Design. 
· 

{ 6 )  See T. A. Middl ebrooks and G. E. Bertram, "Soil Tests for Design of Runway Pavem ents," Highway Research 
Board Proceedin g s  of the Twen ty-second Annual Meeting, 1 9 4 2 ,  Vol. 2 2 ,  p a g e  1 5 2 .  k is factor used in Westerg a a rd's 
a n a lysis for design of concrete pavement. 

(7) 5ee reference (6), page 1 84. 

Repri nted from PCA Soi I Pr i mer 
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diameter shou l d  be used . When necessary ,  l arge p la te va l u es can be determined by usi ng the smal l er 
p l ate loadi ng data i n  connection w i th perimeter-area re lat ionsh i p .  

The moisture con tent  of the soi l at ti me of test i s  basi ca l l y i mportant .  For i nstance, a c l ay soi l 
having a mois tu re content be low the shr i n kage l i m i t  may be a l most as hard as a ki I n -dr i ed br i c k  and 
have very h i gh support ing power; yet when i t  has a mo i sture content near the l i qu i d  l i mi t  i t  i s  a l 
most a l iqu id  and has very low supporti ng power . As a resu l t ,  determi nations are made of probab le  
maximum moisture con tent  of  th e soi l i n  serv ice and the fi e l d  test is conduc ted when th e soi l is i n  
th is  cond i t ion . When such procedures are i mprac t ica l ,  tests are conduc ted w i th a know n moi stu re 
content and the data i nterpreted in terms of probab le  fi e l d  moi sture condit ions . Th i s  i n terpretat i on 
becomes more u sefu l when i t  i s  possi b l e  to conduc t  tests on the soi I at  d ifferen t moi sture contents to 
refl ec t direc t ly the infl uence of moisture on supporti ng power . The tests often i nc l u de repeti t ive l oad
ing and varia tions in u n i t  loads to deve lop fami l i es of load-deformation curves for more exact eva l u 
a tion o f  data for various l oading condi tions . Extensi ve tests of th i s  natu re have been conduc ted by 
the Bureau of Publ i c  Roads, the Corps of Eng ineers ,  many state h i ghway depar tments, and others . 

Ca l i fornia bear i ng rat io 

A modi fi ed  punch i ng shear test was deve loped by the Ca l i fornia D iv i sion  of H i ghways in wh ich 
a piston of 3- in . end area i s  forced i n to compacted samp l es of 6-i n .  diameter . There i s  no open i ng 
i n  the bottom of the spec i men mol d  to perm i t extrusion of mater ia l . Rate of pi ston movement is con
tro l l ed and pressure readi ngs are taken for var ious penetration depth s . The standard of comparison for 
compu ting a mater ia l 1 s  beari ng va l ue i s  the  fo l l ow ing re lati on between penetration and load or pressure 
on a " standard " we l l -graded crush ed ston e .  

Penetrat ion , 
1 n .  

0 . 1 
0 . 2  
0 . 3  
0 . 4  
0 . 5  

Standard load, 
psi 

1 , 000 
1 , 500 
1 , 900 
2, 300 
2, 600 

The bear i ng  val u e  of a samp l e  is determined for a speci fi c penetration by d iv id ing  th e load for 
that  penetration by the standard l oad for the same penetrat ion . For examp le ,  if a spec i men requ i res 
a load of 450 psi to obtai n 0 .  l -i n .  penetra t ion , i ts beari ng va l ue  wi  I I  be (450/1 , 000) x 1 00 = 45 per 
cen t .  Th i s  bear ing va l ue  has become known as the Cal i forn ia  Beari ng Ratio , genera l l y abbreviated 
to CBR ,  w i th the " per cent" omi tted .  

T he  Corps of Engi neers and  some h i ghway departments use t he  CBR  pri nc i p l e  i n  conducting tests 
to eva l uate the beari ng val u e  of materia l s .  Methods of prepar ing speci mens and conduc ti ng the test 
are given in ASTM Dl 883 . Severa l agenc i es have their  own mod i fi cations . There are nu merous papers 
i n  the Proceedi ngs of the H ighway Research Board and i n  other engi neer i ng pub l i cations that give de
tai l s  on th e various testi ng  techn iques and on data i nterpretation . 
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E .  P l a s t i c i t y C h a r t  

The i nc l i ned "A" l i ne represen ts an i mportant empir i ca l  boundary between typica l  organ ic  
c l ays p lotti ng above the "A"  l i ne and p lasti c soi l s  conta i n i ng  organ i c  co l lo ids wh ich p l ot be low the 
l i ne . I norgan ic  si l ts and si l ty c lays ( ML and MH groups ) hav ing l iqu id  l im i ts above 30, p l ot below 
the "A"  l i ne bu t they may range s l i gh t ly  above the " A "  l i n e  i f  be l ow 30  l iqui d  l i mi t .  

The compressi bi l i ty wh en compared a t  equa l pre-conso l i dation loads i s  approx i mate ly  propor
tiona l to the l i qu i d  l i mi t , and mater ia l s  of s i mi l ar l i qu i d  l i m i ts wi l l  have approxi mate l y  the same de
gree of compressi bi l i ty . Soi l s  hav ing the same approxi mate l i quid l i mi ts w i l l  h ave greater cohesion 
and l ess permeabi l i ty wi th increas i ng p lasti c i ty i ndex .  
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clay---8-pe:ul 

Young alluvium 

Include.! silt, sand, clay, and peat of present flood
plams. The average lhzclmess is 20 to 30 feet. Contains 
poorly dramed swampy areas havmg a permanently 
high water table. Cla•1 and peat sOJls hau separate 
pa-ttern on map. 

Terrace gravel 

Unconsolidated pebble gravel ovedying sedimentmy 
bedw�k in older terratt:s of Gales Creek weJt of For
e�/ Gwve. Gravels range from 10 to 15 feet. in thick
ness. 

Lacustrine gravel 

Torrential flood-deposited sand, gravel, and boulders 
with dr:ltaic cross beddmg. Gravel deposits are located 
near lJurham, Czpole, and Wilsonville. The deposits 
range m thukness from a few feet to over 50 feet. 

Lacustrine sand 

Torrentwl jlood-depojited sand with deltaic cross 
beddmg, generally coarse gromed with lenses of grit 
and pebbles Occaswnal .small cobbles or boulders 
can be seen m excavations. Occurs m Omon Flat area 
bordering the Tualatin Ru.1er as far west as S!x Corn
ers and east to Tualatzn. Deposits may be the fine
graint>d rxtt>n�ion of lncustrine gravels. 

G 
Willamette Silt 

Hr.dded Hll and finl' .mnrl 111ith occasional layers of 
clay, lemes of pebbly, fine-to-medium sand, with locally 
scattered granite and quartzite cobbles . ..  tpproximately 
50 feet thick in center of valleys and thins toward 
valley margm.s at elcuatwn ± 250 feet. Clay phase 
shown by separate map pattern 

Upland silt 

Masnve yellow-brown to buff rmcaceous sandy s1lt 
and clwwy stlt. Contams occaswnal well-rounded 
basalt pebbles. Mantles r1dges, spurs, and flatter areas 
in the Tualatin Mountains, CooPer and Bull Moun
tams, and the Chehalem Mountains. In the T1mlatin 
Morn tams it mnges up to 5(1 fr.r.l ihlck, and in other 
are{H Jl is mostly 3 lo 6 feet thuk. 

Boring Lava 

Massive, blocky, gray parphyrttic olivme basalt ex
truded from A-It. Sylvania and other local vents m 
the Tua/atm Mountains. The basalt has an exp(l.nded 
texture (numcrouo small void space�) and or:curs 
principally as linn flows or inlruwnyon flou,s. 

----- -- UNCONFORMITY ---------

Troutdale Fotmation 

Pomly mdurated gray and brown silt and clay, 
mottled ycllou and reddish-brown silty fine sand, 
unth occasional pebble conglomerate beds. The for
matwn underlie� mOJt of the 11a.lley meas and extends 
luwlly up to elevations of 600 feet. Clay horiwns are 
impermeable and h1ghly plawc. 

B 
Helvetia Formation 

Poorly indurated reddish-brown sand, sandy silt, and 
nlty clay w1th [Oc(.l/ thm beds contaimng gramt�e, 
quartzite, and basalt pebbles. Gibbsite nodules are also 
common. Upper part of some exposures leached of red 
ox1des. The formation extends to elevations of about 
900 feet. 

� uNCONFORMITY� 

Columbia River Basalt 

Weathered and unweathered basaltic lava flows with 
mterflow zones of brecCia, ash, and baked sml. Un
weathered flows are blue-black, dense, and finely crys
stalline basalt with massive columnar to close cubic 
jornts. Weathered flows are reddish-brown to grey
brown, crumbly to medium dense basalt. 

�uNCONFORMITY� 

� 
Oligocene marmc sediments undifferentiated 

Indurated l11ffaceous and basaltic sandstone, sil!stone, 
shale, and occasional conglomerate beds, Tos. Weathers 
to silt and clay soils of moderate to high plasticity and 
loca!ly to plastic bentonitic clay. Fine-grained, dark 
gray to black, :lose 1mnted, basalt intrusives of small 
areal extent, T1. 

� 
Spencer Formation 

Tl1ick bedded to mp.ssive, wdl-:>orted, jriable, fine- to 
medium-grained felspathic sandstone with occasional 
thin.bedded carbonaceous siltstone and claystone inter
beds m the northwest portiOn of its out-crop belt; be
comes ± 50% nltstone in southern outcrop area. Sand
stone weathers to thin permeable to slowly permeable 
sandy soils, rmd siltstone wmthers to sandy clay Joils of 
moderate plasticity. 

�uNCONFORMITY� 

Yamh1ll Formation 

Well indurated thin-bedded shale and siltstone with oc. 
casional interbeds of green bam/tic sandstone and poor
ly sortf!d tuffaceous sandJtone, Tey. Shale and siltstone 
weathered to clay of high plasticity. Extcnrive landslid
es in outcrop area. B«salt and gabbro dikt:s and sills, 
Ti. 

� 
Volcanics and sediments undifferentiated 

Structurally complex basalt flows, pillow lava, tuffs, 
agglomerates, and �recczas wtth U'ell mdurated manne 
si?tslone and sandstone interbeds, Tm. Sequence is in
troduced by coarse-grained gabbro and porphyritic 
basalt d1kes and sills, Ti. Weathering is extensive and 
much of sequenCI' is soft and jriable . 

GEOLOGIC SYMBOLS 

--,-- -- -Contact 
Dashed where approximately located 

---::- - - "-----Fault 
Dashed where approximately located, 
dotted where con cell led 

'(,47 
Strike and dip of beds 
� 

Quarry A bandoned quarry Srmd, gravel, nr cla'' pit. 

§x 
Fossd locality 

-
Apparent dtp 
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