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ERRATA SHEET 

Map showing geology and geologic hazards of eastern Benton County, Oregon 
(scale 1:62,500) 

NW� sec. 12 T. 11 S. R. 5 W - Tsr-p should appear next to Corvallis Fault 

just west of Lewisburg instead of Qth (see Lewisburg 7�' Quadrangle). 

S� sec. 11 T. 11 s. R. 5 w. - Some Qth should appear east of concealed 

trace of Corvallis Fault just west of Locke Cemetery. 

� sec. 20 T. 10 S. R. 4 W. - Ts-p symbol should read Ts-p\Qth northeast 

of Adair Village (see Lewisburg 7�' Quadrangle) to indicate both units 

may be present. 

SE� sec. 12 T. 11 s. R. 5 w. and N� sec. 13 T. 11 S. R. 5 W. - Ts-p 

(shown by cross-hatching) should be Ts-p\Qth (see Lewisburg 7�' Quad

rangle) to indicate both units may be present. 

T. 14 S. R 6 W. - Wide blue band shown is a logging road, not stream drainage. 

Sec. 30 and sec. 31 T. 14 S. R. 5 W.; and� sec. 25 T. 14 s. R. 6 W. -

Tf-p in semicircular arc from Alpine to southwest end of the fault just 

west of Monroe (see Monroe 7�' Quadrangle) should be shown as Ts-p. 

Willamette River (by river mile) 

120: Yellow showing major bar growth (post 1969) should be omitted. 

132: Major stream-bank erosion is missing at mouth of Marys River, 

as correctly shown on Corvallis 7�' Quadrangle. 

154.5: Existing island is shown north of major bar growth; existing 

island should be displaced southward to boundary of yellow 

major bar growth. Surrounding area is then correct area of 

major bar growth. 

City of Alpine (left margin, center) is located on Ts-p instead of Tf-p, 

as shown. 
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GEOLOGIC HAZARDS 
OF 

EASTERN BENTON COUNTY, OREGON 

INTRODUCTION 

Purpose 

1 

Effect ive l a nd use p l a nn i ng and l and management requ i re on adequate data bose w i t h  regard to the 
poten ti a l  uses and l i m i ta t ions of the l a nd . The purpose of  t h i s  study i s  to provide prac t i ca l  i nformat ion 
o n  spec i fied geo l og i c  hazards and e ng i neer ing  geo l ogy cond i t ions o f  eastern Be nto n County . 

T he need for compre hens ive , systemat i c ,  a nd re l i ab l e  i nformat ion of t h i s  sort has gai ned wide rec
ogn i t i on  by Sta te offi c i a l s ,  County offi c i a l s ,  p l a nners ,  pr i vate c i t i ze ns,  and resource spec ia l i sts . Lega l 
tre nds i n  rece nt years have been  toward p l ac i ng i nc reas i ng emphas i s  o n  compre hensi ve p l ans i n  l a nd u se 
dec i s ions i n Oregon ( Fasano; Baker v .  Mi lwaukee; Green v .  Hayward , Sa l i s ho n ) .  The nat ionw ide trend 
is a l so toward the p l ac i ng of  g reater respo nsib i l i t ies  on perm i t -gran t i ng  agenc i e s .  

Acknowledgments 

T he author great l y  apprec ia te s  t he cooperat ion and he l p  g i ven  by many i nd iv idua l s  and organiza
t ions i n  t he preparat ion of th i s  repo rt .  The i n vest igat i on  was funded in ports by grants  from t he Land 
Conservat ion a nd Deve lopment Commi ss ion to Be nton County and a l so by a gran t  from Benton County . The 
grants were imp leme nted on a match i ng bas is  by t he Oregon Deportme nt  of  Geo logy and M i nera l I ndus
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sky , Ass i stant P lanner .  

T he Benton County P l ann i ng Department , Benton County Pub l i c  Works Department , Bento n  County 
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How to Use 

General 

Proper land management and land use planning address the characteristics of the land. In addition 
to County and city planners, the category of land use planners and managers to some degree also includes 
developers; policy formulators on the national, State, and local levels; land holders; architects; engi
neers; and natural resource specialists. 

This bulletin provides planners in Benton County with a synthesis of present thinking on geologic 
hazards and engineering geologic conditions in the study area. The material is reconnaissance in nature, 
however, subject to refinement based on additional investigations. The maps, like all maps, represent 
average conditions as they actually occur on the ground; and on-site examination generally is required 
for specific evaluations. 

The bulletin is organized and cross referenced to facilitate easy reference and use as a tool in de
cision making. The maps and tables interrelate the various hazards and geologic units. The text is 
divided into sections on specific hazards or topics and is structured around the formats of the map legends. 
The net result is a logical progression of facts with a potential for a wide variety of uses on various levels 
of inquiry from general to specific (Figure 1 ). 

Site evaluations 

The maps, tables, and text can be used to assess land use potentials and limitations, which can 
then be matched with specific site requirements of a proposed development and the surrounding area to 
determine if the development and the site are compatible. An appreciation of the limitations of map 
detail is a key prerequisite to correct site-specific decisions, and on-site investigations are generally 
required for site evaluations. Although the text and tables are designed to guide and facilitate site 
evaluations, consultation of other sources of information is also recommended. 

Land use capability analyses 

Data provided in this bulletin and on the maps can be used either directly to develop land use 
capability maps or indirectly to develop such maps by using various sequences of overlays. Techniques 
such as these are appropriate preliminary exercises in the preparation of comprehensive plans or in their 
revision or refinement. To be valid, however, such maps �hould meet three specifications: 

( 1 )  The maps should be prepared for individual types of development or for closely related types 
of development. 

(2) Capability categories described in the map legend should be realistic and meaningful in terms 
of field observations, informed professional judgment, and type of development contemplated. 

( 3 )  Map scale must be properly appreciated, and provisions should be made for exceptions based 
on more detailed information. 

Extrapolation of data 

On the County and city levels, specialists commonly possess a wealth of detailed information on 
specific sites in their respective fields of expertise but do not readily have at their disposal a mechanism 
for systematically applying their knowledge in other areas. Thus, an individual may have detailed site
specific information on septic-tank failures, aggregate resources, or landslides but may not have ade
quate means of anticipating similar problems elsewhere. In this bulletin, geologic units, slopes, and 
hazards are interrelated in the text and maps in order to provide the specialist with the tools he needs to 
extrapolate his observations into new areas for which no detailed historic information is available. 



1. 

2 .  

3. 

4. 

5. 

6. 

I N TRODUC TION- H O W TO USE 3 

DEFINE TASKS Examples include evaluating proposed developments, 
developing or revising comprehensive plans or zoning 
ordinances, evaluating requests for variances, ad-
vising residents or developers, and developing goals 
or guidelines. 

t 
LOCATE SITE Locate the site visually on the appropriate geologic 
OR AREA map and geologic hazards map. 

t 
IDENTIFY GEOLOGIC Use the geologic map and text to determine the 
HAZARDS OR HAZARDOUS engineering properties of the underlying geologic 
ENGINEERING CONDITIONS unit or units. Use the geologic hazards map and 

1 !(- __ -!1- __ --'l- �e� �deter:� �e�o��haz:�· _______ 1 
: ACQUIRE ADDITIONAL For si te-specific work or for con- I 

� 
: INFORMATION struc tion of addi tional maps on a I 

I 
I signi ficantly larger scale , consul- I I tation or addi tional fi eld work by I I 
I qual i fi ed staff may be needed to I 
I 

establi sh acc urate boundaries . J 

ASSESS THE SITE Define the physi ca I capabi I ities and I iabi lities of 
the land. The text is organized and cross-referenced 
to facilitate this type of use. Consult cited references 
or appropriate agencies where necessary. 

t 
EVALUATE THE PROJECT Compare the physical capabilities and liabilities of 

PLAN 

the land with the physical requirements of the pro-
posed use. Consider possible engineering and land 
management solutions and their impact on surrounding 
areas. 

t 
In arriving at a final decision consider local and 
regional goals, political and economic factors, 
citizens' input, and other appropriate data. 

Fi gure 1. Sugges ted use of thi s bul l etin in land use deci sion maki ng . 
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Policy formulation 

W he n  used i n  con junct ion  w i t h  a rea l i st i c set of goa l s ,  th i s  bul l e t i n w i l l  be i nva l uab l e  i n  formu
l a t i ng reso urce management a nd l a nd use pol i c i e s  on the  loca l and reg iona l  l eve l s .  Such po l i c ies shou l d  
represent  a coord i nated effort  on  t h e  part of governme nt  agenc ie s  a t  var ious l eve l s ,  cons ider a l l  s i g n i fi 
cant hazards, a nd make provi s ions for l oca l cond i t i ons a s  revea l ed by more deta i l ed study o r  o n -s i te  
i nvest igat ion . Po l i c i es sho u l d  be desi g ned to pro te c t  t he safety and we l l -be i ng of the pub l i c  a nd sho u l d  
b e  based o n  adequate a nd appropr iate ly  app l ied  i nformat ion  regard i ng geo log i c  hazards . 

Map Scale and Detail 

Obta i n i ng data of a n  appropr i ate leve l  of deta i l for a part i c u la r  p l a n n i ng task i s  ofte n t he most 
s i g n i fi cant i nfo rmat iona l co ncern of the p l a n ner . I nve ntor ies  a re genera l l y conducted for a var ie ty of 
purposes and are ava i l ab l e  at severa l l e ve l s  of deta i l .  Confusion  may resu l t  if t he degree of ge ne ra l i za 
t i o n  o f  a too l generated on  a sta tew i de ,  countywide , o r  c i tywi de bas i s  i s  not d i st i nguished from t he 
degree of spec i fi c i ty needed for loca l i mp l ementat i o n . Maps made fo r a ge nera l purpose are usua l ly not 
adequate for uses requi r i ng more prec i se l e ve l s  o f  i nqui ry such as s i te-spec i fi c  dec i s ion  mak i ng or t he 
construc t io n  of l a rge -sca l e  zo ni ng maps. 

W he re gaps in i n format ion ex i st ,  arb i t rary ad j ustme nt o f  t he map sca l e  does not ge nerate the add i 
t i ona l  m a p  deta i l requi red by t he new use , I ncreased deta i l  requ i res  add i t iona l data ( see I NTRODUC 
T I ON - Site eva l uat ions a nd land use capab i l i ty a na l yses )  t hat ca n be obta i ned by consu l tat ion , add i 
t i ona l  stud i e s ,  o n-s i te  i nvest i ga t ion ,  o r  i n -house revi s ion  based on  add i t i ona l i n format ion . T he text of 
t h i s  report i s  i ntended to supp l ement the maps and to se rve l oca l j ur i sd i c t ions  in ge nerat i ng more deta i led  
maps and i nfo rmat ion  for spec i fi ed  l oca l  use . 

I n  summary , comp le t ion  of reg io na l  i nventor ie s  i s  a necessary prerequ i s i te  of loca l imp l emen tat ion , 
but  t hese i nventor ies  are not subst i t u tes  for  s i te-spec i f i c  i nforma t ion . As compre he nsi ve p l a ns a re e l e 
va ted to a more d i st i nguished and fundame nt a l  ro le  i n  l oc a l  p la n n i n g ,  more care must be given to t he i r  
formu la t ion, T o  preserve t he opt ion o f  mak i ng j ust i fied zoni ng var iances based o n  add i t i ona l future i n
format ion ,  t he p l anner must care fu l ly  phrase l and u se rest r i c t ions as t hey are prese nted i n  t he compre 
he nsi ve p l a n. 

Tab l e  1 .  C l i mat i c  data , Benton County , Oregon 

Corva l l i s Water Bureau Upper I eve I s  of  
Corva l l i s (4  m i  west of Ph i l omath )  Coast Range 

Mean a n nua l  prec i p i ta t ion ( i n . )  40 68 1 26 

Average January tempe ratu re (°F) 39 40 

Average J u l y  temperature (°F) 67 64 

Average da i ly maximum tempera ture (°F) 63 6 1  

Average da i ly mi n imum temperature (°F) 42 39 

Max imum temperatu re (°F) 1 00 97 

M i n imum temperature (°F) 1 7  1 2  
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GEOGRAPHY 

Location and Extent 

T he study area encompasses the easte rn and cent ra l  parts of Benton County ( F igure 2) . I t  is bounded 
to the west by arb i t ra ry boundar ie s  se l e cted on t he bas i s  o f  topography , popu la t ion de ns i ty ,  County needs 
for i nformat io n ,  a nd desire for economies in t he mappi ng and pub I i cat ion processes . 

Four 7�-mi nute quadrang l e  maps and one l arger 1 5-mi nute composi te quadrang l e  map are inc luded 
as part of  t he study . Toto I area l  extent is approximate ly  425 sq m i . Ma jor access i s  prov ided by I nter
state H ighway 1-5 , U . S . H ig hway 20, and O regon H i ghways 99W a nd 34, w i th S tate,  County , l oca l ,  
a nd pri vate roads i n  more remote areas . 

Climate 

T he Wi l l amette Va l l ey i s  a fa i r l y  un i form c l imat i c  reg ion , e n joy i ng m i ld w i nters a nd moderate 
summers because of t he mod i fy i ng e ffect  of t he Coast Range on moi st mar i t ime a i r  masses mov i ng from over 
t he Pac i fi c  Ocea n .  Ra i nfa l l  i s  l east in the va l l ey areas,  averag i ng on l y  40 i n .  annua l l y ,  and i ncreases 
westward toward t he marg i ns of  the Coast Range . I t  is greatest toward the h i gher e levat ions of the Coast 
Range , where an average annua l prec i p itat ion of  1 20 i n .  i s  reported near Marys  Peak . Approx imate ly 
70  pe rce nt of the tota l  ra i nfa l l  occurs from November through March .  Summer ra i nfa l l  in va l l ey areas 
i s  less than 3 i n .  Heavy w i nter  rai n fa l l occas iona l l y  causes ma jor f loodi ng a long low l and terraces of the 
W i l l amette R i ver and t r i butary r i vers and streams . C l i ma t i c  data i s  summarized in Table 1 .  Add i t iona l 
c l imat ic  i n formation is contai ned in the So i l  Survey of Be nton  County Area , Oregon ( K nezevi c h ,  1 975 ) .  

Fi gure 2. Index map of study area showing 7' and 1 5 '  topographi c map coverage . 
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Topography 

Broad , f la t  terraces ad jace nt to t he Wi l lamette R iver  g i ve way to lower foot h i l l s a nd bedrock ped i 
me nts a l ong the eastern marg i ns o f  t he Coast Range . E l evat i ons i n  t he Coast Ra nge vary from about  800 
ft to 2 , 000 ft . Marys Pea k ,  t he h i ghest peak in the Coast Ra nge , has an e l evat io n of 4, 097 ft . Marys 
R i ver  jo i ns t he Wi l l amette R i ver at Corva l l i s ,  and i t s broad f lood p l a i n  near popu l a t ion  centers si g n i fi 
cant l y  affects l and use . M uddy Creek , Long Tom R i ve r ,  a nd the W i l l amette R i ver a l l  fo l low northe r ly  
courses i n  t he eastern port ion  of the Co unty .  

Lower footh i l l s around the va l l ey marg i ns are under l a i n by soft to hard sed imentary rocks o f  low 
permeabi l i ty .  S lopes are genera l ly l ow to mode rate;  a nd hazards i nc l ude earthf low a nd s l ump  topography , 
so i I e ros ion , a nd var iab le  c ut -s lope stabi I i ty . Nort hwest of Corva l l i s ,  submar i ne vo l can i c  rock is assoc i 
a ted w i t h  c l ay-r i c h  soi l s  w i t h  h i g h  sh r i nk/swe l l pote nt i a l , eart hf low and s l ump topography on  l ow and 
modera te s l opes, and steep-s lope fa i l ures i n  steep terra i n .  Steep terra i n  i n  sed ime ntary rock i n  the Coast 
Range is a l so pro ne to steep -s l ope fa i l ures . Numerous very hard i nt rus ive d i kes and s i l l s in Coast Range 
vo l can i c  and sed i me ntary rocks i nfl uence s lope stabi l i ty a nd dra i nage . 

Terraces adj acent to the W i l l amette R i ver and tr i butary ri vers are u nder l a i n  by a var iety of f lat  
l y i ng ,  soft to sem i co nso l idated ,  surfi c i a l  geo l og i c  u n i t s . Hazards i nc l ude h igh ground wate r a nd pend i ng , 
f l ood i ng ,  and stream -bank erosio n . K i ngs Va l l ey a nd tri butary va l l eys,  as we l l  as other va l leys i n  south 
County areas,  are formed in s i l tstone u n i ts .  

T he e ng i neer i ng propert ies of geo log i c  un i t s  are ma jor factors i n  the deve l opme nt o f  l andforms a nd 
i n  the d i str i bu t ion  of geo l og i c  hazards. Accord i ng ly ,  prope r de fi n i t i on  and ident i ficat ion of rock u n i ts 
a re esse nt ia l to mean i ngfu l  l a nd u se geo logy assessments . Eng i nee r i ng prope rt ie s ,  rego l i t h ,  and geo log i c  
hazards for e a c h  geo l og i c  u n i t  are summarized i n  T ab l e  3 .  

Population and Land Use 

T he popu la t ion of Be nton Cou nty (Tab le  2) is expand i ng at a rap i d  rate a nd may near ly  doub l e  
dur i ng t he next 25 years . T he Corva l l i s -A l ba ny area i s  t he th i rd l a rgest urba n comp lex i n  t h e  Wi l l amette 
Va l l ey.  H i stor ica l ly ,  l and use has bee n re lated in l arge part to l a ndforms a nd the locat ion of ma jor trans
porta t io n  l i nes . Greatest growth  in re ce nt years has occurred near Corva l l i s .  Of t he popu l at i on  res id i ng 
outs ide of i nco rporated areas , approxi mate ly one -t h ird i s  located in the Nort h A l bany area , one-th i rd i s  
l ocated near  Corva l l i s ,  and o ne-t h i rd i s  d i spersed th roughout t h e  rema i nder of t h e  Coun ty . 

T he eastern port io n of Benton County i s  comprised of fo rest , wood l a nd, a nd pra i r i e  zones . Oregon  
wh ite oak i s  o fte n common on dr ier s i tes ,  a nd many so uth-fac i ng r idges w i th sha l low so i l  support grass l a nd .  
To the west and i n  the Coast Range i s  the Weste rn Hem lock Zone , wh i c h ,  because of fire and l ogg i ng , i s  
c hara cte rized predom i na nt ly by  Doug la s  fi r , w i t h  stands of  red a lder a nd b ig  leaf  map l e  on  d is turbed s i tes . 

W i l l amette Va l ley vegetat ion has a lways been modi f ied by l and use . Ear l i est wr i t te n  records de 
scr ibe a n  open la ndscape of pra i r i es and sa va n na vegetat io n, wh i ch  I nd i ans ma i nta i ned by a nnua l burn
i ng . Wood lands were rest r i cted to t he act i ve flood p l a i n  of t he Wi l l amette R i ve r  a nd i t s  major t r ibutar ies 
a nd to h igher e levat ions of  the Cascades,  foot hi l l s ,  and Coast Range . T h i s  patte rn  changed w i t h  cessa
t i on  of l arge-sca l e  burn i ng fo l low i ng p ioneer se t t l emen t  a nd i ntroduct ion of agr i cu l ture . F l ood p l a i n  
wood l and was c l eared for agr i c u l tura l u se ,  fo rmer pra i r i e  lands were u sed for gra ss seed a nd sma l l gra i ns, 
a nd wood l a nd and forest a reas i nc reased i n  bo rder i ng h i l l s .  Dur i ng the 1 9th  ce ntury , most of nor thwestern 
Be nto n Cou nty was burned t hree or four t imes by forest fi res, probab ly s i gn i fi can t ly  affec t i ng  s l ope sta 
bi l i t y  i n  steep terra i n at t hat t ime . 

Dom i nant  l and uses i n  the mou nta i nous areas a re forestry , re creati o n ,  and scatte red re s ident i a l  
deve lopment . Agri c u l t ure predomi nates i n  t he f l a t  va l l ey areas . I n  Corva l l i s ,  Orego n Sta te Un i vers i ty 
i s  a center for re search i n  agr i c u l tu re ,  forest ry ,  and e ngi nee r i ng . 

Future urban izat i on  and assoc iated eco nomic  expansio n i nto trade , e l e ctron i cs a nd other tec hno logy
based i ndustr i es ,  educat ion, and se rvi ces wi l l  lead to i ncreased deve lopment pressures on l a nd surround i ng 
prese nt commun i t i es.  T he des i re to preserve pr ime agr i cu l tura l  land has i ncreased deve l opmen t  of h i l l s ide 
areas fo r res ide nt i a l  use . Proper management of the l a nd resource wi II  assure most be nefi c i a  I use of the 
l a nd and m i t i gat ion of ex i st i ng a nd fu ture po tent i a l  hazards .  



Tab l e  2. Popu lat ions  of ma jor commun i t ie s  of easte rn Benton County 1 Oregon * 

1 940 1 950 1 960 1 970 1 976 1 980* * 1 985* * 1 990* * 2000* ** 

Oregon 1 10891684 1 152 1 1341 1 17681687 2109 1 1385 21341 1750 310191900 

Wi l l amette Va l l ey 7 1 21 1 75 1 101 51354 1 1 1 9 1 1278 1 14751384 1 16421600 21 1 1 81800 
(j') 
ll'1 

Benton  County 1 81629 3 1 1570 391 1 65 531776 651600 721470 821 1 50 931 1 90 931600 0 
(j') 

461700'Y 621700'Y ::0 
Corva l l i s 81392 1 61207 201669 351056 401 1 80 )::. 

441000'1! 531600* "'tJ 
:t: 

North A l bany --- -- - ------ ------ - ----- 41056 91000 -< 
( uni ncorporated)  I 

"'tJ 
0 

Phi l omath 856 1 1289 1 1359 1 1688 21 1 60 "'tJ 
c.:: 
r-)::. 

Ada i r  -- --- - ------ ------ ------ 599 :::! 
0 

Mo nroe 3 1 1 362 374 443 485 <: 
)::. 
<: 

Other un i ncorporated ------ ------ ------ ------ 221 1 76 0 
areas r-)::. 

<: 
0 

* Oregon B l ue Book  ( 1 977- 1 978). c.:: 
C/) 

** F igu res furn i shed by Be nton County Pl ann i ng Departme nt . ll'1 
*** Center for Popu la t ion  Research and Census ( 1 976) .  

Y Based o n  3 pe rce nt growth ra te . 
11' Based o n  2 perce nt growth rate . 

...... 
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Descri pt ion  of Un i ts 

O ra l  - Recent  r i ver a l l uvium : 
U nconso l i dated cobb l es , g rave l ,  sa nd ,  
a nd some s i l t w i th i n  ac t ive cha nne l s  
of Wi l lamette R i ver 

Qt l  - Quate rnary l ower terrace depos i t s :  
Sem i conso l i dated cobb l e s ,  grave l , sand , 
s i l t ,  c l ay , and organi c mat te r  o n  l ow 
land te rraces 

Qtm - Quaternary m idd l e  te rrace depos i ts :  
Sem i co nso l i dated grave l ,  sand , si l t ,  
and c lay form i ng te rraces o f  major 
exte nt a long Wi l l amette R i ver  

Qth  - Quate rnary h i g he r  terra ce deposi t s :  
Sem i co nso l idated  grave l ,  sand, si l t ,  
and c l ay o f  variab l e  t h i ckness o n  h i g he r  
terraces  near footh i I I  s 

T ts - Ear ly  O l i gocene sandsto ne : 
Green i sh -gray , medium- to coarse
g rained tuffaceous sandsto ne 

Ti - I n t rus i ve rocks :  
F i ne - to med i um-grai ned basa l t  and 
gabbro dikes, si l l s ,  and  i rregu lar i ntru
sive bod ie s  

T s  - Late Eocene sandstone ( Spe nce r Format ion ) :  
Massi ve to  t h i n-bedded,  cemented , fi ne 
to medium -grai ned , m i caceous , arkos i c ,  
and tuffaceous sandstone 

T f  - M idd l e  Eocene sandsto ne (F lournoy 
Format ion ): 
B l u i sh -gray , hard , graded sandstone and 
dark -gray si l tsto ne 

T srk - K i ngs  Val l ey s i l tstone : 
We l l -bedded , dark-brown i s h-g ray , 
s ha l y ,  tuffaceous si I t s  tone and water
lai d  tuff 

Tsr - Eoce ne vo l canic rocks ( Si l e tz Ri ver Vo l 
cani cs ) :  Mari ne-depos i ted ,  dark
g ree n i sh-gray to b l ack p i l low l avas and 
basa l t  flows w i th  mi nor i nterbeds of 
s i  I t sto ne and basal t i c  sandstone 

Ti - I n t rus i ve rocks : 
F i ne- to med ium-gra i ned ba sa l t  a nd 
gabbro d i ke s ,  si lis , and i rregu lar bodi e s  
(mapped and unmapped) 

Fi gure 3. Time di s tribution of geologi c uni ts. 



GEOLOGIC UNITS 

Surficial Geologic Units 

Benton County ' s  prox im i ty to the Wi l lamette R i ve r  a nd numerous Coast Range r i vers a nd streams , 
coup led wi th the comp lex h i story of i nundatio n  a nd sed imentat ion dur i ng t he Quaternary period , has 
resul ted i n  an abundance of surfi c ia l  geo log i c un i ts co nsi st i ng of unconso l idated a nd sem i conso l idated 
deposits o f grave l , sand , s i l t ,  and c l ay of vary i ng exte nt and th i ckne ss . Or i gi ns of  some of  these un i ts 
are comp lex and probab l y  the resu l t of severa l d i ffe rent ep i sodes and processes. Four surfi c ia l  un i ts ,  
d i sti ngui shab le  by  l andform , assoc iat ion  w i th flood p la i ns , a nd depth and type of  mate r ia l , have bee n 
mapped i n  the study area (F igure 3) . 

Recent river alluvium (Qral) 

9 

Re ce nt r i ve r  a l luvium cons i sts of unconso l i dated cobb le s ,  coarse grave l ,  sand , and some s i l t  w i th i n 
the act i ve c hanne l s  o f  t he Wi l lamette R i ve r .  I t  i s  equ i va l en t  to part of Qal of A l l i son  (1 953 ) ,  part of  
Qa l  of Vokes a nd others (1 954) , and part of Qal  of Beaul i eu (1 974) . 

T he act i ve r iver  channe l i s  character ized by l ow re l ie f, poi nt-bar depos i ts ,  and , i n  p l aces , sec
o ndary act ive channe l s ,  a s  t h e  Boonev i l le Channe l southeast of Corva l l i s (Fi gures 49  and 54) . Major 
deposi ts i nc l ude we l l -rounded pebb l es o f  genera l ly basa l t i c  a nd andes i t i c composi t ion , o fte n over ly i ng 
o l der a l l uv ium. Recent ri ver a l l uvium ove r l i es a variabl e  bedrock surface of Spencer sandstone (Ts) and 
ranges from 20 to 45 ft  i n  th i ckness. Many a reas are not vegetated , whi l e  o the rs support de nse stands of 
phreatophy tes such as w i l l ows and co tto nwoods .  

T he dom i nant hazard i s ,  o f  course , major f lood i ng ,  wh i ch  can occur betwee n Octobe r  a nd Apri l .  
T he major i ty of f loods occur  i n  December and January as a resu l t of w i despread ra i nfa l l of  severa l  days' 
durat ion and i ncreased runo ff due to snowme l t  at a t ime whe n  so i l s are al ready saturated. Duri ng f lood
i ng ,  stream channe l  ve loc i t ie s  may reach 1 3  fps (9 mph ) ,  and port ions of the channe l  are sub ject  to 
cr i ti cal stream-bank erosio n  a nd l atera l  c hanne l  m ig rat ion. Undercutt i ng and cavi ng of banks occur i n  
meanders, pri mari l y  at oute r bends, wh i ch  are character ized by steep s l opes and deep water near shore , 
and a l so a t  act ive ly growi ng bars on  i n ner be nds , as at I r i s h  Bend and the Corval l i s wate r  treatment  p l ant 
(F i gure 54) . 

Areas ad jacen t  to the W i l l amette Ri ver prov ide some of  the most impo rtant sources of sand and 
grave l fo r bui l d i ng and co nstru ct ion. T he se a reas are ofte n abando ned major meanders , as a t  F i sc her 
I s l and east of Corval l i s .  H ig hest ground water  y i e l ds of several hundred gpm occur where good ri ver 
i nfi l trat ion occurs to sustai n the y ie l d. For add i t io nal i n format ion  on Ora l  see GEOLOG IC  HAZARDS 
Stream E ros ion and Deposi t i on. 

Quaternary lower terrace deposits (Qtl) 

Quate rnary l ower te rrace deposi ts cons i st of (1 ) l ow te rraces  above re cent ri ver a l l uv ium of the 
Wi l lamette R i ver ,  and (2) l ow lands of t r i butary r i ve rs a nd streams, as Marys R i ver,  Fraz ie r  C reek ,  and 
Muddy C reek . T h i s  un i t  is equi val e nt to part of Qal of  A l l i son ( 1 953 ) ,  part of Qal of Vokes and others 
( 1 954), t he I ng ram surface of Bal ste r and Parsons ( 1 968 ) ,  a nd part of Q ya l  and Q oa l  of Frank ( 1 974) . 

T he l ower  terrace deposi ts are character ized by a low,  undu lat i ng ,  f luvial surface resul t i ng from 
overbank channe l i ng ( F i gure 4) . Meander scro l l s ,  oxbow lakes , a nd w idespread areas subj ect to pond i ng 
are common ( F i gure 49) . T he fi rst te rraces above the W i l lamette R i ver  are on l y  a few feet up to 8 ft or 
more above ri ver l eve l .  Deposi ts here ge nera l l y  co ns i st o f  35 f t  of ri ver- and stream-deposi ted cobb l es ,  
grave l ,  and coarse sand der i ved from vo l cani c rocks , w i th  re lat i ve l y  l arge amounts of  fl ood depos i ts of  
s i  I t  and c l ay .  
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Figure 4. Qua ternary lower terrace deposi ts (Qtl ) adjacent to Marys Ri ver . Low, 

undula ting topography (swell and swale reli ef) is resul t of overbank channel ing during 

flooding . 

Where lower terraces are found away from the Wi l l amette R iver,  i nterbedded depos its of sand and 
grave l i nterspersed with fi ne sand a nd s i l t  be l ow the water table occur local ly  beneath the surface , form
i ng good aquifers . Compos i t ion var ies wi th  source area  and stream size . I n  p laces , this unit contai ns 
material  equi va l e nt to the W i l lamette Si l t  as mapped by A l l ison ( 1 9 53) and Beau l i eu  ( 1 974) but not so 
mapped for purposes of this study . 

Surfi c ia l  deposits (30-40 ft deep) of sem i  co nso l i dated fi ne sand , si l t ,  a nd c l ay genera l ly mant le  
this  terrace and other terrace units ( F i gure 23) .  Le nses of cobbles ,  sa nd , and grave l are often encoun
tered between depths of 30 to 50 ft , whi l e  sed iments be low 50 ft are predom i nant ly fi ne gra i ned , with 
pe rmeable sand a nd gravel depos i ts loca l ly . Ri vers and streams are usua l ly e ntrenched - some 20 to 30 ft 
for Marys R iver loca l ly and approxi mate ly ha l f  that for sma l l e r  Muddy Creek . Because deposi t ion of 
lower terrace materia l  away from the Wi l l amette Ri ver occurred over an o lder,  i rregu lar ly  eroded Spe ncer 
(Ts) sandstone surface , thi ckness of this surfi c i a l  un i t  is extremely variab l e .  I t  averages 3 5ft a long the 
W i l l amette R i ver but varies from severa l feet to 25ft (F rank, 1 974) i n  the C orva l l i s-Phi l omath area, with 
uppe r zo nes genera l l y  composed of c lays and s i l ts .  I t  is reported ly thi n a long Marys R iver ( 1 0-30 ft) but 
exceeds 1 00 ft at Muddy Creek (we l l  location 1 2S/5W-32 ccb) , where c l ay beds separate permeable 
sands and grave l s .  

The major hazard i s  floodi ng ( Fi gure 5). Portions a long the Wi l lamette R i ver are subject to frequent 
floodi ng and pond ing ,  and some catastroph ic  l atera l  channel migration of major sca l e  is poss ib le  ( F igure 
53) .  Lower terrace boundaries correspond c lose ly with the 1 00-year f lood and standard pro j ect flood 

zones as determi ned by the U . S . Army Corps of Eng i neers fo r the Wi l l amette and Marys Rivers ( 1 97 1 ) . 
Howe ver ,  pote nti a l  floodi ng at spec ifi c  s i tes shou ld  be assessed by us i ng the Corps of Eng ineers' most 
curre nt data and comparing the e l evat ion  of each s ite wi th  the projected r iver stage at the nearest loca
t ion . Tr ibutary and Coast Range streams, many of which flow on  impermeable  bed rock , may be subject 
to frequent fl ood i ng and pond i ng during w i nter mon ths . Overbank water ve loci ties are lower in areas 
mapped Qt l (approx imate ly 5 fps) and favorab le  to si l tatio n .  

To vary i ng degrees, these same hazards affect low land areas ad j acent to  pere nnial  and  i ntermittent 
streams . Such areas a l so genera l ly  have fi ne-grained,  organ ic-rich  sand , si I t , and c lay depos i ts adj acent 
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Fi gure Sa . Intermi ttent stream drainagewa y on Qua ternary lower terrace deposi ts (Qtl) 
north of Corvallis airport ,  near Marys Ri ver (ri ver mi l e  5 . 5) . Country Cl ub Hil l  is in 
background behind barn . Swale of drainagewa y  crossing road has no drainage . 

Figure 5b . Flooding and ponding at same loca tion during December 1977 , resul t ing 

from flooding of nearby Marys Ri ver and Muddy Creek and overland flow due to satura ted 
soi l condi tions . 
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to streams or  drai nages , many of which are i nc i sed ,  a l t hough depos i ts may be of  l im i ted l atera l exten t  
l oca l ly .  T he reconnai ssance nature of t h i s  study and sca l e  l i m i tat i o ns pre c l ude mapp i ng a l l lower terrace 
depos i t s  ad j ace nt to t hese areas, and on-s i te eva luat ions shou ld  be made whe never deve l opments are 
co ntemp l ated (see G E O LO G I C  HAZARDS - H ig h  Ground Wate r and Pond i ng ,  a nd Stream E ros ion and 
Depos i t ion ) . 

Drai nage i s  often severe ly restri cted , as a long Beaver Creek Road just south of App legate Road i n  
P h i l omat h ,  where more t han  8 ft of b l a c k ,  s i l ty c lay conta i n i ng some rock fragments i mpounded wate r 
beneath a foundat ion  from m id-w i nter  unt i l Ju ly w i t hout d ra i nage . 

Ground-water potent ia l is va r i ab l e . Le nses of sand and grave l occur w i t h i n  fi ne sand , si I t ,  a nd 
c l ay be l ow the wate r  tab l e  w i t hi n dra i nages o f  t r i butary r i vers and streams away from t he W i l l amette 
R i ver . However ,  depos i ts a l ong r i vers and tr i butary streams tend to be t h i n a nd fi ne gra i ned , w i t h  cor
respond i ng lower y i e l ds .  H ig h  y i e l ds are poss i b l e  in t h i s  unit in the lower terraces immediate l y  ad jacent 
to the W i l l amette R i ver where r i ver i nfi l trat ion can occur . 

So i l s  tend to be deep a nd genera l ly range from poo r l y  dra i ned s i l ty c l ay l ooms to fi ne sa ndy looms 
ad jacent  to the W i l l amette R i ver (Tab l e  1 0) .  

Quaternary middle terrace deposits (Qtm) 

Quaternary m idd l e  terrace depos i ts genera l ly consi st o f  sem i conso l idated grave l ,  sa nd , si l t , and 
c l ay formi ng the ma i n  te rraces a long the W i l l amette R i ver  ( F i gure 6 ) .  They are equi va l e nt to part of the 
W i l l amette S i l t  of  A l l i son  ( 1 953)  north of Corva l l is; part o f  Qa l of Voke s  and o the rs ( 1 954); t he W i nk l e ,  
C a l apoo i a  a nd Seneca l  surfaces o f  Ba l ster a nd  Parsons ( 1 968); a nd  part o f  Qoa l o f  Frank ( 1 974) . 

T hese terraces have very f lat surfaces we l l  above t he l eve l  of lower te rrace depos i t s  a l ong the 
Wi l l amette R i ver and form t he ma i n  broad terraces o f  Benton County . Near t he W i  l l amette R i ver they 
a re genera l ly 15 to 30 ft h igher t ha n  t he r i ve r ,  as  east of t he Corva l l i s a i rport , and co ns i st of r i ve r  a nd 
stream depos i t s  o f  grave I ,  sand , s i l t ,  and c lay , a nd pro bab ly  l acustr i ne s i  I t  a nd c l ay re l ated to major 
i nundat ions of the W i l l amette Va l ley duri ng t he l ate Quaternary per iod ( F igure 23) . A l ayer of vo l can i c  
ash may under l ie t he  upper surface just south o f  W i nk l e  Butte . T he Qtm terraces appear to  me rge grad
ua l ly w i t h  l ower terraces in many p l aces ,  part i cu la r ly where st reams transect t hem; in these p l aces a 
g radua l d i p  toward the streams,  wh i c h  a re often i nc i sed from 6 to 1 5 ft , i s  note d ,  as near t he Adams 
Sc hoo l a nd Department of Motor Veh ic les  Bui l d i ng in Corva l l i s .  A l ong Fraz ier  Creek through Granger, 
nort h of Corva l l i s ,  a lower leve l  terrace has bee n cut i nto t he ma i n  m i dd l e  terrace . 

North o f  Corva l l i s ,  where assoc i ated g l ac i a l  erra t i c s  occur, t h i s  un i t  represe nts part of A l l i so n's 
W i l l amette S i l t . South of Corva l l i s  and west of the W i l l amette R i ver , the W i l l amette Si l t , as recogn ized 
a nd mapped by A l l i so n  ( 1 953) i n  t he A l bany Quadrang le  and Beaul ieu ( 1 974) in L i n n  County , may th i n  
cons iderab ly  o r  b e  mod i fied  b y  subsequent erosio na l  and deposi t iona l  ep i sode s .  A l l i son  proposed t he 
name "W i l l amette S i l t "  (Qws) i n  1 953 for a l l "the para l l e l -bedded sheets of si l t  a nd assoc iated mater ia l s  
t hat cover t he greater part o f  t he W i l l amette Va l ley low l a nd , " not i ng the i r  assoc iat io n w it h  ice be rg-rafted 
g lac i a l  errat i cs extendi ng to an e levat ion of 400 ft . Subsequent  workers , i nc l ud i ng A l l i son and Fe l t s  ( 1 956) ,  
Baldw i n  ( 1 964) , G lenn  ( 1 965) ,  Ba l ster a n d  Parsons ( 1 969) , a n d  Beaul ieu ( 1 974) , have used or mod i fied t he 
concept of t he W i l l amette Si l t . Pe rhaps most notab l e ,  G lenn  ( 1 965) c ited evi dence , based on mi nera l 
og ica l a nd strat i g raph i c stud ie s  i n  t he Nor thern  W i l l amette Va l l ey and eastern Washi ngto n ,  that a t  l east 
40 l a rge Co lumbia R i ve r  f loods occurred. For a further d i scussio n  of t he Wi l l amette S i l t ,  see Env i ron
menta l Geo logy of Western L i nn County ,  Oregon ( Beaul ieu,  1 974). 

T he t h i ckness of the m idd l e  te rrace depos i t s  probab ly  ranges from 50 to 1 00 ft or more . Up to 1 00 
ft or mo re are reported to the nort h near Gra nger ,  a nd Frank ( 1 974) reports a ge nera l t h i nn i ng to 50 ft or  
l ess approach i ng t he Wi l l amette R ive r .  S i nce t he m idd l e  terrace depos i t s  are ge nera l ly muc h t h icker than 
the  W i l l amette S i l t ,  wh ich i s  approx imate l y  1 5 ft at  the type sec t ion  a t  I r i sh  Bend ( Fi gure 52 ) ,  th i s  en t i re 
un i t  i s  more pract i ca l ly desig nated  Quaterna ry m idd le  terrace depos i t s  (Qtm ) ,  a l t houg h t he W i l l amette 
S i  It may const i tute a port i on  o f  i t . 

Ground-water potent ia l s  o f  good to h i g h  y i e l ds from coarser a l luvi a l  depos i t s  be low 50 ft are re 
ported loca l ly ;  but y i e l ds vary because of l enses of sand a nd grave l i nterspersed w i t h  fine sand , s i l t ,  and 
c l ay be l ow the wate r  tabl e . 



Figure 6. Dis tribution of surfi cia l  and bedrock geologi c uni ts at Corvallis (1978 obli que aerial photo) . 

Corvallis is loca ted on Qua ternary mi ddle terrace deposi ts (Qtm) and Quaternary higher terrace deposi ts (Qth) . 

Continued residen ti al growth is occurring in surrounding sedimentary and volcanic rock uni ts: Spencer sandstone 

(Ts) , far right; Flournoy sandstone (Tf) , Wi tham Hill; Si letz Ri ver Volcanics (Tsr) , north and west of Wi tham 

Hill, where basalts , breccias , tuffaceous sediments , and intrusi ve rocks occur wes t of Corva lli s fa ult zone . 
Fischer Island, foreground, is former_point bar deposi t now mined for sand and gravel. Its outline was once 

Wi llamette Ri ver main channel. Note channel bar deposi t at mo uth of Marys Ri ver. 
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Figure 7 .  Dissected, gently rolling topography of Quaternary hi gher terrace deposi ts 

(Qth) 2 mi south of Phi loma th .  Marys Peak, remnant of large si l l , is in background . 

Figure B. Yellowi sh-orange decomposed gravel and sandy lenses wi thin Quaternary 
higher terrace deposi ts (Qth) exposed along Bel lfo untain Road just north of Ai rport Road. 

Gravelly material con tains textural indi ca tions of basaltic and volcani c rock , as wel l as 

sedimentary rock . Whi te area (arrow) represents a 2-i n. rock fragmen t which is completely 

al tered to clay . 
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Soil s  are genera l ly poor ly to somewhat poor ly  drained si l t  looms and we l l -drained and moderate ly 
we l l -drained si l ty c l ay l ooms ( see G E O LOG IC  HAZAR DS - Hig h Ground Water a nd Ponding ) .  

Quaternary higher terrace deposits (Qth) 

Quaternary hig her terrace deposits are sti l l higher terraces co nsisting of semiconso l idated grave l ,  
sand , si l t ,  and c l ay ,  often poor l y  sorted , located toward t he western foothil l s  in Benton County .  T hey 
are equ i va l ent  to part of t he decomposed grave l s  (Qdg) of Vokes and others ( 1 954) , part of the Quad and 
Do lph  surfaces of Ba l ster a nd Parsons ( 1 968 ) ,  and part of t he terrace deposits (Qt)  of Frank ( 1 974) . 

T hese higher te rrace deposits a re ge nera l l y higher in e l evatio n a nd more heavi ly  dissected by 
streams t han midd l e  terrace deposits (Tab le  9) . Near Corva l l is t hey form most ly  fl at  surfaces approxi
mate ly 1 5  to 20 ft higher t han  the midd l e  terrace unit ( Figure 6) . I n  genera l ,  t hey consist of semiconso li
dated river- a nd stream-deposited grave l ,  sand ,  si I t , a nd c l ay,  wit h finer materia l ,  notab ly  up to 30 ft 
o f  lig ht -brown si l ty c l ay a nd fine sand ,  found o n  t he surface in ma ny locations .  At 36t h and Harrison 
Streets in Corva l l is ,  the h i gher terrace depos i ts consist of 8 ft o r  more of ye l lowish-gray micaceous s i l t  
con taining minor wood fragments,  sand , o nd sma l l  pebb le s ,  covered by 2 ft of l ight-ye l l owish-brown si l ty 
soi l wit h  :!-in . shrink/swe l l cracks. Here they over lie buff- and gray-co lored sil t s to nes of t he Spe ncer 
Formation (Ts) . T he unit i s  reported ly  deep ly  weathered in p l aces, a nd the t hickness varies genera l ly 
between 1 0  to 1 50 ft (F rank , 1 974) . Over  bed rock in some areas near bedrock hi l l s a nd loca l  topo
g raphic hig hs , it may be o n ly severa l to 1 0 ft t h ick . At Phi lomath a nd south o f  Philomath ,  t he t hickness 
is reported to be 1 70 to 200 ft or more loca l ly .  

Approximate l y  2 mi sou th  of Phi lomath , w here t he hig her terrace deposi ts  occur  as dissected be nches 
( Figure 7) coinciding with t he decomposed grave l s  o f  Vokes a nd others ( 1 954) , t hey co nsist of  deep ly 
weathered deposits o f  poor ly  sorted gra ve l , sand , and sandy c lay , usua l ly interbedded with fragmenta l 
p l ant materia l . T he grave l s ,  which ca n readily be cut wit h a kn i fe ,  consist of sedimentary rocks and a 
l e sser amount of porphyr i tic vo l canic rocks , many containing magnetite . Many deposits consist o f  pa l e-
to dark-ye l l owish-orange sands and sma l l  si l tstone pebb les ,  probab ly  derived from the Spe ncer (Ts )  or 
F l ou rnoy (Tf) Formations ( Figure 8) . W here t his fine -grained mate r i a l  over lies  the Spe ncer a t  re l ative ly 
sha l l ow depths, it i s  ge nera l ly not wate r p roducing; however ,  water-producing sands a nd grave l s  are 
noted within t his unit at  dept hs of  1 00 ft o r  more . 

Higher terrace deposits mapped over the Spencer and F l ournoy Formations may have e ngineering 
a nd ground-water properties a lmost i ndistinguishab le  from those of the under lying bed rock ,  owing eit her 
to their sha l lowness or to derivation from simi l ar sedime ntary formations .  T hey may actua l ly consist o f  
weat hered ma teria l derived from sedime ntary bedrock  units rather t han younger depositiona l  materia l 
( see G E O LOG IC  U N I T S  - Pediments) . Areas mapped as hig her terrace deposi ts near foothil l s ,  where bed 
rock and p l aned bedrock surfaces (pedime nts) a l so occur, are tra nsitiona l  wit h t hese other units . On-site 
investigatio n a nd stratigraphic information from we l l  logs or test pits are required to estab l ish  firm differ
e ntiatio n ,  unavai l ab l e  in  a reco n naissance study (see E N G I N EER I N G  PROP E RT I E S  OF  G E O LO G I C  
U N I T S - Rego lit h ) . 

T he hig her  terraces are free of f l ooding , a nd t he re l ative ly f l at terrain makes them idea l l y suited for 
e ngineering . Sma l l  yie l ds of ground water from weathered upper zo nes and moderate yie l ds from un
weathered deeper zo nes have bee n  reported . Yie l ds o f  6- 15  gpm from depths  o f  around 1 00 to 1 40 ft 
occur just north of I nava le  Sc hoo l . Where the deposits are sha l l ow and we l l  drained ,  lack of g round 
water storage limits yie l d .  

Soi l s  are predominant ly  we l l  d rained to poor ly  d rained si l t  looms . 

Pediments 

Ped i ments are ge nt ly  i nc lined , p l anar e rosion surfaces cut into bed rock a nd ge nera l ly ve neered 
with t hin deposits of  unconso lidated materia l inc l uding grave l ,  sand , sil t ,  or  c l ay in tra nsport . T hey 
occur between mountain fro nts and va l l ey bottoms a nd ge nera l l y form extens i ve bedrock surfaces over  
w hic h t he products o f  de nudation and erosion from retreat i ng mountains a re  transported to  t he basins . 
Processes inc lude weat hering and transport by soi l  creep,  surface was h ,  a nd sma l l  streams . T he co l l ec-
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t i ve processes of eros io n on  ped i ments a re area l  in extent and produce erosio n  surfaces rather than d i s 
crete va l leys .  

T he depth  of unconso l i dated surfi c i a l  mater ia l i s  ge nera l l y greater where ped iments merge w i th  
va l l ey bas i ns t ha n  i t  i s  ups l ope . Ped iments are poo r ly understood owi ng to  the  comp lex i ty of the pro cesses 
i nvo l ved , t he s l owness of l andscape evo lut io n ,  a nd the spat i a l  a nd tempora l d i versi ty of t he env i ro nmenta l 
cond i t i ons present on  t hem . 

Ped iments have been  c la ss i f ied as denudat ion s l opes ,  t ra nsportat ion s lope s ,  a nd accumu la t ion  s l opes 
depe nd i ng respect ive ly upon whe ther  ( 1 )  g round loss i s  occurr i ng ,  ( 2) ne i t he r  ground l oss nor  gain occurs , 
o r  (3) ground ga i n  i s  occurr i ng . S lope -mode l concepts env i s ion contro l by weather i ng whereby the ( 1 )  
potenti a l  rate of remova l exceeds rate of weather i ng ,  a nd wea thered mater ia l i s  removed shor t ly after i t  
i s  fo rmed , a nd (2)  poten ti a l  rate of weathe ri ng exceeds t hat o f  remova l ,  a nd ground loss i s  dependent 
upon rate of  remova I .  

Future u nderstand i ng of the pediments of  the Wi  l l amette Va l ley w i  I I  i ncorporate t hese concepts and 
w i l l  i nvo l ve i ncreasi ng i nterd i sc i p l i nary coopera t ion a nd i nvest i gat ion . 

Tsr pediments 

T hese are areas of f l a t- ly i ng to moderate ly s lop ing  terra i n  w i t h  sha l low , i ntermi tte nt stream dra i n
ages . Loca l ly sha l l ow soi l s  ra nge from on ly  1 ft ove r  weat hered bed rock i n  some f latter areas to 2 to 4 
ft on  moderate s lopes  ( F igure 9 ) .  Weathered bed rock near  the surface often shows sphero ida l ly weathered 
vo l can i c  boulders and cobb le s ,  and kno l l s  may be strewn w i t h  boul ders a nd cobb les  ( see G E OLOG IC 
U N I T S- Eocene vo l can i c  rock) . Tsr  ped iments are equ i va l e nt to decomposed grave l s  (Qdg ) of Vokes and 
ot hers ( 1 954) , part o f  the Do l p h  surface of  Ba l ster a nd Parsons ( 1 968 ) ,  and part of  the Tsr bed rock of 
Frank ( 1 974) . 

A l thoug h  so i l  t h ickness i s  on l y  1 ft i n  many p l aces,  it i s  be l i eved to be var iab le  to te ns of feet , 
part i cu la r ly  i n  loca l  depress io ns t hat  channe l the surface a nd sha l l ow subsurface f low and t hat undergo 
more rap id  weatheri ng . Areas fa rther downs l ope are expected to have t h i cker so i I .  Nort h of Ph i lomath 
and southwest of Ba l d  H i l l ,  2 to 4 ft of brown i sh-b l ack c l ayey so i l  w i t h :!- to !- i n . shr i nk/swe l l  cracks 
over l ies  wh i t i s h ,  i ro n-sta i ned ,  weathered tuff brecc ia or pi l l ow l ava of t he Si l e tz R i ver  Vo l can ic s . 
Grave l s  are genera l l y  abse nt , and ped ime nts c lose ly  resemb le  transportat ion s l opes . Streams may be 
i nc i sed  1 5 ft a nd f low o n  bed rock ,  as a long Greasy C reek on  the Wa ldport H i g hway . 

Hazards due to mass movement appear l im i ted , a l though creep and sha l low s l umpi ng may occur 
loca l l y near breaks i n  s l ope . So i l s a re organ i c- r i ch  s i l ts a nd montmori l lo n i t i c  c lays a nd exh ib i t shr i nk/ 
swe l l  character i st i cs .  Spr i ngs may occur l oca l l y due to the sha l l ow ness o f  bed rock ,  and dra i nage may 
be poor where t h i ck c l ayey soi l s  have accumu lated . E ng i neeri ng propert i es are bas ica l ly t hose of the 
under ly i ng weathered T sr mate ri a l ,  wh i ch  may be vo l can i c  tuffs or brecc ia s ,  basa l t  fl ows , p i l l ow basa l t s ,  
a nd i nterbedded s i  I t s  tones . 

Accord i ng l y , ground-water pote n ti a l  i s  l i ke that  of the S i l e tz R iver Vo lcan ic s ; both are dependent 
upon vari ous zones of perched wa ter accumu la ted in more permeab l e  frac ture and contact zones {F i gure 1 8) .  

Ts and Tf sandstone pediments 

Pediments i n  t he sandstones of the Spencer  {Ts)  a nd F l o urnoy {Tf) Formatio ns have propert ies  ana l 
ogous to the correspond i ng bedrock un i t s .  Due to t he reconnai ssance nature of t h i s  pro ject , i t  ha s  not 
been  possi b l e  to d i ffe re nt iate a l l ped iment s  and terrace deposits  in foot h i  I I  areas where k nown bedrock 
outcrops occur . On-site i nvest igat ion may show that some areas mapped as ped i me nts actua l ly conta i n  
terrace depos i t s  of  l i m i ted o r  widespread exte nt a nd th ickness . I n  some case s ,  as  has a l ready bee n  noted 
i n  the h ighe r  terrace depos i ts {Qth ) ,  t he c lose s im i lar i ty between terrace deposi ts oste ns i b ly  der i ved from 
unde r ly i ng bedrock  units and weathered bedrock uni t s  prec ludes defi n i te c lass i ficat ion w i thout deta i l ed 
on-s i te work . 



Figure 9 .  Profi le of pediment in Eocene Si letz Ri ver Volcanics rock (Tsr) in rock quarry near Watkins Creek off 

Sta te Hi ghway 34 . Bed rock is dark-gray to grayish-black pi llow basal t .  Varia ti on in soil thi ckness is evident in 
section: 6 in.  light- tan soi l ,  far left ; 3 to 4 ft dark-reddi sh-brown soi l ,  center . 
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Sedimentary Geologic Units 

Early Oligocene sandstone (Tts) 

Two sma l l  i so l ated o utcrops of t h i ck-bedded ,  green i sh-gray to o l i ve -gray , med i um - to coarse
grai ned tuffaceous sandsto ne occur  at O l i ver and W i nk l e  Buttes, w i t h i n the Monroe and Greenberry 7�
m i nute Quadrang les . T hey were fi rst descr i bed by Vokes and o thers ( 1 954) a nd ass igned by foss i l s  to an  
ear ly  O l igocene age , corre la t ive w i th t he lowe r  to m idd le  K easey Format ion to  t he  north a nd poss i b l y  to 
t he F i sher a nd/or E ugene Format i on to the south . 

We l l - i nd urated massi ve beds w i t h i n  the un i t  range i n  t h ickness from 3 to 1 2 ft . T he tota l t h i ckness 
of  the unit appears to be o n ly on the order of severa l h unclred feet , and l i tt l e  i s  know n of  t h i s  u n i t . 

Late Eocene sandstone: Spencer Formation (Ts) 

Late Eocene sandsto ne cons i sts of fi ne- to med i um-gra i ned arkosi c ,  m i caceous ,  a nd tuffaceous 
sandstones a nd si l t stones, but , as mapped ,  i t  a l so co nta in s  dark-green i sh-gray , basa l t i c  sandsto nes and 
brecc ias . I ts compos i t ion  i nd i cates re la t ive ly  near-shore depos i t ion  w i t h  der i vat ion  in part from t he u nder
l y i ng F l ournoy (Tf) a nd S i l etz R i ver Vo l can ics  (Tsr) Format ions . The Spe ncer Format ion  was named by 
T urner i n  1 938 i n  h i s  Strat i graphy a nd Mo l l usca of t he Eocene of Western Oregon .  Fossi l s  i nd i cate a la te 
Eoce ne age equ i va l e nt to the Te hon stage , a nd t he un i t  corre l ates w i t h  t he upper part of the Nestucca 
Format ion to the nort h .  

Spencer sandstones o ver l ie the F l ournoy w i th genera l l y moderate easte r l y  d i p s .  T he contact genera l l y 
appears s l ight ly d i scordant but  exh i b i t s  sharp angu l a r  u nconfo rm i ty where the unde r ly i ng F l o urnoy has been  
fau l ted a nd more steep ly  fo lded . T he Spe ncer sa ndsto nes occur i n  t he lower Coast Ra nge footh i l l s  a nd  i n  
i so lated eros iona l remnants i n  t he  western part o f  the W i l lamette Va l ley nort heast a nd so ut hwest of Corva l l i s 
a nd are be l i eved to under l i e most o f  the terrace deposi ts  betwee n t he footh i l l s a nd the W i l l amette R i ver . 
Easternmost outcrops occur  i n  Spr i ng H i l l  a nd the east -west trend ing r idge west of North A l bany . Out
crops fo rm a roug h ly arcuate be l t  up to 3 m i  w ide . No comp l ete sect ion i s  present , but at  l east 4, 200 ft 
a re est imated to be exposed between the base and a l l u via l cover . 

T he lower sect ion of the Spencer sandstone i s  reported to be a we l l - i nd urated , dark-gree n i sh-gray 
basa l t i c  and arkos ic  sandsto ne . Genera l ly ,  however, beds are mass i ve to t h i ck bedded, w i t h  a few t h i n 
ne r  beds of sandstone a nd freq uent  part i ngs o f  th i n ,  sha ly s i l tsto ne .  Weathered exposures  i n  roadcuts and 
sept i c-tank pi ts are genera l ly pa l e-ye l lowish-ora nge to dark-ye l lowi sh -orange d ue to i ro n  sta i n i ng .  T h i n  
l e nses o f  tu ff a nd pyroc last i c  a ndes i te brecc ia s  (pa l agoni te t u ffs a n d  brecc ia )  are a l so found i n  t he section . 
A promi nent a ndesite brecc ia  occ urs i n  the east -west r idge near Nort h  A l bany . Carbonaceous mater i a l  
a nd bony coa l  are a l so pre sent . Ca l careous  a nd manganese-ric h  concret ions ,  I i ght -gray and usua l ly fos
s i l i fe rou s ,  are reported to occur; dark-brown co ncretio ns a re r i ch i n  manganese and have no fossi l s .  

Parts o f  the Spencer resemb le t he F l o urnoy , from wh ich  i t  was probab ly der i ved . I n  genera l ,  t he 
f lakes o f  b iot i te a nd muscov i te are sma l l e r  ( l e ss than 1/50 i n . i n  d i ame ter )  or m i ss i ng i n  t he Spencer . 
Massi ve beds genera l ly weather sphe ro i da l l y ( F i g ure 1 0) a nd rapi d l y  to a l ig ht- to modera te-ye l l ow i sh-brown 
soi l ,  wh i l e  th i nne r ,  f ine -gra i ned beds weather to a l i g ht tan to rusty wh i te ,  very sim i l ar to parts of  t he 
F l ou rnoy . Some sect ions  appear to be e nt i re ly a l te red to c l ay ,  and p i t s  i n  the Spe ncer near Monroe have 
y i e l ded l arge q uant i t ies  of bri ck and t i l e  c lay for loca l c l ay product manufac ture . 

Zones o f  dark-gray , hard , fi ne -grai ned mate r i a l  occ ur loca l l y ( F i g u re 1 1 )  a nd req u i re jackhammer
i ng for sewers and dri l l i ng for roadcuts ( Fi g ure 22) . T hese zo nes are probab l y  s l i gh t ly  baked sed iments near 
i ntrusio ns . Mapped and unmapped i ntrusi ves are assoc i ated w i t h  t h i s  unit ( F i gure 1 9) .  Spe ncer sandstone,  
l i ke t he F l ournoy , i s  often deep ly  weathered and genera l l y  eas i l y  excavated by ri ppi ng or w i t h  backhoe . 

I n  the Monroe 7�-m i nute Quadrang l e ,  rou nded knobs mapped as te rrace deposi ts  are probab ly re
s i sta nt remnants of  Spencer sandstone w i th sha l l ow or no surfi c i a l  te rrace mater ia l .  E l sewhere w i t h i n  the 
County , where dome-shaped topograph i c  h igh s  occur near Spencer bed rock , more Spe ncer sandstone may 
be prese nt than has bee n mapped . T hese domes, as southeast of Ph i lomath ,  a re often ve ry hard , poss ib ly  
as  a resu l t  o f  low-grade baki ng re la ted to i ntrus i ve act i vi ty . 
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Figure 1 0 .  Spheroidal wea thering in pyroclastic section o f  late Eocene sandstone 
(Ts - Spencer Forma tion) , northwest of Albany. 
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Figure 11 . Bulldozer uncovered these blocky and angular fragments of buff and medi um

light-gra y indura ted si l tstone from Spencer Forma tion (Ts) near 36th and Harri son Streets , 
Corvallis. Hard, dense ,  gray si l tstone below regoli th often requires jackhammering for 
sewer installa tions . 



Figure 1 2 .  Rhythmicall y bedded sandstone and si l tstone beds i n  middle Eocene sandstone (Tf - Flournoy Forma tion) 
on west side of Wi tham Hi l l .  Sharp , di stinct con tacts and graded bedding (grada tion i n  grain si ze from coarse below 
to fine above) are common in this uni t. Fresh surfaces of Flournoy sandstone and sil tstone from the above cut are very 

pal e-orange or i vory in color; wea thered bedrock surfaces , however , tend to be dark-yel lowish-orange due to iron stain

ing. Conchoidal (shell -like form) fracturing of sil tstone beds helps to di stinguish it from more massive and coarser 

sandstone beds above and below . Al though apparen t dip is onl y 25 ° in this cut, actual dip (whi ch is important to cut
slope s tabi l i ty) is closer to 40° . 
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Ground-water y ie  Ids appear s im i l ar ta  t hose of  the F lournoy Format ion . Some we l l s dr i  l i ed i nto 
the Spe ncer un i t  beneath  t he va l l ey p l a i n  have e ncountered sa l i ne water; therefore , we l l  deepen i ng i n  
t h i s  format ion i n  response to wate r l e ve l  dec l i ne i s  not a lways poss i b l e . Suc h a recent pro jec t  i n  Coun
try C l ub He ights i n  Corva l l i s e ncountered sa l i ne wa ter . Re l a ti ve l y  h i g h  permeabi l i ty of t he un i t  i n  sur
round i ng areas suggests moderate gro und-water pote nt i a l  loca l l y . 

So i l s  genera l l y range from 2 to 4 ft i n  th ickness over sed imentary bed rock and are l i g h t- to dark
ye l lowi sh-brown  s i l t  loams and s i l ty c lay l oams . T h i n  so i l s  1 ft th ick occur o n  some steeper s lopes, as  
near  Mt . Un ion Cemetery sou thwest of Corva l l i s; so i l s up to 6 to 8 ft t h i ck  can a l so occur  (see E N G I 
N EER I NG PROPERT I ES OF  G E OLOG I C  U N I T S - Drai nage ) .  

Middle Eocene sandstone: Flournoy Formation (Tf) 

T he F lournoy Format ion consists of g raded beds of fi rm ly  ceme nted gray to b lue -gray sandstones and 
mudstones ( F i gure 1 2) .  Sa ndstones are medium grai ned , m icaceous, arkos ic  ( conta i n i ng much fe l dspar )  to 
l i th ic  wackes ( conta i ni ng rock fragments) in l ower sec t ions,  grad i ng upward i nto carbonaceous si l tsto nes . 
M i nor co ng l omera t i c  sandstone beds a l so occur  ( F igure 1 3 ) . 

T h i s format ion i n  Be nto n County was former ly  mapped as t he Tyee Format ion (Tt ) ,  wh i c h  it resemb les 
very c lose l y .  Ba l dw i n  ( 1 975) has revised t he strat igraphy of sou thwestern  Oregon and has now restr i cted 
the Tyee Format ion to so uthwestern Oregon  sout h of the S iu s l aw Ri ver . He named t he F l o urnoy Format ion 
i n  the F l ournoy Val l ey sou thwest of Roseburg . A l l  beds fo rme r ly  mapped as Burpee ( Sche nck ,  1 927) a nd 
l ater as Tyee (Vokes , Norbisrath , a nd Snave l y ,  1 949) are now ass ig ned to t he F lournoy Format ion . Age 
of  the F lournoy is m idd l e  Eoce ne , equi va l e nt to t he U l at i s i an  a nd Domeng i ne stages .  

F l ournoy sa ndstone i s  probab ly  t he seco nd most widespread rock un i t  i n  Be nton County , occurr i ng as 
steep ly eastward- and westward-d ipp ing beds ma i n ly  a l o ng the eastern boundary o f  t he Si letz R i ver  Vo l 
can ics  (Tsr) un i t ,  from wh i c h  i t  i s  separated by the Corva l l i s fau l t .  T he F lo urnoy Format ion  occurs o n  
both s ides of  the S i l e tz R i ver Vo l can i c s ,  a s  north a n d  west of  K i ngs Va l l ey , a n d  i t  reported l y  a l so uncon
formab ly over l ies  the Si l etz R i ver Vo lcan i c s .  A l thoug h a comp l ete sect ion of  t he F lo urnoy i s  not exposed 
i n  Bento n County , to ta l t h i ckness of  the un i t  is est imated to be about 3 , 700 ft . 

Fresh outcrops are fi rm l y  compacted and b l ue gray w i t h  co nsp i c uous f l akes o f  muscov i te a nd biot i te 
m i ca up to :!: i n .  in d iameter . The  sandstone and s i l tsto ne are composed of angu lar  gra in s  of  quartz , fe l d 
spar, tu ff fragments, a nd wri nk l ed f lakes o f  muscov i te and b iot i te . R i pp l e  marks and groove casts are 
common on tops o f  beds , wh i c h  range from le ss t han  3 to 1 2 ft i n  t h i ckness . Sed iments a re gene ra l ly 
ceme nted by ca l c i te ,  a nd subrounded s i l tstone c l asts and ca l careous concret ions are some times present. 

T he F lournoy sandstone weathers deep ly  to l i g ht tan (very pa l e  orange)  to gray i s h  ora nge in co l or . 
L ight-gray s i l t sto ne ch ip s  o ften  occur  ( F igure 1 4) ,  a nd mi nor str i ngers of i ro n -sta i ned , ba nded, weat hered 
bedrock materi a l  add co lor to so i l s  and cuts . T h i s  un i t  i s  a l so exte nsi ve l y  i ntruded by fi ne- to coarse 
grai ned basa l t i c  to gabbro i c  d i kes and si l l s .  

Deep and moderate ly  deep , dark-ye l low ish-brown, ofte n we l l -dra i ned , s i l ty c l ay loam so i l s  deve l op 
i n  up land and foot hi I I  s l opes under l a i n  by t he F l ournoy Format ion and i ntrusi ve rocks . So i l s  are o fte n on ly  
3 to 4 ft deep on  r idges , as  o n  W i tham H i l l ,  but may be  as muc h as 6 ft or more loca l ly .  Howeve r ,  a t  
West H i l l s T e nn i s  C l ub,  so i l  i s  o n ly 0 t o  1 ft th i ck  w i th  �- i n .  sh r ink/swe l l  cracks . Near  t h e  Corva l l i s 
fau l t  west o f  Wi t ham H i l l ,  the so i l  a nd weathered bedrock zo ne (rego l i t h )  i s  more than 1 5 ft th i ck i n  
p l aces a nd refl ects  a mixture o f  coarse - and fi ne-gra i ned sed i me nts and poss i b l e  fa u l t  gouge . Genera l l y ,  
near Corva l l i s and w i t h i n  t he Wi l lamette Va l l ey ,  the F lo urnoy sandsto ne i s  deep ly weathered a nd easi ly 
excavated by backhoe (see GE O L OG I C  HAZARDS - Mass Movement ) .  

T he F lournoy Format ion co nta i ns fi ne-,  med ium- ,  a nd coarse -gra i ned mar ine sandstones a nd sha les  
and has  poor permeabi l i ty ,  y ie l d i ng on ly  sma l l  quant i t ies  of ground water to  we l l s .  I n  up l a nds and foot
h i l l s ,  sma l l to moderate y ie l ds of good-qua l i ty wate r  adequate for domest i c  use occur in perched zones 
above t he reg iona l water tab l e . 
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Figure 1 3 .  Conglomera tic bed near top of Flournoy ( Tf) sandstone section on south

east side of Logsden Ri dge , near con tact wi th overl ying Spencer ( Ts) sandstone. These 

coarse gra vels and cobbles are not deepl y weathered and consist of well-rounded material 
of basal tic and intrusive rock composi tion . Other conglomera ti c sandstone beds occur 

wi thin Flo urnoy on wes t flank of Logsden Ridge and locally on west side of Wi tham Hi l l . 

Figure 14 . Mosaic-like si l tstone chips in raveling cut slope in Flournoy (Tf) sand

stone near Wi tham Hi ll Dri ve . 
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Kings Valley siltstone (Tsrk) 

T he K i ngs Va l l ey si l tstone ge nera l l y co ns i s ts of we l l -bedded , dark-brown i sh-gray , tuffaceous 
s i l tsto ne and wate r l a i d  tuff, wh i c h  may i nterfi nger w i t h  vo l can i c  rocks ,  part i cu l ar l y  a long t he eastern  
a nd southern edges o f  K i ngs  Va l l ey . T he sha ly ,  soft , th i n -bedded si l tsto ne i s  nonresi sta nt a nd weathers 
rapi d l y  to sma l l ,  crumb l y ,  medium-gray s i l tstone ch ips ( F i gure 1 5 ) .  

T h i s u n i t  i s  equ iva l e nt to t he K i ngs Va l l ey si l tsto ne member o f  t he S i l etz R i ver Vo l ca n ics  (Tsrk ) , as 
mapped by Vokes and others ( 1 954) . I t  was named after exte ns i ve outcrops wh i c h  occur i n  K i ngs Va l l ey , 
where i t  is reported ly  about 3 , 000 ft t h i ck . 

T he un i t  fo rms a be l t  2 to 3 m i  w i de and 6 to 8 m i  l o ng i n  the northwest cor ner of t he Corva l l i s  
1 5 -m i nute Quadra ng l e ,  where i t  separates the S i le tz R i ver Vo l can i cs (Tsr) from F l ournoy (Tf) sa ndstone 
to the west . I t  occurs i n  a zone of s ign i f icant fau l t i ng and l i neame nts (see G E O LOG I C  U N IT S - Bedrock 
St ructure ) .  

T he lowe r part , near Wren , i s  a dark -gray , sha l y ,  tuffaceous s i l tstone , whi c h  weathe rs sphero i da l l y 
to ta lus of gray i sh-orange to l i ght-brown c hip s .  I nterbedded pi l low l avas ,  basa l t  f lows, tuff, a nd m i nor 
f low brecc ia  a l so are more commo n in t h i s  area . T he uppe r part, near Hoski ns, consi sts of t h i n -bedded , 
fi ne-gra i ned,  tuffaceous s i l tstone i nterbedded w i th oc cas iona I I i gh t-ye ! low to gray i sh-w h ite tuff, wh i c h  
weathers to l i g ht-brown si l ty c lay and s i l ty c l ay l oam  so i l s .  Res i stant ca l ca reous l e nses of med ium-gra i ned 
basa l t ic  sandstones 1 to 4 i n .  t h i ck ,  are loca l ly i nterstrat i fied w i t h  c layey s i l ts tones . C l ay m i nera l s  are 
predomi nant ly montmor i l l on i te w i t h  sma l l e r  amounts of mixed- l ayer montmori l l on i te-m ica , a nd ch lor i te  
( see E N G I N E ER I NG PROPERT I E S  OF  G EO LO G I C  UN ITS - Rego l i t h ) . Zeo l i tes a nd ca l c ite o ften occur 
w i th i n sma l l  fractures and ve i ns w i t h i n  t he si l tsto ne . 

T he K i ngs Va l l ey si l tsto ne forms t he ma jor aquife r  o f  K i ngs Va l l ey ,  w i t h  y ie l ds rang i ng from 0 . 5  to 
40 gpm (average 1 2  gpm) t ha t  are adequate fo r domest i c  a nd stock uses . Ground water occurs under con
fi ned cond i t ions  at  dept hs greater than 1 00 ft i n  sandi e r  o r  more h i gh l y  fractured , th i n -bedded si l tstone; 
i t  is genera l ly sem ico nfi ned at  sha l l ower depths . Some unconfined ground water occurs loca l l y in st ream 
a l luv ium above t he s i l tstone . Because m i n imum we l l  cas i ng requ i rements prevent deve lopment  of we l ls i n  
a l luvium i n  most p laces i n  K i ngs Va l ley , y i e l ds are l i m i ted to the southwest par t  of K i ngs Va l ley , where 
deposi ts are th i c ker . A t  depths greater tha n  1 50 to 200 ft , yie I ds are not s i gn i ficant ly i ncreased ,  a nd 
chem i ca l qua l i ty i s  degraded . Geochem ica l  data suggest that confi ned ground water is undergo i ng nat 
ura l soften i ng i n  zeo l i tes and c l ay m i nera l s .  Geol ogy and ground-water co nd i t ions o f  the K i ngs Va l l ey 
area are descr i bed in g reater deta i l  i n  Geo logy a nd Ground Water Resources of the K i ngs  Va l ley Area ,  
Centra l  Oregon Coast Range , Oregon ( Pe noyer,  1 975) . 

Volcanic Geologic Units 

Eocene volcan ic rock: Siletz River Volcanics (Tsr) 

T he Si l etz R i ve r  Vo l can i cs is the o ldest rock uni t  i n  the ce nt ra l  Coast Ra nge and cons i sts of ves i cu l ar 
to amygda lo ida l  and zeo l i t i c  p i l l ow lava,  basa l t  fl ows , f low brecc ia s ,  coarse pyroc l ast i cs ,  and i nterbeds 
of th i n tuffaceous si l tsto ne . T hese rocks are o f  lower  a nd possi b l y  m idd le  Eocene age , equi va l e nt to t he 
Capay Stage of Ca l i forn ia , a nd corre l ate l oca l l y w i t h  t he T i l l amook Vo l can i c  Ser ies  ( north Coast Range ) 
a nd the vo l ca n i c  member of the Umpqua Format ion  (south Coast Range ) . They consti tute part of a eugeo
sy nc l i ne !  sequence w hi c h  erupted i nto a north -trend ing troug h that occup ied most o f  western Oregon and 
western Washi ngton dur i ng ear ly and m idd l e  Eoce ne t ime ( S nave ly a nd others, 1 968) ( F i g ure 1 6 ) .  

T he S i l etz R i ver Vo l can i cs is the predomi nant geo log ic  un i t  i n  north a nd western Be nto n County a nd 
occurs at the h igher e l e vat ions west and nort h o f  Corva l l i s ,  extend i ng southwest i n  a broad be l t  about 6 mi  
w ide . Est imates of t he m i n imum th i ckness i n  Be nton County range from 3 , 000 to 5 , 000 f t  w h i le e l sewhere , 
near former cente rs o f  vo l can i sm ,  the S i letz p i l e  may be as much as 20, 000 ft t h i ck . 

Fresh surfaces are dark , green i sh-gray to b lack  w i t h  a ge nera l b l ack-a nd-wh ite mott led appearance , 
caused by a h i gh  perce ntage o f  secondary ca l c i te a nd zeo l ite m i nera l s  ( F i gure 1 7) .  I n  genera l ,  weathe red 
zones are deeper i n  soft sed iments  a nd brecc ia  (often  20 to 50 ft ) ,  but 4- to 1 0-ft zones are more common 
in pi l low l avas  a nd basa l t  f lows .  I nfi l t rat i on  a l so i nf luences the weatheri ng zone , wh i c h  is ge nera l ly a 



Figure 1 5a. Exposure of shaly , soft , thi n-bedded Kings Valley si l tstone (Tsrk) in roadcut along Highway 223 north 
of Wren. Loose tal us of sil tstone and mudstone chips often forms at base of cut slope. 
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Figure 15b . Close-up , showing beddi ng distinctness , mudstone parting, and si l ts tone 

and mudstone chips . 



BULK OF CONE , MADE UP OF FRAGMENTAL 
DEBRIS IN THICK AND THIN BEDS 

DEBRI S SLUMPED FROM UPPER PART OF 
FLOWS INTO WATER ALONG THE SEA FLOOR 

LATERALLY 

BULK OF CONE MADE UP OF FRAGMENTAL DEBRIS IN THICK 
AND THIN BEDS 

Fi gure 1 6 . Schemati c representation of geologi c processes attendant to deposi ti on of Eocene volcani c  rock ( Tsr -

Siletz Ri ver Volcanics) , illus trating spatial relati onships of pillow basalts , fragmental sedimen tary debri s and brecci a ,  

and intr usi ve dikes and sills . Vas t  differences i n  engi neering proper ties of these materials make development in sloping 

terrain much more diffi cult . Larger scale mapping of s uch i ndi vi dual rock uni ts as pillow basalts , basalt flows , 
breccias , sediments , and sills may be required for some engineering or land use purposes . (After U . S .  Geologi cal 

Surve y ,  1 977) 
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Figure 1 7 .  Calci te and zeol i te minerals (whi te mottles) in black pi llow basal t and breccia of Eocene volcanic rock 

(Tsr - Siletz Ri ver Vol cani cs) . This rounded pi llow has glassy outer surface indicative of rapi d quenching in seawa ter . 
Small ca vi ties formed by expansion of gas or steam in cooling basal ts are called vesi cles and when fi lled wi th secondary 
minerals such as zeoli tes are called amygdul es . 

G) 
I'Tl 
0 
r-

0 
G) 

() 
c:: 

3: 
� 
I 

<::: 
0 
r-

� 
<: 

() 

I\) 
--..1 



Figure 1 8 .  Section in quarry si te 84 (Schli cker and others , 1 9 78} in pi llow basal ts of Si letz Ri ver Volcanics (Tsr) 
near Wa tkins Creek and Greasy Creek . Darker color near base is due to ground-wa ter i nfi l tration and seepage along 
fract ures or joints whi ch extend through rock to ground surface .  Pillows in this quarry are generally 2 to 3 ft in dia
me ter wi th glassy (clayey) outer margins and radial col umnar jointing (inset} but occasionally range up to 12 ft or more . 
Dashed lines indi cate joints . 
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l i g ht-rusty-brown co l or and dramat i ca l l y exposed i n  quarr ies and roadcuts ( F i gure 9 ) .  Tuffaceous s i l tstones 
a nd pyroc l ast i cs are dark,  green i sh-gray a nd th i n -bedded , somewhat l i ke sha l e . P i l l ows and brecc ia  frag
me nts a re  commo n ly fi ne gra i ned , vesi cu lar  to  amygda lo i da l ;  a l terat ion  contempora neous w i t h  mar i ne depo
s i t ion  i s  promi nent ,  w i t h  c h lor i te , c l ays,  ca l c ite , a nd zeo l i tes be i ng the ma i n  secondary m i ne ra l s  formed . 
Conspicuous crysta l s  (phenocrysts) of fe l dspar and aug i te o fte n occur, w i t h  magnet i te usua l ly present i n  
the groundmass . Rad iat i ng co l um nar jo i nt i ng i s  prom i nent i n  i nd i v i dua l p i l l ows ( F i gure 1 8) ,  and t he th i n
ne r ,  l e ns l i ke ,  fi ne crysta l l i ne flows and  i ntrus i ve d i kes a nd s i l l s  qui te often have we l l -deve l oped co lum
nar j o i nt i ng . I nd i v idua l p i l l ows average about 3 ft in d iameter , and t he ch i l l ed  marg i ns ,  or ig i na l ly 
basa l t i c  g l ass, are usua l ly a l t e red to gree n is h-b l ack c l ay mi nera l s .  I n  brecc ia s  and tuffs , o r ig i na l  ba 
sa l t i c  g l ass has been  a l tered to gree n i sh-brown, fibrous c l ay mi nera l s ,  i n c lud i ng montmor i l l o n i te . 

Mass i ve pi l l ow l a vas and brecc ias  are re l a t i ve ly res i stant to eros ion and form topograph i c  h ighs ,  
w i th sha l low or  no so i l  cover , whereas i nte rbedded s i l tsto nes and tuffs a re  easi l y  e roded and weather 
sphero ida l l y ,  l eav i ng she l l s  coated with i ron and manganese ox i des . T he vo l cani cs a nd assoc i ated sedi 
ments o f  th i s  uni t have bee n fo lded i nto broad ant i c l i ne s  a nd are cut by nort heast- and nort hwest-tre ndi ng 
fau l t s  and fracture zo nes ( see GEOLO G IC U N I T S - Bedrock Structure ) .  T h i s  un i t  a l so conta i ns unmapped 
i ntrus ive rocks . 

So i l s  are gene ra l l y  dark -brow n to ve ry dark-brow n,  si l ty c l ay l ooms to si l ty c l ays of genera l ly 1 to 
4 ft i n  th ickness, often con ta i n i ng  i g neous rock  fragme nts . Nort h of Ph i l omath on Mari l yn  Dri ve , 1 to 
2 ft of redd i sh -brown ,  c layey so i l  over l ie s  deep ly wea the red , l i ght-brown ,  i ro n -stai ned basa l t .  Natura l 
drai nage i s  often good but var i ab l e ;  it is more restr i cted l oca l ly on ped iments w here spr i ngs occur or  
t h i ck c l ayey so i l  accumul ates . Shr i nk/swe l l  characte r i st i cs are common,  form i ng :1- to 3/4-i n .  surface 
cracks, and may cause prob l ems in sha l l ow foundat ions i f  not removed before co nstruc tio n .  Steeper s l opes , 
such  as t hose t hat oc cur at V i neyard Mounta i n ,  show s igns of past a nd recent l a ndsl ide act iv i ty;  to 
m i n im ize pote nt i a l  hazards s i te-spec i fi c i nvest igati on by qua l i f i ed eng i neer i ng geo logi sts a nd soi l s  
engi neers i s  requi red pri or t o  deve lopment. Th is prob lem i s d i scussed b y  Sch roeder a nd Swanston ( 1 975) 
(see GEO LOG I C  HAZARDS  - Mass Movement) . 

T he Si l etz R i ver  Vo l can i cs un i t  i s  exte nsi ve l y  quarr ied for crushed rock used for bui l d i ng a nd  road 
construct ion . Loca l l y ,  fi rm bed rock near the surface h i nders co nstruct ion  of roads a nd underground 
ut i l i t i es .  

G round water norma l ly occurs i n  perched zo nes above nearby st ream channe l s  a nd i s  genera l ly ade
quate for domest i c  use owi ng to moderate ly good i nfi l t rat ion  t hrough wea the red bed rock and fractures 
( F i gure 1 8) .  Dur i ng droughts ,  perc hed zo nes may drop drast i ca l l y i n  water l eve l or become dep leted . 
We l l  deepe n i ng may not a lways so l ve t hese low water pro b lems,  as a number o f  we l l s may be tapp i ng the 
same l i m i ted perched zone . Where conce ntrated deve l opmen ts are contemp l ated in foot h i l l s we l l  above 
the reg iona l water tab l e , t he poss i b i l i ty o f  us i ng fewer we l l s  to tap the area system shou l d  be cons idered 
in  add i t i on  to t he usua l pract i ce of supp ly by i nd i v idua l we l l s .  Suc h  a n  area system  wou l d  decrease t he 
possi b i l i ty of po l lut ion  from sept i c-tank eff luents a s  i n fi l trat ion  patterns are a l tered by home , road ,  a nd 
sept i c -tank co nstructio n .  

Intrusive Geologic Units 

Post-Eocene intrusive rocks (Ti) 

I nt rusi ve rocks are bod ie s  o f  o nce -f lui d  i g neous rocks that pene trated other rocks  but so l i d i fied 
before reach i ng the surface . Many i ntrusi ve rocks, cons i sti ng of fi ne - to medium-gra i ned basa l t  to  
gabbro d ikes,  s i l l s ,  and i rregu la r  i ntrus i ve bod ie s ,  occur i n  Benton County . Dikes are tabu lar bod ies  
t hat cut across the structure of  ad jacent rocks or  cut mass i ve rocks ( F igure 1 9); s i l l s a re bod ies of approx i 
mate l y  un i form th i ckness, re l a t i ve l y  th i n  compared to l ate ra l extent , emp laced para l l e l  t o  bedd i ng of  t he 
i nt ruded rock . Age of t hese i nt rusi ves i s  not establ i shed, but because they i ntrude bot h t he F lournoy a nd 
Spencer Format ions ,  most are be l i eved to h ave been emp laced dur i ng late Eocene to ear ly O l igocene . 

I n the western part o f  the Monroe 1 5 -m i nute Quadra ng l e ,  i nt rus i ves usua l ly are shee t l i ke masses 
cove r i ng l a rge areas . Larger s i l l s cover up to a square mi l e  a nd are loca l ly more than 800 ft t h i ck . T hey 
are prese nt i n  the headwaters of Bul l Run C reek,  F lat Mounta i n ,  the area near Dawso n ,  a nd west of  G l e nbrook . 
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Fi gure 19 . Intrusi ve dike , 1 2  ft thi ck ,  cutting Spencer (Ts) silts tone and mudstone 

along Peterson Road south of Llewellyn Roa d .  Darker color of bouldery looking intrusi ve 

rock is due to manganese stai ning . Abrupt change from bed rock to shallow soi l is result 

of grading which has completely removed regoli th . 

Marys Peak i s  an eros iona l  remnant of a l arge r si l l .  I ntrusi ves genera l l y fracture , deform , or a l te r  (meta · 
morphose ) t he surrou ndi ng host rock. Contacts of i ntrusives w i th  othe r ro ck un i ts are often locat ions of 
mass movement in steeper terra i n . 

I ntrus ive rocks are dark-gray , fi ne- to med ium-gra i ned boso l t  to gabbro, w i t h  porphyr i t i c and 
d iabasi c textures commo n .  T he term "gabbro " genera l ly  refe rs to coarse-gra i ned,  dark i g neous rocks . 
Edges of i n trus i ve bodies  have a c hi l led , fi ne-grai ned texture , whi l e  i nteriors have from med ium- to 
coarse-gra i ned granophyr ic  texture rang i ng from gabbro to d iori te i n  compos i ti o n .  Fe l dspars reported ly  
average andesi ne i n  compos i t ion. Crosscutt i ng vei ns of  quartz-fe ldspar (ap l i te )  m icropegmati te occur 
rare l y . Th i cker s i l l s  are esse nti a l ly hor izonta l ,  wh i le ot hers appear to occupy contact zones between 
F l ournoy and Spe ncer sa ndsto nes . Unmapped i ntrusi ves may occur in a l l  rock un i t s  and are genera l ly 
assoc iated w i th  h igh  topograph ic  re l i ef and e longate r idges . 

Quarr ies for road rock are ofte n deve l oped i n  these intrus i ve rocks , wh ich  are among the hardest 
a nd most res i stant of rock types wi th i n t he County . Some zeo l i tes are prese nt i n  the fractures and i nter
st i ces of coarse r gabbros . 

I n trus i ve rocks prese nt prob lems i n  excavat ion for underground u t i l i t ies and sewers. T hey usua l l y 
w i l l  req u i re b l asti ng. T hey ge nera l ly prov ide l i tt l e  or no water for we l l s ,  a l though  loca l ly they may be 
adequate fo r domest i c  use . I n  add i t io n ,  ground water may be perched above some of the near-hor izonta l 
si l is. 

Bedrock Structure 

General 

Bedrock st ructure re fers to the ge nera l d ispos i t ion  and spat ia l re l at ionsh i ps of the bedrock un i t s . 



G EOLOGIC UNI TS- BEDROCK S TRUC TURE 

A know ledge of  structure is va luab le  in ex trapo lat i ng geo log i c  i nformat ion . W i th i n  Benton  County , a 
pre l i mi nary rev iew of the structure i nd i cates t hat  

3 1  

( 1 )  Structura l data i n  vo l can i c  rocks i s  often scarce , and up l i ft is be l i eved to have bee n  comp l i 
cated by  numerous super imposed fo l ds and  fau l ts . 

(2 )  More structure i s prese nt i n  t he Coast Ra nge tha n has bee n mapped ,  a nd fau l t i ng appears more 
abundant than l a rge -sca l e  fo ld i ng;  st r i ke-s l i p  fau l ts may be more common tha n prev ious l y  
recogn ized . 

( 3 )  L i neaments may he l p  locate add i t iona l  fau l t s  a nd s ign if i cant struc tures .  
(4)  Major structura l trends are genera l l y northeastward across the Monroe and Corva l l i s 1 5 -mi nute 

Quadrang l es .  
(5 )  No  act ive fau l t i ng i s  known to occur a t  the surface because , accord i ng to present ly ava i l ab le  

i nformat ion , no Quaternary un i ts a re  cut by  fau l ts .  
Each of t hese conc lus ions i s  based o n  reco nna i ssance i n forma tio n ,  sub ject  to refi neme nt w i t h  more deta i led 
study . 

Be nto n County is pri mar i ly an assoc iati o n  of Eocene rocks, wh i c h  are be l i eved to have o nce fo rmed 
the cont i ne nta l marg i n  of  western Oregon and Wash i ngton . Bouguer grav i ty and aeromagne ti c surveys 
show a steep, east-s loping gravi ty gradient  a nd a north -trend i ng e longate be l t  of low -amp l i tude magnet ic  
a noma l ies,  suggest i ng poss i b l e  ma jor  faul t i ng a lo ng the west edge of  the Wi l lamette Va l l ey grabe n  and 
greater dept h of  bur i a l  of  vo l can i c  rock (Ts r )  off  the east f la nk of the Coast Range up l i ft . Furthe rmore ,  
l ack o f  ma jor grav ity express ion  for Tsr west of  Corval l i s, s i m i l ar t o  othe r  la rge outcrops of vo l can i c  rocks 
in the Coast Range , may i nd i cate an  eastward th i nn i ng of f lows and an  i ncrease i n  th i ckness of sed ime nta ry 
i nterbeds ( Bromery and Snave ly ,  1 964) . 

Local structure 

T he geo l og i c  maps accompany i ng th i s  text show ma jor fau l ts a nd l i nears . Major  features i nc lude 
the Corva l l i s a nd K i ngs Va l l ey faul ts . Li near features observed on low- a nd h i gh-a l t i tude photographs 
a nd sate l l i te imagery are ca l l ed  l i nears or l i neaments . T hey may be re l ated to fau l ts or s i gn i fi cant geo
logic structure as d i scussed be low . T he pr i n c i pa l  up l i ft i s  a broad ant i c l i na l  fo ld trend i ng nort heast 
a cross the Corva l l i s 1 5-mi nute Quadrang l e  (Vokes,  1 954) . Eoce ne sed imentary rocks that c rop out i n  t he 
Monroe 1 5 -mi nute Quadrang l e  have an eastward homoc l i na l  d ip  from part o f  the east l imb of t he Coast 
Range geant i c l i ne .  

Corvallis fault zone 

T he Corvo I I  i s  fau l t  is the major structura l feature in Be nton County , separat i ng o l der and upthrown 
Si l etz R i ve r  Vo l can i cs ( Tsr )  from younger  a nd downthrown m idd le  a nd l ater Eoce ne sa ndstone (Tf  a nd Ts) . 
Vokes and others ( 1 954) descr i bed i t  as a fau l t  zo ne co ns i st i ng of numerous subpara l l e l  h i g h-ang le  shear 
p l anes of  reverse ( ? )  movement . The fau l t  zone is d ist i ngui shed by ( 1 ) juxtaposed Si l e tz R i ver Vo lcan ic s  
(T s r )  and  F l ournoy sandstone (Tf) beds, ( 2) steep l y  d i pp i ng beds (65 °  to 85 ° southwest of Logsden R idge ) 
of F l ournoy sa ndstone (Tf) toward Si l etz R i ver  Vo lcan ic s  (Tsr ) ,  a nd (3 )  oppos i ng d i ps w i t h i n  vo l can i c  rocks . 
Steep ly  d i ppi ng beds i n  the F l ournoy sa ndstone ( 65 °  to 85 ° northwest) are taken as an i nd icat ion  of numer
ous steep - l i mbed drag fo lds  prese nt a long the downthrown side of the fau l t .  

Sa ndsto ne outc rops at t he bottom and top of the new stra i ght road before t he Marys Peak turnoff 
i nd i cate that the Corva l l i s fau l t  is a fau l t  zo ne conta i n i ng s izab le  b locks of sandstone ( Lawrence , persona l 
Fommun icat ion ,  1 977) . New construc t ion northwest of W i tham H i  II shows s im i  lor i nterm ixed assemb lages 
of basa I t i c -type roc k and deep ly weath ered sed i ments of F lournoy sa ndstone (Tf) . 

T he Corva l l i s fau l t  zone has a mapped l ength of approx imate l y  34 m i . I n  1 955 , Ba l dw i n  traced i t s  
exte ns ion i nto the  A l sea Quadrang l e ,  usi ng steep ly  d i ppi ng . ( 60 °  to  70° )  F lournoy (Tf )  beds toward the  
fau l t  zone a nd observed that  i t  apparent ly  d ied out w i t h i n the  F l ournoy sa ndsto ne south of  the A l sea R ive r .  
A subsequent study ( Farooqui , 1 973) co nfi rmed t h i s . Vokes and others ( 1 954) be l ieve tha t  d i sp lacement 
of  severa l t housa nd feet occurred dur ing ear ly  or  m id-Eocene t ime (54 to 47 mi  I l ion  years  ago) . Th i s  i s  
i nd i cated by the sharp a ngu la r  unconformi ty (d i ffere nce in str ike and d i p  of beds i nd i cat i ng an abrupt 
change i n  deposi t i on )  between F l ournoy (Tf) a nd Spe ncer (Ts) sandstone ad jacent  to the fau l t  zo n e .  
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Some post-Eocene movement a long the fau l t  is probab l e ,  however, si nce in p laces it appears to cut beds 
of Spencer (Ts) sandstone . 

Si nce no Quaternary un i ts are disp laced , no fie l d  evidence suggests that surface fa u l ts are sti l l  
active . More defi n i t ive studies are needed, and future i nte rpretat ions may a l ter our present perspect i ve 
of act ive fau l t i ng with i n the Wi l l amette Val ley and Coast Range ( see GEOLOG IC HAZARDS - Earthquakes) . 

Kings Valley fault 

K i ngs Va l ley l i es on the sout heast l i mb of a northeast-p l ung ing sync l i ne found i n  the Da l l as and 
Va l setz Quadrangles (Vokes, 1 954; Ba ldw in ,  1 964; Pe noyer, 1975 ) .  The K i ngs Va l l ey fau l t  be l i eved to 
be a norma l fau l t ,  cuts the K i ngs Va l l ey s i l tstone (Tsrk) of the va l ley floor .  To the sout h ,  i ts trace forms 
the contact between Tsrk and basa l t  flows of Si l etz Ri ver Vo l can ics  (Tsr) near Ge l l at l y  Creek and northwest 
of Pioneer Butte . The amount of disp lacement is unknown but is thought to be considerab le . Bromery and 
Snave ly ( 1 964) , not i ng rapi d  grad ient changes of magnet ic  anoma l i es across t he fau l t ,  suggested that the 
vo lcanic rocks to its west were downdropped 1 , 000 to 2, 000 ft . Sout h of K i ngs Va l l ey , the K i ngs Va l l ey 
fau l t  is offset by a sma l ler  cro ss fau l t  near P l unkett Creek; to the nort h ,  a nort heast branch of the K i ngs 
Va l ley fau l t  downdrops F lournoy (Tf) sandstone aga i nst Si l etz R i ver Vo l can ics (Tsr) . 

Glenbrook fault 

The G l enbrook fau l t  is a nort heastward conti nuat ion of a norma l (? ) fau l t  mapped i n  the northwest 
part of the E lm ira Quadrang le . It i s  considered another major fau l t .  The amount of di sp lacement i s  un
known,  but  i t  i s  be l i eved to  be less than that on the  Corva l l i s fau l t .  

Lin ears 

H igh-a l t itude photograp hy recent ly made ava i lab le by the Earth  Resources Techno logy Sate l l ite 
( ERT S 1 972) and Land Sate l l i te ( LANDSAT 1 975 ) has g iven  geo logi sts an addi t iona l  tool to use in geo log ic  
i nterpretat ion . The synopt i c  views provide an exce l lent opportun i ty for ide nti fy i ng s ign i fica nt l i neat ions 
( l i nears) of poss ib le  fau l t  or ig i n  or of structura l s ign i ficance on  the earth ' s  su rface . On-site fie ld check i ng 
is requi red to determ i ne whether the l i nears are actual fau l t s ,  fractures,  or dips, or i f  they i nstead represent 
man-made objects , vegetat ion patterns , opt ica l  i l l usions , or spurious a l i gnments of di verse ground features . 

As part of the Benton County geo log ic  study, Robert Lawrence, Oregon State Uni versi ty , conducted 
i nterpret ive structura l studies based on LANDSAT , S LAR (S ide-Look ing Ai rborne Radar) ,  and U-2 hi gh
fl ight photography . He noted ma jor l i nears that were long, assoc iated w i th aeromagnetic anoma l ies , or 
v i s ib le  on photographs a nd on sate l l i te and SLAR imagery ,  wh ich  he be l i eved to be fau l ts or other si gn i fi 
cant structures . I n  addi t ion, he de l i neated mi nor l i nears , wh i ch are short features not a lways vis i b le on 
a II imagery . 

Major l i nears on the Corva l l i s  1 5-m i nute Quadra ng le  i nc l ude ( 1 )  northwest l i near throug h Hosk i ns 
and A lexander Schoo l ,  (2) north-south l i near through K i ngs Va l l ey , (3) l i near from La Bare Creek through 
Wren, and (4) l i near from Harris through Noon, para l l e l i ng Marys R i ver to Evergreen Creek . Ma jor l i nears 
on the Monroe 15-m i nute Quadrang l e  are ( 1 )  l i near para l l e l i ng South Fork A l sea R i ver ,  (2) l i near trending 
southwest from the fau l t  west of Monroe , (3) northwest l i near para l l e l i ng Reese Creek nor thwest of Be l l 
founta in ,  and (4) easter ly trend i ng l i near cross i ng Corva l l is fau l t  and A l sea H ighway i n  northwest part  
of map (see the geo logi c maps) . 

Li nears, as mapped by Lawrence , have been  p laced on the geo log ic maps as an  a id  to p lann i ng and 
hazard eva l ua tion of spec i fi c  sites . Mapped fa u l ts and dikes for wh ich  l i nears can be seen are noted on 
the geo log i c  maps . Converse ly,  l i nears may i ndi cate the presence of previous ly unmapped fau l ts ,  frac
tures , or  di kes . Aeromagnet ic anoma l i es noted by Bromery and S nave ly ( 1 964) are assoc iated wi th the 
ma jor north -south l i near through Wren and K i ngs Va l l ey and the ma jor northwest l i near through the town 
of Hoski ns and through A lexander Schoo l . Fau l ts , fractures, and di kes , wh i ch can have s ign ifi cance i n  
contro l l i ng ground-water regimes, can be anti c i pated a nd gui de fu ture ground-water exp lorat ion . Road 
locati ons or deep excavations i n  areas where l i nears represent unmapped fau l ts may encounter heavy c lay 
zones and unstab le mater ia I .  
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T he geo l og i c  map shows that t he Corva l l i s  fa u l t  def lec ts from observed l i nears near Greasy C reek 
and Ph i l omath . S im i l a r l y ,  the K i ngs Val l ey fau l t  i s  marked by a v i s i b l e  l i near everywhere except in  t he 
sect ion  from Marys R i ve r  to Woods C reek . Lawrence notes d i sp lacement a l o ng the Corva l l i s fau l t  zone 
of  about 5 , 000 ft ± 2 , 000 ft near Marys Peak  and Lew isburg , bu t  on l y  severa l h undreds of feet south 
of  Ph i loma th ,  as we l l  as an a noma l o us outcrop pa ttern t hat  separates Si le tz R i ve r  Vo l can i cs (Tsr) a nd 
F l ournoy sandstone (Tf) to t he north and sout h but not a t  Greasy Creek . He be l i eves t hese var ia t ions 
suggest add i t i ona l  structura l comp l i cat ions . T he se a noma lous areas on  both  t he Corva l l i s  and K ings Va l l ey 
fau l ts are assoc iated w i t h  major  l i nears trend i ng up Rock  C reek and a l so para l l e l i ng Marys R i ve r  southwest 
of  Ph i loma t h .  Add i t iona l  deta i l ed  geo l og i c  i nvest i gat ions  beyond the scope of t h i s  study are needed to 
reso l ve t he s ign i fi cance of these anoma l ie s .  

L i nears assoc iated w i t h  Pr i ce a nd Woods C reek a nd t he easte rn e scarpment o f  K i ngs Va l ley correspond 
to fau l ts recog n ized in t he fi e l d  by Ba l ste r and Parsons ( 1 965 , 1 966) and Penoyer a nd N iem  ( 1 975 ) .  S im i 
l a r ly ,  duri ng  rea l i gnmen t  of t h e  Corva l l i s -Newport H i g hway west o f  Wre n  t hrough  Ge l l at ly Creek , heavy 
very deep wea thered zones i nd icat i ng a probab le  fau l t  trace were e ncountered . 

Some d i ke segments w i t h i n  Be nton  County are assoc iated w i th l i nears exte nd i ng from t he m .  T hese 
l i nears may mark unmapped port i ons of d i kes or fract ures a long wh i ch  d ikes  were i ntruded . Sim i l ar ly , 
m i nor  l i nears may locate fau l ts ,  master jo i nt s ,  or j o i nt sets . Si nce l i nears a re sub jec t i ve i n  i nterpretat ion  
and no two peop l e  w i l l  see  a l l  the same l i nears, the i r  s i gn if i cance must a l ways be ver i fi ed  by on-s i te 
ev idence . 

Lawrence a l so  noted textura l d i ffere nces i n  S LAR imagery re l ated to rock type s .  T he Si l etz R i ver 
Vo lcan ic s  (Tsr) un i t  i s  marked by a rect i l i near patte rn of s hort northwest and s l i g ht ly  l onger nort heast 
features . Most of t hese are not exte ns i ve enoug h to show on the map but are probab ly re l ated to the jo i nt 
pattern of t he rock unit (see E NG I N EER I NG PROPERT I ES OF G EO LO G I C  U N ITS  - Joi nt deve l opme nt) . 

Jo i nts measured i n  the Marys Peak s i l l  have t he same pat te rn ,  and t he angu la r  pattern of en trenched 
meanders o f  t he Marys R iver i s  poss i b ly co ntro l l ed  by such jo i nt s . Eocene sandstone areas (Tf ,  Ts )  are 
marked most ly by more w ide ly  spaced l o nger features wh i c h  seem more l i ke ly  to be fau l ts .  Two nort heast
trend i ng l i nears southeast o f  the Corva l l i s fau l t  i n  t he northwest corner o f  the Monroe 1 5 -mi nute Q uadrang l e  
probably ref lect  steep ly  d ipp i ng sandsto ne near the fau l t .  
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Tab l e  3 .  E ng i nee r i ng proper t ie s  of  geo l og i c  u n i t s ,  eastern Benton County ,  Oregon 

G e nera l rat i ng Phys i ca l prope rt i e s  Rego l i t h  Dra i nage Loc a l  hazards 
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ENGINEERING PROPERTIES OF GEOLOGIC UNITS 

General 

Tab le  3 re l ates s ix  rock un i ts a nd fo ur surfi c i a l  u n i ts i n  the study area to ten phys i ca l  proper t ies ,  
fi ve rego l i t h  propert i e s ,  t h ree dra i nage propert ies ,  and ten  hazards . Categor ies  o f  rock un i t s  a re defi ned 
pr imar i ly on t he bas i s  o f  rock type . Conseque nt ly ,  eac h  category i s  c haracter ized by a fa i r l y  d i s t i nct 
a ssoc iat ion  of eng i neer i ng proper t ie s .  Si nce t he surfi c i a l  un i ts exh i b i t  s im i l a r  st ra t i graph ie s ,  the i r  e ng i 
neeri ng proper t ie s  are treated together (Tab l e  9) . Tab l e  3 re l ates un i t s  shown o n  the geo l og i c  maps to 
spec i fi c  parts of  t he text a nd the refore is a gu ide i n  the effi c i ent  use of th i s  bu l l e ti n .  

Physical Properties 

Hardness 

Hardness refers to a rock ' s  res i stance to crush i ng ,  abras ion ,  o r  deformat ion  u nder s t ress . I t  i s  a 
bas ic  fac tor  i n  quarry ro ck potent ia l ,  fo undat ion strength for ve ry heavy structures,  and  excavat ion  d i ffi 
c u l ty of a rock un i t . H ardness i s  determi ned by t he composi t i o n ,  cementat io n ,  and weathe r i ng of a rock 
and t he manne r  i n  wh ich  co nst i tuent  gra i ns are geometr ica l l y  arranged or i nter l ocked . 

I nt ru s ive and vo l ca n i c  rocks of the study a rea are the h ardest roc ks , a l though there i s  a w ide vari 
a t ion  on the bas is  of spec i f i c  rock type . Because of the i r  h i gher  percentage of g l ass , p i l l ow basa l ts (F ig
ure 1 8) a brade more easi ly tha n  basa It f low roc k .  I n trus ive roc ks are the hardest . Most quarr i es are 
located w i th i n these u n i ts .  Sed ime nta ry rocks vary from moderate ly  hard to soft ( see E N G I N E ER I NG 
PROPERT I E S O F  G E O LO G I C  U N I T S - Excavat ion  d i ffi cu l ty ) .  

Phys i ca l  and c hem ica l weat he r i ng reduce a ro ck ' s  hardness a nd a re concentrated a long zones of  
weakness i n c l ud i ng jo i nts,  fau l t s ,  fracture s ,  a nd bedd i ng p l a ne s  ( F i gu res 1 2  and 1 5 ) .  O n  f lat  te rra i n ,  
weathered materi a l  a nd so i l  may be removed read i ly by s lope eros io n from rocks w i t h  l ow i nfi l trat ion  
rates . Consequen t l y ,  areas o f  l ow s l ope may not be  a reas of deep  weather i ng and  reduced bedrock hard 
ness . Thu s ,  hard u nweathered basa l t s  occur  at or near t he surfa ce of Tsr ped ime nts ( F igu re 9 ) ,  but 20- to 
50-ft -deep weathered zones may be found i n  qua rry p i t s  a nd road cuts i n  steep terra i n ,  where fau l ts ,  
j o i nts ,  o r  easi l y  weathe red rock (genera l ly vo l can i c  sed iments) a re prese n t ,  

Joint development 

Jo i nts a re surfaces of ac t i ve o r  pote nti a l  fracture or part i ng  i n  rocks . Jo i nts di ffe r  from fau l ts i n  
t hat they are not surfaces o f  actua l d i sp l a cement; t hey d i ffer from bedd i ng p l a nes i n  t hat they a re not 
pr imar i l y  the resu l t  o f  deposi t ion  a nd are not made up of cont rast i ng  rock types . F rom a n  e ng i neer ing  
standpo i nt ,  jo i nts a re  surfaces of weakness w i t h i n a rock wh ich  i nfl ue nce stre ngt h ,  cu t-s l ope stabi l i ty , 
excavat ion d i ffi c u l ty ,  i nfi l trat ion rate s ,  wea the r i ng ,  a nd l a nds l i de potent ia l ( F i gure 20) . 

Jo i nts a re formed by coo l i ng stresses i n  vo l ca n i c  and i nt ru s ive rocks ;  pressure stresses i n  sed ime ntary 
rocks due to deforma tio n ,  fo l d i ng ,  or i ntrusi on  by i g neous rocks ( F i gure 1 9) ;  and the effects of rock decay 
i n  weather i ng . 

I g neous i nt rusi ve rocks a re cha racte r ized by b locky jo i nt i ng on a l l sca les . The i r  potent ia l as quarry 
roc k is genera l ly good . S i le tz R iver Vo lcan ic s  (Tsr) p i l low basa l ts exh i b i t  pronounced radi a l ,  co l umnar 
j o i nt i ng . Jo i n t ing pat terns of other Tsr vo lcan ic  roc ks vary from moderate ly spaced b loc ky jo i n ts in fresh 
basa l t  to i rregu la r l y  spaced j o i nts i n  brecc i as a nd agg l ome rates . C lose jo i nt i ng on a sca l e  of i nches ofte n 
g i ves some basa l ts a grave l l y a nd cobb l y  appearance i n  cut s lope s .  C rush i ng c haracte r i s t ics  of brecc ias 
a nd agg l omerates are co nsiderab l y  l owe r in qua l i ty than t hose of  basa l t  f lows . Bedded sed imentary rocks 
such  as  F lou rnoy (Tf) a nd Spencer (Ts) sa ndsto nes ge nera l l y have jo i nt i ng perpend i c u l ar to the bedd i ng p l anes . 



Figure 2 0 .  Six-ft-wi de fa ul t wi thin regoli th of Eocene volcani c rock (Tsr) in Corvallis fau l t  zone, exposed during 
construction northwest of Hoover School , Corvallis . Dark-reddi sh-yellow to rus ty-brown color of fa ul t gouge that has 
fallen from cut slope and sheared, chlori ti zed boundaries distinguish faul t from wea thered pale-yellow and gray pi llow 

basal ts on ei ther si de .  Much material below soil is saproli te .  
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L i mi ted bedrock exposures and the genera l l y deep,  soft , weathe red surfa ces do nat permi t a deta i l ed des
c ri pt ion of jo i nt i ng . Jo i nt i ng i s  i n fe rred to be w ide ly spaced ,  based on low i n fi l trat i on  rates a nd gener
a l ly low ground-wate r y i e l ds .  Quarry exposures of res i sta nt F lournoy sandstone i n  K i ngs Va l ley exh ib i t  
two sets of nea r ly vert i ca l j o i nts occurr i ng a t  i nterva l s  rangi ng from i nches up to 5 f t  (Penoyer ,  1 975) . 
Surfi c i a l  geo log ic  un its are no t conso l i dated ( ceme nted e noug h to form so l i d rock}  and a re therefore not 
j o i nted . 

Jo i nt i ng is a cr i t i ca l  property of rock  i n  term s  o f  se vera l hazards a nd e ng i neer i ng pra ct i ces . For 
examp l e ,  j o i nts perpend i cu lar  to beddi ng p l a nes are a not her weak l i nk i n  potent ia l bedd i ng -p l a ne s l i de 
geometry . A l t hough genera l observat ions are made here , spec i f i c  determ i na t io ns m ust be made on  a s i te 
by-s i te  bas i s .  For examp l e ,  jo i n t i ng  propert ies of a spec i fi c  quarry rock may be  determi ned by  b l asti ng 
tests and core samp l i ng ,  as we l l  as by rout i ne fi e ld exami nat io n .  

Bedding distinctness 

Bedd i ng refers to t he arrangement of  sed imentary rocks in beds o r  l ayers . D i s t i nc tness refe rs to the 
degree o f  d i ffe re nce in rock type a nd resi stance to e ros io n between ad jacent bedded l ayers . W here bed
d i ng d i s t i nc tness i s  grea t ,  various l ayers o f  rock ge nera l l y  have s i gn i fi can t ly  d i fferent eng inee r i ng prop
ert ies . 

T he F lournoy sandsto ne (Tf} i s  descri bed as rhythm i ca l ly  bedded because i t  cons i st s  of a repeated 
pa tte rn of  coarse and f i ne sandstone and s i l tstone , eac h bed grad ing  from coarse r sa ndsto ne at the base 
to fi ner s i l tsto ne at the top ( F i gure 1 2) .  T he f iner  s i l tstone beds are softer  than the sandstone l ayers,  
a l t ho ug h  both are often qu i te soft in weathered zones near the  surfaces . 

I n  the more massive Spencer  sa ndstone (Ts ) ,  bedd ing  i s  l ess d i sti nct  because of subt l e  var iat ions  i n  
t h e  e nv i ronment of deposi t ion . Consequent ly,  S pe ncer sandstone bedd i ng p la nes a re more d i ffi cu l t  to 
ident i fy from sma l l w eathered exposures i n  cut s .  

Wi t h i n t he S i l e tz R iver Vo lcan ics (Tsr) , beddi ng d i st i nc tness i s  d i s t i ngu i shed loca l l y by  l ayers o f  
tuffaceous s i l tstone o r  basa l t i c  sandstone , genera l l y  severa l t o  te ns of fee t  i n  t h i ckness . T he K i ngs 
Va l ley s i l tstone i s  gene ra l l y a th i n l y  bedded s i l tstone ( Fi gure 1 5) but  does conta i n  t h i cke r  basa l t i c  sand
stone layers , a long w i t h  some th i n ,  wh i te ,  tuff l am i nae . Here bedd i ng d i st i nct ness i s  pr imar i ly  a funct i on  
of part i ng or  j o i nt i ng be tween  ad jacent si l tsto ne i nterbeds rat he r  t han  ma jor d i ffe re nces i n  gra i n  s ize , 

W he re d i st i nct i n te rbeds are t i l ted steep ly  toward a cut or steep sl ope , t he surface between any two 
beds is often  a p l a ne of weakness . T he co ntact  between  beds w i t h  vast ly d i ffere nt permeab i l i t i es may a l so 
be a locus of ground-wate r  accumu l at ion a nd f low . T hus, steep ly d ipp i ng d i st i nct i n terbeds ofte n define 
surfaces of s lope fa i l ure and are a ma jor factor in l ow c ut -s l ope stabi l i ty .  

Excavation difficulty 

The d iffi c u l ty w i t h  wh i c h  rock mater ia l i s  excavated i s  determi ned by rock hardness, jo i n t i ng , 
bedd i ng ,  a nd wea theri ng . Rock of cons iderab le  hardness ca n be excavated w i t h  re lat i ve ease i f  p l a nes 
of weakness effect i ve ly  separate it i nto sma l l manageab le  p ieces . Excavat ion  d i ffi c u l ty is s i g n i fi cant i n  
p l an n i ng for a l l  u nderground fac i l i t i e s ,  i n c l ud i ng basements , ut i l i ty l i ne s ,  sewer l i nes ,  and road con
struction .  

Vo l can i c  a nd i nt rusi ve rocks o f  the study area ge ne ra l l y  requ i re b last i ng for l arge excavat ions a nd 
quarry operat ions ,  except i n  a reas of deep weather i ng .  T hese are determ i ned by on-s i te i nvest igat i on . 
Genera l l y ,  overburden over vo l ca n i c  a nd i nt rus i ve rocks on  r idge crests i s  t h i n, but deep ly weathered 
zones in steep mountai nous terra i n  have been  observed . Si l etz R i ve r  Vo l can i cs (Tsr) p i l l ow basa l ts ex
h i bi t  pro nounced rad i a l  co l umnar jo i nt i ng ,  wh i c h  a ids excavat ion; they are genera l ly eas i l y  crushed i nto 
2- to 4-i n .  b locks . A sma l l  percentage of ve ry hard p i l lows i n  near-surface excavat ions are not easi ly  
crushed in  common equ i pment  and are ofte n p i led togethe r  at the edge of a s i te ( F i gure 1 7); i n  some cases 
they are stockp i l ed  for use as r iprap . Heavy equ ipment may be adequate for  m i no r  excavat ions and for 
excavations i n  the wea thered zone . 

S i nce sed imentary rocks of the Spencer (Ts) a nd F lournoy (Tf} Forma tio ns vary from moderate ly  hard 
to soft , excavat ion  is most often ac comp l i shed us i ng a backhoe or l ig ht -duty r ippi ng bar a nd is fac i l i tated 
by fa i r l y  deep zo nes of wea theri ng . Se l f- l oadi ng scrapers ca n o ften  be used for  road construct ion ( F i gu re 2 1 ) .  
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Figure 21. Self-loading scraper easil y  handles road construction in cla yey , wea th
ered sandstone and sil tstone (regoli th) of Flournoy Forma tion (Tf) at Wi tham Hill , Corval
l i s .  Note thin soil o n  cut slope to l eft . 

However ,  si nce these sedimentary rocks have a l so bee n i ntruded , baked, and harde ned by mol ten igneous 
rocks (F i gure 1 9) ,  excavat ion may become extreme ly d i ffi c u l t  near the baked rock adjacent to t he i ntru
s i ve body . 

T he Spencer sandstone a round Corva l l i s  co nta i ns intrusi ves wh ich  were di scovered on ly  afte r exca 
vation commenced, as near 36th and H arri son  Avenues and on top of Country C l ub H i l l  ( F igure 22) . A 
c l ue to the ex iste nce of very hard , under ly ing i ntrusives is the presence of hard , dark-gray sedime ntary 
rock that requ i res  jackhammeri ng ,  dr i l l i ng ,  o r  b last i ng .  T he sedimentary rocks have been hardened by 
contact with  the i ntrusi ves (F igure 1 1 ) .  The possi bi l ity of encounteri ng unmapped i ntrus ive bodies withi n 
these sedimentary un i ts must be cons idered where exte nsive excavation must be do ne , as for sewage systems . 
Dome-shaped topograph ic  feat ures w i th in  the Spe ncer Format ion,  as j ust south  of Phi lomath,  a l so are ge n
era l ly very hard a nd d i ffi cu lt to excavate . Concret io ns wit h i n  Spe ncer (Ts) sandsto ne a l so can contri bute 
to excavat ion d i fficu lty . Lam inations i n  the Spe ncer (Ts) and d i sti nct bedding in the F l ournoy (Tf) aid 
excavat ion . Unweathered F lournoy sandstone (Tf) is a l so d i fficu lt  to excavate and has been quarried i n  
some locat ions . 

Si l tstone is genera l ly more eas i ly  excavated tha n cemented sandstone,  parti cu lar ly  where b locky 
part i ng a long beddi ng p lanes i s  prom inent ,  as occurs wi th in  the K i ngs Va l ley si l tsto ne (Tsrk )  ( F igure 1 5) .  

Surfi c i a l  deposits are easi ly excavated , a s  descr i bed e l sew here i n  this section ( F i gure 23) . 
Tsr ped iments exh i bi t  variab le  degrees of excavation d i ffi cu l ty because of variab le  so i I depths 

( F i gure 9), weathered zones, and types of vo l can ic  rock e nco untered . Genera l l y, a l though ped iments 
have terrace l i ke forms, they wi l l  usua l ly requi re excavat ion as bed roc k .  

Foundation capacity 

Foundat ion capaci ty is the abi l i ty of a rock or deposit to support structures without fa i l ure by shear 
or  penetrat ion . I t  is determi ned large ly by rock hardness, weatheri ng , jo i nt i ng ,  a nd bedd ing .  Because 
variation of rock type beneath the surface is of add i tiona l  concern for major construction , foundation 
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Figure 2 2 .  Approxima tely 12 to 1 6  ft beneath ground surface ,  this sewer line route 

near Corvallis Country Cl ub was thwarted by presence of very hard , coarse-grained, gray 
intrusi ve rock (Ti) (arrow) wi thin Spencer (Ts) sandstone . Jointing in overl ying firm 

sedimentary rock aided excava tion .  Blasting near residential areas i s  often not feasibl e  
because of safety and other consi dera tions . 

Figure 23 . Excava tion in Qua

ternary middle terrace deposi t (Qtm) 
for swimming pool at Highland Junior 
High School in Corvalli s .  One- to 

four-in . - thick wavy bands of si l t  

(dashed lines) are interspersed wi th 
l i ght-tan sil ty-clay ma terial at 2-

to 3-ft intervals . Below permanent 

wa ter table (approxima tely 1 6 ft) , 

color changes to bluish-gra y .  
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Figure 2 4 .  Cut slope of wea thered later Eocene sandstone (Ts) west of North Albany (NWt sec . 2 ,  T. 11 s . ,  R .  4 W. ) .  
Sil ts tone weathers to angular fragmen ts, chips , and fine clay (inset - note hand lens for scale) . Mi d-slope profi l e  
becomes convex due t o  creep and shallow sl umping from steepened upper part o f  c u t  slope (arrows) . Ma terial from steep 
cut slopes in raveling clayey si l ts tones of all sedimentary uni ts often fi lls roadside di tches , whi ch then need 
addi tional maintenance . 
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strength is a l so st ud ied by subsurface bori ng a nd samp l i ng and a var i ety o f  tests . 
Sett l eme nt , part i c u l a r l y  d i ffe re nt ia l se t t l eme nts betwee n  d i fferent parts of a st ructure , i s  q u i te often 

a greater facto r i n  desi g n  considera t ions o r  i nnovations tha n stre ngt h .  Se t t l eme nts  are p r imar i l y  a con
s iderat ion  w here s i l ty c lay so i l s  a re encou nte red i n  t he surfi c i a l  te rrace un i t s  (Qt l , Qtm,  Qth )  and  where 
t h i ck so i l s occur on  ped ime nts of the Si l etz Ri ver Vo lcan ic s  (Tsr ) .  I n  u rban env i ro nments,  areas of fi l l  
may be e ncountered wh i c h  co u l d ,  i f  not recogn ized,  cause d i ffe re nt i a l  sett l ement prob lems .  

M eans  fo r dea l i ng w ith  s i te -spec i fi c  co nd i t io ns o f  so i l  or rock strength and sett l ement i nc l ude i n
novat ive foundat ion des i g n ,  basements, mat  foundat io ns,  dra i nage contro l , pre load i n g ,  use of p i l i ng ,  
and  actua l  avo ida nce o f  c r i t i ca l  areas . Constru ct ion cost i s  usua l l y  a pr ime cons iderat ion  i n  se l ec ti ng 
foundat ion a l ternat i ves . 

Foundat ion  st re ngt h o f  vo l ca n i c ,  i nt rusi ve ,  a nd sed imenta ry rocks i s  moderate to h igh i n  u nweather 
ed  areas of Benton County . T herefore , it i s  genera l ly more t h a n  adequate fo r most types o f  co nst ruct ion . 
O n  steep s lopes, mass-movement poten t i a l  is a c l ose ly re l ated hazard that warrants atten t io n . 

Foundat ion  strengt h of te rrace surfi c ia l  depos its (Ora l ,  Qt l , Qtm , Qth )  i s  ge ne ra l l y good , but 
varia bl e . Set t lement  cons iderat ions ,  g rou nd-water l eve l ,  and dra i nage a re equa l l y i mportant; there fore , 
the prec i se nature o f  subsu rface materi a l  and co ndi t ions shou l d  be determ i ned for many app l i cat io ns . T he 
ge nera l foundat ion  c haracte r i st i cs of the surfi c ia l depos i ts are d i scussed i n Tab le  9 .  

Cut-slope stability 

C ut-s lope stab i l i ty i s  res istance to shear fa i l u re or s l i d i ng i n  art i fi c i a l  cuts . Remova l of mater i a l  
from a cu t  prov ides a s i t e  for poss i b l e  s l i d i ng i f  shear stre sses of t he new ly  formed s l ope exceed shear 
res i stance . C ut-s lope stab i l i ty in bed rock is determ i ned l arge ly  by surfaces of least stre ngth ,  i nc l ud i ng 
jo i nt s ,  fau l ts ,  d i s t i nc t  bedd i ng p lanes ,  g lassy su rfaces of p i l l ow basa l t s ,  c lay hori zons , a nd ave nues of 
ground-water flow . 

C ut-s lope stab i l i ty i n  i n tru s ive geo log i c  un i ts (T i )  o f  th i s  study i s  ge nera l ly h ig h .  Pote nt i a l  i nsta
bi l i ty i s  governed by jo i nts and contacts between overburden and bed rock  i n  sha l low cuts . Moderate to 
steep s l opes  a l ong f l a nks of co nta cts between  i n t rus i ve rocks and sed imentary rocks are a l so  ofte n a reas 
of  deep and sha l low s l ump i ng and l a nds l id i ng wh i c h  m ust be assessed in determ i ni ng overa l l  stabi l i ty 
( F i gu re 40) . 

Basa l t  f lows are most stab l e . P i l l ow basa l ts a re genera l ly stab l e ,  a l though l a rge p i l l ows may drop 
out of  cut s lopes a nd vert i ca l  quarry wa l l s .  Sed ime nts w i t h i n Eoce ne vo l can i c  rock ( Tsr) are genera l ly 
weak and prone to i n stabi l i ty i n  unfa vo rab l e  cond i t ions o f  t h i ck ness , bedd i ng or ie nta t ion , or drai nage . 
Sha l low cuts th rough si l tstone rave l and exh ib i t  a c haracter i st i c  accumu l at ion  of mosa i c - l i ke ch i ps a long 
t he base ( F i gures 14 and 1 5 ) .  I n  d i s t i nc t ly  bedded sed imenta ry rocks (Tf ,  Tsrk , Ts ) , beds d i ppi ng steep ly  
i nto cuts reduce cut-s lope stab i l i ty ( F i g ures 1 2  a nd 1 5 ) .  

I n  more mou nta i nous terrai n ,  a s  o n  V i neyard Mo unta i n ,  c u t  s lopes may i ntersect o l de r  l ands l ide 
depos i ts  or unco nso l i da ted co I I  uvi um ( F i gure 4 1 ) .  Coup led  with a l terat ions in runoff a nd dra i nage caused 
by road and home bu i l d i ng ,  such cu t-s lope stabi l i ty can be extreme ly var iab le . S i te -spec i fi c i Hvest i 
gat io ns are therefore essent ia l to m i t igate potent i a l  cu t-s l ope stabi l i ty prob l ems . Where contrast i ng 
rock types are i nter l ayered , as s i l tstones a nd basa l ts ,  c ut-s l ope stab i l i ty can be adve rse ly  affected by 
undercutt i ng or by g round-water f low . 

Factors i nf l ue n c i ng cut -s lope stab i l i ty i n  unconso l i dated a nd sem i co nso l i dated surfi c i a l te rrace 
depos i ts  i nc l ude g round water , cohes io n ,  dens i ty of  mater i a l , shear s t rength , he ight  of cut , and a ng l e  
of cut ( F i gure 23) . Spec i fi c  stabi l i ty a ssessments a re t h e  task o f  the c i vi l o r  so i l s  e ng i neer . T h ick  u n 
co nso l idated mate r i a l  i n  t he study a rea i nc l udes deep ly  weat hered bed rock ,  w here e ncountered ,  a nd 
base -s lope co l l uv i um  ( see  E NG I N E ER I NG PROPERT I E S  O F  G E O LO G I C  UN I T S - Rego l i t h ) . 

C ut s l opes i n  t he Spe ncer (Ts )  sandstone are genera l l y stab l e , usua l ly assum ing  a convex profi le 
m i ds l ope ( F i gure 24) as ma te r ia l  s loughs from the top o f  t he cut i n  ep i sodes i n vo l v i ng mater i a l  of o ne to 
severa l yards i n  vo l ume ( F i gure 25 ) .  T h i s  s l ough i ng occurs equa l ly on sandstone a nd s i l tstone i nterbeds . 
Where cut s lopes i nterse ct areas of sha l low subsurface seepage , sat urated earthf low mate r i a l  often accom
pan ies  s l umpi ng ( F igu re 27) .  For further d i sc uss ion of factors affec t i ng  cu t-s l ope stab i l i ty see G E O LOG IC  
HAZARDS - Mass Moveme nt . 
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Figure 25 . Shallow earthflow sl ump in steep cut slope in Spencer (Ts) sandstone 

along Pet tibone Road. Areas wi th sha llow subsurface seepage are particularl y prone to 
such sl umps . Thi s one, typical of individual even ts , con tains approxima tely 2 cu yd of 
material . Fi lling of di tches and cul verts commonl y resul ts , affecting surface drainage . 

Figure 26. Large blocks of gabbro (Ti ) placed a t  toes of shallow sl umps in Spencer 
Forma tion (Ts) sil ts tone along Pettibone Road near Lewisburg. 
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Figure 2 7 .  Cut -slope fai l ure in Qua ternary higher terrace deposi ts (Qth) overl ying 

Spencer (Ts) sandstone along Ai rport Road just east of Bellfountain Road.  Shallow s ub

fUrface flow (arrow) l ed to complete loss of strength of soft cl ayey si l ts tone and mud

stone regol i th .  Slip surface contains dark-gray sticky cl ay and visible ground-wa ter 

seepage . Shovel handle left of sl ump provi des scal e .  

Figure 2 8 .  Shal low earthflow sl ump i n  Kings Valley si l tstone (Tsrk) along Maxfi el d 
Creek Road east of Kings Valley . Shovel handle (center) provides scal e .  Presence of 

large shrink/swell cracks during the dry season indicates that expansive montmori l
loni tic clays are presen t .  
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Slope intensity 

S l ope i ntens i ty or steepness i s  ge nera l l y  measured i n  perce ntage of s lope or degree of r i se . T he 
perce ntage of s lope i s  determi ned by d i v i d i ng the vert i ca l  change i n  e l evat ion  by hor i zonta l d i sta nce 
a nd mu l t i p l y i ng by 1 00 .  I f , for examp l e ,  e l e vat ion i ncreases by 1 0 ft over a hor izonta l d i stance of 1 0 ft , 
s l ope i ntens i ty i s  1 00 pe rce nt . I n  t h i s  study,  s l ope i ntens i ty deri ved from maps i s  an  average of var iab l e 
loca l  s l opes because of l arge contour i n terva l s  a nd sma l l  map sca l e  compared to the s ize of typ i ca l  s i tes  
under i nvest igat i on . 

Steep s lopes gene ra l ly occu r  over  hard bed rock i n  areas of yout hfu l topography . Rock types i n c l ude 
a l l  u n i ts except su rfi c i a l  depos its , Deep weathe r i ng  a l ong jo i nts ,  fau l ts ,  and o t her zones of  weakness 
produces gent le r  s lopes l oca l l y .  T he evo l ut ion of l a rge -sca l e  e rosi ve l andforms , such as r i ver va l l eys ,  
p roduces f la t  s lopes a nd pedi ments by other  processes in  add i t ion to loca l  rock weathe r i ng . 

Surfi c i a l  deposi ts  a re c haracter i zed by ge nt ly  s lop i ng to very f lat  terra i n , Landscape evo l ut ion  i s  
a nother co nsi dera t ion i n  s l ope i nterpre tat i on . For examp l e ,  a l t hough t he var ious  format ions have dramat ic  
d i ffe rences i n  hardness and o ther  physi ca l proper t ie s ,  t he i r  fo rms  a nd s lopes a re q u i te s im i lar . 

S l ope i ntens i ty i s  the most cr i t i ca l factor i n  determ i ni ng so i l  eros ion  pote nti a l  and so i l  c reep ; i t  
i s a contro l l i ng factor i n  the d i str i but ion  a nd nature o f  mass movement ,  runoff, a nd large over land f low 
( see G E O LOG IC HAZARDS - So i l  E ros io n ) .  

Infiltration rate 

I nfi l t ra t ion rate i s  defi ned here as  t he genera l rate a t  wh i c h  surface water pe rco lates i nto geo log ic  
un i ts . T he co ncept i s  q ua l i ta t i ve , a nd sta tements a re based on profess iona l  j udgme nt rat her tha n ac tua l  
measureme nts . I nfi l t ra t ion rates of the  assoc iated soi l s  and rego l i t h  a re furt her d i sc ussed i n  t he Soi l  Con
servat ion Serv i ce so i l  su rvey of Ben ton County and i n  rece nt research by  Hammerme i ster ( 1 978) and ot hers 
(see E N G I N E ER I NG PROPERT I E S  OF G E O LO G I C  UN ITS - Sha l low subsurface f low a nd Sept i c -ta nk 
capac i ty of  so i l s ) , I nfi l trat io n  rate s ,  whi c h  a re determ i ned by rock pe rmeabi l i ty ,  jo i nts , fracture s ,  fau l ts ,  
and ori e ntat ion of  bedd i ng ,  are s i gn i fi cant i n  terms of la ndfi I I  pote nt i a l ,  dra i nage , grou nd-water potent i a l ,  
a nd steep-s lope mass movemen t .  

Because i nfi l trat ion rates i n  i nt rus ive , vo l can i c ,  a nd  sed ime ntary rocks a re genera l ly low , g round
water pote nti a l  i s  a l so low in t he se rock un i t s . Rocks from the S i l etz R iver Vo lcan i cs (Tsr) a re fractured , 
fau l ted , and jo i nted (F igure 1 8) a nd are characteri zed by var iab le  and moderate i nfi l t rat ion rates and 
g round-water pote n t ia l  genera l l y adequate for sma l l domest i c  supp l y  (5 to 60 gpm) from fract ures beneat h 
t he surface . I n  areas of steep l y  s lop ing terra i n  over  fresh basa l ts o r  i nt ru s ives w i t h i n t h i s  un i t ,  bedrock 
i nfi l t ra t ion rates a re lower tha n  in t he over ly i ng si l ty c lay co l l uv i um; ground-wate r f low predomi nates at  
t he i nte rface betwee n  bed rock a nd co l l uv i um . 

Spencer (Ts) a nd F lou rnoy (Tf) sandstone un i t s  have low to moderate i nfi l trat i -on rates . T he sa l i n i ty 
e ncountered  at depth w i th i n  t he Spe ncer Format ion pro bab ly  atte sts to th i s ,  i nd i ca t i ng e i t he r  t hat suffi 
c ient perco l at ion  of fresh  water has not occurred to fl ush the sa l i n i ty or t hat flow i s  so s l ow t hat sa l ts 
have been leached from bed roc k .  I nfi l tra t i on rates of surfi c i a l deposi ts are l i m i ted where mant led by 
s i l ty c l ay so i l s and h i gh  where permeab l e  sands a nd grave l s  occur  ( see GE O LOG IC  HAZARDS  - H i gh  
G round Water and  Pond i ng) . Most ground-wate r  f low occurs w i t h i n sands and g rave l s  occurr ing loca l ly 
a t  depths o f  1 5  to 50 ft . "Overconso l i date d "  st i ff b l ue  c lay i s  essent i a l l y  i mpermeab l e  (Tab l e  9) .  

Landfill potential 

Landfi l l  poten t i a l  i s  t he capac i ty of a rock un i t  to be u sed  successfu l ly as a s i te for t he san i tary 
d i sposa l of so l id waste , Leac hate deve lops w he n  ground water or su rface water fi l ters throug h the so l id 
waste and i s  a l most a lways produced i n  humid c l i mates l i ke t hat of Benton County (Tab le  1 ) .  I t  i s  t he 
most i mportant source o f  poten ti a l  g rou nd-water po l l ut ion . I dea l l a ndfi l l  si tes prov ide a great dea l of  
natura l protect io n agai nst po l l ut i on and a re  characteri zed by  ( l) favorab l e  topography ,  i nc l ud i ng f l a t  up
land areas and gent le s lopes; (2) low i n fi l tra t ion  rates resu l t i ng e i th er from th i c k  deposi ts of re la ti ve ly i m 
permeab le s i l t a n d  c lay mater i a l o r  from sha l l ow , re lat ive ly sound un jo i nted o r  unfractured bed roc k wh i ch 
a I so l i m i ts ground -water leachate movement; (3) low ground-water tab le ;  (4) ease of excavat ion;  (5) i so-
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l a t ion  from over land f low a nd surface waters; and (6) adequate quant i ty a nd qua l i ty of cover mater i a l .  
T he d i stance po l l uta nts can trave l depe nds on  the concentrat ion at t he source , i nteract ion  w i t h  

rego l i th  o r  bed  rock , rate of  ground -water fl ow, and  exte nt of m ix i ng by d i ffus ion and d i spersion .  C hem
i ca l s  have bee n  known to  trave l two to th i rty t i mes far the r  t han  bacter ia  i n  some case s .  

T he vo l ca n i c  a nd sed imentary un i ts (Tsr ,  T s ,  Tf) come c losest to meet i ng t hese spec if i cat ions i n  
p l aces,  but excavat ion d i ffi c u lty i s  var iab l e . Major  prob l ems assoc iated w i t h  vo l can i c  a nd i ntrus i ve 
geo log i c  u n i ts i nc lude h i gh  excavat ion d i ffi c u l ty , steep s lopes, and  i n fi l t ra t ion  a long jo i nts . T he use o f  
q uarry s i tes  for l a ndfi l l  s i t e s  e l im i nates excavat ion  d i ffi c u l ty as a cons iderat ion  bu t s t i l l  requ ires carefu l  
a na l ysi s i n  terms of ove r l and f low ,  l eachate product io n ,  a nd adequate cover i ng .  

Surfi c i a l  geo log ic  depos i t s  (Q ra l ,  Q t l , Qtm , Qth )  are ge ne ra l l y t he l east favorab l e  because of  
f l ood or h i g h  gro u nd-water po tent ia l .  Q t h  i s  re l a t ive ly  better t han  Q tm .  I n  some parts of t he wor l d ,  
so l id waste d i sposa l i n  l andfi l l  mounds has bee n  successfu l l y accomp l i shed . I mpermeabl e l i ners are a l so 
be i ng used to more near l y  adequate l y  i nsure aga i nst la ndfi l l  l eachate (wh i c h  may be carr ied to a treatme nt 
p l ant )  e nte r ing the grou nd-water system . 

Proper se lect io n and deve l opmen t  o f  san itary l a ndfi l l  s i tes requ i re h i gh l y tech n i ca l i nput from the 
f ie lds o f  eng i neer i ng geo l ogy , ground-water a nd surface hydro l ogy , a nd eco logy . C l i mate i s  a l so a very 
important cons iderat ion , si nce ra i nfa l l  co ntro l s  t he amoun t  of i nfi l trat ion , rate of fi l l  decompos i t i on ,  and 
rate of leac hate product ion . W i t h i n  Be nto n County , i ntermounta i n areas l i ke K i ngs Va l l ey may have ra i n 
fa l l  amounts tw ice that recorded nearer the W i l l amette Va l l ey . On-si te i nvest i ga t ions i ncorporat i ng 
bo ri ngs are necessary to co nfi rm assumed geo l og i c  a nd hydro l og i c  co nd i t i ons . Adverse s i te fac tors can 
somet imes be m i t i gated w i t h  success by proper desi g n ,  ground-wate r mon i tor i n g ,  a nd appropriate e ng i 
neeri ng pract i ces . 

Septic-tank capacity of soils 

T he pote nt i a l  of soi l s  to be used for sept i c -ta nk d i sposa l waste i s  determi ned by so i l  texture , so i l  
t h i ckness , a nd dra i nage . Because so i l  format ion  i s  determ i ned by pare nt mater i a l  (bed rock ) ,  t ime , s l ope , 
c l i mate , and organ i c  act i v i ty ,  there are no c l ear-cut re l a ti onsh i ps between bed rock a nd sept i c -tank 
capac i ty of  so i l s (Tab le  1 0) .  There fore , t he re is no subst i tute fo r o n-s i te eva l uat ion  to determi ne sept i c 
ta nk capac i ty . T he Soi I Conservat i on  Serv ice so i l  survey conta i ns i nformat ion  o n  sept ic -tank capac i t ie s  
o f  spec i fi c  soi l s .  Howeve r ,  a n  understand i ng of geo logy ass i sts i n  the ide nt i f icat ion  o f  pote nt i a l pro b lems 
that  m ight otherw i se be over looked ( see  G E O LO G I C  HAZARDS - High Ground Water and Pond i n g ) .  

Un favorab le  permeab i l i t ie s  are common i n  b l ack c l ayey so i l s  on  Tsr pedi ments,  w here so i l  i s  a l so 
often too th i n  ( F i g ure 30),  and i n  c l ay-ri c h  so i l s  over wea thered tuffaceous sandstone , as found i n  the 
Spencer (Ts) sandsto ne in Nort h A l ba ny .  Soi l i s common ly  too t h i n in steep terra i n  over hard bed rock .  
S l ope i s  not a n  a utomat i c  i nd i cator of  adequate rego l i t h  t h i ckness, but steep s lopes a r e  genera l ly i nappro
pr iate for sept i c  tanks beca use of  i nsta l l at ion  d i ffi cu l t ies  a nd the h igh  pote nt i a l  for downs lope surfac i ng 
of eff l uent and for s l ope fa i l u re . 

Where concentrated deve lopments are contemp l a ted i n  footh i l l s we l l  abave the reg iona l  water tab l e  
w i th i n t h e  S i l etz Ri ver Vo l ca n ics  (Tsr) u n i t , sep t i c-tank con tam i nat ion of domest i c  water we l l s  i s  a pote n 
t i a l  prob l em that i ncreases w i t h  the numbe r  o f  we l l s a n d  sept i c  systems,  due t o  t he nature of  fractures 
w i th i n t he un i t  ( F i gure 1 8) and a l te rat i o ns i n  i nfi l trat ion  patterns  that occur through home , road , a nd 
sept i c -tank construc t io n .  

Recent research o n  moveme nt of wastes from sep t i c-tank systems o n  h i l l si de so i l s  i n  Be nton County 
revea led rat he r  l a rge d i ffe re nces in the capac i ty of so i l  a nd rock to tra nsm i t  water or waste w i t hout  be
comi ng saturated , depe nd i ng ma i n l y  on  c l ay l ayers, s lope pos i t ion, a nd permeabi l i ty of under ly i ng  rock 
( Hammerme i ster,  1 978) . Eve n  the B and C horizons of the best d ra i ned so i l s  tested were fou nd l ike ly to 
become saturated from storms o f  h ig h i ntens i ty and  l ong d urat ion . H i g h  f low rates of 20 ft per hour o r  
more dur i ng satura ted  cond i ti o ns on  some s i tes  suggest t hat pote nt ia l ly da ngerous so l utes and parti c u l ates 
may move downs lope se vera l hundred feet if saturated cond i t ions  pers i st for 24 hours . Therefore , co nven
t iona l  setbacks of  sept i c tanks from we l l s ,  roadc uts , and surface waters may be  too sma l l fo r dra i n fie l d  
tre nches over s lop i ng impermeab l e  bed rock ( see E N G I N E ER I N G  PROPERT I E S  O F  GEO LOG IC  U N ITS 
I nfi l t rat ion rate a nd Sha l low subsurfa ce f low) . 
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Regol i th  

Rego l i t h  is unconso l i dated rock and so i l materia l over ly i ng so l i d  bed rock and i nc l udes surfi c ia l  
geolog ic un its (O ra l , Qt l , Qtm,  Qth) , l ands l ide debr is ,  co l l uvi um ,  and  so i l  (F ig ure 29 ) .  T he term i s  
appl ied to mater i a l  wh ich i s  weathered from under ly i ng bed roc k or mater ia l wh ich i s  transported by 
w i nd ,  water ,  or creep . Spec i fi c  ki nds of regol i th (surfic i a l  geo log ic  un i t s ,  lands l i de depos its ,  and so i l s ) 
are d i sc ussed i n  deta i l  e l sewhere in  the text . 

T he nature and th ickness of res idual  weathered bed rock, ca l l ed sapro l i th  or sapro l i te ,  are importa 1  
engi neeri ng considerat ions i n  assessi ng excavations and drai nage characteri st i c s .  Sapro l i te c lose ly resem 
b les i n  structure the firmer bed rock from which i t  has weathered (F igures 20 and 30), even though deep 
weat her i ng may have reduced its texture to si It and c lay, parti cu la r ly in sed imentary units . Genera l ly ,  
sapro l i te th i ckness fo l l ows rego l i t h  thi ckness :  for examp le , on steep s lopes where rego l i th i s  thi n ,  sapro
l i te i s  a l so t h i n; on f lat sl opes where rego l i th is thick, sapro l i te is a l so th ick .  

Thickness on steep slopes 

On steep s lopes th ickness of rego l i th  i nf lue nces the depth of subsurface ground-water flow,  stabi l i t  
o f  the s lope , and cut-s lope stabi l i ty . Th i ckness i s  determ i ned by rock type , weatheri ng rates, erosion 
rates , and amounts of co l l uvia l or stream deposi t ion . 

Rego l i th  is ge nera l ly th i nner on steep s ide s lopes, where bedrock exposures, part i cu lar ly of more 
resistant vo l can ic  and i ntrus ive rocks , are more common .  In steep ly s lop i ng Si le tz River Vo lcan ics (Tsr ) 
terra i n ,  co l l uv ia l th i ckness can be qui te var iab le . I t  is th i cker where shear i ng ,  i nterbedded pi l l ow 
basa l t  flows, basa l t ,  i n trus i ve rock, and tuffaceous sa ndstone occur,  as on Vineyard Mounta i n  ( F igure 3 1  
Zones 1 0- to  20-ft-t hick are a l so assoc iated w i t h  dra i nages and o ld l ands l ide deposits , whi le  zones on ly 
1 - to 3-ft-thick occur over fi rm basa l t or  i ntrus ive rock . 

Accumu lat ion of s lope wash materia l ,  col l uv i um , and creep mater i a l  a t  the base of a s lope co ntrib 
utes to the re la t ive ly th ick rego l i th found at the bases of ma ny steep s lopes .  In add i t ion , accumu lat ion 
of ground water at bases of s lopes resu l ts i n  more effect ive chem i ca l  weather i ng of bed rock , wh ich ,  i n  
turn, produces more rego l i t h .  

I n  genera l ,  acce l erated chem i ca l  weather i ng and creep contri bute to re lat ive ly th icker rego l i t h  i n  
dra i nageways o n  a l l rock units . From a geologic t ime perspect i ve ,  debr i s  ava l anches and debr i s  f lows i n  
sma l l l i near channe l s  o n  steep sl opes eventua l ly scour l oose materi a l  from the s lope , produc i ng ephemera 
stream channe l s  ( F igure 43 ) .  I t  is this process , rather than c lass i ca l headward eros ion , that produces 
first-order streams in much of the Coast Range of Oregon (see G EOLOG IC  HAZARDS  - Mass Movement) , 

Thickness on gentle slopes 

Rego l i th thickness on gent l e  s lopes i nf l uences excavat ion d i ffi cu l ty ,  foundat ion design ,  cut-sl ope 
stabi l i ty, and landfi l l  potent i a l . Th ickness is determi ned by rock type , weather i ng rates ,  eros ion rates , 
and age of the land surface . 

Where surfi c i a l  terrace depos i ts cover bed rock, rego l i t h  th ickness i s  equ i va lent to the th ickness of 
the a l luv ia l un i t  ( F igure 29 ) ,  readi ly determi ned by we l l - log data and fie ld observat ions . Th i s  th ickness 
vari es from a few feet to te ns of fee t (where su rfi c ia l  u ni t s  merge w i th ped iments) to greater than 1 00 ft 
i n  some locat ions wi thi n the ma i n  port ion of the Wi l lamette Val ley . 

Rego l i th  th ickness over ly i ng ped iments is genera l ly th i n  ( F igure 9) and resu l ts from co ntro l by 
weatheri ng and f luv ia l  erosion . Genera l l y ,  rego l i th i s  t h i n  on ridge crests and th ick on side s lopes, 
i ndicati ng act i ve creep and erosion . 

Clay content 

C lay refers to extreme ly fi ne part i c l es (0 . 002 mm or less) as we l l  as to a group of m i nera ls w i th a 
spec i fic  crysta l lographic structure and range of composi tio n ,  genera l ly hydrous a l um inum si l i cates wi th  
conti nuous sheet structures , l i ke mica,  wi th  cohesive propert ies . 
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COMMON MOLE 

SOIL 3-6 f t  
( B I D-CHEMI CAL WEATHERING ZONE) 

(WITH SURF I C IAL 

GEOLOGIC UNITS ) 

SAP ROLITE 

( CLAYEY) 

WEATHERED BED ROCK 

FIRM BED ROCK 

( CONSOLIDATED) 

REGO L I T H  
( UNCONSOLIDATED MATERIAL) 

P ILLOWS 

CLAY SEAMS ALONG JOINTS 

NO SCALE 

FRESH BED ROCK 

Figure 29 . Relati ve 

posi tions of regol i th ,  i ts 

soi l , and underl ying coun

try rock . Bed rock i s  

typi cal Eocene vol canic 

pi l low basal t (Tsr) . 

Saprol i te may not al ways 

be presen t .  Surfi cial 

geologi c uni ts (Qral , 

Qtl , Qtm, Qth) are 

equi valent to regol i th .  

In some places , regol i th 

may be so thi n that i t  i s  

merel y soi l res ting on 

bed rock . Saprol i te and 

weathered bed rock are 

part of tr ue regol i th 

bu t ha ve engineeri ng 

properti es in timatel y 

related to underl ying 

country rock . (After 

Brady , 1 9 74) 

C lay size a nd c l ay m i ne ra l  conte nt of rego l i t h  is determi ned by the texture a nd compos i t ion of t he 
parent  materi a l ,  soi l -form i ng processes ,  and stage of m i nera l  weatheri ng . C lays are be l i eved to form by 
a l terat ion,  an extreme ly  s l ow low-temperature p rocess , a nd by recrysta l l izat ion of the decomposed prod
ucts of o ri g i na l  m i nera l s .  Comp l ex eve nts and processes i n  t he Wi l l amet te Va l l ey appare nt l y  produced 
w i nd -b lown , f i ne -gra i ned mater i a l s  wh i ch  are now part o f  some area so i l s a nd rego l i t h . I n  f lood-prone 
areas ,  as Qt l  u n i ts ,  overba nk depos i ti o n  is a l so a major so urce of c l ay content i n  soi I .  

Water i s  a pr ime weather i ng  age n t .  I n  the so i l/water reg ime ,  hydrat i on ,  ac i d  attack , a nd oxida
t ion  occur s im u l ta neous l y ,  a l t hough weat her i ng of  s i l i cates is pri mari l y  a process o f  hydro lys i s . Rates of  
weather i ng are funct ions  o f  gra i n s ize , amou nt o f  fractur i ng ,  and chem ica l suscept ib i l i ty .  S i l i cate c l ay 
format ion  i s  most abundant from fe l dspars, mi cas , amph ibo l e s ,  and pyroxe ne s .  T hese m i nera l s  a re prese nt 
in a l l rocks in Be nto n Cou nty . T he permanent wate r tab le  rough ly  co i nc i des with t he tap of  the unox id i zed 
zo ne , s i nce po re water restri cts access of oxyge n a nd carbon d ioxide; t h i s  zo ne i s  oft en  noted in bor i ngs 
by co lor change to b l ue or dark gray . 

Types o f  c l ay:  T he type of  c l ay formed depe nds on c l i mate , so i l  profi l e  cond i t ions , a nd nat ure of 
the pare nt materia l . C lays d i ffe r  i n  composi t i on  and l att i ce structure . Kao l i n i te c lays a re commo n i n  
humid temperate c l i mates o n  we l l -dra i ned s lopes . 

Montmor i l l o n i te a nd i l l i te c l ays have a h i gh  content o f  cat ions such as magnes i um  (Mg++) ,  i ro n  
( Fe++) ,  and potass i um ( K+) .  Mo ntmori l lo n ite forms where po rent mater ia l i s  h igh  i n  bases , part i cu lar ly 
magnes i um,  or soi l dra i nage d i scourages leach i ng of these bases . Both montmor i l lon i te a nd i l l i te dom 
i nate i n  sem iar i d a nd ar i d c l imates where soi l so l ut i ons are s l i gh t l y  a l ka l i ne . I l l i te i s  favored by an 
abundance of potass ium and is the most common c lay m i nera l of mar i ne sed iments . Benton i te is a mont
mor i l lon i te -type c lay derived from vo l can i c  ash . Montmor i l l on i te ,  verm icu l i te , a nd i l l i te are more 
l i ke ly to form i n  coo ler c l i mates . 

C l ay mi nera l s  may a l so be i nher i ted from prev ious sed ime nts rat her than formed i n  p lace . 
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Fi gure 30. Very shallow, light-tan clayey soil overl ying wea thered bedrock pediment 
of Si letz Ri ver Volcanics (Tsr-p) in quarry si te 84 (Schli cker and others , 1 978) . Al

though weathered pi llow basalt form is evident below soi l contact , this clayey material 

is almost saproli tic and readily decomposes during excavation . Angular rock fragmen ts 

wi thin clayey soil above suggest that thi s is transporta tion slope . On some pediments , 

saprolite and wea thered bed rock zone are so thin tha t soil rests directly on firm 
bed rock . 
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Figure 31 . Col l uvi um is loose and incoherent mixt ure of soi l ,  rock , and rubble 

that accumula tes a t  foot of slope or cliff as resul t of downslope movemen t ,  chiefl y by 

gra vi t y .  Thi s cut slope along Cardinal Dri ve , Vineyard Mountai n ,  consi sts of coll uvi um 
above tuffaceous sediments (not visible) . Large di spari ty in parti cl e si ze, angular 

fea tures , and· absence of rel ict jointing are common . Since boul ders are una ttached, 
they readi l y  fal l  from cut slope . 

Fi gure 32 . Weathered bed rock of jointed basal t flow rock wi thin Eocene volcani c 
rock (Tsr) along Cardinal Dri ve, Vineyard Mountain .  Al though this cut slope i s  similar 
in some respects to tha t in Fi gure 31 , generally uniform si ze of ma terial (control led 
by jointing) and more rounded rocks (from in-place wea thering) indi ca te that this cu t 

slope is in wea thered bed rock rather than col luvi um . Further examina tion woul d show 
boul ders attached to generally firm bed rock . Because of vastl y differen t cut-slope 

stabi l i ties, particularly wi th shallow subsurface flow, accura te di stinction between 

wea thered bed rock and col l uvium is essen tial . 
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Surface a r e a  

Ad s o rb ing power 

Swe l l ing 

Plas t ic i ty and cohes ion 

Heat of we t t ing 

SAND S I LT CLAY COLLO I DAL 

CLAY 

Figure 33 . Relati on of soil text ure to physi cal 

properties . The finer the soil text ure ,  the greater 

the surface area exposed by parti cles . Swelling, 

plastici t y ,  cohesion , and other physi cal properties 

follow same general trend . Note that intensi ti es 

increase rapidly as colloi dal size is approached . 

(After Brady ,  1 9 74) 

C lay type a nd c lay behavior :  C l ay propert ies  are pr imar i l y  re l ated to extreme ly  sma l l  g ra i n  size 
a nd consequent ly  l a rge surface areas . For examp le , o ne t h imb le  of c l ay has about the same surface a rea 
as fi ve trucks of  gra ve l . Surface area i s  i mporta nt because i n terpart i c l e a ttrac t ion  a nd adsorpti on of water 
a nd organ i c  mater i a l ,  nu tr i en ts , a nd gas are a l l  surface phenomena (F igure 33) . The degree of p lasti c i ty, 
cohes io n ,  swe l l i ng ,  shr i nkage , d i spersio n ,  and f loccu la t ion  d iffers from one c l ay m i ne ra l  to another accord 
i ng to structure and compos i t i o n .  T he most importa nt e ng i neer i ng propert ies  are sh r ink/swe l l ,  cohes ion ,  
a nd p la st i c i ty .  A l l  a re c l ose l y  i nte rre l ated and depend o n  the c lay m ixture ,  t he dom i nant  adsorbed  
cat ions ,  and  t he  natu re and  amoun t  o f  h umus co l l o id s .  

So i l s  w i t h  more than 1 5  percent c lay exh ib i t  p last i c i ty ,  w i t h  propert ies  depe nde nt i n  l arge part o n  
t h e  quant i ty a nd natu re of adsorbed ions . C l ays w i t h  adsorbed sod ium (Na+) tend t o  be st icky and imper
v ious , wh i l e  t hose with adsorbed ca l c i um (Ca++) tend to be granu la r ,  easi ly worked , and read i ly permeab le . 
T hus i n  agr i cu l tu re ,  gypsum i s  often added to co nvert soda c l ays to ca l c i c  c l ays . A h i gh  conce ntrat i on  of 
sod i um  in i rr igat i on  water i s  harmfu l because i t  can destroy so i l  structure and produc t iv i ty . 

Co hes ion i s  be l ieved to be pr imar i l y  due to a t tract ion  of c lay part i c l e s  for water  mo lecu l es he l d  
between them . A l t houg h  a l l  c l ays adsorb wate r ,  shr ink/swe I I  var iat ion s ,  w h i c h  depend on  structure , are 
q u i te great . 

K ao l i n i te  c l ays cons ist o f  a l ternat ing  s i l i ca  a nd a l umi num layers wh i c h  a re genera l ly more t igh t ly  
bound than  i n  o ther  c l ays, a l l ow i ng less i on i c  subst i tu t ion . l on exc ha nge capac i ty i s  low , a nd p l a st i c i ty 
i s  less . 

Montmor i l l on i te c lays have a t hree- l ayer structure , exhi b i t  t he greatest vo l ume change of a ny c l ays , 
a nd are often refe rred to as expa ndi ng l att i ce type . T he i r  l aye rs are easi l y  separab l e , have an  abundance 
of  adsorbed ions,  and easi l y  adsorb muc h wate r .  Montmo r i l l on i te c lays u ndergo notab l e  expans ion when 
wet . 

P l ast i c ity is depe ndent o n  t he ki nd of adsorbed ions ,  be i ng greater for sod ium  ( Na+) a nd hydrogen 
( H+) montmor i l l on i tes and l ess for ca l c i um (Ca++) montmori l l on i tes . A l te rat ion of other s i l i cate c l ays ,  
c h lo r i te ,  i l l i te , a nd verm i c u l i te y ie ld  montmori l l o n i te .  I t  may a l so form by re crysta l l izat ion from a 
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vari ety of m i nera l s  under appropr i ate cond i t ions ,  genera l l y t hought to  i n c l ude m i l d  weatheri ng env iron
ment ,  neutra l  pH , re lat i ve l y  abundant magnes ium (Mg++) io ns,  and absence of excess lea c h i ng . 

I l l i te c l ays and c h lo r i te s  have st ructura l l ayers wh i ch  are part ly  bound by nonexchangeab le  cat ions 
a nd exh ib i t  i n termediate p l ast i c i ty a nd io n excha nge capac i ty . I l l i te i s  ofte n assoc i ated w i t h  montmor
i l l on i te ,  but  potassi um ( K+) i o ns b i nd adjo i ni ng cry sta l un i ts i nto re la t ive l y  nonexpans i ve structure s .  

T he verm i cu l i te structure i s  s im i lar t o  tha t  of montmor i l lon i te . H owever ,  t h e  degree o f  swe l l i ng 
i s  much l ess because the water mo lecu l e s  a nd magnesi um  (Mg++) ions adsorbed between crysta l  u n i ts act 
more l i ke bridges than wedges . C h l or i tes are si l i ca tes of magnes ium w i t h  some i ro n  a nd a l umi num prese nt; 
l i ke i l l i te ,  they have structura l l ayers part ly bou nd by nonexcha ngeab l e  cat ions . They therefore exh i b i t  
i ntermed iate p lasti c i ty a nd i on-exchange capaci ty, re lat i ve ly  l i tt le water adsor pt ion ,  a nd are r e l a tive ly 
nonexpa nsi ve . 

Co l l o ida l  c l ay propert ies : Where sub ject  to erosion , co l l o i da l  c lay co ntri butes to h i gh  a nd la st i ng 
turbi d i ty i n  streams .  

Genera l  d i stri but ion :  Most c l ays i n  soi l s  a r e  mixtures o f  two o r  more c l ay m i ne ra l s  w i t h  propert ies 
i n termed iate betwee n i nd iv idua l  extremes . M ixed crysta l l ayers a l so occur wi t h  l ayers of d i ffe rent c l ay 
m i nera l s  jo i ned  together i n  the same crysta l u ni t . T hu s  t he K i ngs Va l l ey si l tsto ne (Tsrk} is desc r ibed as 
havi ng predom i nant ly  montmor i l l on i te c lay m i nera l s  wi t h  l esser amounts o f  m ixed- l ayer montmori l l on i te
m i ca and c h lor i te . Wh i le  a pure  samp l e  of  montmor i l l on i te  may swe l l  up to 1 5  t imes ,  i n  most so i l  m ix
tures a vo l ume i ncrease of 3 percent or more i s  cons idered potent i a l ly  damag i ng (Rogers a nd othe rs ,  1 974) . 
Sma l l  l oads ,  o f  course , decrease t he swe l l .  

A l l geo l og i c  un i ts i n  Benton County co nta i n  fi ne-g rai ned compone nts a nd c l ay-r i c h  rego l i t h  and/or 
sapro l i te . The high c l ay content of surfi c i a l  terrace depos i t s  i s  probab ly  the product of deep wea the r i ng 
and deri vat ion  from flood a nd wi nd-b lown sources ( F ig ure 23) . C l ay i n  sed ime nta ry un i ts i s  l a rge ly  from 
weatheri ng of fi ne -gra i ned sed iments  a nd possib l y  from concom i tant  weather i ng of some w i nd-b l own  
mater ia l .  

Areas of potent i a l  expa nsi ve soi I prob lems i n c l ude t he Si l e tz R i ver Vo l can i cs (Tsr }  and assoc i ated 
pediments (Tsr-p } .  Ped ime nt s ,  with the i r  o fte n variab l e  dept hs of c layey so i l ,  ove r l and flow c haracte r
i s t ic s ,  a nd su i tab i l i ty for a var iety of  l a nd uses ,  shou l d  be g i ve n  part i c u l a r  atte nt io n .  Sandstone of t he 
F l ournoy Format ion  (Tf} has c lay mi nera l s  i n  i t s  matr ix and s i l tstone i n terbeds o f  predomi nant ly montmor i l l 
on ite , i I l i te 1 a nd m ixed- l ayer montmori l l on i te-m ica . Conseque nt l y ,  poten t i a l  expansi ve prob l ems are more 
l i ke ly  where sed iments of t h i s  format ion  are fi ne gra i ned,  ge nera l l y i n  the nort hern parts of t he County . 
On  s lop i ng te rra i n ,  creep may become s i gn i fi cant , a nd prob lems may ar i se where customary f la t land meth 
ods o f  s i te prepara t ion  a nd construct ion are app l i ed to h i l l s l opes . F lood p l a i ns of tri butary r ive rs a nd 
perenn ia l a nd i ntermi tte nt streams ,  part i c u l a r l y  those dra i ni ng vo l can i c  terra i n ,  can  be expected to be 
re lat i ve l y  h i gher i n  expans ive so i l  propert ies . Expa ns i ve characte r i st i cs of fi ne -gra i ned mate r i a l  mant-
l i ng many terrace un i ts i s  descri bed e l sewhere i n  the text ( Tab l e  9 } .  

Tests fo r  expa nsi ve so i l  co nd i t ions :  T he prese nce o f  potent i a l  expa nsi ve so i l  hazard i s  i nd i cated by 
st i cky su rface soil when  we t ,  ope n c racks whe n  dry ,  l ack of vegeta t ion  due to heavy c l ay so i l ,  a nd so i l  
t hat i s  very p l ast i c  a nd weak whe n wet but rock-hard whe n  dry .  

U ndersta nd i ng of t he factors govern i ng swe l l i ng p lus  know ledge o f  previous loco I exper i e nce w ith 
expans ive so i  I s  are requi red in eva l uat i ng the potent ia I swe I I  hazard (F igure 34) . I n  areas where extens ive 
shr i nk/swe l l  damage is k nown or expected , tests are made on so i l  samp le s  that are as represe ntati ve as 
poss ib l e  of s i te co nd i t i ons .  Geomet r i c  and e nv i ronme nta l facto rs of the s i te are take n i nto account;  for 
examp l e ,  the stream f low ing  u nderneath the C rescent Va l l ey H i g h  Schoo l is ut i l ized to mai nta i n  constant 
moisture cond i t i ons a nd preve nt the shr i nk/swe l l  cyc le . 

The U . S .  Bureau of Rec l amat ion ut i l izes co l l o id  co nte n t  ( perce ntage l ess tha n  0 . 001 mm} , p l ast i c i ty 
i ndex , a nd shr i nkage l i m i t  as expans ive so i l  c r i te ria . A ta b le g i ves re lat i ons of soi l i ndex propert ies  
and probab le vo l ume changes for h i gh ly p last i c  soi l s . Th i s  a pproach i s ge nera l l y preferab l e  to s i ng le 
i ndex methods , except where loca l exper ience has shown un i que re lat ionsh i ps .  The 1 976 U ni form Bu i l d i ng 
Code ut i l i zes a n  Expans ion I ndex based on one-dimens i ona l vo l ume expans ion  of a pre pared spec ime n  
under a loadi n g  o f  1 l b  per square i nch . 
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Fi gure 34 . Cracking of unreinforced concrete slabs i s  symptomati c of presence of 

expansi ve clay soi l s  and regoli th ,  common to surfi cial geologi c uni ts (Qtl , Qtm, Qth) . 

Effects can be minimi zed by proper care during and after constructi on . 

Tests requ i r i ng more equ ipment are th e  Proc tor method , determ i n i ng moi sture densi ty re la t ionsh i ps; 
the S ta ndard a nd Mod i fied AAS H O ;  the D i etert T - 1 90 expans ion pressure test w i th or w i thout mod i fi ca 
t ion;  and th e PVC (potentia l  vo l ume change} tes t . 

Recommendat io ns : Foundat ion  prob lems caus i ng eco nomic  loss from expans ive so i l s  do not appear 
w i despread in Be nto n  County . T he genera l l a ck of ma jor prob l ems i s  probab ly  t he res u l t  of re l at i ve l y  
constant so i l  moi sture cond i t i o ns ,  u se o f  re i n forc i ng stee l  i n  foundat ions ( typ i ca l ly two #4 bars i n  a one
lltory houre } ,  a nd i n herent f lexi bi l i ty in  wood-frame struc tures . H owever ,  the need to cont i nue to appra i se 
s i g n i fi cance of expa ns ive soi l s  i n  future deve lopment i s i nd ica ted  by the fo l l ow i ng :  ( 1 )  the known expan
s i v e  character i st i c s  of t h e  l i gh t -brown s i l ty c lay ma ter i a l mant l i ng terrace u n i ts ( u p  t o  l -i n .  swe l l  for foot
i ngs or s la bs founded on dry soi l } ,  (2} Atterberg l i m i ts suggest i ng a med i um  swe l l  potent ia l of 1 -5 percent ,  
(3)  c rack ing  o f  un re i nforced s l abs , a nd (4) montmori l l on i te c l ay co nte nt i n  Si letz R i ver  Vo l can i cs un i ts 
(Tsr ,  Tsr-p} , K i ngs Va l l ey s i l tsto ne (Tsrk } ,  F l ournoy sandstone (Tf) , a nd presumab ly  Spencer sandstone (Ts) 
I t  i s  suggested that  a record of  o ngo i ng si gn i f i ca nt prob lems re l ated to expans ive so i l  (rego l i t h )  be ma i n
ta i ned to gu ide fu rt her p l a n n i ng e ffo rts . Coord i nat ion w i t h  Oregon State Un ive rs i ty research pro jects ,  
s u c h  a s  the recent  st udy by Hammermei ste r ( 1 978 ) deta i l i ng fa i l ure o f  sept i c  tanks i n  saturated h i l l s ide 
so i l s ,  w i l l  s i gn if i cant ly a id in detect io n of spec i fic  prob l em areas .  

W hi l e  expansi ve c lays genera l ly present o n ly mi nor prob l ems to s i ng l e  fam i ly dwe l l i ng const ruct ion 
in  Bento n County , l oco l ly more severe expansive so i I cond i t ions  are occas io na l l y  encountered , requ i r i ng  
deta i l ed  on-s i te assessments . Re l at i ve ly fewer prob l ems have been  noted i n  t he h i ghe r  e l evat ions i n  t he 
Oak C reek area near Corva l l i s .  Re l ated geo l og i c  hazards i nc l ude h i g h  grou nd water and pend i ng . 

Eng i nee r i ng prope rt ie s  o f  c l ays i nc l ude low permeab i l i ty ,  water re tent ion , conso l idat ion and com
press i bi l i ty ,  l ow shear st re ngth whe n  wet ( F i g ure 35 ) ,  a nd shr ink/swe l l  p ropert i e s .  Rego l it h  and sapro l i te 
w i th h i gh  c l ay conte nt a re characte r ized by l ower  shea r  stre ngths,  ease o f  exca vat ion  when wet ,  low to 
moderate cut-s lope stab i l i ty , l ow i nfi l t rat ion rates , and low sept i c -tank pote nt i a l . Potenti a l  use as em
bankment ,  backfi l l ,  or road base i s  a l so ve ry low . Re l ated hazards i nc l ude pe nd i ng on f la t  surfaces, creep , 
and  mass movement on  gent ly  to moderate ly  s l op i ng te rra i n .  
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Figure 35 . In southeast Phi loma th , soft si l ty cl ay of Quaternary hi gher terrace de
posi ts (Qth) loses strength when sa tura ted, thereby restri cting construction traffic .  
Note limi ted surface drainage . 

Prob lem zones for expansi ve so i l s  are those experienci ng a l ternate wet and dry cyc les .  I n  these 
areas , surface cracks ( 3/4- i n .  on some Tsr sl opes) typica l ly form on dryi ng; they a l low the fi rst ra i ns to 
pe netra te ,  then swe l l  shut and become impermeabl e .  T he best t ime to bui l d  is in the spr i ng when so i l  
i s  saturated . Foundations tend to preve nt dryi ng of the so i l  by evaporation; hence soi l  moi st ure tends to 
rema i n  more constant ly moist . I t  is important not to l e t  foundat ion trenches dry out before a foundation 
is p laced , and a thi n l ayer of grave l i s  often used for th i s  purpose . Expansi ve subg rade soi l s may cause 
up l i ft upon wetti ng , part icu larly if the surface loadi ngs are l ight ,  the i ni ti a l  density is h igh,  and t he 
i n it ia l moi sture is low . 

M i t igat i ng measures for expansive so i l s  i nc lude drai nage , fou ndations adequate ly designed to resist 
swe l l  pressures,  a nd landscapi ng to provide constant moist or dry condit ions (break i ng the a l ternate wet/dry 
cyc l e ) .  F loat i ng s labs ,  prob lem so i l  remova l ,  and pi le and grade-beam foundations have a lso been used 
extensive ly  in other parts of the country . In l arge fi l l s ,  as for h ighways , deep fi l i s p laced in t he ordi nary 
manner, at optimum mo isture and density, swe l l  very l i tt le;  nearer grade , howeve r ,  there is no overburden 
present to reduce swe l l . Here p l acement dens i ties l ower than those obta i ned by standard compaction and 
p laceme nt mo isture h igher than standard or near opt imum are combi ned to give low expansion  (American 
Society of C i vi l E ng i neers,  1 9 56 ) .  

Silt content 

Part i c les that a re coarser than c lay a nd fi ner than sand are ca l l ed "si l t . "  Si l t  size l im its in the 
United States are 0. 002 mm to 0 . 0 5  mm . Si l t  composed of a ngu lar parti c les usua l ly does not possess the 
sheet l ike structure or  co l lo i da l  properties of c l ay; however ,  where i t  consists of pl ate l i ke parti c les or is 
i ntermixed with c l ay , s i l t  has properties  si m i l ar to those of c lay . Surfic i a l  units ge nera l ly have propert ies 
of si l ty c l ays or  c l ayey si l t s ,  but loca l deposits of more s i l ty mater ia l  may a l so occur .  Rego l i th assoc iated 
with sed imentary units genera l ly conta i ns si l ty c lay materia l ;  loca l ly ,  where si l ty beds occur wi th i n  these 
uni ts ,  the rego l i t h  may have propert ies domi nant ly of si l t ,  c haracte rized by higher permeabi l i ty a nd better 
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dra i nage , h ig her cu t-s l ope sta bi l i ty , a nd greater  sept i c -tank pote nt i a l  t ha n  c l ay- r i ch  rego l i th .  S i nce 
t he assoc i ated co hes i ve st rength i s  l owe r,  severe eros io n pote nt i a l  in  u n l i ne d  d i tches a nd cana l s  may 
occur . 

S i l t  conte n t  of rego l i t h  i s  a l so determi ned by t he texture a nd composi t i on  of t he parent mater ia l ,  
so i l -form i ng  p rocesses ,  and t he youthfu l ness o f  t he wea the ri ng surface . 

Drainage 

Dra i nage i s  the p rocess of d i sc harge of water from a n  area by flow and i n c l udes over l a nd f low ,  
sha l l ow subsurface f low throug h rego l i t h ,  a nd deep subsurface f low throug h  bed rock . I t  i s  here d i st i n 
gu i s hed from so i I dra i nage , w h i c h  i s  t h e  rate at wh i c h  water pe r  co f ates  downward thro ug h  a so i I .  Th i s  
d i st i nc t ion  i s  he l pfu l  i n  understa nd i ng t he ground-water a nd pond i ng prob l ems  o f  t he study area {see 
G E O LO G I C  HAZAR DS  - H ig h  G ro u nd Water and Pond i ng ) .  

Overland flow 

W he never ra i nfa l l exceeds the i nfi l t ra t ion  capac i ty ,  a fi l m  of water deve l ops o n  the ground  su rface 
a nd fi na l ly resu l ts in  over l a nd f l ow to dra i nage channe ls . I nfi l t rat ion capa c i ty of soi l i s  the max i mum 
rate at  w h i c h  water can enter  the so i l  u nde r  a g i ve n  set o f  s torm cond i t io ns ,  i n c l ud i ng a ntecede n t  pre c i p i 
tat io n ( see E N G I N E ER I N G  PROPERT I E S  O F  G E O LO G I C  U N I T S - So i l s ) . Awareness of ove r l a nd f low, 
wh i c h  a ffec ts surface dra i nage a nd eros ion , i s  importan t . Sheet e ros io n ,  w he re i n  so i l  i s  removed more 
o r  l e ss u n i fo rm l y  from a l l  parts of the s l ope , is t he major  e ros ion  process of o ve r l a nd f low . R i l l  erosi o n ,  
caus i ng t i n y ,  i rregu l a r l y  d i spersed gu l l i e s ,  o ften  accompa nie s  sheet e ros io n .  G u l l y i ng i s  the resu l t  o f  
conce ntrated vol umes o f  wa te r  fo rmi ng l arge a nd sma l l  rav i nes  by u nderm i n i ng a nd dow nward cutt i ng 
{ see  G E O LOG IC HAZARDS  - So i l E ros ion ) .  

I nfi l trat ion  capac i ty o f  so i l  i s  i n f l ue nced by textu re , a ntecedent  mo i sture , o rga n i c  conte nt , k i nd 
a nd amount  of swe l l i ng c l ays ,  so i l  dept h ,  and prese nce o f  impe rvio us so i l  l ayers . A l o ng w i t h  struc tu ra l 
stabi l i ty , i t  i s  one o f  t he most s i gn i fi ca nt fac tors i n f l uenc i ng eros io n . Tab l e  4 g i ve s  re l a t i ve m i n imum 
i nfi l t rat ion capac i ti e s  for sand , loam , a nd c l ay ,  t he  th ree  broad so i l  g roups,  a s  we l l  a s  m i n imum i nfi l tra
t i on  rates for t he more common ly e ncou ntered so i  I group i ngs i n  t he Un i fi ed  Soi I C l a ss i f i ca ti o n  System . 
T hese va l ue s  a re for  uncompac ted  so i l s a nd may be decreased 25 to 75 percent  for compac ted so i l s ,  de
pe nd i ng on  degree  of  compac t ion  and type of  so i l  ( Jen s ,  1 977 ) .  

Vegetat ion  a l so g rea t l y  affects  i nfi l t ra t ion  capac ity 1 a nd a good  perm a ne nt forest o r  grass cover 
may i nc rease the capac i ty t hree to seve n a nd one -ha l f  t imes t hat  of bare so i l .  Ha rd ra i n  on unprotected 
so i l s  tends to degranu l a te a nd pack the surface , reduc i ng i nfi l t ratio n .  Vegeta t ion  pro te c ts the surface 
from i mpac t ,  a nd p l a nt roots a nd orga n i c  mate r i a l i mp rove so i l  stru cture , wh i c h  i nc reases  permeab i l i ty .  
Moreover ,  vegetat io n i nte rcepts part o f  t he ra i n fa l l and evaporate s i t  d i rec t l y  i nto the a i r  w i t hout i ts 
ever  reach i ng t he so i  I .  Perma ne n t l y  forested areas are most e ffec t i ve i n  i ntercept i ng pre c i p i ta t ion ;  i n  
con i fero us forests ,  o ne-th i rd to o ne-ha l f  o f  the a n nua l  pre c i p i ta t i on  may never reac h  t he soi I ( Brady , 1 97 4) 
{ see  E N G I N E E R I N G  PROPERT I E S  O F  G E O LO G I C  U N I T S - I n fi l t ra t ion  rate) . 

Tab l e  4a . Re l a t i ve m i n im um i n fi l t rat ion  capac i t i e s  o f  t hree broad so i l  g roups * 

Soi l group 

Sandy , open-st ructured 
Loam 
C l ay ,  de nse -st ructured 

* Jens , 1 977 

I n fi l t rat i o n  capac i ty ( i n . /hr . )  

0 . 50 - 1 . 00 
0 . 1 0 - 0 . 50 
0 . 0 1  - 0 . 1 0 
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Tab l e  4b . Expa nded gro upi ng o f  m i n i mum  i nfi l tratio n rates 
o f  common ly  encounte red so i l  groups o f  the Un i f ied So i l  C lass i f icat ion  System * 

Descr ip t ion  

Sand and grave l m ix ture 

S i l ty grave l s  a nd s i l ty sa nds to 
i norga n i c  s i l t  a nd we l l -de ve loped 
looms 

Si l ty clay sand to sa ndy c l ay 
C lays ,  i norgan i c  and orga n i c  
Bare rock , not h i g h l y  fractured 

* Jens , 1 977 
** See Tab le  6 

Un i fied Soi l 
G roup symbo l * *  

GW,  G P  
SW , S P  
GM , SM 
M L , M H  
O L  
SC , C L  
CH , OH 

I nfi I trat ion  
capac ity ( i n . /h r . ) 

0 . 8 - 1 . 0 

0 . 3 - 0 . 6  

0 . 2 - 0 . 3 
0 . 1 - 0 . 2  
0 . 0 - 0 . 1  
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S ince many factors m ust be co ns i dered in eva l ua t i ng  o ver l and f l ow at a part i c u l ar s ite , remarks i n  
t h i s  sect ion are o f  ge nera l nat ure . T he fo l lowing  comments refe r t o  t he over l a nd f low c haracter i st i cs of 
t he bed rock or sapro l i te ( F ig ure 29 ) .  For surfi c i a l  un i ts ,  the comments a re app l i cab le  to both the so i l  
a nd the weathered mater ia l d i rect ly  be neath  i t .  Genera l understa ndi ng of ove r land f l ow c haracte r i st i cs 
of the va r ious geo log i c  un i ts i s  usefu l beca use l a rge areas of sapro l i te or bed rock a re often exposed d ur
i ng road co nstruct ion a nd u rba n deve lopme nt . More spec i fi c  i nformat ion regard i ng behav ior o f  the so i l s  
( see E N G I N E ER I NG PROPERT I E S  OF G E O LOG IC  U N I T S - So i l s) may be found i n  the So i l S urvey of 
Benton County ( K nezev i ch , 1 975 ) .  

Genera l ly ,  over l a nd f low i s  pro nounced on  surfi c i a l  un i ts  and ped iments, pa rt i c u l ar l y  Qt l ,  Qtm , 
Tsr-p ,  Tf-p , T s-p ( F i gu re 36) , Gu l l y i ng a nd c reep are a l so attendant processes on  ped i me nts,  pa rt i c u la r ly  
on  Tsr-p . The often fi ne-gra i ned natu re of sed i mentary rock u n its  and the low bedrock i nfi l trat i on  rates 
ge nera l ly mean a h ig h pote nt i a l  for ove r l and f low . I n  Corva l l i s ,  hea vy w i nter ra i ns have ca used loca l 
f lood i ng on H i g h l a nd Dr ive near Wa l nut  Bou l e vard , as ove r l a nd f low accumu la ted i n  a s l i g ht depress ion 
at the base of a s lope unde r la i n  by Spe ncer (Ts)  sandsto ne and m i dd l e  terrace mater ia l (Qtm)  ( Lawrence 
and others, 1 977) . 

Ove r l and f low is potent i a l l y  g reatest o ver exposed or nea r-su rface vo l can i c  and i ntrus ive bed rock . 
However ,  i n  the steeper a nd heav i l y  fo rested te rra i n  thro ughout the County,  most o f  the runoff probab l )' 
occurs as sha l low subsurface f low through co l i uv ium to dra i nage cha nne l s .  

On  surfi c i a l  un i t s ,  s lopes a re very gent l e ,  and i n fi l t ra t ion  capac i t ies  of  so i l  a nd rego l i t h  are o fte n 
very low because of t he si l ty c lay texture of the mater ia l .  A l t houg h  some of  t hese so i l s a re descri bed as 
moderate ly we l l -dra i ne d ,  wi nter pe ndi ng of  ra i n  wate r i s  com mo n  beca use of  loca l i mpe rmeab le  so i l ,  
low-s lope grad ients a nd topographi c depress ions ,  a nd h igh  ground wate r .  

Road emba nkments th ro ugh  areas o f  o ve r l a nd flow i n  surfi c i a l  u n i ts and ped iments a re commo n .  
They prov ide barr i ers to over l a nd f low , wh i ch  i s  the n concen tra ted and m ust be ha nd l ed adequate ly  to 
e l im i nate pendi ng and to prevent eros ion a nd sed ime ntat ion prob l ems .  Ove r l and f low i n  s lop ing  terra i n  
i s  a l so a co ncern i n  eros ion contro l , road des ign , a n d  fi l l  p la cement a nd s tab i l i ty . Pend i ng a nd h i g h  
g round water a l so i nf l uence l a nd po tent ia l fo r sept i c -ta nk and  l a ndfi l l  uses ( see G E O LOGIC  HAZARDS -
H igh  Ground Water a nd Pend i ng ) .  

Shallow subsurface flow 

Sha l l ow subsu rface f low predomi nates where t hi n ,  permeab l e  regal i t h  over l ie s  i mpermeab l e  bed rock 
or  sapro l i te on s loping ground . I nf i l trat io n o f  water i s  i nc reased by an ima l  runs w i t h i n the soi l ,  decayi ng 
roots ,  a nd shri nkage cracks w i t h i n c l ay -r i c h  soi l s .  Because rego l i t h  t h i ckness a nd bedrock i nfi l tra t ion  
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Figure 36. Intermi t tent stream overland flow during intense rains torm of December 
1 9 7 7  on Qua ternary hi gher terrace deposi ts (Qth) and pediments (Tf-p, Tsr-p) west of 

Wi tham Hi ll , Corvallis. Where land use changes occur, overland flow of small na tural 
intermi ttent stream drainageways is often signifi can tly increased . It is most pronounced 
over pediments and clay-ri ch surfi cial geologic uni ts . 

rates often cannot be l i nked direct ly  to type of bedrock s lope , recognit ion of crit ica l  areas requ i res fie l d  
reco nnaissance . Springs a nd persiste nt green vegetation i n  drainageways i n  late summer indicate areas of 
sha l low subsurface f low . E vidence of  rapid subsurface flow from natura l ly forested slopes i s  noted in the 
literature ( Hammerme ister , 1 978) .  

Hammerme i ster ( 1 978) and others contribute to  the understanding of sha l low subsurface f low on  
s loping ground . I n  st udyi ng the movement of water , ha l i de anions ( 1-, Br-) , a nd bacteria in  perched 
water tables or  saturated zones in so i l  and rego l i t h  at e ight  sites on low hi l l s  near the western  border of 
the Wil l amette Va l ley,  inj ections of test so l utions were made at di ffe rent depths; a nd samp les were peri
od ica l ly co l lec ted from saturated and unsaturated depths ups lope and downs lope . Water-pre ssure potentia l s  
were determ ined  by using appropriate equipment , and hydrau lic gradients in  vertica l a nd downs lope d irec
tions were ca l cu l ated .  Saturated hydra u l i c  conduct ivity measurements were made on i ntact cores of so i l  
and weathered rock from different depths a nd from i n  situ measurements . 

I mpermeab l e  regions of rock near or be low 3-flt were fou nd to be main ly responsib le  for perched 
water at most sites . Sha l low subsurface f low and d i rect ra infa l l  a l so contributed water to s i tes  in lower 
hi l ls lope posi tions . Under saturated flow condi t ions, evidence showed that ha lide ions moved mainly 
t hrough large pores a nd perhaps channe l s  or macropores in both so i l  and bed roc k  at ra tes up to at l east 
20 ft per hour on severa l sites . Refi ned monitor i ng techniques for bacteria movement studies i ndicated rates 
two to three t imes as great were· possi b l e .  At a l most a l l  s i tes , some rapid moveme nt was noted in unsat
urated horizons above the saturated zone . I n  upper hor izons, vertica l permeabi l i ty was ofte n greater tha n 
horizonta l permeabi l i ty , i ndicating that the combined effect of roots, worms , macrofauna , a nd flora is 
poss ib ly  greate r in the vertica l d i rectio n .  Tab le  5 shows site-spec i fic locations and characteri stics for 
these study p lots . 

I n  steep ly  s loping terrain over hard bed rock,  the deve l opme nt of stream channe l s  is ofte n preceded 
by deve lopme nt of sma l l linear drai nageways characte rized by re lat ive ly th ick  co l l uv i um and both sha l low 
subsurface flow and surface or over l and flow ( see ENG I N E ER I NG PROPERT I E S  OF G E O LOGIC U N ITS 
Thickness on steep s lopes) . Rainfa l l  perco lates  through the co l l uvium and moves downs lope a l ong the 



Tab le  5 .  Geo l og i c  u ni t s ,  soi I ,  a nd spec i f i c  s i te descr i pt ions of water and an ion  moveme nt study p l ot s ,  eastern  Be nton County , Oregon * 

Sa i l  
Geo log ic  un i t  se r ies  S i te * Locat ion So i l  texture 

T s :  F i ne ly  lam- Be l l p i ne 1 NW!, NE!,  SE� Redd ish-brow n and 
i nated si l tstone sec . 35,  T .  l 2 S. , ye l l ow i sh-red s i l ty 
w i th  m icaceous and R. 8 W . ,  Wi l lamette c l ay loam and 
c lay m i ne ra l s  Meridian . s i l ty c lay 

Ts: C l ayey Jory 2 do . Dark-redd i sh-brown 
sapro l i t e  s i l ty c l ay loam and 

ye l l ow -red s i l ty 
c lay and c lay 

Tf :  Poor ly-sorted Steiwer 3 NW£ ,  NE,lr,  NW;k Dark-brown a nd 
fi ne-grai ned sand- sec . 3 3 ,  T .  1 1  S . ,  ye l l ow i sh-brown ,  
stone; pr imori  ly R. 5 W . ,  Wi l lamette we l l -drained si l t  
mi caceous quartz Mer id ian . a nd c l ay loam 
and fe ldspar m i n-
era l s  

T f: Lam inated s i  I t - Steiwer 4 do . Dark-brow n and 
sto ne w i th  mica- ye I l ow i sh-brown,  
ceo  us a nd c l ay m i n- we l l -dra i ned si l t  
e ro l s  a nd areas o f  and c l ay loam 
sapro l i te 

O th :  Massive c lay Haze l a i r  5 do . Dark-brown s i l t  
Ioyer from b e  l o w  ! l oam and si l ty 
to at least 6 It c lay loam 

Tsr :  Basa l t  P h i l omath 6 SW!, , SEt NW!, Dark-brown s i l ty 
sec . 28,  T .  1 1  S . ,  c lay l oam; c layey; 
R. 5 W . ,  Wi l lame t te montmori l l on i t i c  
Merid ian . 

T sr: C layey sapro- Dixonvi l le 7 do . Dark-brown s i l ty 
l it e  and deeply c lay loam and 
weathered basa l t  dark-redd ish-brown 
or re Ia ted T sr sedi - s i l ty c l ay a nd dark-
ments brown heavy c lay 

T sr: C l ayey sapro- ? ? ?  8 do . Dark-brown s i l ty 
l i te  and deeply c lay loam and 
weathered basa l t  dark-brawn s i l ty 
or  re lated Tsr c lay 
sed i me nts  - -- -

Depth to Loca l 
bed rock slope 

(It) Vegetat ion  (percent) 

2-3 Not c u l t i vated 21 
recent ly;  now 
in various 
grosse s 

3-4 C u l t ivated 1 4  
C hr i stmas trees 
c ut previous 
year 

1 � Native grasses 1 2  

1 �-2 Native grasses 1 9  
a nd Oregon 
whi te  oak 

- Native grosses 9 

1 Nat ive grasses 1 3  
( R=5 ) * *  

2! Nat ive grasses ,  1 4  
(R=2-4) * *  po i son oak ,  and 

w i l d  rose 

2 Nat ive g rasses, 1 4  
( R=1 -4) * *  poison  oak 

-- -- - - ----

H i l l s l ope 
pos i t ion  

Upper 
backs l ope 

Upper 
foots lope 

Upper 
foots  lope 

Upper 
footsl ope 

Lower 
foots l ope 

Summi t  

Upper 
backs lope 

Lower 
backs lope 

-

Re la t ive 
s i te re la t ionships 

� 

� 
Oth,;/ Tf 

:'? 

6 7 ------� Tsr 
Tf i 

: Corvall is fault 
"'" 

- --·--

Data for s i tes 1 through 8 a fte r Hammermeister ( 1 978) . Measurements i nd i cated t ha t  saturat ion  to t he base of the rego l it h  and above i mpermeab le  soi l l aye rs occurred 
w i th i n  sedimentary a nd vo l can ic  units (Ts,  Tf,  Tsr) . Moreove r ,  for upper s lope pos i t ions,  impermeab le  bed rock at  or near 4 ft be l ow surface was more effect ive in 
creat i ng and ma in ta i n i ng zones of saturat ion t han were changes in permeab i l i ty w i th i n  so i l  hor i zons . S i tes i n  lower s lope posi t i ons receive water from sha l low subsurface  
f low as we l l  as  from d i rect  rai n fa l l .  

Rego l ith  th ickness where recorded . 
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contac t  between the co l l uv i um and the i mpermeab le roc k .  S uch channe l s  are part i cu lar ly common in the 
steeper vo l can i c  and sedi mentary terra i n of the Coast Range w i th i n  Benton County . 

Sha l l ow subsurface f low th rough co l l uv i um over F lou rnoy sandstone (Tf)  i s  the source of spri ngs and 
we I I  water sou th  of  Hosk i ns in K i ngs  Va l l ey .  S im i l a r l y ,  spri ngs at t he downs lope marg ins  o f  many Tsr 
pedime nts i nd i cate sha l l ow subsurface f low . T hose north of  Ph i l omath were respons i b l e  for locati ons of 
many of  the log ponds nearby . 

Sha l l ow subsurface f l ow through  co l l uv i um is probab ly  most s i g n i fi cant  i n  dra i nages i n  steeper terra i n  
o f  t h e  S i letz R i ve r  Vo l can i cs (Tsr) and  F lou rnoy sandsto ne (Tf) . C uts  i n  t h i s  co l l uv i um o re more ap t  t o  fa i l  
by s l ump i ng when sha l low subsurface f l ow i s  occurr i ng . S tudy s i tes  o f  Hammerme i ster ( 1 978) a nd others 
over Tsr bed rock i nd icate that the permeabi l i ty of the upper bedrock  mant l e  is h i g h l y  var ia b l e , w i t h  no 
apparent re l at ionsh ip  between the max imum rates o f  moveme nt a nd depth of measurement be low bedrock 
contact . H ig hest rates of  water  movement occurred i n  the weathered rock  zone and in  some so i l  hor i zons ,  
w h i l e  some depths a nd l ocat ions be l ow 5 ft were v i r tua l ly dry . 

Surfi c i a l  u n i t s  a l so exh i bi t  sha l low subsurface f low l oca l l y w here f low i s  perched above l ess permeab le  
c l ay -r i c h  hor i zons  o r  f l a t  surfa ces . T h i s f low prese nts prob l ems when  encountered i n  excavat i ons a nd re 
qu i res  dewate r i ng for l arger s i tes . Perc hed water  i s  re la t ive l y  commo n  o n  Q t l  surfaces .  I t  occurs on  a l l  
u n i t s  loca l ly i n  a reas o f  topograph i c  depressio ns and probab ly  p l ays a l arge part i n  ma i nta i n i ng i nterm itte nt 
stream f low . 

C l ear defi n i ti o n  and treatment o f  sha l l ow subsurface f l ow prob l ems at spec i fi c  s i tes  requ i res a mon i 
tor i ng  program , s i te i nves t i gat ions ,  and feas i b i l i ty stud ies . 

Deep subsurface flow 

Deep subsurface f l ow i s  the mov�ment o f  water by g rav i ty and pote nti a l  forces t hro ug h  bed rock or 
t h rough deeper zones o f  su rfi c i a l  geo log i c  un i ts .  F l ow i s  genera l l y  vert i ca l  t hroug h t he ove r l y i ng geo log ic  
un i ts  or hor i zonta l from water sources to  the s i des . S l opes or  st ructura l co nfi neme nt by  i mpermeab l e  beds 
a l so may cause grad i ent fl ow . Deep subsur fa ce f low is equ iva l ent  to gro u nd -wate r fl ow and i s  d i scussed 
i n  greater deta i l  i n  t he sec t ion  e nti t l ed GEO LOG I C  U N I T S .  

W here vert i ca l  i nf i l trat ion o f  surface water  t o  depth i s  si g n i fi cant ,  the importa nce o f  over l a nd f low 
a nd sha l low subsurfa ce f low i s  d im i n i shed . Such areas ore zones o f  aq ui fe r  recharge a nd are genera l ly 
not su i tab le  for l a rge -sca l e  waste d i spo sa l . Perco l at ion  o f  su rface water to depth i s  favored by permeab l e  
geo log i c  un i ts  (Qra l ,  part of  Qt l ) ,  joi n t i ng (T sr; a n d  ports o f  Ts , T f ,  a nd Tsrk ) ,  o r  s i gn i f icant  sheari ng o r  
fau l t i ng (see t he geo l og i c  maps a nd GEOLOG IC  U N I T S - Bedrock Structure ) .  

Soils 

Purpose 

T he study of so i l s  and the app l i cat i o n  of so i l s  data , wh i c h  toget her co nst i tute a separate d i sc i p l i ne ,  
o re not d i re ct l y  t he concern  o f  basi c geo log i c i nvest igati o ns . Soi l s ,  however, are often c lo se ly re l a ted 
to bedrock geo logy , surfi c i a l  geo log ic processe s ,  and geo log i c  hazards . T he purpose of th is  soi l s  d i scus
s ion i s  to re late soi l s  to ge nera I geo l og i c  i nformatio n  a nd co ncepts deve loped e l sewhere in t he text to ( 1 )  
promote refi neme nt o f  so i l s  co ncept s ,  ( 2 )  ass i st future so i l s mapp i ng ,  ( 3 )  supp lement  standard so i l s data i n  
s i te eva l uat io ns,  (4) make i nformat ion o n  t he or i g i n  of  geo log i c  u n i ts more usefu l to t he so i l s  sc ie nt i s t , 
and  (5) present geo log i c  co ncepts o f  so i ls a nd so i l s -form i ng processes .  

General 

I n  t h i s  study the term " so i  I "  re fers to t he upper a nd b iochem i ca l l y  weathered port o f  t he rego l i t h  
( see E N G I N E ER I NG PROPERT I E S O F  G E O LO G I C  UN ITS - Rego l i t h ) . T he so i l  zone i s  genera l ly 3 t o  6 
ft deep a nd i s  ge nera l ly d i st i ngu i shed from mate r i a l  be low by ( 1 )  re l at i ve l y  h i gh  orga n i c  matte r ,  ( 2 )  a n  
abundance of  p la nt roots a nd  orga n i sms,  ( 3 )  more i ntense weatheri ng , a nd  ( 4 )  c haracter i s t i c  hor izonta I 
l ayers . T h i s  defi n i t ion  of so i l  is more rest r ic t i ve than t he co ncept o f  so i l  used by soi l s  e ng i neers ( rego l i t h  
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of  th i s  report) , who are pr imar i l y  co ncerned w i t h  strength and workabi l i ty . I t  doe s  not i nc l ude a l l  of 
surfi c i a l  geo log ic  un i ts ,  a s  Qt l , Qtm, Qt h ,  wh i ch  a l so refl ect t he deeper a nd l ess weathered parts of 
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the rego l i t h . I t  i s  consi sten t  wi t h  most of the methods of samp l i ng ( l i m i ted to the upper 5 or  6 ft) emp loyed 
by the U . S . So i l  Conservat ion Serv i ce . 

Weathe r i ng processes at the eart h ' s  surface i nc l ude chem ica l  breakdown of m i nera l s ,  chemi ca l  recon
st i tut ion to form new m i nera l s  (c l ays) , phys ic a l  d i s i ntegra t io n ,  a nd leach i ng (see E NG I N E ER I NG PROP
ERT I E S  OF GEOLOG IC U N I T S - C lay content) . Dur i ng t he  i n i t i a l stages o f  soi I deve lopment ,  the compo
si t ion of the parent materi a l  i s  a domi nant fac tor i n  determ i n i ng soi l type .  C l i ma te determi nes the ki nds 
and rates of ch em ica I react i ons a nd the na ture a nd d i str i bu t ion  of vegetative cover . S lope i ntens i ty 
i nf l uences dra i nage a nd mass movement , a nd s lope or i e nta t ion  part ly determ i nes the ba la nce of soi ! 
form i ng processes w i th i n  a g iven area . As t ime passes , c l i ma te becomes i ncreasi ng ly more s i gn i fi cant  i n  
determ i n i ng so i l  deve lopment . The composi t ion of the parent mater ia l i s  a dom i nan t  fac tor i n  determ i n-
i ng soi l type . 

Hor izons o f  d i ffe r i ng composi t ion and texture are deve loped w i t h i n  a typ i ca l  so i l  profi le  because 
phys i ca l  and c hem ica l so i l -formi ng processes vary w i t h  depth . Maste r hor izons are des i g nated as 0 ,  A,  
B ,  C ,  and  R i n  So i l  Survey reports, a l though a l l hor izo ns may not be  p rese nt i n  a g i ve n  profi l e . A ,  B ,  
and  C are genet i c  desi g na t ions i nd icat i ng d i sti nct so i l -form ing re l a t io nsh i ps among hor izons :  A i s  the 
m i nera l hor izon  at or  near t he su rface where the most i nte nse organ i c  act ivi ty , l ea ch i ng ,  a nd downward 
pe rco lat ion of fi ne-gra i ned mater ia l occur; B is a n  accumu l a t ion zo ne for si l i cate c l ay s  a nd humus beneath 
the A hori zon , usua l ly of redder or stro nger color due to c lay coat i ngs; C i s  a m i nera l  hor i zo n ,  exc l ud i ng 
bed rock , re l a t ive ly unaffected by t he ma jor so i l -form i ng processes domi nant above , but a l so mod i fied by 
weathe ri ng , accumu l at ion of and cementa t io n  by carbo nates , i ron ,  a nd s i l i ca .  0 designates t he l ayer o f  
o rgan ic  matte r on t he  surface o f  a m i nera l  so i l ;  a nd R i s  u nder ly i ng co nso l idated bed roc k ,  suc h as sand
stone or basa l t . 

Systems of soils classification 

The Nat iona l  Coope rat i ve So i  I s Survey of the U . S .  Departme nt of Agri c u l tu re adopted the Sevent h 
Approximat ion System of So i l s  C l assi fi cat ion i n  1 965 . I n  i t ,  so i l s  of the nat ion are grouped h ie rarch i ca l l y 
on t he bas i s  of reg iona l  c l i ma te ,  physi ca l  set t i ng , un i form i ty and  types of h or i zons,  nature of grada t ion 
between hor izo ns , a nd broad textura l a nd compos i t iona l features  re l ated to p l a nt-growth pote nt ia l ,  pare nt 
mate r ia l ,  gene t i c  hor izons ,  a nd surface texture . F i e l d  recogn i t ion of so i l s  tex tures is summar ized i n  
F igure 37 . A l l so i l s  mapp i ng i s  conducted us i ng the system  o f  c l ass i fi cat ion adopted by t he U . S .  Depart
ment of Agr icu l ture . Because i t  is based on  g ra i n-size d i stri but i on ,  it l e nds i tse l f  we l l  to reg iona l  mapp i ng .  

Two other major  types o f  so i l s  c l ass i ficat ion  are the Un i fied  Soi l s  C l assif i cat ion System (Tab le  6 )  
used by the U . S .  Army Co rps o f  E ng i neers , t h e  U . S . Bureau o f  Rec l amat ion , a nd  soi l s  a nd foundat io n 
eng i neers; a nd the AASH O  (Amer ican  Assoc ia t ion  o f  State H i ghway Offi c i a l s) System (Tab l e  7 ) ,  used i n  
h ighway const ruct ion . 

T he Un i fied So i l s  C l ass i ficat ion  System is based o n  texture and p la st i c i ty of i ngred ients a nd conta i ns 
1 5  major group ings de l i nea ted by the ir be havior i n  a remo l ded o r  reworked cond i t i o n .  L iqu i d  l im i t  (water 
co nte nt at wh i ch  soi l approac hes a l iqu id  state )  i s  used to d i s t i ngu i sh  c lays of high ( H )  a nd l ow ( L) com
press ib i l i ty on the P l ast i c i ty C hart . P l ast i c i ty I ndex refl ects the ra nge of  water co ntent i n  whi c h  mater ia l 
exh i b i ts  p last i c  behavior ( F igu re 38) . 

Group i ngs genera l ly do have s im i l a r  be havior characte r ist i c s .  T he Eng i neer i ng So i l C lass if i cat ion 
for Resi dent i a l  Deve lopme nt ( Federa l Housi ng Adm i n i strat i on ,  1 959) conta i ns tab les  show i ng the ge nera l 
c haracter i s t ics  of the d i ffe rent g roups a nd t he i r  re l a t i ve desi rabi l i ty fo r various uses w i t h  re spect  to resi 
de nt i a l  bui l d i ng s i te s  fo r bo th d i sturbed and und i sturbed so i l s .  S im i la r  tab le s  i n  the Eart h  Manua l ( U . S . 
Bureau of Rec l amat ion ,  1 974) descr ibe eng i neer i ng propert ies and re l at i ve desirabi l i ty for various uses . 

C lassi fi cat ion a l one i s  not suffi c i en t  i n format ion for desig n p l a n n i ng . Se lec t ion  of appropri ate types 
and l ocat ions of tests requ i res an understa ndi ng of  geo l og i c  a nd man-made varia t ions; i n terpretat io n o f  
resu l ts i s  based on  t h e  part i cu l ar stru cture a t  t he s i te . A l l o f  th i s  i s  best done by  e ng i neers o r  geo log i st s  
qua l i fied  in  e ng i neer ing geo logy and so i l  mec ha nic s . 
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Texture 
Sa nd 

Sandy 
l oam 
Loam 

S i I t  
l oam 
C lay 
loam 

S i l ty 
c l ay 
l oam 
S i l ty 
c l ay 

C lay 
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Dry feel  
I nd iv i dua l gra i ns 
seen a nd fe l t  
I nd iv i dua l gra i ns 
a ppear  di r ty 
Gr i t ty , f l oury 
fee l 
Soft and  f l oury 

S l i g h t l y  hard , 
l i t t l e  gr i t ti n ess 

Modera te ly  hard , 
no gri tt i ness 

Hard ,  no 
gr i tt i n ess 

Very hard , no 
gr i tt i n ess 

clay laam 

sandy clay laam 

sandy laam 

p e rcent sand 

Moist  fee l  
I nd iv i dua l gra i ns 
seen a nd fe l t  
I ndiv i dua l gra i ns 
appea r  d i r ty 
Gr i tty , smooth 
s l i c k  
Smooth s l i c k  w/ 
some sti c ki ness 
Smooth s l i g h t l y  
st i c ky w/some 
gr i tti n ess 
Smooth sti c ky, 
fee l some 
p l ast i c i ty 
Smooth , sti cky 
p l ast i c , fa i nt fi n-
g erpr i nts v i s i b l e  
Smooth vely 
st i c ky - p ast i c  
fi ngerpr i nts 

Moist  
sh i ne 

None  

None 

Fa in t  
du l l  
Du l l  

Prom-
i nent 
du l l  
F a i n t  

S h i n e  

B r igh t  

�" - ] " w i de, 1/8" 
th i c k  moist p l as

t i c i ty (r i bbon} 
W i I I  not r i bbon 

Wi I I  not r i bbon 

V ery wea k  r i bbon , 
broken a ppearanc e 
R i bbon broken 
appearance 
R i bbon bare l y  
susta i ns we igh t  

R i bbon susta i ns 
w eigh t  & carefu l 
h and l i ng 
R i bbon w i th stands 
cons i derab l e  move-
ment & deformat ion 
Long th i n  r i bbon 

Fi gure 37 . Gui de to textural classi fi cation of soils . 

Moi st 2 "+  l ong 
p last i c i ty 

(w i re) 1/8" 
Wi I I  not w i re  

W i I I  not w i re  

Very w ea k  w ir e  i n  
broken segments 
Wea k wi r e  easi l y  
bro ken 
Wi re  su sta i ns 
we igh t  

Wi r e  susta i ns weigh t 
& w i thstands gent l e  
sha k ing 
Wi r e  w i thsta nds 
consid erab l e  sha k-
i ng and ro l l i ng 
Wi re  w i thstands 
sha king , ro l l i ng ,  
bendi ng , 1/ 1 6" 
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Tab le  6 . U ni fied Soi l C lassi fi cat ion System 

Maior d iv i s ions  Group symbols  Typ ica l  names 

�-. 

� 
0 
� 
;r g 
,. 0 :;; 
2. 

� 
3 � 
� :f  • 0 
, , 
;r ,-
0 0 :� :;:;. Cit 

G W  

G P  

i 0 G M* 
d 

W e l l - g r a d e d  g r a vels, grovel-sand 
mixtures, l i tt le or no f ines 

Poorly g r a d e d  g r a v e l s , g r a v e l 
s a n d  mixtures, l ittle o r  n o  fines 

Silty gravels, gravel-sand-si lt  mi ;��; 
tures -a a I--

s. 3. � 
� � ¥ 1--...1..-+-------------"- o  3 � � � 

G C  

S W  

SP 

C l a y e y  g r a v e l s ,  g r a v e l - s a n d - c l a y  
mi xtures 

W e l l - g r a d e d  sands, gravel ly sands, 
little or no fines 

P o o r l y  g r a d e d  s a n d s ,  g r a v e l l y  
sands, little o r  n o  fines 

� : �  1----+--,--11--------------- 1 .. g Ill 
�- ; • :r �- � - g  

> " "' � g !t g_ a-
SM* 

d 

1- Silty s a n d s, sand-si lt  mixtures 

i � � 1----'--11--------------CD C'D � 
� �  5-[ 2 sc 

ML 

CL 

O L  

C l a yey sands, sand - cl a y  mixtures 

Inor g a nic silts a n d  very fine sands, 
rock flour, silty or clayey fine sands, 
or c layey si lts  with slight p l a sticity 

Inorg a nic clays of low to medium 
p l a st i c i t y ,  g r a v e l l y  c l a ys ,  s a n d y  
cla ys, silty cla ys, l e a n  clays 

Organic s i lts  a n d  organic s i lty clays 
of low p l a sticity 

[ � �------------+--------+--------------------------- 1 . . [ �  iii' �-
. .  3 0.. 

� �  
;r g 
� 
"' 0 0 
;.!. 

F. .., 5. 
0.. 

[ � 
"' g � 0.. 0 n � 0 
:f � g "' 
� 

M H  

C H  

O H  

PI 

Inorganic  silts, micaceous or d i a to
m a ceous fine sandy or silty soils, 
e l astic silts 

Inor g a nic  clays of high p l asticity, fat 
clays 

Organic clays of medium to high 
plasticity, organic silts 

Peat and other highly orga nic soils 

g � �  g. .. ..  
r��  
n <I' V> a � "'  . -" "' "' ; n ., .., 5. 
S· 

<0 

g. !!. 
� 3 
r:r 
0 

: 

�� 0 0 i· � 
; a 
0 3 
= .,  . , , 0 

;t 2" g ;;· 
� Z n  

9 � "' �  
o ·  0 
i· 
< . 
�-� 
8 
0 

� 
'!\ 
0 ;· . 
0.. 

Laboratory c las sif icati o n  criteria 

Doo (D,)' Cu = 01 0  greater than 4 ; Ce = 010 X 060 b etw e e n  1 a n d  3 

Not meeting a l l  g r a d ation requirements for G W  

Atter be r g  li mits below "A" 
l ine or P.l .  less than 4 

Atterberg li mits a bove "A" 
l ine with P. l .  greater th a n  7 

Above "A" l ine with P . l .  be
tween 4 a n d  7 are border
line cases requiring use of 
d u a l  symbols 

Cu = 

060 
greater than 6 ;  Cc = � between 1 a n d  3 Oto  0 10 X 06o 

Not meeting a l l  g r a d ation requirements for  SW 

Atterberg li mits below "A" 
l ine or P. l .  less  t h a n  4 

Atterberg l i mits a bove "A" 
line with P. l .  greater than 7 

limits plotting in h a tched 
zone with P. l .  between 4 and 
7 are borderline cases re
quiring use of dual symbols. 

50 1----1----1----1----1----l----+---+---+-�+---i 

CH /� 
40 1----+---+---�---r---t---t--���r---t---i 

i /� � 30 �--+---+---�---1----+---j���--1----t---i 

� .. .;:.Y OH a n d M H  

20 1----l-�--4--4�--�+--+--r-�--�� 
CL _/ 

1 0 ��--�---+�-t---r---r---r--1---i---i 

�=--�"'""'<"11/ 
CL-ML.:&.�'l'- ML a n d  OL , ·r o L-�--�--�--L-�---L--=---��--� 

0 1 0 20 30  40 50 60 70 80 90 1 00 
liquid l imit 

Plasticity Chart 

*Divis1on o f  GM a n d  SM g ro u p s  into s u b d iv i s i o n s  of d and u a r e  for roads and a i r f i e l d s  only. S u b d i vis ion i s  b a s e d  on A t t erb u rg  l imits ;  
suff ill:  d u s e d  when l . l .  i s  2 8  or l e s s  a n d  the P . l .  i s  6 o r  l e s s ;  the s u f f i ll:  v u s e d  w h e n  l .l .  i s  g r e a t e r  t h a n  2 8 .  

* * B o r d e r l i n e  c l a ss i f i c a t ions,  u s e d  f o r  s o i l s  possening c h a r a ct e r i s t i c s  of f w o  g r o u p s ,  o r e  d e s i g n a t e d  b y  c o m b i n a t ions  of g ro u p  s y m b o l s .  
For e ll: a m p l e :  G W - G C ,  w e l l - g r a d e d  g r a v e l - s a n d  mi .11. � u r e  with c l o y  b i n d e r .  

Repr i n ted from PCA Soi l Pr i mer  
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Tab le 7 .  Amer ican Assoc iat ion of S tate H i ghway Off ic ia l s 
(AASHO)  Soi l s  C lass i f icat ion 

G en era l  
c l ass i f i c a t i o n  

Q) > 

Q) 

0 0 N 

0 � z  ·� a ..... J:: 

"' "  -;: c 
Q) 0 
E "' 
rn " 
0 c ..t: 0 
Q) Q) 
c > 
0 0 ..... .... VI Ol 

A - 1  

G r o u p  
sym bo l s  

A- 1 -a 

A - 1 -6 

G ra i n  s i z e  
(s i ev e )  

5 0% max . passes N o . 1 0 

3 0% max . passes N o . 4 0  

1 5% max . passes N o . 2 0 0  

5 0% m a x . passes No . 40 

25% m a x . passes N o . 200 

Atterberg l i m i ts for  
fra c t i on pa ss i n g  N o . 4 0  

L i q u i d  l i m i t  P l a s t i c i ty i n dex*  

L ess t h a n  6 

0 ..... r---�----,_ ______ ,_ ______________________ �------------�--------------� 
E Qj 

� �  Q) ""O c c 
u: � 

5 0% m i n . passes N o . 4 0  
A - 3  A - 3  N . P .  § � 1 0% max . passes N o . 2 00 0 ; l----�----4-------4------------------------+------------�--------------� 

1h A - 2 -4 C") >.. " 
c Q) c 
0 � Sl 

-£ - """0 
"' "' Q) -' 

u c 
... 0 
o _  

.c �  - 0 
VI C» 

A - 2 - 5  
A - 2  

A - 2 -6 

A - 2 -7 

A -4 A-4 £-:=. 1-------1--------t · - 0 
VI "' A - 5  

� A -6 

-� 
� A - 7 
>.. 0 

u 

A - 5  

A - 6  

A - 7-5 
and 

A - 7-6 

35% max . passes N o . 2 00 

G r eater  th a n  35% passes 
N o . 200 

Less  th a n  40 

Greater  t h a n  40 

Less  than 40 

G r ea ter than 40 

L ess  th a n  40 

G r eater  th a n  40 

L ess th a n  40 

Greater  than 40 

L ess  than 1 0  

L es s  th a n  1 0  

G r ea ter than  1 0  

G r eater  th a n  1 0 

Less than 1 0  

L ess  t h a n  1 0  

Grea ter t h a n  1 0 

G r ea ter t h a n  1 0  

Q) " 
0 
a, ...0 :::> 
"' ..... c 
Q) 
Q) 
u X Q) 
.2 
" 0 
0 

(.') 

Q) " 
0 
m ...0 
� 

* Th e  d i ffer e n c e  betw ee n  l i qu i d l i m i t  a nd p l a s t i c  l i m i t ;  th e range of wa ter c o n t e n t  through w h i c h  th e soi l 
behaves p l as t i c  l y .  
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..., 
F l uid soi l -water 

mixture 

� 
Dry soi l 

Liquid s t a t e  

P l a s t i c s t a t e  

S emi s o l i d  s t a t e  

S o l id s t a t e  

L i q u i d  l imit , w1 �----------------1 P l a s t i c i t y  ind ex 
w - w 

Plas t ic l imi t , w 1 P 
p 

Shr inka ge l imit , w
s 

Fi gure 38 . Atterberg limi ts and rela ted indi ces . (After Lambe and Whi tman , 1 96 9 )  
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Major l i m i tat i o ns of the c l ass i fi ca t ion  systems are that  they are based o n  texture , p la st i c i ty ,  a nd 
be havior i n  a recompacted co nd i t ion; wh i l e  the factors i nf l ue nc i ng stre ngt h ,  conso l idati o n ,  and expans ion 
depend upo n  i n  s i tu consistency and geo log i c  factors . L im i tat ions  i nc l ude varia t ions i n  soi l and rego l i t h  
fo rmat ions ,  hydro l og i c  c hanges ,  other s i te o r  so i l  cond i t i ons not i n c l uded i n  a g i ve n  descri p t io n ,  and 
comp l ex factors re lated to mass moveme nt or other large-sca l e  phe nomena . Moreove r ,  und i sturbed so i l s  
i n  d i ffe rent  groups but  w i t h  s im i l a r  geo l og i c  h i story and hydro log i c  cond i t io ns may ofte n have more eng i 
neer i ng proper t ies  i n  common tha n  w i l l  two samp les from w i th i n the same groupi ng . 

Much  add i t i ona l  i nfo rmat ion  regard i ng app l i cat ion  of the Un i fi ed  So i l  C l ass i fi ca t ion  System ca n be 
found i n  Eng i nee r i ng So i l C l assi fi cat ion for Res ident i a l  Deve l opmen ts ( Federa l Hous ing Adm i n i stra t io n ,  
1 959) a nd So i l  Samp l i ng a nd Test i ng fo r Resi dent i a l  Deve l opments (U . S .  Department o f  Hous ing a nd Urba n 
Deve l opment ,  1 973) . Tab l e  8 summar izes  the ge neral eng i neer i ng propert ies  o f  so i l  a nd rego l i t h  accord i ng 
to granu l a r ,  c l ay , si I t ,  and organ i c  textures . Tab le  9 and F igu re 38 pro vide a ge nera l summary of e ng i 
neeri ng propert ies  o f  t h e  surfi c ia l  geo log i c  u n i t s  (O ra l , Q t l , Qtm , Qth) . Tab l e  3 prese nts a genera l 
overvi ew of di fferences i n  phys i ca l  propert i es , rego l i th ,  dra i nage , a nd loca l hazards of a l l  geo log i c  
un i ts . 

Distribution 

Var iat ions i n  t he five so i l -form i ng factors ( parent mater ia l ,  c l i mate , topography , vegetat ion , a nd 
t ime ) produce the many var ia t ions o f  so i l  type prese nt i n  Benton Co unty . T he i nf l uence o f  parent mate r ia l  
i s  greatest i n  young  soi l s  and i s  b r i e f l y  rev iewed i n  the precedi ng d i sc ussions of  i nd iv i dua l geo l og i c  un i t s  
a nd the i r  eng i neer i ng propert i es .  

I n  Be nto n County , so i l s  der ived from sandstone exh i bi t  a w ide range o f  characte ri st i c s  from sha l low , 
brow n ,  stony l ooms to deep ,  redd i sh , s i l ty c l ay l ooms w i t h  some c l ayey zone s .  So i l s from s i l tstone are 
s im i l a r  but ge nera l l y fi ner textured (typ ica l l y si l t  l oam surface w i t h  s i l ty c l ay o r  c l ay subso i l ) .  Basa l t  
bed rock i s  often over l a i n  by 1 - t o  3-ft deep , re l at i ve ly stone-free c l ay l oam o r  s i l ty c l ay l oam w i t h  c l ay 
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Tab l e  8 ,  Genera l e ng i neeri ng propert ies of soi l s  

CATEG ORY 

G RA N U LA R  S Ol L S :  Sand and grave l 

Surfi c i a l  units  l i ke ly  ta conta i n  gra n u l ar so i l s ,  
i n  decreas i ng order of granu lar  properties :  

Ora l ,  Qt l  ( loca l ly a nd wi th  s i l t  a nd c l ay ,  
most l i ke l y  near W i l l amette Ri ver) 

Q t m ,  Qth (possi b l e  loca l ly on  surface,  
but  more l i ke ly  as le nses be low 
surface at depth) 

U n ified So i l  C l assification 
symbo l s :  GW , GP, GM , GC , SW , SP , 

SM , SC 

C O H E SIVE  S O I L S :  C l ays , si l ty c l ays, c l ays 
m ixed w i t h  sand a nd grave l 

Surfi c i a l  un its l i ke ly  to conta i n  cohesi ve soi l s ,  i n  
decreasing order o f  co hesive propert ies : 

Qt l ,  Qtm , Qth 

Bedrock un i ts associated w i t h  cohes i ve soi l s ,  in  
re lat ive decreasi ng order:  

Tsr -p,  Tsr, Ts,  Tf 

U n i fied Sail  C l assifi cat ion 
symba ls :  CL,  OL, C H ,  OH 

D E SC R I PT I ON 

Propert ies :  Sand and grave l have essent i a l ly same propert ies :  
no cohesion; shear strength dependent on i nterna l fr ict ion 
between gra i ns (s = f(;)) and ge nera l ly i ncreasi ng wi th  gra i n  
size; set t lement u nder v ibratory loads; properties determ ined 
by compactness, gra i n  size , grai n-s i ze d istr ibut ion,  and gra i n  
shape; c uts cave off at s l opes of or greater t h a n  1 . 5 : 1  (ang l e  
o f  repose ) .  

Construct ion uses :  Exce l l e nt for support ing structures and roads; 
sma l l  set t lements genera l ly occur short ly after load app l icat ion; 
best embankment materi a l  d ue to h i g h  shear strength , ease of 
co mpaction , a nd nonsuscept ibi l ity to frost action; best backfi l l  
fo r  reta i n i ng wa l l s ,  basements , etc . , because of sma l l  l ate,ra l 
pressures , ease of compact ion,  easy dra i nage; not suscept ib le  
to  frost act ian;  grave l s  genera l ly more perviously stab l e  and  
resistant to  erosion and p ip i ng t han sa nds; we l l -graded sand 
and grave l ( SW ,  GW) genera l ly less pervious and more stab le  
than t hose poor ly  graded (SP,  G P ) .  

Drai nage : H i g h  permeabi l i ty; excavations be low water tab l e  
requ i re dewater ing . 

Propert ies :  Conta i n  h i g h  proport ion of c l ay and co l lo ida l -size 
materi a l , pass i ng #200 sieve; shear stre ngth used with caution 
and j udgme nt beca use changes occur during a nd after co nstruc 
tion; shear stre ngth changes from a t o  a + .a 'tan ; a s  porewater 
dra i ns; un i t  we ight '  void rat i o ,  water conte nt ' Shear stre ngth , 
p last i c i ty ,  compressib i l i ty ,  se nsi t iv i ty ,  swe l l i ng pressure are 
inf l ue nced by p late l i ke structure a nd m i nera l composit ion; in 
ge nera l ,  mo ntmor i l lonite has greater a nd i l l i te and kao l i n i te 
less adverse effect on propert ies .  

Potenti a l  prob lems:  Often low shear  stre ngth , losing stre ngt h when 
wet;  u ndergo creep at constant load;  c l ay s lopes prone to fa i l ure . 

(a)  P last ic i ty :  L iqu id  l im i t ,  p last ic  l i m i t ,  p l ast i c i ty i ndex 
are arbi trary ind ices describi ng gradua l transit ion of 
propert i es; p last i c i ty i ndex ( P I )  i nd i cates re lat ive 
amount of c l ay part i c l e s  i n  soi l ;  h i g h l y  p lastic soi l s  
are undes i rab le  for foundations d u e  t o  excessive sett l e 
ment,  reta i n i ng wa l l  moveme nt ,  a nd s l ope fa i l ure . 

(b )  Compressi bi l i ty :  F i ne vo ids req uire l o ng t i me to extrude 
air and water; th i s  slow process is ca l led co nso l idation . 

( c )  Sensit i v ity :  Co hesi ve soi l s  may lose portion of the i r  
stre ngth on  d i st urbance . 

(d )  Expa nsion and shri nkage : Same c l ays undergo large 
vol ume changes on a l ternate we tt i ng a nd dry ing; h i g h  
l iqu id  l im i t  a nd p l ast i c ity i ndex ofte n res u l t  of more 
a ct i ve c l ay m i nera l s; so i l s usua l ly hard a nd cracked 
(� - 1 i n .  wide) and severa l feet deep when dry , soft 
a nd p l ast i c  w he n  wet . Where damage due to shri nk/ 
swe l l  is k now n or suspecte d ,  so i l  samples  are tested for 
shri nkage l im i t ,  free swe l l i n g ,  swe l l i ng pressure , etc . 
Foundat io ns on ·expa nsi ve so i l s  ofte n requ i re unusua l de
si gns based on know l edgeab l e  i nterpretations of lab tests , 
sound j udgment ,  a nd loca l experie nce; far homes the 
usu a l  remedy is to break t he expansion and shri nkage 
cyc le  by dra i nage or keeping foundation co nstantly wet .  



ENGINEERING PROPER TIES OF G EOLOGIC UNI TS-SOILS 

Tab l e  8 .  Genera l eng i neer i ng propert i es of soi l s  (conti nued) 

CATEGORY D ESCR I PT I O N  

COH ES IVE S O l  L S  (cont i nued} C o nstruct ion  uses: Poo r backfi I I  d ue to l arge latera l pressures; 

S I LT * :  

Su rfi c ia l un i t s  l i ke l y  t o  conta i n  s i l t ,  i n  decreas i ng 
order :  

Q t m ,  Q t h  

Bedrock u n i ts l ik e l y  to conta i n  si I t ,  i n  decreasi n g  
order :  

Ts ,  T f  

U n i fied So i  I C l assifi cat ion 
symbo ls :  ML,  MH 

O RGA N IC S O I L S :  

Surfi c i a l  u n i t  Q t l  conta i ns orga n i c  soi l ,  o ccurri ng 
loca l ly as  pea t a n d  swamp deposi ts  in aba n 
doned channe l s  near ri vers a n d  streams 

U n if ied Soi I C lass ifi cat ion 
symbo l :  PT 

* Pure s i l t  mater i a l  is se ldom e ncountered 
in Be nto n Cou nty; c l ayey s i l t s  and 
si l ty c l ays predom i nate . 

poor e mbankment mater i a l  d ue to low shear stre ngth and com 
pactio n d i ffi cu l ty;  when compacte d ,  res i sta nt to e ras ion  a nd 
p ip ing ; not suscept i b l e  to frost act ion;  tends to weave and flow 
under co nstruct ion  equi pme nt . 

Drai nage : Permeabi l i ty very low,  v ir tua l l y  i mperviou s .  

Prope rt ies :  Gra i n  s ize  pass ing  # 200 s ieve ;  possesses n o  cohes ion  
and p last i c i ty;  propert ies  essent ia l ly t hose o f  fi ne sa nd where 
co mposed of a n g u l a r  part i c les,  more s i m i la r  to c l ay where com 
posed of  p l a te l i ke parti c les; bu l ky gra i ns reduce compressi bi l 
ity; f laky g ra i ns ,  suc h a s  m i ca ,  i n crease compress ib i l ity a nd 
produce e last ic  si l t .  

Pote n ti a l  prob l em s :  Fi ne part i c l e  s ize resu l t s  i n  low s hear stre ngth 
imme d iate ly  after load a pp l i ca t io n;  high capi l l ar i ty and frost 
suscept ib i l i t y .  

C o nstruct ion  uses :  D i ffi cu l t  to compact d ue t o  l ow re l a t i ve 
densi ty; d i ffi c u l t  to s imu late tests correspond i ng to fie l d  con
d i t i o ns; di ffi c u l t  to mix  with wate r ; te nds to be f luffy whe n 
dry and to wea ve under compa c t i o n  equipment  when too wet; 
easi ly erod i b l e  and  subject  to p i p i ng and boi l i ng;  unconso l i 
dated wet s i l t  eas i l y  compress i b l e . 

Drai nage : Re l at i ve l y  impervious; i n he re n t l y  u nsta b l e ,  parti cu
l a r l y  w i t h  i ncreasing mo isture; te nde ncy to  become qu ick  w h e n  
saturated . 

Prope rt ies :  So i l s co nta i ni ng suffi c i e nt orga n i c  matter deri ved 
fro m p l a n t  l i fe to i nfl uence engi neeri ng propert ies  are termed 
organ i c; as low as 2 percent o rga n i c  matter wi l l  cause u ndesi r
ab le  c haracterist i cs; occurs i n  top sc i I , leached s t ratum , swam p  
a n d  peat depos i ts near r ivers . 

Po te n t i a l  prob l ems:  Low shear strengt h ,  h i g h  compressi bi l i ty , 
spo ngy structure deteriorates rap i d ly; subsidence w i t hout  load 
when exposed to air  in  excavat ion;  a c i d i ty and propert ies i n j u 
r i ous t o  construct ion mater ia l s; methane o r  " swamp gas" prod 
uct of decomposi t ion;  pote nt ia l ly hazardous w here a c c umu l ates 
i n  co n fi ned areas, such a s  m a n ho l es . 

C onstru c t i o n  u ses :  S ho u l d  not be used to support fou ndat i o ns . 
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Tab l e  9 .  Eng i neeri ng propert ies  of surfi c i a l  geo l og i c un i ts 

Recent r i ve r  a l l uv ium ( O ra l ) : 

Unconso l idated cobb le s ,  coarse 
grave l ,  sand , and some s i l t  
w i t h i n  act i ve cha n ne l s  o f  
W i l lamette R i ve r  

Q uaternary lower terrace deposi ts  (Qt l ) : 

Semi canso !  idated cobbl es ,  grave I ,  
sand ,  si l t ,  c l oy ,  a nd organ ic  
matter o f  var iab le  thi ckness on 
lowland terraces above Ora l 

Restri cted map un i t  of sma l l  exte nt; unsu i tab le for 
deve lopme nt due to f lood ing and major channe l 
c ha nge; u n i t  is resource for sand and grave l pro 
duct ion ( Sch l i cker o nd others,  1 978), part i cu lo r ly  
fo rmer poi nt-bar deposi ts; p i t-run sand  and grave l 
may be suitab l e  for use as engi neered fi l l  and 
droi  nage rock . 

Al l un i ts exh ib i t  very s im i la r  strat igraph ie s ,  a l though 
th i ckness may vary considerab ly ;  propert ie s  are 
re la ted to texture of part i cu l a r  strat igraph ic  sect ion 
( see Table 8), 

1 .  L ight-brown s i l ty c l ay mate r i a l  

Q uaternary m idd l e  terrace deposi ts (Qtm) :  eWidespreod in  W i l l omette Va l l ey on  o i l  ter
race levels except on  1 1decomposed grave l s ,  1 1 
wh ich  resemb le  Spe ncer sandstone (Ts) . Semiconso l idated grave l ,  sand , s i l t ,  

a n d  c l ay formi ng terraces of  ma jor 
exte nt  a long W i l lamette R iver  

Quaternary h igher  te rrace depos i t s  (Qth) :  

Sem i conso l i dated grave l ,  sand ,  s i l t ,  
and  c l ay of var iab le  th i ckness 
( 1 0-200 It) on h ig her terraces near 
foothi  1 1 s  

e Strat i graph ic  corre lat ion among terrace un i t s  
near  Corva l l i s  suggests a lesser th ic kness of  
s i l t  on  Qt \  terraces . 

eExtens i ve flood or lacustr i ne depos i t s ,  pos
s ib ly  re l ated to W i l l amette S i l t ,  of s i l t  
a n d  c l ay . 

eH igh  ground -water and pend i ng potent i a l  
( severe on  Q t l ,  Otm , decreas ing somewhat 
loca l ly on Qth);  excavat ions may requ i re 
dewater ing;  cut s lopes in saturated c l ayey 
materi a l  prone to fa i l ure . 

e somewhat overconso l idated; effect i ve over
burden stress greater i n  past than prese nt ly  
o bserved; tests i nd icate preconso l i dat ion 
at st resses 4, 000-8, 000 lb/sq ft ;  means 
re la t ive ly  I orge loads may be app l ied be
fo re set t l eme n ts occur . 

e Beoring capac i ty range 1 , 000-2 , 000 lb/sq ft; 
genera l ,  s i te-spec i f ic  i nvest i gat ion  and 
loca l  exper ie nce requ i red for design pur
pose s .  

e sett lements o f  concern for larger heavy stru c
tu re s  ( p re  load i ng often employed}; mi nor 
concern for homes and I i ght structu res near 
su rface on spread or co nt i nuous foot ings . 

eExpans ive propert ies :  s la bs or foot i ngs  near 
ground surface may swe l l  up to 1 i n .  i f  
p l aced o n  dry so i l ; swe l l  potent ia l  decreases 
w i t h  i ncreasing load; swe l l  is lessened by 
prevent ing evaporat ion i n  excava tions . 

channe l bar 

scro l l s  

ped ime nt 

O ra l  O t l  O tm 

J. I � �� ..._ _, " �I -�� \ 1 \ J'. IlL- 1 �- l l l J  1 ) 1 1  
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Genera l ized approx imate th i cknesses of sect ions 
w i th i n surfi c i a l  un i t s  near Corva l l i s 
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GP SM 
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Tab le  9 .  Eng i neer i ng proper t ies of surfi c i a l  geo l og i c  u ni t s  ( cont i nued) 

Geo log i c  u n i t  

Q t l ,  O tm ,  and O th {conti nued) : 

2 . 

3 .  

Descr ipt ion  

e sens i t i vi ty :  remo lded stre ngt h  l e ss than un-
d i st u rbed strength; easi ly d i sturbed by con-
struct ion  traffi c when wet; s t icky; p l ast ic  
construct ion mater i a l  weaves under traffi c .  

esackfi l l :  greater l atera l pressure when com-
peeled than  granu lar bac kfi l l ;  when  not 
compacted , may soften nonuni form ly .  

e La ndscapi ng:  genera l l y used for landscapi ng 
fi l l .  

Sand and grave l layer(s) be low surface 
e Genera l ly occur 30 - 40 ft be low ground on 

Qtm terrace near Corva l l i s a nd Wi l l amette 
R i ver . 

e Loca l l y fi ne to med i um  sands occur  between  
over ly i ng  s i l t  and  sandy grave l .  

e searing capaci ty range o f  3 , 000 - 4, 000 l b/ 
sq ft; provides firm bear ing  for bridge 
p i l i ngs a l ong W i l lamette R iver . 

e Greater permeabi l i ty; more water prob lems i n  
construct io n .  

1 10verconso l i da ted 1 1  st i ff b l ue  c l ay 
• 1 1 0verconso l i doted 11 to approxi mate ly 10 tons/ 

sq ft . 
eGround water and depth of occurrence gen-

era l l y  make foundat ions other than p i les  
uneconomi c .  

Q uaternary lower ter race deposits (Qt l ) :  Loca l peat a nd swamp depos i ts ,  most l ike ly  adjacent to 
W i l l amette R ive r ,  in abando ned channe l s ,  oxbows, 

Semi conso l i dated cobb l e s ,  grave l ,  a nd a long r iver  and stream drai nage s .  
sa nd,  si l t ,  c l ay ,  a n d  organ i c  matter 
of var iab le  th i ckness on lowland 1 .  Engi neer i ng propert ies  var iab l e :  good fo undat ion 
terraces above Qra l  a nd a long tr ib- capac i ty ( beari ng capac i ty a nd set t lement )  
utary r i vers and streams w here we l l -drai ned; d i ffe rent i a l  set t l ement a nd 

s l ab and foundation crack i ng poss ib le  where 
u nconso l i dated s i l t  a nd c lay ,  organ ic  soi l s ,  
a nd peat occu r  loca l ly w i th  h igh  ground water 
a nd pendi ng . 

2 .  Low shear strength; h igh  compressi b i l i ty; spongy 
structure deteriorates rapi d ly ;  subsidence w i t h-
o ut load i f  exposed i n  excavatio ns; ac id i ty a nd 
charac ter i s t ics  i n j ur ious to const ruct ion mate r i -
a l s; sho u l d  not be  u sed for foundat ion  support 
{ p i l i ngs often used ) .  

3 .  Expansi ve propert ies  o f  c l ay and organic  so i l s .  

4 . Ge nera l l y  subject to flood i n g .  

Ge nera l ized sect ion  
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s ubso i l ,  ge nera l ly w i th  we l l-deve loped profi l e s  ( Hammerme i ster , 1 978) . 
Tab le  1 0  re l ates soi l s  to geo log i c  un i ts i n  Benton County a nd summari zes e ng i neeri ng c l ass i f icat io ns 

and other factors , as determi ned by the So i l  Survey of t he Bento n County Area ,  Oregon ( K nezevi c h ,  1 975 ) .  
T he tab l e  shows that for the surfi c ia l  depos i ts ( l ) sa nd a nd grave l occur near the surfa ce on l y  a long t he 
Wi l l amette R i ver  and i t s  fl ood p l a i n, ( 2 )  s i l ty c l ay a nd c l ay occur a long l ow land areas of tri butar ie s  a nd 
sma l ler  streams ,  (3)  s i l t  loam and si l ty c lay l oam occur on broad fl at Qtm and Q th su rfaces, and (4) so i l s  
i nd icat i ve of  re la t ion  to sed imentary bed rock ( "decomposed grave l s "  of  Vokes a nd ot hers , 1 954) occur 
o n  Qth depos i ts  south o f  Ph i l omath  a nd i n  south  County areas . For l ow foot h i l l  areas , Jory a nd Be l l p i ne 
so i l s  are common to a l l  un i t s .  So i  I s  names are l i sted i n  re lat ive order of abundance; i . e . , those a t  the 
top of the l i st are most abutldant . 
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U n it Loca t i o n  

O ra l  

Q t l  F l ood p l a i n  o f  
W i  l l amette R i ver  

F l ood p l a i n s  of  
t r i b u tary r i vers 
and st reams 

Tab le  l Oa .  Re l at ionsh ip  of soi l s  to su rfi c i a l  geo l og i c  un i t s ,  
eastern Bento n  County , Oregon* 

Depth to Depth 
seasona l from su rfa ce 

Hydro - Depth t o  h i g h  water o f  typ i ca l  Do m i nant 
So i l  name a nd l og i c  bed roc k  tab l e  profi l e  U S DA 
so i l s map symbo l s  g ro u p  ( i n . ) ( i n . )  ( i n . )  texture 

N ew berg : N g ,  B > 72 60 0-60 F i ne sandy l oa m  
N m  a nd l o a m  

R i  verwas h :  Rw 
Too var i a b l e  to 
es t imate;  o ns i te  
i nvest i ga t i o n  
needed 

M ixed a l l u v i a l  l a n d :  
MX 
Too var i a b l e  to 
est imate; o ns i te  
i nvest i g a t i o n  
needed 

N ew berg : Ng , B > 72 60 0-60 F i n e  sandy loam 
N m  and loam 

C he ha l i s :  C h  B > 72 >60 0-60 S i l ty c l ay loam 
C l og uato : Cm B > 72 > 60 0-60 S i l t  loam 
C a mas: C o  A > 7 2  > 60 0- 7 Grave l ly sa ndy loam 

7-60 Very grave l l y sand 
M a l abo n :  Ma c > 72 >60 0-65 S i l ty c l ay loam 

a n d  si l ty c l ay 

Bashaw: Ba D > 60 0- 6 0- 1 5  S i l ty c l ay loam 
1 5 -60 C l ay 

Be D > 60 0- 6 0-60 C l ay 
W a l do :  Wa D > 60 0- 6 0- 1 1  Si l ty c l ay loam and 

s i l ty c l ay 
1 1 -60 C l ay 

C oburg:  Cn c > 72 20-36 0-43 S i l ty c l ay loam a n d  
s i l ty c l ay 

43-60 C l ay loam and sandy 
c l ay loam 

M a l a bon : Ma c >72 >60 0-65 S i l ty c l ay loam a n d  
s i l ty c l ay 

M c A l p i n :  M n  c > 40 1 B-36 0- 1 4  S i l t y  c l ay loam 
1 4-60 S i l ty c l ay 

A b i g u a :  AbA, c > 40 > 40 0- 1 7  S i l ty c l ay loam 
A b B  1 7-60 S i l ty c l ay and c l ay 

C onser :  Cs C /D >72 0- 6 0 - 1 7  S i l ty c l ay l o a m  
1 7-60 C l ay 

C !oss i f icat ion  

U n i f ied 

SM or ML 

SM or M L  

C L  o r  M L  
M L  
G M  o r  SM 
GW 
M L  

C L  o r  M L  
C H  
C H  
C L  

M H  
C L  

M L  or SM 

M L  

ML 
ML or C L  
C L  o r  M L  
M H  
C L  
C H  

AAS H O  

A-4 

A-4 

A-6 
A-4 or  A-6 
A - 1  
A - 1 
A-7 

A-6 
A-7 
A -7 
A-7 

A-7 
A-7 

A-6 o r  A-4 

A-7 

A-6 
A-7 
A-6 
A-7 
A -6 
A -7 
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U n i t  Locat ion 

Q t l  

Q t m  

Q t h  F l at s lopes  
in  Corva l l i s ,  
P h i l omat h ,  
a n d  North 
County areas 

Tab le  l Oa . Re l at ionsh i p  of so i l s  to su rfi c i a l  geo l og i c  u ni t s ,  
eastern Be nton County , Oregon* (cont i nued} 

Depth to Depth 
seasona l from surface 

Hydro- Depth  to  h i g h  wate r  of  typ i ca l  Dom i nant  
Soi I name a nd log i c  bed roc k  tab l e  profi l e  US DA 
soi l s  map symbo l s  g roup  ( i n . )  ( i n . ) ( i n . ) tex ture 

Woodburn:  WoA , c >72 1 8-36 0-24 S i l t  loam 
WoC 24-48 S i l ty c l ay loam 

48-60 S i l t  loam 
N e ha l e m :  Ne B >72 24-40 0-60 S i l ty c l ay loam 

Dayton : Da D > 72 0- 6 0- 15  S i l t  l oam  and  s i l ty 
c lay loam 

1 5-45 C l ay 
45-60 S i l ty c l ay loam 

Ami ty :  Am c > 72 1 2-24 0-22 Si l t  loam 
22-60 Si l ty c l ay loam 

Woo dburn :  WoA , c >72 1 8-36 0-24 S i l t  loam 
WoC 24-48 S i l ty c l ay loam 

48-60 Si l t  loam 
W i l l amette : WeA , B >72 >72 0- 1 5  Si l t  loam 

Wee 1 5 -57 Si l ty c l ay loam 
57-60 Si l t  loam 

M a l a bo n :  M a  c > 72 > 60 0-65 Si l ty c l ay loam 
a nd s i l ty c lay 

Coburg: Cn c > 72 20-36 0-43 S i l t y  c l ay loam 
a nd si l ty c l ay 

43-60 C l ay loam and  
sandy  c lay loam 

Concord : Co D >72 0- 6 0-26 S i l t  loam 
26-38 S i l ty c l ay loam 

and s i l ty c lay 

Woodburn :  WoA , c >72 1 8-36 0-24 S i l t  loam 
Woe 24-48 S i l ty c l ay loam 

48-60 Si l t  loam 
W i l l a mette : W eA ,  B >72 > 72 0- 1 5  S i l t  loam 

WeC 1 5 -57 S i l ty c l ay loam 
57-60 Si l t  loam 

Dayto n:  Da D >72 0- 6 0- 1 5  S i l t  l o a m  a n d  
s i l ty c l ay loam 

1 5 -45 C l ay 
45-60 S i l ty c l ay loam 

Ami ty :  A m  c >72 1 2-24 0-22 Si l t  loam 
22-60 S i l ty clay loam 

C l as s i f i ca t ion  

Un i f ied  

ML 
M L  or C L  
M L  o r  C L  
M L  o r  C L  

M L  

C H  
C L  
M L  
C L  o r  M L  
M L  
M L  o r  C L  
M L  or C L  
M L  
M L  o r  C L  
M L  o r  C L  
M L  

C L  

M L  or SM 

CL or M L  
C L  o r  M L  

M L  
M L  o r  C L  
M l  o r  C L  
M L  
M L  o r  C L  
M L  or C L  
M L  

C H  
C L  
M L  
C L  o r  M L  

AAS H O  

A-4 
A-4 
A-6 
A-6 

A-4 

A-7 
A-6 
A-4 
A-7 
A-4 
A-4 
A-6 
A-4 
A-7 
A-6 
A-7 

A-7 

A-6 or A-4 

A-4 
A-7 

A-4 
A-4 
A-6 
A-4 
A-7 
A-6 
A-4 

A-7 
A-6 

I A-4 
A-7 
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U n i t  

Q t h  

Loca t i o n  

D i ssected f l a t  
to moderate 
s l opes south 
o f  P h i loma t h  

Base of foot h i l l s  
a n d  i s l a nds i n  
so uth county 
a reas 

K ne z e v i c h  ( 1 975),  

Tab l e  l Oa .  Re l at ionsh ip of soi l s  to surfi c i a l  geo l og i c  un i t s ,  
eastern Be nton  County , Oregon* (con t i nued} 

D e p t h  to Depth 
seaso n a l  fro m surface 

Hydro- Depth to h i g h  water o f  typ i c a l  Do m i nant  
S o i l  name a nd l og i c  bed ro c k  t a b l e  profi l e  U S DA 
so i ls map symbo l s  g roup ( i n . )  ( i n . )  ( i n . )  texture 

V e ne t a :  V e B ,  c 40- > 60 * *  0-27 Si I ty c l ay loam 
V e D  27-60 C l ay a nd s i l ty c l ay 

V e ne t a ,  loamy subso i l  c 30-40 * *  0- 1 1  Loam 
vari a n t :  V n B, V n D ,  1 1 -40 C l ay loam 

V n E  40 Weathered sand-
sto ne 

Jory:  JoC , Jo D ,  c >40 * *  0- 1 5  S i l ty c l oy loom 
Jo E ,  J R E , 1 5 -60 C l oy or s i l ty c l o y  
J R F  

Be l l p i ne :  BeC , Be D ,  c 20-40 * *  0- 1 0  S i l ty c l oy loom 
Be E ,  Be F 1 0-26 C l oy a nd s i l t y  c l ay 

26 Part ia l l y weathere d  
sandsto ne 

D i xo n v i l l e :  DnC , Dn D ,  c 20-40 * *  0 - 5 S i l ty c l oy loom 
DnE, DnF 5-37 C l oy or s i l ty c l ay 

37 Wea thered ba sa I t  

Seaso n a l  h i g h  water t a b l e  at  a depth of  l ess t h a n  6 0  i n .  does not o c c u r  i n  t hese so i l s .  

C l as s i f i c a t i o n  

U n i f ied 

M L  
C H  
M L  
M L  

M L  
C L  o r  M L  

C L  
M H  

C L  
C H  

AAS H O 

A-4 
A-7 
A-4 
A-6 

A-6 
A -7 

A-6 
A -7 

A-6 
A -7 
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U n i t  

T t s -
e a r l y  
O l igoce ne 
sandstone 

T s -
l a t e  Eocene 
sedi mentary 
rock 
( Spe ncer  
Forma t i o n )  

T s -p 

Loca t i o n  

Foot h i l l s  

Mounta i no u s  
broad r idges,  
l o ng s lopes 
d i sse c ted by 
streams 

Tab l e  l Ob .  Re la t ionsh i p  of  soi l s  to sed i me ntary bedroc k geo l og i c  un i ts , 
eastern Be nto n  County , O regon* 

D e p t h  to Depth 
seasona l from su rfa ce 

Hydro - Depth t o  h i g h  water o f  typi c a l  Dom i na nt 
So i l  name a nd l og i c  bed ro c k  t a b l e  p rof i l e  US DA 
so i l s map symbo l s  g ro u p  ( i n . )  ( i n . )  ( i n . )  texture 

D i xo nv i l le :  DnC , c 20-40 * *  0- 5 S i l ty c l ay loam 
D n D ,  D n E ,  5 -37 C l a y  or s i l ty c l ay 
D n F  37 Weathered base I t  

J o ry :  JoC , J o D ,  c > 40 * *  0- 1 5  S i l ty c l ay loam 
JoE,  J R E ,  1 5-60 C l ay or s i l ty c l ay 
J R F  

Be l l p i ne :  BeC , c 20-40 .. . . 0- 1 0  S i l ty c l ay loam 
Be D ,  Be E ,  1 0-26 C l a y  a nd s i l ty c l ay 
B e F  26 Partia l l y weathered 

sandsto ne 
* * * Haze l a i r :  HaC , HeC , D 20-40 1 2-30 0-23 S i l t  loam and s i l ty 

H e D  c lay loam 
For Haze l a i r ,  we l l - 23-33 C l a y  
drai ned var iant  part 33 F ragmented s i  I t -
o f  H e C  a nd He D ,  sto ne 
see Haze l o i r ,  we l l -
drai ned var i a n t  

H a ze l a i r ,  w e l l -drai ned D 20-40 * *  0- 1 9  S i l ty c l ay loam and 
va r i a nt ;  mapped l ig h t  s i l ty c l ay 
o n ly i n  complex 1 9-24 C l ay 
w i t h  Haze l a i r  24 Weathered s i l tstone 

V e ne t a :  VeB, Ve D c 40- > 60 * *  o-27 S i l ty c l oy loam 
27-60 C l ay a nd s i l ty c l ay 

V e ne t o ,  loamy sub- c 30-40 * *  0- 1 1  Loam 
soi I var iant :  V n B ,  1 1 -40 C l ay l oa m  
V n D ,  V n E  40 Weathered sa nd-

stone 

H o neygrov e :  HgC , c > 6 0  .. 0- 8 S i l ty c l ay loam 
H N D ,  H N F ,  8-60 C l ay 
H O D  

Peav i n e :  P E E ,  P E F  c 30-40 * *  0 - 6 S i l ty c l ay loam 
6-40 C l ay 

40 S ha l e  

C I ossi f icat ion  

U n i f ied AA S H O  

C L  A-6 
CH A -7 

M L  A-6 
CL or ML A-7 

C L  A-6 
M H  A -7 

C L  A-6 

C H  A -7 

C L  A-6 

C H  A-7 

M L  A-4 
C H  A-7 
M L  A-4 
M L  A-6 

M L  A-4 
M H  A-7 

C L  or M L  A-7 
MH or C H  A-7 

Ped i m ents - S o i l s  i n  ped ime nts of late Eocene sa ndstone ( T s) i nc l ude a broad range of s i l t  loam ( i nc l ud i n g  Wood bur n ,  W i l l amette , Dayto n ,  Amity , Veneta , Dupee) 
and s i l ty c l ay l oa m  ( i nc l ud i ng Be l l p i ne ,  Coburg , a n d  Dixonv i l l e )  
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U n i t  

T f -
m i d d l e  
Eoce ne 
sandstone 

(F l ournoy 
Formati o n )  

I -- -

Loca t i o n  

Foo t h i l l s 

Mounta i nous  
broad r idges,  
l o ng s l opes, 
d i ssected bv 
streams 

Tab l e  l Ob . Re l at ionsh ip of soi l s  to sed i me ntary bedrock geo l og i c  un i ts , 
eastern Be nton County, Oregon* (conti nued) 

Depth to Depth 
seaso n a l  from surface 

Hydro - De pth  to h i g h  water o f  typ i ca l  Dom inant  
So i l  name and l og i c  bed ro c k  tab l e  profi l e  U S DA 
so i l s map symbo l s  g ro u p  ( i n . ) ( i n . )  ( i n . )  texture 

J o ry :  JoC , Jo D ,  c > 40 * *  0- 1 5  S i l ty c l ay loam 
Jo E ,  J R E ,  1 5 -60 C l ay or s i l ty 
J R F  c l ay 

Be l l p i ne :  BeC , c 20-40 * *  0- 1 0  S i l ty c l ay loam 
Be D ,  Be E ,  1 0-26 C l ay a nd s i l ty 
BeF  c l ay 

26 Portia l l y weathe red 
sandstone 

* * * Haze l a i r :  HaC 1 D 20-40 1 2-30 0-23 S i  It loam and 
H e C ,  H e D  si l ty c l ay loam 
For Haze l a i r ,  23-33 C l ay 
we l l -dra i ned 33 Fragmented s i  I t -
var iant  part o f  stone 
HeC and H e D ,  
s e e  H a z e  l a i r ,  
we l l -dra i ned 
var iant  

H a ze l a i r ,  w e l l - D 20-40 * *  0- 1 9  S i l ty c l ay loam 
drai ned var iant ;  a nd l i g ht s i l ty 
mapped o n l y  i n  c lay 
complex w i t h  1 9-24 C l ay 
Haze l a i r  24 Weathe red s i l t -

sto ne 
V e ne t a :  Ve B ,  V e D  c 40- > 60 ** 0-27 S i l ty c l ay loam 

27-60 C l ay a nd s i l ty c l ay 
V e ne t a ,  loamy c 30-40 * *  0- 1 1 Loam 

subso i l  var i a n t :  1 1 -40 C l ay l oa m  
V n B ,  V n D ,  V n E  40 Weathered sa nd-

sto ne 
Steiwer c 20-40 > 72 0- 1 6  Loam or s i  I t  loam 

1 6-29 C l ay l oam , g ra ve l l y  
c l av l oam 

Apt :  ApC , A S D ,  c > 60 * *  0- 1 0  S i l ty c l ay loam 
A S F ,  A T D  1 0-60 C l ay 

H o neyg rove : HgC , c > 60 * *  0- 8 S i l ty c l ay loam 
H N D ,  H N F ,  8-60 C l ay 
H O D  

C l assif i cat ion 

Un i fied 

M L  
C L  or M L  

C L  
M H  

C L  

C H  

C L  

C H  

M L  
C H  
M L  
M L  

M L  
M L  

C L  o r  M L  
M H  
M L  
M H  

AA S H O  

A -6 
A -7 

A -6 
A -7 

A -6 

A -7 

A-6 

A-7 

A-4 
A -7 
A-4 
A-6 

A-4 
A-7 

A-6 
A -7 
A-4 
A -7 
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U n i t  Loca t i o n  

T f-p Pediments  

Tsrk Botto m l a nds 
( K i ngs a nd te rraces 
Va l le y  
s i l tstone ) 

Foot h i l l s 

Tab l e  l Ob .  Re lat ionsh i p  of soi l s  to sedi mentary bedroc k geo l og i c un i ts ,  
eastern Be nto n County , Oregon* (conti nued) 

Depth to  Depth  
seasona l from surface 

Hydro- Depth to h i g h  water of  typ i ca l  Dom i na nt 
So i l  name a nd l og i c  bed roc k  tab l e  p ro f i l e  U S DA 
so i l s  map sy mbo l s  group ( i n . )  ( i n . )  ( i n . )  texture 

Bo ha n no n :  B O F ,  c 20-40 * *  0-35 Grave l ly loam 
BOG 35 Partia l l y  wea t h -

e red sandsto n e  
B l a c h l y :  B L E ,  B L F  c > 60 * * 0- 6 Si l ty c l ay loam 

6-60 S i l ty c l ay 
Sl i ckrock:  S L D ,  B > 40 * *  0-60 Grave l ly l oa m  

SL F  
Peavi  ne : P E E , c 30-40 * *  0 - 6 S i l ty c l ay loam 

P E F  6-40 C l ay 
40 S ha l e  

A b i q u a :  AbA, c > 40 > 40 0- 1 7  S i l ty c l ay loam 
A b B  1 7 -60 S i l ty c l ay and c l ay 

D upee : DuC c 40- > 60 20-26 0- 1 4  S i l t  loam 
1 4-60 C l ay and heavy 

s i l ty c l ay loam 
M cA l p i n :  Mn c > 40 1 8- 36 0- 1 4  Si l ty c l ay loam 

1 4-60 S i l ty c l ay 
M cBee : Ms B > 7 2  24-36 0-60 Si l ty c l ay loam 

a nd si l t  loam 
W a l do:  Wa D > 60 0- 6 0- 1 1  S i l ty c l ay loam 

and si I ty c lay 
1 1 -60 C l ay 

W i tham:  W k B  D 40 1 2-30 0-60 Si l ty c l ay and c l ay 
A b i q u a :  AbA , c > 40 > 40 0- 1 7  S i l ty c l ay loam 

AbB 1 7-60 S i l ty c l ay and c l ay 

C l ass i f icat ion  

U n i fied 

SM 

MH 
MH 
SM 

CL or ML 
M H  or CH 

CL or ML 
M H  
M L  
C L  

M L  
M L  o r  C L  
M L  o r  C L  

C L  

M H  

C H  
C L  o r  M L  
M H  

B r i edwe l l :  BrB , B > 40 > 72 0- 1 7  G rave l l y  loam t o  grave l - G M  or  M L  
B r D  l y  s i l ty c la y  loam 

1 7 -60 Very g rave l l y  c l ay GM o r  GC 
loam 

M c A l p i n :  Mn c > 40 1 8-36 0- 1 4  S i l ty c l ay loam M L  
1 4-60 S i l ty c l ay M L  or C L  

J o ry : JoC , J o D ,  c > 40 * *  0- 1 5  S i l ty c l ay loam ML 
Jo E ,  J R E ,  J R F  1 5-60 C l ay or  s i l ty c l ay CL or M L  

Be l l p i ne :  BeC ,  Be D ,  c 20-40 * * 0- 1 0  S i l ty c l ay loam C L  
Be E ,  BeF 1 0-26 C l ay a nd s i l ty c l ay M H  

26 Portia l ly weathered 
sandsto ne 

* * * P r i ce :  PrC , Pr D ,  c 40-60 * *  0-20 S i l ty c l ay loam and M L  
PT E ,  PT F l ig h t  s i l ty c lay 
For R i tner  part of  20-50 Grave l l y c l ay M H  

P T E  a n d  PT F ,  see 50 Weat hered basa l t  
R i t ner ser ies  

AA S H O  

A -4 o r  A - 2  

A - 5  
A-7 
A-4 

A -7 
A -7 

A-6 
A-7 
A-6 or A-4 
A -7 

A-6 
A-7 
A-6 

A-7 

A -7 

A-7 
A-6 
A-7 
A-4 or A - 2  

A-2 or  A - 6  

A-6 
A-7 

A-6 
A -7 
A-6 
A-7 

A -7 

A-7 
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U n i t  Lo cat ion 

Mou nta i no us  
broa d r i d ge s ,  
I a  n g  s l opes,  
d i ssected by 
streams 

K ne z e v i c h  ( 1 975 ) .  

Tab l e  l Ob .  Re lat ionsh i p  o f  soi l s  t o  sed imentary bedroc k geo l og i c u n i ts , 
easte rn Be nto n County , Oregon* (cont i nued) 

Depth to Depth 
seasona l fro m  surface 

Hydro - D e p t h  to high water o f  typ i c a l  Dom i n a nt 
S o i l  name and l og i c  b e d  roc k  t a b l e  profi l e  U S D A  
so i l s  map symbo l s  group ( i n . )  ( i n . )  ( i n . )  texture 

* * * R i t ne r :  R P E ,  RPG c 30-40 * *  0- 1 5  G ra ve l ly s i l ty 
For Pr ice part c l ay loam 

of R PE and 1 5 -40 Very cobb l y  
R P G ,  see s i l ty c l ay 
Pr ice ser i es 

40 Fra ctured basa l t  
D i xonvi l l e :  DnC , c 20-40 * *  0- 5 S i l ty c l ay loam 

DnD, D n E ,  5-37 C l ay or s i l ty c l o y  
D n F  37 Weathered basa l t  

Apt :  ApC , A S D ,  c > 60 * *  0- 1 0  S i l ty c l ay loam 
ASF,  AT D 1 0-60 C l ay 

Ho neygrove : HgC , c > 60 * *  0- 8 S i l ty c l ay loam 
H N D ,  H N F ,  8-60 C l ay 
H O D  

Seasona l h i g h  wa te r  ta b l e  a t  a dept h o f  l ess t ha n  60 i n .  does not occur  i n  t hese soi l s . 

C l as s i f i c a t i o n  

U n i fi e d  

GM or M L  

G M  o r  GC , 
C L , C L-
M L  

C L  
C H  

C L  o r  M L  
M H  
M L  
M H  

* * * A t  least  o n e  map p i n g  u n i t  i n  t h i s  ser ies  conta i n s  more t ha n  o ne ki nd o f  soi l ;  t h e se so i l s may have d ifferent  p roper t i e s  o r  l i m i t a t i o n s ,  a n d  i t  i s  t he refore ne cessary t o  fo l low 
carefu l l y the i ns t ru c t i o ns for refe rr i ng to other ser i e s .  

AA S H O  

A-6 

A -7 or A-2 

A-6 
A-7 

A-6 
A -7 
A-4 
A-7 
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U n i t  Loca t i o n  

Tsr  - Low l a nd 
Eocene drai  nageways 
v o l c a n i c  
rock 
( S i le tz  
R i ver  
V o l ca n i cs)  

Foot h i l l s  

Mounta i no u s  
broad r i dges , 
l o ng s lopes,  
d i ssected by 
s t reams 

Tab le  l Oc .  Re lat ionsh i p  of so i ls to igneous bedrock geo l og i c  un i ts ,  
eastern Be nto n  County , Oregon* 

Depth t o  Depth 
seasona l fro m surface 

Hydro- Depth to h i g h  water o f  typ i ca l  Dom i na nt 
So i l  name a nd l o g i c  b e d  ro ck tab l e  p rof i l e  U S DA 
so i l s  map symbo l s  g ro u p  ( i n . )  ( i n . )  ( i n . )  texture 

Basha w :  Ba D > 60 0- 6 0- 1 5  S i l t y  c l ay loam 
1 5-60 C l ay 

Be D > 60 0- 6 0-60 C l ay 
W a l do: Wa D > 60 0- 6 0-1 1 S i l ty c l ay loam 

a nd s i l ty c lay 
1 1 -60 C l ay 

W i tham:  W k B  D 40 1 2-30 0-60 S i l ty c l ay and c l ay 

C l ass i f icat ion  

U n i f ied 

CL or M L  
C H  
C H  
C L  

M H  
C H  

Br i edwe l l :  BrB,  B > 40 > 72 0- 1 7  G rave l l y loam to grave l - G M  or  M L  
BrD l y s i l ty c lay loam 

1 7-60 V ery grave l l y  c l ay GM o r  GC 
loam 

M c A l p i n :  Mn c > 40 1 8-36 0- 1 4  S i l ty  c l ay loam M L  
1 4-60 S i l ty c l ay M L  or C L  

Jory : JoC ,  Je D ,  c :> 40 * *  0- 1 5  S i l ty c l ay loam M L  
J o E ,  J R E ,  J R F  1 5 -60 C l ay or s i l ty c l ay CL or ML 

Be l l p i ne :  BeC , Be D , c 20-40 * *  0- 1 0  Si l t y  c l ay loam C L  
Be E ,  Be F 1 0-26 C l ay and s i l ty c l ay M H  

26 Part ia l l y  weathered 
sandstone 

* * * Pr i c e :  PrC , Pr D ,  c 40-60 * *  0-20 S i l ty c l ay loam and M L  
PT E ,  PT F l i ght  s i l ty c l ay 
For R i t n e r  part of 20-50 Grave l ly c l ay MH 

PT E and PT F ,  see 50 Weathered basa l t  
R i t ne r  ser ies  

* * * R i t ne r :  R PE ,  RPG c 30-40 * *  0- 1 5  G ra ve l ly sj l ty c l ay GM or M L  
For Pr ice  part of loam 

R PE a n d  R PG ,  1 5 -40 V e ry cob b l y  s i l ty c l ay GM or GC , 
see Pri ce ser ies  C L , C L - M L  

40 F ractured basa l t  
D i xonvi l le :  DnC , D n D ,  c 20-40 * *  0 - 5 S i l ty c l ay loam C L  

D n E ,  D n F  5 -37 C l ay or s i l ty c l a y  C H  
37 Weathered basa l t  

P h i lomath :  PhC , P h E  D 1 2-20 ** 0- 1 8  C l ay o r  s i l ty c l a y  C H  
1 8  Weathered basa l t  

Honeygrove : H gC , c > 60 * *  0 - 8 S i l ty c l ay loam M L  
H N D ,  H N F ,  H O D  8-60 C l ay M H  

Bo ha n n o n :  B O F ,  B O G  c 20-40 * *  0-35 G ra ve l ly loam SM 
35 Part ia l ly weathered 

sa ndstone 

AA S H O  

A-6 
A-7 
A-7 
A-7 

A-7 
A-7 
A-4 or A-2 

A-2 or A-6 

A-6 
A-7 

A-6 
A-7 
A-6 
A-7 

A-7 

A-7 

A-6 

A-7 or A-2 

A-6 
A -7 

A-7 

A-4 
A -7 
A-4 or A-2 
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U n i t  

T sr -p 

Loca t i o n  

P e d i m e n t s  

K ne ze v i c h  ( 1 975) . 

Tab l e  l Oc .  Re lat ionsh i p  of so i l s to i gneous bedroc k geo log i c  un i ts ,  
eastern Be nto n  County , Oregon* (con t i nued) 

Depth t o  Depth 
sea so n a l  fro m su rface 

Hydro - D e p t h  to high water o f  typ i ca l  Dom i nant 
So i l  name a nd l o g i c  b e d  ro ck t a b l e  pro f i l e  U S D A  
so i l s m a p  symbo l s  group ( i n . )  ( i n . ) ( i n . )  texture 

B l ac h l y :  B L E ,  B L F  c > 60 * * 0- 6 Si l ty c l ay loam 
6 -60 S i l ty c la y  

K l i c k i t a t :  K K F ,  c 40-50 * * 0-48 Grave l ly c l ay loam 
K K G and very cobb l y  

c l ay loam 
48 Fractured basa l t  

W i tze l :  W LG D 1 2- 20 * * 0- 1 5  Very cobb ly c l ay 
l oam 

15 Fractu red basa l t  
W i th a m :  W k B  D 40 1 2-30 0-60 S i l ty c l ay a nd c l ay 
Bashaw:  Ba D > 60 0- 6 0- 1 5  S i l ty c l ay loam 

1 5-60 C l oy 
Be D > 60 0- 6 0-60 C l ay 

W a l do :  W a  D > 60 0- 6 0- 1 1  S i l ty c l ay loam and 
s i l ty c l ay 

1 1 -60 C l ay 
A b i q u a :  AbA,  c > 40 > 40 0 - 1 7  S i l ty c l ay l o a m  

A b B  1 7-60 S i l ty c l ay a nd c l oy 
* * * P r i ce : PrC , Pr D ,  c 40-60 * *  0-20 S i l ty c l ay loam and 

PT E ,  PT F l i g ht si l ty c loy 
For R i t n e r  pa rt 20-50 Grave l ly c l ay 

P T E  a n d  PT F ,  Weathered ba sa l t  
see R i t ne r  se r i e s  

D i xo n v i l l e :  DnC , D n D ,  c 20-40 ** 0- 5 S i l ty c l ay loam 
D n E ,  DnF 5 -37 C l ay or si l ty c l ay 

37 Weathered basa l !  
� --- --- -- ---- --

Seaso n a l  h i g h  water ta b l e  at a depth of less  t h a n  60 i n .  does not occur i n  t he se soi l s .  

C l ass i f i cat ion  

U n i f ied 

MH 
MH 
GC or GM 

GC or C L  

C H  
C L  o r  M L  
C H  
C H  
C L  

M H  
C L  o r  M L  
M H  
M L  

M H  

C L  
C H 

At l east  o ne mappi ng u n i t  i n  t h i s  ser i e s  conta i ns more t h a n  one k i nd of soi l i  t hese so i l s  may have d i fferent propert ies  or l i m i ta t i o n s ,  a nd it is therefore necessa ry to 
fo l l ow carefu l l y  the i nstru ct ions  for refe rri ng to o t her  ser ie s .  

AA S HO 

A -5 
A-7 
A-2 or A-6 

A-6 

A-7 
A-6 
A -7 
A -7 
A -7 

A-7 
A-6 
A -7 
A-7 

A-7 

A -6 
A -7 
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U n i t  Locat ion 

T i  - Mounta i no u s  
post- broad r i d g e s ,  
E o c e n e  l o ng s lopes,  
i n trus ive d i sse c ted by 
rocks streams 

Foot h i l l s  

K neze v i c h  ( 1 975 ) .  

Tab l e  l Od .  Re l at ionsh ip o f  so i l s t o  i ntrusi ve rock geo l og i c  u n i t s ,  
eastern Be nto n  County , Oregon* 

D e p t h  t o  Depth 
seasona l from surface 

Hydro- Depth to h i g h  water a f  typ i ca l  Dom i na n t  
So i l  n a m e  a nd l og i c  bed ro c k  tab l e  profi l e  U S DA 
so i l s map symbo l s  g ro u p  ( i n . ) ( i n . ) ( i n . ) text ure 

Marty : M G D ,  M G F  B > 60 * *  0-65 Grave l ly loam 
a nd c lay loam 

K l i c k itat : K K F , K K G c 40-50 * *  0-48 Grave l ly c l ay loam 
a n d  very cobb l y  
c l ay l oam 

48 Fra c t u red basa l t  
H o neygrov e :  HgC , c > 60 * *  0 - 8 S i l ty c l ay loam 

H N D ,  H N F ,  HOD 8-60 C l ay 

* * * Pr i c e :  PrC , Pr D ,  c 40-60 * *  0-20 Si l ty c l ay loam and 
PT E ,  PT F l i ght  si l ty c l a y  

F o r  R i tn e r  port o f  20-50 Grave l ly c l ay 
PTE and PT F ,  see 50 Weathere d  basa l t  
R i t ner ser ies  

J o ry :  JoC , Jo D ,  Jo E ,  c >40 * *  0- 1 5  S i l ty c l ay loam 
J R E ,  J RF 1 5 -60 C l ay or  s i l ty c l ay 

Be l l p i ne :  B e C ,  Be D ,  c 20-40 * *  0- 1 0  Si l ty c l ay loam 
Be E ,  BeF  1 0-26 C l ay a nd s i l ty c l ay 

26 Part ia l l y  weathered 
sa ndstone 

Seaso n a l  h i g h  water tab l e  a t  a depth of l ess than 60 i n .  does not o c c u r  i n  these soi l s .  

C l ass i f i c a t i o n  

U n i fi e d  

M L ,  M H ,  
o r  SM 

GC or GM 

M L  
M H  

M L  

M H  

M L  
C L  or  M L  
C L  
M H  

A t  l e a st o ne mapp i ng u n i t  i n  t h i s  ser ies  conta i n s  more than o n e  k i nd of so i l ;  t hese so i l s  may have d i fferent propert ies  or  l im i tat ions , a nd i t  i s  t herefore  necessary t o  fo l l ow 
ca refu l l y the i nstru ct ions  for refe r r i n g  to o t her se r i e s . 

AA S H O  

A - 7  a nd 
A -5 

A-2 or A-6 

A-4 
A-7 

A-7 

A -7 

A-6 
A -7 
A-6 
A-7 
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79 

GEOLOGIC HAZARDS 
O rder ly  deve l opment wh i c h  i nsures pub l i c hea l t h ,  safe ty ,  and we l fare i s  comp lex . T he comp lex i ty 

i s  great l y  reduced when  p l a nners understa nd the natura l c haracte r i s t i cs of the l a nd ,  t he processes that 
shape i t ,  a nd geo l og i c  hazards affect i ng i t ,  a nd when they app l y  that  know l edge in t he gu i dance of  
g rowth . Geo l og i c  hazards of co ncern to t he p l a nner i n c l ude mass movement , so i l  eros ion ,  stream f lood i ng 
( not a part of t hi s  study ) ,  stream eros io n  and depos i t i on ,  and earthquake pote nt i a l . Each hazard i s  char
acter ized by un i que d i st ri but ion ,  ca use s ,  a nd  ra nges o f  impacts . I n  t h i s  report , recomme ndat io ns for 
t reatmen t  or m i ti gat ion of geo log i c  hazards a l low for var i a t ions i n  p hys ica l ,  soc ia l , po l i t i ca l ,  and econom
i c  set ti ngs . T he d i str i but ion  of geo l og i c hazards based on reconna i ssance i nvest igat ions i s  i nd i cated on  t he 
accompany i ng geo log i c  maps . 

Mass Movement 

General 

Mass movement i s  the moveme nt of rock or  so i l mater ia l  downslope i n  response to grav i ty and seep
age forces . Tab l e  3 summarizes severa l k i nds of mass  moveme nt i n  t he study a rea , i n c l ud i ng eart hf low, 
steep-s l ope mass movement (debr i s  f low , debr i s  ava lanche ,  rockfa l l ,  a nd rocks l i de ) ,  creep,  and potenti a l  
mass movement . The  parts of t h i s  study dea l i ng w i t h  mass movement a re reco nna i ssance i n  nat ure a nd are 
va l uab le  too l s  for  reg iona l p lann i ng a nd gu i des to on-si te eva luat ion . They are not subst i tu tes for on
si te i nvesti gat i on ,  h owever . 

Causes 

Mass movement  occurs o n  s l opes where the downs lope component  o f  gravi ty exceeds t he shear resi st
a nce of the s lope mater ia l .  G round water and seepage a l so cont r ibute to the l oss of  st re ngth . I n  areas of 
s l i d i ng ,  potent ia l s l i di ng ,  low c ut-s l ope stabi l i ty , o r  hazardous s l ope s ,  man ' s  ac t i v i t i e s  shou l d  be co n
t ro l l ed  to assure that  s lope equ i l i br i um  i s  not  a l tered serio us l y . 

Downsl ope gravi ty compone nt : T he we igh t  o f  a pote nt i a l  s l ide mass , wh i c h  is usua l ly rego l i t h  
mater ia l ,  i s  i ncreased by t he placement o f  fi l l  for road co nst ruct ion o r  ot her purposes, satura t ion  dur i ng 
w i nter ra i n s ,  a nd art i fi c i a l  obstruct ion of surface  and sha l l ow subsurface runo ff by i mprope r l y  desi g ned roads,  
poor ly located dwe l l i ng s ,  a nd ot her deve l opments .  

Mode l s  of  s l ope fa i l u re presuppose that  the we igh t  o f  the rego l i t h  co l umn  i s  perpend i c u l a r  to  t he 
eart h ' s  surfa ce . Where nearby b l ast i ng or se i sm i c i ty i s  a factor, a ho r izo nta l compone nt of acce l e rat ion 
i s  i nt roduced a long wi th  the vert i ca l  gravi ty compo nen t .  F rom an  e ng i neer i ng standpo i n t ,  t he res u l t i ng 
i nc l i ned d i rect ion o f  acce l erat ion has t he same effect as wou l d  steepe n i ng of  t he s l ope . A l so to be con
s i dered i s  t he d i saggregat ion a nd co nseque nt l oss of st rengt h caused by the b l ast i ng of rego l i t h .  

Shear res i stance :  T he buoy i ng u p  o f  so i l  part i c l e s  u nder satu rated cond i t i ons reduces i nterna l fri c t ion 
and shear res is tance . W he n  ra i n fa l l ,  dra i nage i nterfe rence,  or b lock i ng of spri ngs ca uses so i l  satu rat i o n ,  
s hear res i stance decreases a nd possi b i l i ty of  s l id i ng i nc reases . Heavy rai n may ca use i nfi l t ra t ion t o  exceed 
t he ra te of sha l low subsurface dra i nage , so that t he l i q ui d  l i m i t  of t he so i l  is actua l ly exceeded (Campbe l l ,  
1 975) ( see E N G I N E E RI NG PROPERT I E S  O F  G E O LO G I C  UN I T S  - Drai nage ) .  Debri s f lows i n  co l l uv i a l  
pockets ove r  impermeab le  bed  rock may resu l t .  

Cohesion ,  t he mutua l attract ion  o f  c lay part i c le s ,  varies w i t h  so i l  type a nd water conten t . C l ay
r i c h  so i  I s  can  genera l ly accommodate l arge q uant i t i es o f  wate r before reach i ng the i r  I i qu id  I im i t .  Loss o f  
cohes ion produces s l ow-movi ng eart hfl ows . 

Root suppor t  by t rees is now recogn ized as a pr imary agent o f  stabi l i ty i n  co l l uv i a l  a reas on  steep ly 
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Tab le  1 1 .  Mass movement i n  eastern Be nto n  Cou nty , O regon 

Water 
conte nt Descr ipt ion  D i str i but ion 

Vari a b l e  S low to rapi d  downward movement  of rock Modera t e l y  steep to steep s lopes in youthfu l 
or rego l i t h  a long a curved or i r reg u l a r  va l l eys of moderate l y  l arge to large streams; 
basa l shear p l ane; accompa n i ed by ba ck- more common i n  fau l ted or joi nted te rra i n  
w a r d  rotat ion  o f  t h e  s l ide b l ock; c haracter- a nd areas of  i nterbeddi n g  of  d i s t i nct l y  d i ffer-
i zed by pronounced headscarp over looki n g  i ng rock types , part i c u l a r l y  a t  contacts w i t h  
i rregu l a r ,  mo re gent l y  s lop ing  terra i n .  i n trusive rocks; fa vored b y  deep perco l a t i o n  

1 1  of  ground wate r .  
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Vari a b l e  

Var iab le  

S low to rap i d  downs lope movement of 
rego l i t h  a l ong n umerous shear p l anes in a 
manner a n a l ogous to h i g h l y  v i scous f low; 
ge nera l ly accompa n i e d  by rotat iona l  
fa i l ure ups lope; characterized by i rre g u l a r  
topography , s a g  po nds , a nd i rregu l a r i t ies  
of  so i l  d i s t r ibut ion and drai nage; commo n l y  
too sma l l  t o  b e  detected w i t h  aeri a l  p hotog
raphy . 

Random , very s l ow ,  parti c l e -by-part i c l e  
mo vement of sa i l  a nd roc k fragments dow n
s lope i n  re spo nse to gravity a nd other ra n 
d o m  a nd surfi c i a l  exte rna l forces such  a s  
root a c t i o n ,  freeze-t haw a n d  wet -dry ex
pansion a nd contra c t i o n ,  and a n i m a l  a c t i v 
i ty;  greatest disp lacement a t  surfa ce; no 
s l i p  p l a ne; c haracte rized by bowed t rees 
and ti l ted fe nce posts; forms convex s lopes.  

Moderate l y  steep to steep s lopes i n  areas  of  
l ow surface ru noff a nd s i g n i fi cant  chem i ca l  
weatheri ng; most common a lso a l o ng fa u l t s ,  
j o i nt s ,  a nd bedro c k  contacts; a l so common 
in heads of gu l l i es  or in areas of nat ura l or 
a r t i fi c i a l  u ndercutt i ng of  rego l i t h ,  as a l ong 
streams a nd roadcuts; u n it s  i n c l ude Tsr,  Tsrk , 
T f ,  Ts ,  a nd surfi c i a l  u n i ts a long r i vers a nd 
streams . 

Moderate to stee p s l o pes  w here c l ay-r i c h ,  
expa ns i ve rego l i t h ,  i nc l ud i ng co l l u v i u m ,  
over l i es i m perme a b l e  b e d  rock; most wide
spread i n  Tsr in  g u l l ies  a nd hi l l s ide dra i n
ages and at break in s l ope w i t h  ped i me nts; 
a l so occurs i n  Tf,  Ts, Tsrk , and Ti bedrock 
u n i t s . 

� 
Low to Rapid flow or s l id i ng of rego l i th  down steep Steep to very steep s l opes (greater t hat 50% 

s lopes a l o ng be drock surfaces approxi mate l y  average reg ional  s lope)  where rego l i th  over-

/ moderate para l l e l  to s l ope; c haracteri zed by l i near l i e s  impermea b l e  be d rock and where sha l low 
depos i t s  of unvegetated col l u vi u m  in steep subsurface flow i s  s i g n i fi ca nt , as i n  steep 
dra i nageways; o fte n forms fan-shaped l i near dra i nageways; fa vored by s i l ty a nd 

" debri s �.· r/ H i gh deposi t s  i n  streams at base of d rai nageways . s i l ty -c lay  soi l s  prone to l i q ue fact ion when 

� flow �--� � saturated and by remova l of vegetat ion and 

1L , . . . . .. . ·Y · · · ::-.; consequent loss of root support; u n i t s  i nc l ude 

.g T s r ,  Tf,  and T i . 

() 
� 0 Rockfa l l  �·:._, -rcr� M i nor  Fa l l ing a nd ro l l i ng rock at t he base of  Very steep s lopes w i t h  exposures of  jo i nted 

V> a nd . ':ill'.!! Jl/ lilllJ c l i ffs; characterized by u nvegetated ta l us or fa u l ted bed ro ck; occurs in por ts of T sr ,  
rocks l ide A\1 lfTL I I  o r  scattered bou l ders o n  s l opes be nea t h  T f ,  a nd T i . 

* . Re l at i ve l y  h i g h  or g reat 

,_..,. , 1 11 1 11 111 c l i ffs of j o i n ted  or fau l ted hard bed ro ck . 
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s l opi ng terrai n .  Root support dec l i nes rap i d l y  after logg i ng ,  and many  s l i des  i n  logged areas o re attr ibuted 
to the l oss of  root support  t hrough root decay ( Burro ughs and T homas,  1 977) . In wooded areas however ,  i t  
i s  do ubtfu l t ha t, b y  i tse l f, i nc reased so i l  moisture assoc iated w i th loggi ng has a measurab l e  i mpact o n  s lope 
stabi l i ty . 

Distribution 

Tab l e  1 1  l i sts the preva len t  types of mass movement i n  t he study area; provi des a ge nera l defi n i t io n  
and descri pt io n o f  each type o f  mass moveme nt; and summar izes the d i str i b ut ion  o f  each  i n  terms of  s l ope ,  
l a ndform , bed rock ,  st ructure , and assoc ia ted g round-water fea ture s .  

I n terpretat ion  of mass movement o n  t he geo log ic  hazards sect i on  on  t he  geo l ogi c maps i s  based upon 
extensi ve fie l d  reco n na i ssance , topograph i c  a na lysi s ,  cons idera t ion  o f  s l i de mechan i c s ,  and aeri a l  photo
g raph i c  ana lys i s  ( sca l e  1 : 20, 000 w i t h  a 3X magn i fi e r) .  More refi ned de l i neat ion i nc urs add i t i ona l  expense 
fo r more detai led fi e l d  work,  l arger sca le  photographs ,  and la rger map sca l e . Loca l l y ,  remote se nsi ng , 
geophys ic s ,  a nd s i te mon i to r i ng  can be appropr iate ly u t i l ized i n  h i gh ly  c r i t i ca l  areas . 

The p la nne r  m ust be conce rned w i th both exi st i ng a nd potent i a l  lands l i de s .  C ut-s lope fa i l ures resu l t
i ng from imprope r l y  e ng i neered cuts can genera l l y  be avo i ded by fo l l ow i ng t he prov i s ions of t he Un i form 
Bu i l d i ng Code , C hapter 70.  Cr i t i ca l feat ures such as j o i n t i ng ,  bedd i ng ,  c l ay conten t ,  and dra i nage , 
howeve r ,  prese nt spec i a l  prob lems .  T hese fac tors a nd cut -s l ope stab i l i ty are d i scussed i n  the sect ion 
e nt i t l ed  E N G I N E ER I N G  PROPERT I E S  O F  GEO LOG IC  UN ITS . 

Another ca tegory of futu re s l i des encompasse s  s l i des tha t w i l l  be i n i t i ated by nat ura l or a rt i fi c i a l  
means other  t h a n  cuts , i nc l ud i ng over load i ng ,  c hanges of dra i nage , and remova l of  vegetat ion . Tab l e  1 2  
summar izes e ng i neer i ng propert ies  o f  geo logi c un i t s  i n  the study area as t hey re l ate to s l i d i ng ,  types of 
futu re s l i de s ,  a nd ma n ' s  act i v i t i e s  wh i c h  may contr i bute to s l i di ng .  I nte rpretat ion of s l i de pote nt i a l  i s  
based pr imar i l y  o n  s l i de causes d i sc ussed in E NG I N EER I NG PROPERT I E S OF G E O LOG IC  U N I T S . 

T he d i s t r i but ion o f  prese nt mass moveme nt features i s  prese nted o n  the geo log i c  maps . Add i t iona l  
areas of  prese nt o r  pote nti a l  mass movement  can be  i nfe rred on  a regio na l bas i s  us i ng ove r lays of s lope , 
c r i t i ca l  topograp h i c  features, and rock type (Tab le  1 1  ) . More deta i l ed maps o f  loca l extent  can be gen
e rated by deta i l ed p l ot t i ng of eng i neeri ng features that contr i bute to  s l id i ng i n  each  of t he geo l og i c  rock 
un its (Tab le  1 2 ) .  

Impacts 

I mpacts of mass moveme nt vary w i th the types of mass movement  under co nsiderat ion . Bedrock 
s l ides and deep bedrock fa i l ures do not appear w idespread in Be nto n  County . T hey may exi st l oca l ly ,  
howeve r ,  and are probab ly  assoc i ated w i t h  contacts near i nt rus i ve rocks ( F i g ure 40) . They may be e i t he r  
act i ve or i nact ive a nd have assoc iated w i t h  t hem i rregu la r  g round water and dra i nage cond i t ions,  h i g h l y  
vari ab le  fo undat ion  sui tabi l i t i es a nd cut-s l ope stabi l i t i e s ,  a nd  secondary s l i des i n  e rod i ng area s .  

Eart hf low a nd s l ump topography are wi despread i n  Benton County a nd  are assoc ia ted w i t h  poor dra i n 
age , sha l low subsurface flow of  g round wa te r ,  spri ngs , t h i ck accumu l a t ions of  c lay-r i ch  co l l uv i um  i n  
drai nageways ( F i g ure 4 1 ) ,  a nd  t he possi bi l i ty o f  ongoing movement that c a n  destroy s u c h  man-made struc 
tures a s  roads and bu i l d i ngs . I n  add i t ion ,  ac t ive eart hf lows lead i ng i nto streams adve rse ly  affect water 
qua l i ty .  Eart hf low a nd s l ump topograp hy are a l so common to broad open s lopes of  a l l bedrock un i ts ,  
where depth of  rego l i t h  to bed rock i s  sha l l ow ( F igure 42) . I nd i vi dua l  events a re re l a t i ve ly sma l l  ( 1 5 ft 
by 30 ft to 20 ft by 50 ft ) ,  more numero us i n  gu l l ies  and dra i nages where act i ve so i l  creep i s  a l so occurr i ng ,  
and often se l f-hea l i ng .  T hey are often not ev ident i n  aer i a l  photographs . 

Debr i s  f l ows and debr is  ava lanches  genera l ly occur i n  un i nhab i ted a reas a nd therefore pose greatest 
t hreats to water q ua l i ty and the forest reso urce ( F ig ure 43) .  Logg i ng roads are par t icu la r l y  subject to 
damage . Ano the r  i mpac t  is topso i l  l oss , wh i c h  i n  extreme i nsta nces reduces the wate r-rete nt ion capabi l i t ie s  
of  rego l i t h ,  t hereby co ntr i but i ng to loca l  a reas of  i ncreased sto rm runoff . 

A l thoug h  rockfa l l  a nd rocks l i de are mi nor hazards i n  most of the study area , they pose threats to 
h i kers and motor i sts i n  t he more steep ly  s lop i ng terra i n . Ro l l i ng rocks i n  areas of h i gh  re l ie f  occas iona l l y  
t rave l cons iderab l e  d i stances beyond the bases of  s l opes from wh i c h  they were der i ved . 
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Tab le  1 2 .  S l ide pote nt ia l of  geo log ic  un i t s ,  eastern Benton County , Oregon 
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Types of s l ides a nd a c t i v i t i e s  
w h i c h  promote s l id i ng 

Present and future eorthf low 
a nd s l ump fa i l u res g e nera l ly 
restr i c ted to cutbanks a l ong 
r i vers , strea m s ,  and c u t  s lopes 
in terrace mate r ia l ;  areas of 
u nfavora b l e  grou nd water  co n
d i t i o n s  or i n competent i nter
beds i m porta nt in  deep c uts; 
sha I low subsurface flow 
i n i t iates  fa i l ure i n  cut s l opes 
in Qth so uth of Ph i l omat h .  

Earthf low a nd s l ump topog
raphy genera l ly;  a l so resu l t  
fro m s t e e p  u ndercutt i n g  i n  
yout hfu l terra i n; debr is  f l ow 
a nd de br i s  a va l a nc he in steep 
terroi  n often i n i t iated by loss 
o f  roo t stre ngth fo l l ow i ng l o g 
g i ng; cut  s l opes p r o n e  t o  sha l 
l ow s l u mps a nd rave l i ng of  
swe l l i ng c l oy - r i c h  sed i me nt s ,  
form i ng basa l s l opes o fte n 
fi l l i ng d i tches  • 

Earthflow and s l ump topography 
most w i despread; sha l l ow o n  
broad ope n s l opes w h e r e  rego l i t h  
i s  t h i n; c u t  s l opes i n  c loy-r i c h  
co l l uv i um i n  dro inogewoys o n  
moderate to stee p s l opes l i ke ly  
to i ni t iate s l ides; c ut s lope fa i l 
u res i n  deep ly  weathered t h i ck 
co l l uv i u m ,  t u ff ,  sed i me ntary 
i nterbeds, brec c i a  on a l l  s l opes; 
other fa i l ures the 'resu l t  of  i m 
proper c u t s  or poor dra i nage 
contro l a l tera t i o n; pote n t i a l  for 
debris f low a nd de b r i s  ava l a n c h e ,  
rockfa l l  a nd rocks l ide i n  steep 
terrai n . 

Ma jor s l u mps i n vo l v i ng bed rac k  
o c c u r  loca l l y at  contacts w i t h  
sed ime ntary rocks adjacent  to 
stream va l l eys genera l l y of h i g h  
re l i e f; may b e  act ive  or  i nact i ve; 
future s l ides  pr ima r i ly debris  flows 
a nd debr i s  a va l a nc hes on stee p l y  
s lo p i ng terra i n  i n  a r e a s  of satura
t io n ,  thick rego l i t h ,  a nd remova l 
of vegetat ion;  cut  s lopes of sed i 
mentary rocks ofte n prone t o  sha l 
l ow s l umpi ng a nd rave l i ng d u e  to 
fra c t u r i ng and a l te rat ion  re l ated 
to unmaooed i n t r u s i ve rocks . 
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Figure 40 . Large sl ump blocks related to deep bedrock sliding along contact between 

pos t-Eocene intrusive rock (Ti ) forming ridge a t  left and la ter Eocene sandstone (Ts) near 

Decker and Peterson Roads , west of Greenberry . Vegetation marks springs around margins of 
sl ump block . Note fla t  benchl ike surface . Creep (note tree leaning downslope) and shallow 

earthflow and sl ump topography are common on downslope portions of sl ump block . Simi lar 
deep bedrock sli des and earthflow and sl ump topography can be anticipated along con tacts 
between (Ti )  and sedimentary rocks throughou t  Benton County . 

Recommendations 

Re l iance on  human memory to comp lete ly defi ne s l ide hazards i s  not enough . Memory is i ncomp lete 
and often i naccurate and makes no a l lowance for changing stabi l ity with  chang i ng land use . Furt hermore, 
i t  does not provide the sophist icat io n requi red  to address a l l  pert i nent factors of po tent ia l  mass movement . 

T he grading provis io ns of the Un i form Bui l d i ng Code , C hapter 70, shou ld  be fo l lowed i n  a l l  cuts and 
fi l l s .  C uts steeper than 30 degrees i n  si l tstone a nd fi ne-grai ned sediments of  sedimentary units  (Tf, Ts ,  
Tsrk) tend to  rave l a nd fi l l  di tches at  the bases of s l opes, present ing constant maintena nce prob lems.  Where 
cut heights are sha l low to moderate , uti l ization of flatter s lope ang le wi l l  mi nimize mai ntenance . O n  
steep slopes, areas wi th  mass movement potent ia l ,  or  areas with past mass moveme nt,  more deta i l ed  and 
r i gorous treatment is ge nera l ly requ i red . Some of t hese areas are i dent ified i n  t he geo logic haza rds sectio n 
of the geo log ic  maps of th is  report . Others that require more deta i led mappi ng are ident i fied i n  Tab les 1 1  
and 1 2 . 

Areas of special concern 

W ith changi ng l and use and mu l t ip le  l and uses of spec ific parce ls  of l and ,  areas of cri t ica l  mass 
movement such as V i neyard Mounta i n  near Corva l l i s are occas iona l ly identified . Land ma nagement 
decisions i n  areas of spec ia l  concern requ i re systematic ana lysis of data and ongoi ng data co l l ect ion . 
Considerat ion of many of the areas northwest of Co rva l l is i l l ustrates the procedures that can be fo l l owed 
and the types of data that shou ld be co l lec ted . Th i s  d i scussion is more techn ica l a nd is i nte nded in part 
for use by t he resource spec ia l ist . 

F igure 44 shows the steps that can be fo l l owed i n  l and ma nagement ana lysis of cri tica l  mass move
ment potentia l .  Lands l ide Hazard Study , Vi neyard Mo unta i n  Subd i v ision , Corva l l i s, Oregon ( Shroeder 
and Swanston ,  1 97 5) fo l lows a simi lor approach .  Step 1 i s  to ident i fy geo logic un i ts and hazards. I n  many 
areas northwest of Corva l l i s ,  t he unit  is Si letz R i ver  Volcanics (Tsr ) and the hazards are sha l low earthflow 
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Figure 4la .  Mudslide in sat urated clay-rich col l uvi um that accumula ted in drainage

way on modera tely steep to s teep slopes wi thin Eocene vol canic rock (Tsr) . Sli de blocks 

Cardinal Drive on Vineyard Mountain north of Corvallis during heavy rains i n  December 
1 9 7 7 .  Sli de surface was base of colluvi um overlying tuffaceous sediments . Springs 

or shallow subsurface fl ow in col l uvium makes cut slopes parti cularly unstabl e .  
(Photo courtesy Corvallis Gazette-Times) 

Figure 4lb. View of earthflow and sl ump topography during summer . 
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Figure 4 2 .  Shallow earthflow and sl ump on 60 percen t ( 30 °) slope overlying basal t 

wi thin Si letz Ri ver Vol cani cs (Tsr) between Newport Hi ghway and Marys Ri ver southeast of 

Wren Hill . Regional slope , cal cula ted from topographic map , is onl y 2 0  percen t. Thin 
regoli th over hard bed rock favors shallow earthflow and sl ump . Sli de is approxima tely 

50 ft long and 20 ft wide . Note hummocky surface of sli de mass . 

and s l ump topography , steep-s lope fa i l ure , and erosio n .  For the purpose of th i s  d i scussio n ,  mass move
ment is ide ntified as the genera l hazard which i s  being ana lyzed . 

I n  Step 2 ,  spec ific types of mass mo vement that are identi fied are sha l low eart hflow a nd s l ump on 
broad,  open s lopes with bed rock near the surface ( F ig ure 42) ,  somewhat deeper earthflow a nd s l umping 
i n  c l ay-rich  rego l it h  accumulat ing i n  gu l l ies and drainageways ( Figure 41 ) ,  and debris  f low and debris  
ava lanche ( F igure 43) (Tab les 1 1  and 1 2) .  

Step 3 is i dent ification of  mappab le  te rra i n  factors . I n  the T sr uni t ,  they may i nc l ude steep s lopes ,  
bedrock jo i nt i ng ,  depth o f  weatheri ng , locations of  springs or  sha l l ow subsurface f low ,  drai nageways , 
hi gh s i l t  content of the rego l i th a nd so i l , areas be l ow sadd les i n  ridges and at breaks i n  s lopes between 
foot h i l l s  and ped ime nts , and l ocation of th ick  co l l uvium in  drai nageways or  on  north-faci ng s lope s .  Other 
consi derat ions may i ncl ude irregu lari t ies of vegetat ion patterns ,  concavit ies in s lopes , bedrock contacts 
between different rock types, espec ia l ly  betwee n i ntrusive rocks and sed ime nts, and other so i l/water 
features . Monitoring and deta i led  mapp ing may be required to adequate ly de l i neate some of these features . 
T he professiona l j udgme nt of q ua l ified spec ia l ists i n  engi neer ing geo logy and so i l  mechanics is ge nera l l y  
requ i red for proper treatment o f  many pert i nent  mappable terra i n  factors . 

Step 4 i s  preparat ion of overl ays . Care must be taken to assu re t hat i nformat io n  o n  over lays is 
accurate ly re lated to s i te condit ions on the ground . For examp le,  s lopes i nterpreted from sma l l -sca le 
maps are genera l ly less i ntense than many s lopes observed on the ground beca use of the averag i ng effects 
of map sca le and contour spac ing ( F igure 42) . S lope categories must defi ne s lopes wi th  fundamenta l sig
nifi ca nce to stabi l i ty and then re late them properly in  the fie l d to s lopes as they are i nterpreted from 
topographic maps . I n  th is  report , loca l s l ope variat ions wi th in  genera l categor ies are noted . 

Step 5 is to define categories of mass moveme nt suscept ibi l i ty a nd plot them on a composi te map . 
Land use decisions, based o n  t he l i m itations of prese nt -day engi neeri ng pract ices, are t hen  made e i ther 
for the enti re area of cr it ical  co ncern or for specified areas wi th in  the total area of co ncern .  

Treatment o f  s l ide -prone areas varies w i th the nature o f  the mass movement a nd the nature o f  the 
land use . I n  genera l terms , the treatment must effect ively address the specific causes of the fa i l ure 
(Tab le 1 1 ) .  
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Figure 4 3 .  Debris flow i n  late Eocene sandstone (Tf) northwes t of Kings Valley 
Cemetery near mile 35 of Luckiamute Ri ver . Note rounded , hummocky fea tures of deposi
tional lobe . Steep and unprotected sides of resul ting chute above deposi tional lobe 

are subject to continued erosion . Sl ide occurred approxima tel y 10 to 15 years ago .  
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Soil Erosion 

General 

So i l  e ros ion i s  the remova l  of so i l  or rego l i th  by sheet wash (soi l removed more or l ess un i fo rm ly  
from a l l parts of s l opes ) ,  r i l l  e ros ion (n umerous t i ny gu l l i e s ,  i rregu l ar l y  d i spersed ,  ofte n accompany i ng 
sheet eros io n ) ,  o r  g u l ly eros ion ( l arge or sma l l  ravi nes formed  by conce ntrated vo l umes o f  water ) . I t  does 
not i nc l ude erosio n by l arger c ha nne l s  between  s l opes , stream-bank eros io n ,  or mass moveme nt , a l though 
t hese are somet imes cons idered in regi ona l ana lyses of soi l los s .  Eros ion  by water i s  o ne of the most  common 
geo log i c  processe s ,  ope rat i ng i n  the no rma l deve lopme nt of p l a i ns ,  va l l ey f la t s ,  ped i me nts , a nd de l ta s .  
Acce l erated eros ion occ urs when  erosi on  exceeds t he norma l ( unde r natura l cond i t ions )  rate and  i s  of pa r
t i cu l a r  i mportance to agri c u l t u ra l  l a nds . Dom i nant fa cto rs cont ro l l i ng so i l  e ros ion  are l a nd use , l a nd 
cove r ,  s l ope , so i l  type , a nd rai nfa l l i n tens i ty . 

So i l  eros ion i s  extreme ly  se ns i t i ve to s l ope gradi e nt and moderate ly  se nsi t i ve to s l ope l e ngt h .  On 
smooth s l opes ,  ra i ndrop sp l ash  ca uses most of the detachme nt of soi l ,  a nd runoff p l ays the major ro l e  i n  
i ts tra nsportat ion . Othe r factors be i ng equa l , t he g reater the degree o f  s lope , the greate r  the pote n t i a l  
fo r erosion due  to t he  i ncreased ve loc i ty o f  water fl ow . 

So i l  e rod ib i l i ty var ies  grea t ly w i t h  l and use a nd so i l  cove r .  Sed iment y ie ld  rates prov ide a good 
genera l gu ide to s lope e ros ion, but they shou l d  not be confused w i t h  actua l soi l loss (Wi sc hme ie r ,  1 976) . 
Actua l so i l  loss i s  a lways greater tha n measured sed i ment y ie l d .  Sed iment y i e l d  stud ie s  do not measure 
foot-s lope depos i t i on  and o ther loca l forms o f  depos i t ion  t ha t  capture muc h o f  t he e roded mater ia l be fore 
it reaches t he stream be i ng mo ni tored . 

I n  Ca l i fo rn i a ,  K nott ( 1 973) de monstrated that the co nvers ion  of wood l a nd to i ntens i ve agr i c u l ture 
and construct ion i nc reased sed ime nt y ie lds  65 to 85 t imes . Yorke a nd Dav i s  ( 1 97 1 ) recorded a 90-fo l d  i n
c rease i n  sed imentat ion dur ing co nvers ion  of pasture l and to townhouses  i n  a sma l l  wate rshed i n  Mary l a nd .  
I n  the H .  J . Andrews Expe r ime nta I Forest , uncontro l ied c l ear-cut  logg i ng i nc reased rates of sed imentat ion  
67  t imes . Anderson  ( 1 97 1 ) reported the same resu l ts i n  a s im i lar study i n  Ca l i forn i a . Langbe i n a nd Sch umm 
( 1 958) determi ned that  in  a reas w it h  greater than 40 i n .  of  a n nua l  e ffect i ve prec i p i ta t io n ,  the sed i me nt 
y i e l d  rate under nat ura l vegetat i on  is approx i mate l y  1 , 500 to ns pe r square m i l e . I n  areas w i t h  lower ra i n
fa l l , t he sedime nt y i e l d  i s  greate r beca use of decreased protect i ve cover offe red by natura l vegetat io n .  
These fig ures app ly t o  l a nd i n  the natura l  sta te; e ros io n  i n  agr i cu l t u ra l  o r  const ruct ion areas i s  m u c h  h i g her . 

So i l  erosio n i s  a l so a funct ion of i nfi l t ra t ion  capac i ty ,  st ructure I stabi I i ty ,  gra i n  s ize , a nd organ ic  
co ntent  of the so i l . I n  t he study area , so i l s  a nd rego l i t h  composed ma i n l y  of s i l t  a nd fi ne -grai ned sa nd 
w i t h  l i tt l e  c l ay a re easi l y  eroded . On some of the steeper s l opes , so i l  e ros ion is cons iderab l e  because 
t he very sha l l ow dept hs to bed rock l im i t  i nfi l tra t io n  a nd cause i nc reased ru noff . 

Methods of study 

Many of the d i verse fac tors co ntro l l i ng so i l  e ros ion are brought together i n  the Un i versa l  So i l  Loss 
Equat ion deve l oped i n  t he M idwest by t he U . S .  Soi I Conservat io n Serv ice ( 1 972) :  

A =  RK LSC P 
A represents the a nn ua l  so i l  loss i n  tons per ac re ;  R is the ra i nfa l l  i n tensity factor; K is a measure of  

so i l  e rod ib i l i ty; LS  i s  a s lope i ntens i ty factor wh i ch  co nSiders s l ope g radi e nt and s lope l ength;  C i s  the 
l a nd cover and l a nd use fac to r; and P i s a fac tor of co nservat ion  prac t i ce s .  Unt i l  very re cen t lY, empi r ica l  
data used in  der i v ing t he equat ion were based ent i re ly on stud i es of f la t  to gent ly s l op i ng agr i c u l tura l land . 
La nd use f igures are now exte nded to cons ider no nagr i  c u l t ure I uses . 

F i gures for steeper s l opes are extrapo la ted beyond the range of empi r i ca l data a nd are used on l y  for 
specu la t i ve est imate s .  I n  prac ti ce ,  mass movement  pro cesses  are a greater concern on  steep ly  s l op ing 
terra i n  t han  t hey are on ge nt l e  s l opes .  T he Un iversa l So i l  Loss Equat ion  is appropr iate for est i mat ing  so i l  
losses for part i c u l ar parce l s  of l a nd ,  however , g i vi ng good resu l ts w i t h i n  broad l im i ts for ge nt ly  s l op ing  
terra i n  (Wi l l i ams and  Berndt, 1 972) . 

I t  has bee n  accepted fo r many years that t he part i cu la r  type of ra i nfa l l patte rn ,  low i nte nsity o f  
ra i nfa l l ,  sma l l  d rop l e t  s i ze , and i nhere nt so i l  p l ast i c i ty have combi ned to preve nt v i rt ua l ly a l l eros ion 
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prob l ems in  weste rn Oregon ( H udd l esto n ,  persona l commu n ica t ion ,  1 978) . But no deta i led eros ion 
s tud ies of  the W i l l amette Va l l ey have bee n comp le ted . St ud i es i n  progress are t he res u l t  of recent con
cerns fo r wate r q ua l i ty and w i l l  eva l uate th is  assumptio n in l i ght  of  bas i c  research data . Part o f  t he 
cu rre nt research effor t  i s  to determ i ne what  mod i fi cat ions need to be app l ied to factors i n  t he Un i versa l 
So i l  Loss Equat ion  to bri ng them i nto co nfo rmance w i t h  Wi l l amette Va l ley so i I a nd c l i ma t i c  co nd i t i ons .  

Add i t io na l  tec hn iques  for est i mat i ng so i l  e ros ion  potent ia l o n  a reg iona l bas i s  a re a l so ava i l ab l e . 
I n  a ma nner  s im i l a r  to t he ana l ys i s  of mass move ment terra i n  o ut l i ned i n  F i gure 44, a ser ies  of pert i nent 
over l ays can be deve loped fo r a reg i on ,  and a se ri e s  o f  e ros ion  potent i a l  pro vi nces ca n be defi ned . T hese 
can be re l a ted to ex i st i ng e ros ion data and moni tor i nformat ion  to produce re lat i ve measures of eros ion or 
a c tua l semiquant i tat i ve est imates of erosio n .  The ident i fi cat ion of e ros ion potent i a l  prov i nces a l so a l l ows 
the pro jec t ion of eros io n data from one loca l i ty to o ther a reas o f  s im i l ar nature . T he eros ion prov i nce 
method of  a na l ys i s  i s  appropr i ate fo r reg iona l  assessme nts o f  e ros ion potent ia l and sed i me ntat ion pote nt i a l  
i n  gent l y  t o  moderate ly s lop i ng terra i n . 

Impacts 

Severe so i I erosio n  removes va l uab le  topso i I a nd nutr i e nts and may form gu l l ies , damage l andscapes ,  
a nd h i nder revegetat ion . A l l owed to  cont i nue to  extreme cond i t ions ,  i t  may cause rap i d  storm ru noff . 
So i l  materi a l  carr ied to streams may ad verse l y  i mpact  stream bio l.ogy and cause excessi ve fl ood i ng by 
ra i si ng the stream bed . I ncreased turb i d i ty ,  a no the r  adve rse impact o f  so i I e ro s ion ,  i s  common ly  the resu l t  
o f  mass movement  and stream-bank eros ion . 

I n  the spri ng of 1 949 , heavy runoff o n  s l op i ng agr i c u l t u ra l  l a nds caused severe so i I losse s throughout 
the W i l lamette Va l ley (Corva l l i s  Gaze tte -T i mes,  1 949 ) .  Farm l osses i n  t he Spr i ng H i l l  d i st r i c t  of north 
Be nton County were est imated to be up to 80 tons per acre . Heaviest l osses i n  Benton County were la te 
fa l l  seeded crops ,  u nseeded fa l l -p l owed fi e l ds ,  a nd fi e lds w it h  up-down h i l l  t i l l age . 

Prese nt l y ,  foo t hi l l  s lopes i n  C hr i stmas  tree product i on  a re suscept i b l e  to moderate to severe sheet 
a nd r i l l  eros io n ,  part i c u lar l y  on 25 to 30 percent s l opes ,  because of  l ack of cover be tween  young trees 
and up-down h i l l  p l a nt i ng pract i ces favor i ng harvest i ng .  Many of t hese areas are located on sed i me ntary 
bedrock un i ts compri sed of Spe ncer (Ts) or F lo urnoy (Tf) sandstone . 

Tab le  3 i nd i cates the ge nera l so i l  e ros ion  poten t ia l  of t he d i fferent geo log ic  un i ts , as opposed to 
so i l s ,  as mapped by the So i l Conservat ion Se rvi ce . The subject i ve so i l  erod i bi l i ty i ndex K from the Un i 
form So i l  Loss Equat ion can be used , w i th j udgmen t ,  as a gu i de to re la t i ve so i l  erod i b i l i tY. Du ri ng con
struc t io n  for roads a nd housi ng , l arge a reas a re ofte n bared; sha l low surfi c i a l  so i l s may  be  comp le te l y  
removed ,  exposi ng t he unde r l y i ng weathe red bed rock a n d  rego l i t h  to po ten t i a l  erosi on  dur ing  subsequent 
ra i ny periods . In  gene ra l , the c l ay co nte nt a nd co hes i ve propert ies  o f  a l l  bedrock un i ts tend to res i st 
severe sheet a nd r i l l  ero si o n .  Loca l l y ,  however, s i l ty and fi ne sa nd port ions o f  t hese un i ts are more 
suscept i b l e  to so i I eros ion . Near Corva l l i s ,  a powdery si I t  "moondust " o ften deve l ops from excavat ion  
a nd equ ipment traffi c on  Spencer sa ndstone (T s) ,  wh i ch  i s  the n parti cu la r ly  suscept i b l e  to  eros io n .  C lay
r i c h  sed ime ntary mater ia l ,  l i ke t he F lo urnoy sandstone (Tf) o n  W i t ham H i l l ,  i s  sub ject  to r i l l  a nd gu l ly 
e ros ion ( F i gure 45 ) due to the low i nfi l t ra t ion  capoc ity of bed rock and subsequent h igh runoff o n  s lop ing  
terra i n  (see ENG I N E ER I NG PROPERT I E S  OF G EOLOG IC U N I TS) .  

Recommendations 

Proper  assessment of so i l  e ros i on  requ i re s  systemat i c  and ba lanced ana l ys i s .  The Un i form Bu i ld i ng 
Code req ui res t hat  faces of cut-and -fi l l  s l opes be prepared a nd ma i nta i ned to contro l  aga i nst e rosion . 
I m pac ts of mass movement and st ream-bank e ros ion  are common ly  fa r g reater than  impacts of so i  I erosion , 
e spec ia l l y i n  steep ly  s l op i ng terra i n .  I n  November and December 1 975 ,  rego l i t h  o n  a steep h i l l s i de 
cover i ng a proposed quarry s i te nea r A l sea became saturated dur i ng heavy ra i ns because a l l  t rees and 
vegetat i ve cover had been  c l eared ,  necess i ta t i ng  a massi ve effort to conta i n and stabi l i ze t he s l i ppage . 
D i rt from the s l ide washed i nto the nearby A l sea Ri ver . I t  cost about $ 1 65 , 000 to c l ean  up the si te , afte r 
wh i c h  t he p l a ns fo r a q uarry t here were abandoned . A fundame nta l reco mmendat ion for stream-sed iment  
i nterpretat io n ,  therefore , i s  to  co ns i der  a l l  mea ns by wh i c h  sed iment  may be i n trod uced i nto streams . I t  
shou l d  not  be assumed that so i l  e ros ion i s  t he on l y  process . 
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ter ist i c s  (Tab l es 3 and 1 2) 

i nc l ud ing rego l i t h  e ng i neer i ng c ha rac 
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Fi gure 44 . Land management anal ysi s in areas of cri ti cal mass-movement terrain . 
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Figure 45 . Soil erosion in saproli te and wea thered bed rock (regoli th) of late Eocene sandstone (Tf) on road subbase 
at Witham Hil l ,  Corvalli s .  Soi l , onl y 2 to 4 ft thick ,  is often compl etel y removed during road construction. Gullies 
shown are 6 to 1 2  in. deep and ill ustrate low bedrock infi l tration rates for Flournoy (Tf) sandstone. 
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Various governme nta l agenc ies  a re i nvo l ved in so i l  eros ion i nvestigat ions  and t reatment . T he U . S .  
Forest Serv i ce co nducts hydro l og i c  stud i es and i n vest igates sed imentat ion and e ros ion resu l t i ng from forest 
prac t i ces on Federa l  la nds . T he O regon State Un i vers i ty Departme nt o f  Forestry i nvest i gates eros ion ,  
sedimentat ion , a nd streamf low re lated to var ious fo rest pract i ces . The State Department of Fores t ry regu 
l ates forest uses through imp l eme ntat ion  of  the Forest Pract ices  A c t  of 1 97 1 . T h e  Env i ronmenta l Protect ion  
Agency i s  concerned w i t h  soi l erosion  as i t  re l ates to  nonpo i n t  so urce po l l ut ion . 

So i l  e ros ion can be m i n im i zed through proper p l a nn i ng and manageme nt . Roads i n  up lands shou ld  
be l oca ted on benches,  ri dge tops , a nd gent l e  s l opes ra ther  than on  s teep h i l l s i des or in  narrow canyon 
bottoms . Vegetat ion remova l and so i l  d i sturbances shou l d  be kept  a t  a m i n imum a nd per haps avo i ded 
dur i ng the ra i ny season . Where new l a nd uses w i l l  measurab ly  a ffect i nfi l tra t ion  rates ,  adeq uate prov i s ions 
for hand l i ng runoff s hou l d  be made . Othe r  te chn iq ues to m i n im i ze erosio n  a nd depos i t i on  i n c l ude the use 
of  buffe r str ips and sett l i ng ponds a l ong dra i nages a nd the app l i cat ion of pro tect ive ground cover such as 
mu l c h ,  aspha l t  spray , p l ast i c  sheets ,  sod , or j ute matt i ng i n  cr i t i ca l e ros ion areas and cuts . Forests a nd 
grass are the best nat ura l so i l  protect ive featu res  known a nd are approx imate ly  equa l  i n  effect i ve ness; 
grassed waterways are s im i l ar l y  i mporta nt featu res  of most su ccessfu l e ros ion contro l systems . Logged or 
de vegetated areas shou l d  be rep l a nted where reseedi ng has been unsuccessfu l . 

High Ground Water and Ponding 

General 

H i g h  ground water  i s  a water tab l e  s i tuated h i gh enough to have an adverse effe ct on  human act i v i t ies . 
I t  is recogn i zed on  t he bas i s  of we l l-log data and surfi c i a l  and so i l  feature s .  T hese features may i nc l ude 
marshy g round , the presence of reeds o r  marsh g rass , extreme l y  f la t  topography or depressio ns, h i gh  organ i c  
content of soi l ,  b l ack  t o  b l ue -gray mott l i ng of  t he  so i l  at sha l l ow dept hs , b l eac hed so i l  hor izons,  and 
h i gher  concentra t ions of  i ron  a nd manganese pea- a nd shot-s i ze co ncret io ns . Pond i ng resu l ts from loca l 
accumu la t ion  of runoff i n  areas of low s lopes , topograph ic  restr i c t ions ,  a nd low permeab i l i ty of the u nder
l y i ng so i l  or bed rock .  I t  has the same features t ha t  chara cte r ize h i gh  ground wate r .  

H igh  g round water a nd pondi ng occu r  o n  W i l l amette Va l l ey terraces,  i nf l ue nc i ng t he types of crops 
ra i sed .  The g rasses ,  be i ng part i c u l a r l y  su i ted to survi va l in wi ntert ime saturated-so i l cond i t ions ,  pro vide 
habi tat for m ig ra tory waterfow l ,  as we l l .  

Causes 

The k i nds of water t hat co ntr i bute to h i gh  ground wate r a nd pond i ng i n c l ude ( 1 )  w i nter ra i n  water; 
(2) g rou nd-water f low a nd sha l low subsurface fl ow; (3) i r r igat ion , t he impact o f  wh ich  is fe l t  o n ly in t he 
summert ime and wh i c h  var ies accord i ng to management pract i ces used; (4) stream f lood i ng ,  wh i ch  produces 
bank overf low and accumu l at ion in low- ly i ng areas; a nd (5) surfa c i ng of g round water on  fl at  te rra i n  at 
t he bases of some s lope s .  

T he comp lex geo log i c  h i sto ry o f  the Wi l l amet te Va l l ey ( st ream meander i ng a nd bra i d i ng ,  ped iment 
fo rmat io n ,  and c l imat i c cyc l e s  of eros ion  a nd depos i t ion )  needs to be conside red in the ana lys i s  o f  h i g h  
ground-water prob l ems . H i gh  ground water a nd pondi ng i n  Benton  County are c lose l y  re l ated t o  sha l l ow 
impermeab l e  c l ay or bedrock l ayers and l ow s lopes of surfi c i a l  and bedrock  ped ime nt un i t s .  Restr i ct i ve 
so i l  l ayers i nc l ude fi ne -gra ined fl ood depos i t s  o n  the surfa ce ,  c l ay and marsh depos i t s  of former abandoned 
c hanne l s  a nd s loughs ( F igure 50),  t i l lage pans i n  agr i c u l tu ra l fie l ds ,  and c lay-r i c h  B hor i zo ns o r  ceme nted 
ho r izons in areas of mature so i l s and deep weather ing . Determ i nat ion of t he d i str i but ion of each of t hese 
factors requ i res  de ta i l ed  f ie ld i nspect ion  and soi I s mapp i ng . 

Because of ext reme ly  l ow rai nfa l l i ntens i t ie s ,  vi rtua l ly a l l o f  the ra i nfa l l  pe netrates t he so i l  surface 
of  vegetated midd l e  terrace so i l s  u n l ess the water tab l e  i s  at the su rface ( Boersma and Simonson , 1 970 ;  
Boersma and others ,  1 970) . I f  ve rt i ca l  dra inage i s  severe ly restr i cted by impermeab l e  c l ay l ayers , water 
l oss can on l y  occur by evapotranspi rat i o n ,  wh i ch  is very l ow in w i nte r ,  or by l atera l movement . Accord 
i ng l y ,  f lat or nea r ly  f la t  te rra i n  i s  t he s i te  of most pond i ng . 
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Sma l l e l eva t ion  c hanges o f  a few fee t  or  l e ss ca n often contr i bute to pond i ng over l arge a reas where 
runoff i s  restri cted ( F igure 46) . De tai l ed  ter ra i n  ana l yses addressi ng this factor req u i re use o f  map sca les  
and contour i nterva l s  w i th far greater reso l ut ion  than t hose of th i s  study . Subt l e  terra i n  c hanges i ntro 
duced by deve l opmen t ,  part i c u l ar ly road embankme nts ,  m ust a l so be cons idered . 

Distribution 

T he h i gh  g round water a nd po ndi ng phe no mena of the study area re su l t  from a combinat ion  of the 
factors ment ioned above a nd genera l ly vary s i gn i fi can t ly  ove r  short d i stances . Therefore , mean i ngfu l  
mapp i ng on  a reconnai ssance bas i s ,  wh i c h  i s  not si te -spec i fi c ,  i s  d i ffi c u l t  and beyond the scope o f  t h i s  
study . 

H igh  ground water a nd pondi ng are most common on surfi c i a l  geo log i c  un i ts a nd ped ime nts . A l l 
l ower terrace un i t s  (Qt l )  ad jacent to r i vers , streams , a nd creeks are part i cu l ar l y  suscept i b l e  to pondi ng 
after fl ood waters subside because of  t he i r  ge nera l l y poor  dra i nage and the i r  swe l l -and-swa l e  re l ief .  

Excavat ions  in  Qtm a nd Qth  deposi ts o fte n e ncounter g round water  near  t he surface , usua l l y w i t h  
seepage w i t h i n  t he sandy a nd more permeab le  layers ( F i gure 23) . A l thoug h t he greater d i ssect ion  o f  Qth  
depos i ts ge nera l ly promotes bette r su rface dra i nage , pond i ng  and  h i g h  ground-wate r prob l ems s t i l l  need 
to be co nsi dered in p l a nned deve l opme nt , Ped iments o fte n have spri ngs,  c l ay-r i c h  soi l s  w i t h  poor dra i n 
a g e  (Tab l e  1 0) ,  a nd deep pockets o f c l ay-r i c h  a nd poor ly  dra i ned so i l .  Bedrock factors contr i but i ng to 
h i gh ground water a nd sha l l ow subsurface flow are d iscussed i n  E NG I N EER I N G  PROPERT I E S  O F  G EO
LOG IC  U N I T S - Dra i nage . 

So i l  ser i es as mapped by the Soi l Conservat ion  Serv ice often have  un ique re l a ti onsh i ps to h i gh 
around water a nd pondi ng . Both the Concord and Dayton so i l  se ri e s ,  wh i ch  are common to m idd l e  te rrace 
depos i t s  (Qtm ) ,  are c ha racter ized by very s lowly permeab l e  to i mpermeab l e  B hor i zons ,  usua l l y found 
w i th i n  20 i n .  of the surface (Tab l e  1 0) .  T hey a re too wet to su i t  most crops but can be used for ryegrass 
seed product ion a nd for pasture . A l t houg h Concord so i l s can be improved by c l ose ly  spaced t i l e  d ra i ns ,  
Dayto n soi l s  ca nnot be improved appre c iab ly because of  t he i r  i mpermeab l e  subso i l s .  T hey a re  usua l l y 
fo und i n  the l owest a reas  a nd recei ve seepage from surround ing  areas .  Wate r tab l e s  on  t hese so i l s  rema i n  
h i gh  for long per iods , t hen  rap i d l y  d i sappear ( F i gure 47) .  

W i l l amette and Woodburn ,  t he two best dra i ned va l l ey so i l s ,  occur  nea r  stream systems i n  areas w i t h  
some re l i e f .  Woodburn and  Ami ty (a  somewhat poo r ly dra i ned s i l t  l oam) so i l s  gen era l ly dra i n  3 and 4 mont hs 
la ter  respec t ive ly  than Wi l l amette so i l s .  Woodburn and Ami ty so i l s  requ i re dra i nage for i ntens i ve agr icu l 
tura l  use a nd a re eas i ly improved by ti l e  dra i n s .  

I n  Nort h A l bany,  where Ve neta and Haze l a i r  so i l s a re assoc i ated w it h  later Eocene sa ndsto ne (Ts) , 
sha l low bed rock and sha l l ow c l ay l ayers a t  i ntermediate to h i gher e l evat ions o fte n prese nt severe physi ca l  
l i m i tat io ns to  performance of sept i c-tank systems (see E N G I N EER I NG PROPERT I E S OF G E O LO G I C  U N ITS  -
Sept i c -tank capac i ty o f  so i l s ,  Dra i nage ) .  

Bashaw a nd Wa ldo so i l s  are common t o  l ower terrace depos i t s  (Qt l )  a l ong ri vers , streams,  a nd creeks 
away from t he Wi l l amette R ive r .  T hey are gene ra l l y  i n  low, poor l y  dra i ned areas,  where runoff is very 
s l ow or ponded a nd a re sub ject  to frequent f lood i ng .  Wi tham so i I s  occur on ped iments and some te rraces 
a nd have se vere seasona l  h i g h  water tab les . Bashaw a nd Wa l do so i l s  are a l so common on  ped i ments . 

O fte n deta i led on-s i te  study i s  requ i red for re l i ab l e  assessments ,  a nd h ig h ly techn i ca l  reg io na l  
research i s  needed for de l i neat ion i n  l a rger areas . New tec hn iques u sed i n  remote se nsi ng of  so i l  mois
tu re in some i nsta nces have y i e l ded sem iquant i ta t i ve resu l ts o n  t he bas i s  o f  so i l  darkness , so i l temperature ,  
a nd so i I m i c rowave em i ssi v i ty .  Success h a s  been l im i ted ,  however , e i ther to areas o f  accurate so i l s map
p i ng or to bare g round devo id of vegeta t ion .  

Impacts 

H igh  ground water or pond i ng ca n cause ( 1 )  f l ood ing of basements,  underpasses ,  a nd othe r subsur
fa ce fac i l i t i es; (2 )  f lota t ion o r  damage to buoyant s t ruc tu res suc h as p i pe l i ne s ,  tanks, sw imm i ng poo l s ,  
and basements; ( 3 )  i n creased l atera l earth pressures aga i nst basement foundat ions and d i ffere nt i a l  set t l i ng 
of bu i l d i ngs; (4) l oss of foundat ion  stre ngth for u t i l i ty po le s  ( F igure 48); a nd (5)  comp l i ca t ions i n  i nsta l l a 
t i o n  of u ndergrou nd fac i l i t ies . I nc l uded i s  t he  danger o f  cav i ng dur i ng excavat ion . 
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Figure 46. High ground wa ter and ponding affecting large acreage on Qua ternary 

middle terrace deposi ts (Qtm) south of Greenberry Road at Greenberry in December 1 9 77 . 
Impermeable subla yers in Day ton soils severely res tri ct drai nage . Roadway embankmen t 
(right) and rail road embankmen t (backgro und) further restrict drainage . 
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Figure 4 8 .  Downed power poles along S . W . 53rd Street , Corvallis , resul ted from 
decreased founda tion strength due to high ground wa ter and ponding during heavy 
rains torms in December 1 9 7 7 .  (Photo courtesy Corvallis Gazett e-Times) 

Othe r  prob lems i nc l ude shri nk/swe l l  damage , adverse so i l  response during earthquakes ,  a nd threats 
to water qua l i ty in areas of waste d i sposa l . On lower terrace deposits (Qt l )  in  the North A l bany area ,  
for examp l e ,  we l l  water deri ved from the sha l low, 30-ft-th i c k  sand and grave l aquifer has  become 
i ncreasi ng ly degraded due to contam ination by sept i c-tank and agr icu l tura l  wastes .  I n  l ow footh i l l  areas 
throughout t he County,  heavy so i l s or sha l low bed rock may cause septic tanks to fa i l  by surfac ing of 
eff luent or rapid  migration of unfi l tered eff luent as sha l low subsurface flow (see E N G I N E ER I N G PROP
ERT I E S  OF G E O LOGIC U N I T S - Drai nage) .  

I n  December 1 977 , four days o f  heavy rai nfa l l  tota l i ng more than 3 i n .  he lped bri ng the Wi l lamette 
and Marys R i vers to near-f lood  stage and resu l ted in widespread flood i ng a long a l l  streams a nd creeks 
( F i gures 46 and 48) .  Many roads in the Be l l fo untai n -A ipi ne area located on Qt l a nd Qtm te rrace units 
were covered by high water  caused by stream flood i ng and over land drai nage . I nc l uded were Be l l founta i n  
Road south o f  Be l l founta i n ,  Starr Creek Road , the A lp i ne Cutoff Road east o f  A lp ine,  and Dawson Road 
sout hwest of Be l l founta i n  (Corva l l is Gazette-T imes ,  Dec . 1 3 ,  1 977 ) .  Near  H ighway 99 at  Greenberry,  
near ly 40 acres of fie l d  and  Qtm terrace deposits ( F i gure 46) were flooded . I n  the south County area , 
Muddy Creek i nundated its assoc iated lower terrace fl ood p l a i n ,  part ia l l y  covering the Greenberry Road 
at  A l bert Saxton County Park . I n  north County areas, Mounta i n  View Cree k ,  Frazier Cree k ,  Bowers 
S lough ,  and o ther l ow- ly ing areas were s imi la r ly  f looded . 

Besides the North A l bany area , major sept i c-tank surfacing prob lems have been enco u ntered i n  
Monroe and i n  the west and southwest Corva l l is area,  where t hey are the resu l t  o f  a perched water tab l e  
over a c lay subsoi l .  

Recommendations 

M i t igation of high ground-water and pond i ng hazards i nc l udes restrict ions on  deve lopment or san i
tary systems, l imi ts o n  genera l  const ruction practices, and the actua l treatment o f  causes o f  the hazards . 
Where hazards affect t he ent i re County , mit i gation shou ld  be systemat ica l l y p lanned and coord i nated to 
assure effi c iency and avoid confl icts . 
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In  areas of low s l ope , e ng i neer i ng i n vest i gati ons for l arge -sca l e  const ruct io n s hou ld  i n c l ude an 
assessment of pote nt i a l  hazards from pond i ng and high ground wate r ,  Emphasis  s hou ld be p l a ced on t he 
h i ghest l eve l of occurre nce dur i ng the wet season  rathe r than lower leve l s  typ i ca l  of t he dry seaso n ,  
U nderground storage tanks and sw immi ng poo l s  shou l d  be kept fi l led i n  some areas o f  h i gh  ground water ,  
Adequate safety measures aga i nst cavi ng shou l d  be fo l l owed i n  a l l  excavatio ns , P l ans for rec l amat ion  of  
excavat ions such as grave l p i t s  shou l d  i nc l ude measures for m i ti gat ion aga i nst h i gh ground water . 

Areas of cr i t i ca l  pond i ng are genera l ly unacceptab l e  for dense deve lopment . T he reduc t ion  of 
i nfi l t rat ion ar i s i ng from pav ing  a nd other aspe cts of urban iza t io n i ncreases r unoff, wh i ch may lead to 
loca l  f lood i ng ,  Where s lopes are very low ,  t he re a re o fte n few econom ic  so l ut i ons to the prob lem , 

Future damage can be reduced t hrough use of rea l i st i c  zon i ng o rd i nances and bu i l d i ng codes wh i ch  
a l l ow for workab le  eng i neer i ng so l ut ions  t o  spec i fi c  prob lems , I n  reg ions  of  part i c u l ar ly severe occurrence , 
seasona l construct io n i s  necessary . Sump pumps and dra i n t i l es o re often used to ha nd le  severe leaki ng i n  
basements i n  reg ions of h i g h  i nfi l t ra t ion  o r  h ig h ground wate r .  Major  co nst ruct ion s i tes may requ i re de
wate r i ng dur i ng a nd afte r construct i o n ,  Where prob lems a re l ess severe ,  sea l ants may be app l i ed  to e i t her  
the i nte r ior o r  the exte r ior of the fo undat io n wa l l s ,  H igh  ground water  genera l ly pro h ib i t s  o r  l im i ts the 
use of baseme nts in  surfi c i a l un i t s  i n  Bento n County . 

Effect ive treatmen t  of t he causes of h i gh  ground water or pondi ng m ust address t he spec i f i c  causes 
present at a spec i fi c  si te , Surface water acc umu la t ion  can be m i n im i zed by { 1 ) ma in ta i n i ng dra i nage 
d i tches , {2) drai n i ng fl a t  areas , { 3) i ntercepti ng runoff above wet a reas ,  {4) proper ly  dra i n i ng a rt i f i c i a l  
surface a reas suc h as pa rki ng l ots , (5 )  e l i m i nat i ng obst ruct ions t o  su rface water f low , a nd ( 6) p l ac i ng 
structures o n  e l evated fi I I .  

For areas o f  s ha l l ow bed rock , we l l - log data shou l d  be used pr ior to construc t ion  to assess the mag
n i t ude of the hazard , Dra i n  t i l e s  may be effect i ve i n  t he co l lec t ion  or red i rect ion of g ro und wate r; t he i r  
success ,  however , depe nds u l t imate l y  o n  the ab i l i ty o f  the surround i ng mater ia l to transm i t  water . I n  
agri c u l tu ra l  areas ,  harvest i ng pract i ces shou l d  be keyed to the capab i l ity of the so i l  to accommodate 
t ra ffi c a nd to w i t hsta nd compact ion , T rafficabi l i ty depends l arge ly  on  so i l  stre ngt h ,  wh i ch  is i nt i mate l y  
depende nt o n  mo i sture content and seepage ( F igure 35 ) ,  I n  areas of ground-water d i sc harge , prope r l y  
desi gned dra i ns and c u l verts a re recommended; p l ac i ng fi l l  i n  areas of g round-wate r d i sc harge i s  not 
recommended .  

W i nter pond i ng caused by  bank ove rflow o f  m i nor  streams ca n be  m i n im ized by appropr iate ma inte n
ance and  desi g n  of  c ha n ne l s .  

Stream Erosion and Deposition 

General 

Stream-bank eros ion is t he loss of l a nd by stream act io n .  I t  occurs as loca l  bank cavi ng i n  the 
upper f lood p l a i ns of  the major streams and a l ong the l a rger f lood p l a i ns of  the various streams a nd r i vers 
in the W i l l amette Va l l ey ,  where i t  is most c r i ti ca l . Meande r i ng , the te nde ncy of some streams to assume 
si nuous courses ,  i s  the u nder ly i ng cause of  stream -bonk e ros ion  i n  f l ood p l a i n s ,  

Meander-ge nerated eros io n i s  characte r ized by  a steep ba nk on one  s i d e  of  the r i ve r  assoc i ated wi t h  
a sand or g rove l ba r  on t he oppo s i te s i de  ( F ig ure 49) ,  Areas o f  cr i t i ca l  s tream-bank e ros ion  are a l so iden
t i fied by study i ng sequent i a l  sets of aer i a l  photographs and topograph i c mops  that s how c hanges in  stream 
pa tterns w i t h  t i me , I n  rece nt years the Corps of Eng i neers has been moni tor i ng s i gn i fi cant  bank  eros ion 
and the condi t ions of i ts revetments a long the W i l l amette R iver by usi ng ob l i que co l or photographs  ta ken 
from he l icopters . To assess any part i c u lar loca l i ty proper ly ,  i t  is necessary to make on-s i te i nspec t ions ,  
i nterview res ide nts,  a n d  coord i nate w i t h  appropriate State a nd federa l agenc ies , 

Cons iderab l e  research i n  rece nt  years has revea l ed  t hat  the i dea l shape of a meander i ng channe l i s  
t hat of  a ser ies  of  smooth ,  accentuated , S-shoped curves { Leopo l d  a nd Langbe i n ,  1 966) ,  T h us ,  stra i g ht 
stretches a nd re l at i ve ly sharp turns i n  streams,  such as at I r i s h  Bend , t hat ore prone to meander i ng ore 
s i g nposts of  future ad justme nts through bar depos i ti on  a nd bank e ros ion , T he rad iu s  o f  curvature of  a n  
i dea l meander be nd i s  gene ra l l y two to three t imes t he w i d t h  of t h e  stream ( Bog no l d , 1 960; Leopo ld  and 
Wo l man , 1 960) , 
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Figure 49 . Diagramma tic representa tion of differen t types of ri ver deposi ts and channel pa tterns . 

(After Reineck and Singh, 1 9 75) 
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Schumm ( 1 977) c i tes three pri nc ip l e s  of fl uvi a l  geomorpho l ogy : ( 1 )  the la ndscape is dynami c ,  ( 2 )  
l a ndscape cha nges a re usua l l y comp lex , a nd ( 3) t hresho lds ex i st a nd  may resu l t  i n  u nexpected landform 
c hanges . T hu s ,  for a typi ca l  r i ve r  meander ,  l ong peri ods of norma l eros ion  ofte n prepare t he way for 
abrupt cuto ff or c hanne l c hange dur i ng f loods . 

Larger part i c l e s  i n  stream beds , i nc l ud i ng bo u lders, pebb l e s ,  and coarse sand gra i ns ,  t hat  are moved 
by ro l l i n g ,  s l i d i ng ,  and bounc i ng const i t u te the bed load of  the strea m .  The capac i ty of  a stream to 
transport bed l oad is determ i ned by the geome try of the channe l , vo l ume of d i sc harge , a nd ve l oc i ty .  
Sma l le r  part i c l e s ,  i nc l ud i ng fi ne sand,  si l t ,  a nd c l ay ,  are gene ra l l y transpo rted i n  suspe nsio n .  T he vo l ume 
of suspe nded l oad is contro l l ed  pr imar i l y  by runoff a nd so i l e rosion . T h i s  aspect o f  sed imen t  tra nsport i s  
pa rt i c u l ar l y  s i gn i fi cant in  terms of  water-q ua l i ty ma nagement . Medi um-gra i ned sa nd ca n be carr ied i n  
su spe ns ion  u nder extreme cond i t i ons of ve loc i ty and tu rbu l ence . Most common cha nne I patterns a re 
stra i ght ,  bra i ded , or meander i ng ,  a l though combinat ions may occur  ( F i gu re 49) . 

Causes 

E rosi on  i n  f lood p l a i ns i s  rest r i cted pr imar i l y  to c hanne l s ,  outer be nds of mea nders , a nd c utoff chan
ne ls wh i c h  deve lop dur i ng t imes of  f loodi ng .  Stream deposi t i on  i n c l udes the depos i t ion  of  s i l t  and c l ay 
from re l a t i ve ly s l ow-movi ng ove rba nk f l ood waters , as we l l  as t he format ion  of bors i n  channe l s  ( F i gure 49) ,  
o n  the i n ne r bends o f  meanders, a nd be h i nd obstruct ions such as snags . Stream eros ion a nd depos i t io n  oper
a te in harmony to modi fy the stream channe l . Sed imen t  supp l ied by stream-bank eros ion  i s  deposi ted on  
bars fart he r downstream wh i ch , i n  turn , redi re ct st reamflow aga i nst ri verbanks to  cause add i t iona l  st ream
bank erosio n .  Var ious types o f  cha n ne l fi l l  deposits wh i c h  occur  i n  abandoned cha nne l s ,  cu toffs , and 
s l oughs a re shown in F ig ure 50 .  

T he fundamenta l  cause of  meander i ng i n  streams i s  not comp le te ly understood , a l t hough most worke rs 
co nsider he l i ca l c i r cu l a t ion  to be t he dom i nant  factor ( Re i neck a nd Si ngh , 1 975 ) .  Meander i ng ri vers , such 
as the W i l l amette , usua l ly exh i b i t  a n  i rregu l a r  pat tern when free  to m i grate . Deformed a nd compressed 
meander be nds te nd to ref lec t  the i nf l ue nce of  more re s i sta nt a l l uv ium or bed rock . 

Determi n i s t i c pro jec t ions of fu ture t rends of mea nder deve lopme nt i n  t he study area are not poss ib l e .  
Much  rema i ns to b e  l earned about  the deve lopme nt o f  meanders i n  genera l ,  a nd da ta o n  spec i fi c  r i ve r  a nd 
stream systems are often lack i ng or i ncomp l e te .  I nstead , assessments o f  future c ha n ne l c hanges must i n
vo l ve a short t i me frame of on l y  25 to 30 years a nd must be based o n  l i m i ted know l edge of past channe l  
c hanges , wh i c h  a re best observed  o n  aer ia l p hotographs. 

Cont i n u i ng research is showi ng q ua l i ta t i ve l y  how d i scharge is re l ated to c hanne l  w idt h ,  dept h ,  
meander wave l e ngth  and g rad ient . At tempts have a lso been  made to re l ate  t he bed l oad to cha nne l mor
phol ogy . Refi nement o f  t hese co ncepts with regard to a part i c u l ar r iver system,  such as t he Wi l l amette , 
w i l l  i mprove the use fu l ness of ba nk protect ion measure s .  

I nstab i l i ty resu l t s  when channe l c hanges such a s  width , dept h ,  ve loc i ty ,  s i nuos i ty , a nd meander 
wave l ength  resu l t  from hydro l og i c  c hanges or i nc reased s lope due to meande r  cutoff . As a genera l ru l e ,  
areas o f  prev ious channe l c ha nge wh ic h have substant i a l ly s horte ned t he l e ngth o f  the ri ver downva l ley 
by mak i ng it l ess s i nuous te nd to i nd i cate a reas o f  u nstab l e  read j ustme nt downstream . 

Distribution 

T he re l a t i ve t h reat  of s t ream-bank e ros ion var ies w i t h  the d i scharge of the r i vers a nd streams . Large
sca l e  channe l  c hanges have occurred a nd are occurr i ng a l ong the W i l lamette R i ve r  ( F i gu res 53 a nd 54) . 
T he Marys R i ve r  i s  c haracte r ized by nume rous sma l l e r  sca l e  c ha n ne l c hanges . T he Lo ng Tom R i ver hi stor
ica l l y  was s im i l a r  i n  be havior to t he Marys R i ve r . However ,  s i nce the comp le t ion  of Fe rn  R idge Reservo i r ,  
t he r i ver  has bee n stra i g hte ned a nd mod i fi ed  by bank protect ion  and severa l drop stru ctures to  accommodate 
i ncreased periods of d i scharge from t he reservoi r .  

Major  st ream-bank eros ion , major bar g rowt h ,  and rece nt channe l c ha nges a long t he Wi l l amette 
R iver  were assessed from l ow-a l t i t ude observat ions  by a i rcraft in May 1 978  and from re cent aer ia l photo 
graphs . Areas a l o ng the Marys R i ve r  a nd other sma l le r  r i vers a n d  creeks were assessed from exam i nat ion 
of  ste reo aeri a l  p hotographs ( 1 970),  fi e l d  observat ions ,  a nd more l i m i ted , l ow-a l t i t ude a i rcraft observa
t i o ns dur ing the course o f  t he study . Major stream-bank e ros ion and deposi t i on  are dep ic ted on  t he geo-
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Fi gure 51 . Three processes by 

whi ch .ri ver channels are abandoned : 

(1) chute cutoff; (2) neck cutoff; 

( 3) a vulsion or major channel change . 

(After Reineck and Singh , 1 9 75) 

Figure 50 . Various types of 

channel fil l  deposi ts : (1)  chute 

cutoff; ( 2) neck cutoff; ( 3-6) 

various wa ys of fi l l ing ephemeral 

streams and abandoned channel s .  

(After Reineck and Singh , 1 9 75) 
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l og i c  hazards maps fo r t he W i l l amette a nd Marys R i vers o n ly ,  due to the basi c reconna i sa nce nature of 
th is  s tudy a nd l i m i ta t ions of t ime , fu nd i ng a nd map sca le . S tream -bank  eros ion  on  the other r ivers a nd 
streams fo l l ows t he pattern i nd i cated fo r the Marys R ive r :  eros ion i s  co nce ntrated at outer  be nds of mean
ders; t h e  t i ghter (more ha i rp i n l ike )  t he meander be nd,  t he greater t he po ten t i a l  fo r erosi o n .  Many of  these 
o t her  streams a nd r i vers are a l so be i ng  addressed by work i n  progress by the So i l  Conserva t ion  Servi ce pur
suant  to the Resou rce Conservat ion Act  (RCA) . 

W i l l ame tte R i ve r :  Re lat i ve l y  recent changes a re ev ide nt i n  aer i a l  photographs a nd topograph ic  maps . 
Some of the o l d  mai n channe l s  o f  the W i l l ame tte R i ver a bandoned si nce t he 1 847 County l i ne was estab
l i shed are shown on  the geo l ogy and geo log i c  hazards map .  H i sto r i c  Co unty boundary l i nes on o l der maps 
may i nd i cate approx i mate locat ions of former ma i n  c ha nne l s .  W i l l amette R i ver :  R i ve r  Lands and R i ver  
Boundaries ( Hoerauf, 1 970) shows 1 852 and 1 96 1  c hanne l l ocat i ons . In add i t io n ,  oxbow l akes a nd s l oug hs ,  
wh i c h  a re w idespread features o f  Quate rnary lower terrace depos i t s  (Qt l ) ,  a re a l so i nd icat io ns of bur ied 
channe l features ( F i g ures 49 and 50) . At presen t ,  exte ns ive revetments co ntro l  much of the cou rse of the 
r i ver (see t he geo log i c  map) .  

Revetments a t  Harr i sburg prote ct the c i ty from c r i ti ca l stream-bank erosio n .  Two m i  downst ream ,  
near the Benton-L i n n  County l i ne , a revetment  p l aced i n  1 947 now l i e s  a long an  aba ndo ned channe l . 
I mmedi ate ly  to the east , a sma l l  oxbow lake formed i n  1 95 1  when t he Trachse l C hanne l was excavated 
and t he former  meander loop  was art i fi c ia l l y p l ugged .  

Between the north e n d  of  I ngram I s l a nd a nd  I r i sh Be nd, t h e  course o f  t he W i l l amette i s  prese nt ly  
about 2 m i  shorter than i n  1 847 . Th i s  reac h  i s  u nstab l e  and exh i bi t s  ma jor  eros ion a l o ng outs ides o f  
meander be nds , new channe l a nd ma jor ba r g rowth  s ince 1 969 , a nd fi ve revetment efforts between 1 938 
a nd 1 963 . 

At I r i sh Be nd ( r i ve r  m i l e  1 50) t he ri ver makes a r igh t  a ng l e  turn aga inst  the east bank . T he s i tuat ion 
i s  h igh ly unstab l e . Co nt i nued u nde rcutt i ng a t  I r i sh Be nd may cause t he ri ver to once aga i n  underm i ne the 
road a l o ng the Li nn  Cou nty bank ( F i gure 52) . A l te rna t ive ly , catastroph i c  truncat ion of the meander be nd 
wou l d  resu l t  in acce l erated meande r i ng and stream-bank e ros ion  immediate ly downstream beyond t he north 
end  of the sou th  s ide revetme n t .  Major overf low c hanne l s  a t  I r i s h  Bend carry stro ng current  f low dur i ng 
peri ods of f lood a nd are depi cted on the geo log i c  hazards map .  T he t ime sca l e  of these eve nts is u nc l ear . 

T he most seve re major  e rosion is occurr i ng a l ong the east bank of the Wi l lamette R i ve r  between 
Harr i sburg a nd I r i s h  Bend . W i th i n  t h i s  reach , t he ri ve r  has bee n shorte ned approx imate ly 3a m i  s i nce 1 947 . 

At Daws Be nd ( r i ver m i l e  1 45)  ma jo r erosio n w i t h  new cha nne l a nd bar fo rmat ion has occ urred i n  t he 
short reach  between  two reve tme nts ( F i g ure 53) . S im i l ar l arge -sca l e  bank l oss has occurred 1 m i  down
stream just sou t h  of  Hoacum I s l and . T he east bank sou th  of  Peor ia  i s  a l so undergo i ng severe erosio n .  

Major  channe l c hange has occurred nea r  t he H . D .  Tay l or Water Treatmen t  P l a nt a t  Corva l l i s ( F i g-
u re  54) . Prev ious ly the p l a nt had obta i ned i t s  water from the  re l at ive ly qu ie t  waters of t he Boonev i l l e 
C hanne l ,  a secondary c ha n ne l  of the W i l l amette . I n  1 970 t he Corps of E ng i neers u ndertook a study wh i c h  
showed that t he r i ver was about t o  c ha nge t h e  course o f  i ts mai n c hanne l to i nc l ude the Boonev i l l e  C hanne l . 
T he Corps proposed a reve tment to ho l d  the r i ve r  i n  i t s  prese nt channe l .  I n  the fa l l  of 1 97 1 , t h ree years 
ear l i e r  t ha n  the Corps had pred ic ted , t he Wi l l amet te R i ve r  cut  throug h to the Boonev i l l e Channe l . I n  1 976 
a revetment was p l aced j ust south of the p l ant o n  t he west ba nk to stop bank erosio n  at the out s ide of the 
grow i ng meander .  Major  e ros ion i s  co nt i n ui ng on the north end of K i ger I s l a nd .  At present , deposi t ion 
of l arge quant i ti e s  o f  sand and grave l a rou nd t he p l a nt ' s  wate r i n take i s  serious ly  affect i ng i ts operat ion . 
A re vetment i s  p l a nned to contro l  bank erosi o n  at K i ger I s l and a nd to a im  the W i l l amette Ri ver more d i 
rect ly a t  the water i ntake , wh i c h  i t  is hoped w i l l  reduce the amount  of depos i t ion . However,  t he resu l t i ng 
a nt i c i pated i nc reased e ros ion  a l o ng the west bank of  Stah l busch I s l a nd is cause for co ncern . 

Nort heast of Corva l l i s ,  be tween  Ha l f  Moon Bend a nd t he Ada ir wate r treatment p l a nt ,  the course 
of the W i l l amette has been co nst ra i ned by extens ive reve tme nts co nst ructed from 1 948 to 1 968 .  A grow
i ng bar near r i ve r  m i l e  1 25 is caus ing i ncreased eros ion loca l ly .  

Marys R i ve r  and m i nor c reeks :  Marys R i ve r  and the l esser creeks wh ich  dra i n  the Q uaternary m idd l e  
terrace depos i t s  (Qtm)  a nd Quate rnary h i ghe r  te rra ce deposi ts  (Qth )  a re  genera l ly entrenched 15  to  30 ft 
i nto these materi a l s .  E ros ion is caused by ba nk s lough i ng and sha l l ow ro tat i ona l  s l umps as streams under
cut  their  banks . Under sat urated so i l  cond i t i ons and undercutt i ng ,  trees may fa l l  from t he bank , caus i ng  
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Figure 52a. Major stream-bank erosion along east bank of Wi llamette Ri ver at Irish 

Bend. Photographed in June 1 9 77 ,  25-ft-high bank shows section of Wi l lamette Si l t  be
lieved deposi ted when glacial mel twa ters cascading down Col umbia Ri ver were temporari l y  
ponded in Willamette Val ley. Nearby road may b e  seriousl y threa tened b y  continued 

bank erosion. 

Figure 52b . Same scene , one year la ter, after ri ver had ri sen to near-flood stage 
during December. Note new angular blocks from increased bank erosion. Finer si ze 
ma terial and rubble at base of cutbank have been scoured away. 



Figure 5 3 .  Ri ver and flood plain fea tures of Wi llam
ette Ri ver, Daws Bend to Peoria . Dramatic, la teral chan-

nel change by meandering is occurring along west bank a t  

Daws Bend and one mil e  downstream. Dashed l i n e  connecting 

line of trees marks posi tion of 1 96 9  stream bank . Light-

est colored deposi ts in actual channel of Wi llamette Ri ver 
are new or growing gravel bars (Recen t ri ver all uvium (Qral ) ) .  
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Figure 54 . Thi s 1978 photo shows channel changes in Wi llamette Ri ver near Corvallis wa ter treatment plant and 

approximate locations of previous main channel courses . Bar whi ch separa ted Boonevi lle Channel from main Wi llamette 
Ri ver channel is shown as it was in 1 9 6 9 .  In 1 9 71 , Wi llame tte Ri ver cut through to Booneville Channel and since then 

has seriously affected plan t ' s  water intake system .  A $1 . 7  mi llion revetment is planned t o  direct river ' s  flow toward 
wa ter in take and to hal t erosion at Ki ger Island. Possibi li ty of increased bank erosion along east bank across from 
treatment plant should be considered . (After Lawrence and others, 1 9 77) 
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Figure 55. December 1 9 7 7  photo, looking downstream a t  Marys Ri ver near flood s tage 
at Avery Park bri dge , Corvallis . Clearance beneath bridge is approxima tely 5 ft . Trees 

and brush along banks retard flow. Increased s tream-bank erosion res ul ts from trees 

having fallen from bank under saturated soil condi tions . 

i ncreased loca l erosion ( F i gure 55) .  Fa l le n  trees and othe r debr is  are commo n wi th in  the Marys R i ver,  
Muddy Creek , and other low-discharge streams. They impede flow and may d i rect loca l bank scour .  

The und i sturbed sma l ler st reams and creeks , wh ich  are natura l ly left wi th  much bank vege tat io n ,  
genera l ly d o  not present large erosion problems ( Hixson,  persona l communi cation ,  1 978) .  S l ight problems 
are more common where creeks meander t hrough flat land areas and near the break i n  s lope where creeks 
e nter flat terra in  from low foothi l l  areas . 

Where streams flow ove r  bed rock o r  across pediments, erosion i n  the form of undercutt i ng and 
sha l low s lumping occurs . I n  the foothi l l s and highe r  terra i n  regions of the County , soi l creep and mass 
moveme nt processes become domi nant . 

Luckiamute Ri ver: At K i ngs Val ley the Luckiamute Ri ver and its tr ibutar ies  are often entrenched 
through the genera l l y  thin al l uvia l  mate ria l i nto the under lyi ng bed rock . T he meanderi ng nature of the 
Luck iamute i nd icates that stream-ba nk erosion can be cri t i ca l  loca l ly and m ust be co nsidered i n  t he p lan
n i ng process . 

Recommendations 

Mi tigation of stream -ba nk erosion shou ld  be based on a more comp l e te assessment  of the specific  
ri ver system i nvo l ve d ,  i nc l udi ng t he l ike ly effects o f  any such  measures o n  condit ions upstream or down
stream . Future studies of the Wi l lamette R iver may re vea l thresho l ds of stabi l i ty wh ich  can guide fort h
comi ng p lanni ng measures . For examp le ,  a part icu lar river system may have thresho ld  s lopes whe re i ts  
channe l cha nges from straight to mea nderi ng . For a part i cu lar reac h  near th is  thresho l d ,  channel stra ight
e ning m ight i ncrease the s lope to favor meander i ng and there fore l ead to an i ncrease in erosion rather than 
a decrease . 
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G EO L O G I C  HAZA RDS O F  EA S TERN BEN TO N  COUN T Y, OREG O N  

Tab l e  1 3 .  Sca l e  of earthquake i ntensi t i es  a nd magn i t udes 

D esc r i pt ion  of effec ts 

N ot fe l t  except by a v ery few under espec i a l l y favorab l e  c i r cumstanc es . 

F e l t  o n l y  by a few persons at r est , espec i a l l y on upper f l oors of bu i l di ngs .  
D e l i ca t e l y  suspended ob j ec ts may sw i ng . 

F e l t  q u i t e  not i c eab l y  i ndoors , espec ia l l y on  u pper f l oors o f  bu i l di ngs , b u t  
many peop l e  do no t  r ecogn ize as a n  ea rthqua ke . S tand i ng motor cars may 
rock s l i g h t l y .  Vi bra t ion  l i ke pass i ng  of tru c k .  Du ra t ion  esti ma t ed . 

D ur i ng the day fe l t  i ndoors by many , outdoors by few . At  n i gh t  some awa kened . 
D i sh es , w i ndows , doors di stu rbed ;  wa l l s make crac ki ng sound . S ensa ti on  l i ke 
h eavy truc k s tr i ki ng bu i l d i ng;  sta nd i ng motor cars roc k noti c eab l y . 

V F e l t  by n ea r ly  everyone; many awa kened . Some d i sh es , w i ndows  broken . A 

Equ i v . 
R i ch ter 
mag ni tude 

3 . 5  

to 

4 . 2  

4 . 3  

to 

few i ns ta n c es of  c ra c ked p l aster; u ns ta b l e  ob j ec ts overtu r ned . Some d i sturbance 4 . 8  
o f  trees , po l es , a nd oth er ta l l  ob j ec ts not i c ed . Pendu l um  c locks may s to p .  

V I  F e l t  by  a l l ; many fr i g h tened and  r un  ou tdoors . Some  h eavy fur n i tu r e  mov ed ;  4 . 9-5 . 4  
a few i ns ta n ces o f  fa l l en  p l as ter or damag ed c h i mneys . Damage s l i gh t . 

V I I Ev eryone ru ns ou tdoors . Damage neg l i g ib l e  i n  bu i l d i ngs of good d esi gn  a nd 5 . 5-6 . 1 
c onstruct ion , s l i gh t  to mod erate  i n  w e l l -bu i l t  ord i nary str uc tu res , cons i d erab l e  
i n  poor l y  bu i l t o r  bad l y  d esi g n ed struc tu res; some c h imneys broken . N oti c ed 
by persons dr i v i ng  motor ca rs . 

V I I I  Damage s l i gh t  i n  speci a l l y  desi g n ed stru c tures ;  cons i derab l e  i n  ordi nary substa n
t i a l bu i l di ngs w i th par t ia l c o l l apse; great i n  poor ly  bu i l t stru c tu res . Pane l  wa l l s 
throw n ou t  of fram e  stru c tu r es . Fa l l  of c h imneys , fac tory sta c ks ,  co l umns , monu- 6 . 2 

I X  

X 

X I  

X I I 

m ents , wa l l s .  H eavy furn i tu re  over turned . Sand  and  mud e j ec t ed i n  sma l l  a moun ts . 
Changes i n  w e l l wa ter . Persons dr i v i ng motor ca rs d i stu rbed . 

Damage consi derab l e  i n  spec i a l l y des igned s truc tures; w e l l -d es i g ned frame  stru c 
tu res th row n  ou t o f  p l u mb; g rea t  i n  substan t i a l bu i l d i ngs , w i th par t i a l c o l l apse . 
B u i  I d i ngs sh i fted off fou nda t i ons . G rou nd cracked conspi c uous l y . U nderground 
p i pes broken . 

Some w e l l -bu i I t  wooden str uc tures d estroyed; most masonry and  fram e s tr uc tu r es 
destroyed w i th fou ndat i ons; ground  bad l y  crac ked . Ra i l s ben t . La nds l i d es con
s i d erab l e  from r i ver ba n ks a nd steep s l opes . S h i fted sand and mud . Water 
sp l ash ed (s l opped) ov.er ban ks .  

F ew i f a ny (masonry) struc tures rema i n  stand i ng . Br i dges d es troyed . Broad f i ssu res 
i n  ground . Underground  pi pe l i n es comp l et e l y  ou t o f  servi c e .  Ear th s l u m ps a nd 
l a nd s l i ps i n  soft grou nd .  Ra i  Is ben t  grea t l y . 

Damage  tota l . Waves seen on  ground  surfaces . Li n es of s i gh t  a nd I eve I d i stor ted . 
Ob j ects th row n  u pward i nto th e a i r . 

* Adapted from H o l mes ( 1 965) and  U . S .  Geo log ica l S urvey ( 1 974) 

to 

6 . 9 

7 . 0-7 . 3 

7 . 4-8 . 1  

Max . r e
cord ed 

8 . 9  
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Major  e rosiona l a nd depos i t iona l  processes a l o ng low l a nd streams are f loodway eros io n ,  meander 
deve lopmen t ,  and bar fo rmat ion  ( F i gures 49, 50 , a nd 53) . F l oodway sco ur routes which co nvey fl ood 
waters across meander l oops, as at I r i s h  Bend , are pote nt i a l  s i te s  of erosio n  a nd cha nne l c ha nges dur i ng 
l a rge fl oods . Excavatio ns i n  t hese a reas mod i fy  streamflow and may i ncrease t he potent i a l  for e ros io n .  
Grave l operat ions  i n  them must be pro tected by berms wh i ch  are h i g h  e no ugh  to red i rect f lood waters and 
capab l e  of w i t hsta nd i ng erosi o n .  Othe rwi se , the p i ts may be rec l a i med by the r i ve r  channe l . 

St ream-bank e ros ion a l o ng meanders fou nd i n  st reams of a l l  s i ze s  (Wi l l amette R i ver , Marys R i ver ,  
and creeks) must be  cons idered i n  deve l opmen t .  M i t i gat ion  i nc l udes p l a cement of r iprap ,  avo i da nce of  
the area , or  i n nova t i ve cha nne l  ma i nte nance . I n  u rba n a reas ,  where runoff i s  a l tered a nd c reeks are 
often re l ocated ,  adequate access for channe l ma i ntenance must be preserved . Adequacy of sma l l  d i scharge 
c hanne l s  to hand l e  i nfreque nt emergency empty i ng of rese rvo i rs or water tanks shou ld  a l so be considered . 

I n  assess i ng st ream-bank eros ion ,  upstream and downst ream channe l c hanges must be cons i dered . 
Even thoug h contro l l ed by stabi l i za t ion  ( re vetment ) or rea l ig nment , r i vers te nd to rega i n  the i r  or i g i n a l  
patte rns a nd  shape s .  Natura l  o r  art i fi c i a l  channe l i zat ion  (stra i g hten i ng) steepens c ha nne l s ;  a nd as mean
deri ng (s i n uosi ty) i s  reduced , f low ve l oc i ty a nd pote nt i a l  for erosio n  a re i nc reased . T he steeper channe l 
often re su l ts i n  i nc i s i on ,  g reater eros io n ,  a nd i nc reased sedi ment y i e l d  upstream where ad j ustments to a 
l ower base l eve l  occur . 

Grave l bars deve lop i n  channe l s ,  o n  the i nner be nds o f  meande rs , at the mouths of some tr i butary 
st reams , and near snags or l og jams . For examp l e ,  sed ime nt depos i ted at the mout h o f  t he Marys R iver 
has requ i red expens i ve remova l to keep the boat dock  serv iceab l e .  I n  areas of unstab l e  c ha nne l s ,  the 
seasona l  remova l of g rave l as it accumu l ates can be an effect ive means o f  reduc i ng  stream-bank e ros ion 
in  the immed i ate area and shou l d  be co nsi dered i n  formu l a t i ng g rave l reso urce po l i c ie s . Be rms co nstructed 
a round the s i te fo r water q ua l i ty pu rposes shou l d  be desig ned to avoid channe l obstruct ion dur i ng f loodi ng . 

C hanne l prob l ems ar i s i ng from structura l f lood contro l  measures can be m i ni m ized by i nnovative 
desi g n .  For examp l e , on sma l l e r  r i vers ,  such as the Marys R i ve r ,  compos i te channe l s  can be const ructed 
by p l a c i ng l evees away from the stream channe l  wh i l e  t he natura l c ha nne l is l e ft untouc hed . T he com
posi te c hanne l ca n accommodate a range of  d i sc harges i nc l ud i ng l ow f low in  t he natura l channe l a nd 
fl ood fl ow w i t h i n  the banks o f  the l e vee . T he hazard of g rea t ly  i nc reased depos i t ion , wh i c h  p l ag ues  many 
redes igned cha nne l s  dur i ng low f low ,  i s  e l i m i nated or g reat l y  reduced . Eros ion a l ong stra i ghte ned chan
ne l s  can be red uced by the co nstruct ion of  numerous sma l l dams or drop  structures wh ich  i ncrementa l l y  
l ower t he  g rade of  the stream . When  natu ra l  armor i ng o f  a c ha nne l i s  d i st urbed , i t  must ge nera l l y be 
restored or rep l aced to avo id  i ncreased bed e rosion . Levee des igns must i nc l ude a co nsi derat ion  of i n 
c reased eros ion pote ntia l whe re the cha nne l i s  co nstr i cted . 

Earthquakes 

General 

T he shak i ng of the eart h ' s  surface accompany i ng the re l ease o f  e ne rgy re su l t i ng from s l ippage a l ong 
an act ive fau l t  is ca l led an eart hquake . T he spec i f i c  l ocat io n of e ne rgy re l ease w ith i n t he eart h is ca l led 
t he focus , a nd the geog raph ic  locat ion above the focus o n  the eart h ' s  surface i s  ca l l ed the ep icenter . 
Because the c rusta l st ruc tu re a nd tec ton i c  be havior of Oregon is ve ry comp lex a nd the h i stor i c  record is 
shor t ,  know ledge of futu re earthquake act i vi ty i s  u nde rstandab ly  i ncomp l e te . 

Mercalli scale-intensity 

Eart hquake i ntens i ty is a measure of the s ize of a n  eart hquake at a part i c u l a r  p l ace as determi ned 
by i t s  effect on persons ,  structure s ,  and earth mate r i a l . Merca l l i  i ntens i ty is i nd i cated on a sca l e  of 
Roman  numera l s  from I t hrough X I I . I ntens i ty observa t io ns made in t h i s  way are subject to i naccurac ies 
beca use of d i fferent d i stances from the ep i ce nte r ,  the vary i ng nature of unde r l y i ng rocks and rego l i t h ,  
a nd t he subjec t i v i ty o f  t he vi ewers . A l though the Merca l l i sca l e  i s  i mprecise when l i m i ted observa tions 
are ava i l ab l e ,  i t  is w ide ly used because it i s  un i ve rsa l ly app l i cab le  a nd requ ires no equ i pment . Re l ia nce 
on numerous observa t ions  m i n im i zes i ncons i stent and i naccurate data . Tab l e  1 3  descr i bes the var ious 
effects of t he Merca l l i sca l e  i ntensi t ies . 
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Richter scale-magnitude 

The R i c hte r sca le  is a measure of earthq uake ene rgy based on records from se i smometers . I nstead of 
i nd i cat i ng i ntens i ty with Roman  n umera l s  ( I  to X I I ) ,  as on the Merca l l i  sca l e ,  t he R i c hter sca l e  i nd i cates 
magni tude w i t h  dec ima l  numbers (Tab le  1 3 )  o n  a logar i t hm i c  sca l e .  Each d i g i t  represe nts a 1 0-fo ld i n
c rease i n  the amp l i tude of t he se i sm i c  waves a nd an approximate 32-fo ld i ncrease i n  t he amount of energy 
re l eased , Thus ,  an earthquake of magn i t ude of 6 . 0  i s  32 t imes g reater t han  an eart hquake of  magn i tude 
5 . 0 . T he R i c hte r sca le is arb i tra r i l y  c hose n to d i sp l ay sma l l  magn i tude earthquake events and i s  ope n 
e nded . T h e  sca l e  ranges from less than 1 for sma l l  q uakes to greater t han 9 for t he largest earthquake 
recorded so fa r ,  accord i ng to a proposed rev i s io n .  Severa l o the r  types o f  magn i tude sca l es are a l so i n  
use , eac h  based o n  a d i ffe rent part o f  t he sei smi c wave t ra i n .  Because t hese other sca les  ca nnot measure 
accurate ly very l a rge eart hquakes near the upper end of  the mag n i tude range , a new un i t  of  measure , the 
se i sm i c  moment , i s  be i ng used to measure t he se i sm ic  energy em i tted from an ent ire fa u l t . 

An  earthquake event has o ne magn i t ude ( ene rgy re l ease ) but may d i sp l ay var ious i n te nsi t i es (effects) 
as a funct ion  of  geo l og i c  se tt i ng ( F i gure 56 ) .  To convert observat ions stated as i n tens i ty on  the Merca l l i  
sca l e  to magn i t ude o n  the R ic hter sca l e ,  severa l empi r i ca l l y de r i ved equat ions are ava i l ab l e  i nc l ud i ng :  

.!!l = (0 . 43)1 1- 2 . 9  ( S tacey , 1 969) 
� = ( 2/3 ) 1 + 1 (Gute nbe rg and R ich ter ,  1 965) 

M va l ues are R ic hter magn i tudes , and 1 va l ues a re Merca l l i  i ntens i t ies . For q uakes o f  low i nt ens i ty , the 
Stacey equat ion g i ves h i gher va l ues fo r magn i tude tha n  does the Gute nbe rg a nd Ri c hter  equat io n .  T he 
Stacey equat ion  i s  based o n  sha l l ow quakes ( l ess than 70 km deep) and may be more app l i cab le  to the 
study area , pro vi ded numerous re l i ab le  observat ions are avai l ab l e  from areas unde r l a i n  by firm ground . 

Earthquake potential 

T he potenti a l  for futu re earthquakes can be est i mated o n  the bas i s  of the h i stor i c  se ism i c  record and 
ca l c u la t ions based o n  t he d imens ions of ac t ive su rface fau l ts .  Compar i so ns w i t h  o t he r  reg io na l  areas 
t h ro ughout t he wor l d  havi ng s im i l ar geo log ic set t i ngs and eart hq uake recurre nce i nterva l s  may a l so be 
made . No ac t ive fau l ts a re exposed at the su rface i n  Benton County , accord i ng to avai  I ab l e  i nfo rmat ion 
( see G E O LOG IC U N I T S - Bedrock Structure ) .  Accord i ng ly ,  est imates of  future se i sm i c i ty a re based a l 
most en t i re ly o n  t he h i stor i c  re cord , wh i ch  i s  ve ry short and poss i b l y  m i s l ead i ng . 

T he l argest earthq uake ever re corded i n  t he Pac i fi c  Northwest occurred Apr i l 1 3 , 1 949 . I ts ep i 
center was i n  the Puget Sound area , and i t  was fe l t  over a n  area of 1 50, 000 sq mi . I t  had a R i c h te r  mag
n i t ude of 7 . 1 and a Merca l l i  i ntens i ty of V I I I  near the ep ice nter ( F i gure 56 ) .  Damage was confined 
most ly to marshy , a l l uv i a l , or  fi l l ed ground . Port l a nd exper i enced a max imum Merca l l i  i nte ns i ty of V I I ,  
a nd most o f  the W i l l amette Va l l ey south  o f  Port l a nd exper ienced a max imum i ntens i ty of V I . I n  Corva l l i s ,  
i ntens i t ie s  IV ,  V ,  and  V I  were reported; p l aster fe l l ,  hang i ng  obje cts swayed ,  d i s hes ratt led , and trees 
a nd bushes we re moderate ly  shake n .  

T he Pac i fi c  Nort hwest ' s  second l a rgest eart hquake occ urred Apr i l 29, 1 965 . I t ,  too ,  had i t s  ep i 
ce nter near Puget Sound . The R i chter magn i tude wa s  6 . 5 ,  t h e  Merca l l i  i ntens i ty was V I I -V I I I . T he i nten
s i ty in  Corva l l i s a nd Ph i lomath was  V ( fe l t  by near ly everyone) , a l t hough no tremors were reported fe l t  i n  
A l sea , Wren ,  o r  A l bany . 

Tab le  1 4  i s  a summary of se lected eart hquakes fe l t  i n  Benton County . I t  s hows that t he l a rgest i n
te nsi t ie s  reported so far were assoc ia ted  w i th l arger ear thq uakes or i g i nat i ng i n  the Puget Sound area . A 
l oca l  shock , May 1 2 , 1 942 , occ urred a t  Corva l l i s a nd was st rong ly  fe l t  (V) but caused no damage . 

F i gure 57 shows earthquake ep ice nte rs i n  Oregon from 1 841 to 1 970 . A se i sm i c  r i s k  map for the 
State of Oregon ( F i g ure 58) shows that Be nto n  County l ies  i n  Zo ne 2 ,  an  area in wh i c h  quakes with i n te n
s i t i e s  a s  h i g h  a s  V I I  o n  t he Merca l l i  sca le are possi b l e . Quakes of th i s  i nte nsi ty can crack wa l l s .  W i t h  
saturated ground cond i t ions suc h as are common i n  much  of the Wi l l amette Va l l ey dur i ng  t he w i nter 
months, the damage to s tructures cou ld be co nsiderab ly  greater in areas where l i quefact ion  or l urch i ng 
cou ld  occur . I n i t ia t ion  of destruct i ve lands l i des in the footh i l l s a l so is a possi b i l i ty .  As more i nformat ion  
i s  acqu i red , the assessment of se i sm i c  r i sk w i t hi n Oregon w i l l  co nt i nue to  be  re fi ned . 

Tab l e  1 4  a nd F igu re s  57 and 58  i nd i cate that ma jor earthquake ac t iv i ty affect i ng Benton County so 
fa r is assoc iated e i t her w i t h  earthquakes o ccurr i ng near Port l a nd and off t he Orego n coast or w i th  l arger 
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Dote 

1 89 1  
Sept . 1 6  

1 896 
Apr i l 2 

1 92 1  
Feb .  25 

1 930 
J u l y  1 8  

1 942 
May 1 2  

1 949 
Apri l 1 3  

1 953 
Nov . 4 

1 953 
De c .  1 5  

1 957 
Marc h  22 

1 957 
Nov . 1 6  

1 96 1  
Aug . 1 8  

G EOL OGIC HAZA RDS O F  EA S TERN BEN TO N  COUNTY, OREG O N  

Tab l e  1 4 .  Se l ec ted summary of eart hq uakes fe l t  i n  Be n to n  County,  Oregon * 

Merca l l i  i ntens i ty * * *  
E p i c e nter * *  ( R i c hter mag n i tude) 

So l e m  I V  

M c M i n n v i l l e V I  

C a scadia  v 
44 . 4° N .  1 22 . 4•w . 

Pe rrydo l e  
45 ° N .  1 23 . 2 •w . V I  

C orva l l i s  v 
44 . 6 • N .  1 23 . 4•w . 

Puget Sound,  Wash . V I I I  
47 . 1 ° N .  1 22 . 7•w . ( 7 . 1 )  

A t  sea,  o few hundred 
m i l e s  off Oregon coast 

Port l a nd V I  

A l se a  I l l  

Coast Range betwee n V I  
T i l l a mook a nd Port l a nd { Sa l e m )  
45 . 3° N .  1 23 . s·w . 

E a st of Sa l e m  V I  
44 . 7° N .  1 22 . 5•w . ( A l bany a nd 

Le ba no n )  
( 4 . 5 ) 

Merca l l i  i nt e ns i ty  
i n  Benton County 

v 

V I  
(Co rva l l i s )  

I l l  
(Corva l l i s )  

I V  
(C orva l l i s )  

IV 
(C orva l l i s )  

C omme nts 

Brief, d i s t i nct shock fo l l owed 
by w a ve l ike mot i o n; w i ndows 
ratt l e d .  

Peop l e  awakened; two or t h ree 
shocks w i t h  loud rumb l i ng no i se 
from west . 

F e l t  by nea r ly a l l  in 6-by - 1 2-
m i  area . 

C roc ked p l a ster,  ratt l e d  w i ndows 
near Pe rryda l e .  

loca l s hoc k ,  stro ng l y  fe l t . 

Largest earthquake of record i n  
Pa c i f i c  Northwest; fe l t  over 
1 5 0, 000-sq-mi  a rea; i ntens i ty  
V I I  in  Port l a nd;  Corva l l i s i nten
s i t ies  I V -V I ;  most  of W i l l amette 
V a l ley exper i e nced max i m u m  
i ntens ity V I .  

S hort but sharp tremor . 

Sa l e m , l ig ht v i bra t i o n  I - I I I ; not 
fe l t  in A l ba ny or Corva l l i s .  

Two l i g ht tremors reported 4 h r  
a lter pri nc i pa l shock (mag n i tude 5 . 3 , 
i ntens i ty V I I )  h i t  Sa n Franc isco; tremors 
fe l t  w h i l e  a ftershocks in San Fra n c i sco 
sti I I  occurr i ng .  

O ne of l argest documented earth
quakes for  Coast  Range; re ported 
not fe l t  in A l ba ny or  Mo nroe . 

P l aster  cracks at some residences i n  
A l ba ny; fe l t  over co nsidera b l e  area 
o f  nort hwe stern Oregon; Berg and 
Boker ( 1 96 3 )  l i st ep i center i n  A l bany 
with i nt e n s i ty I I I - IV .  



G EOLOGIC HAZA RDS- EA R TH Q UA KES 1 09 

Tab le  1 4 . Se lected summary of earthquakes fe l t  i n  Bento n  County , Oregon * (con t i nued) 

Date Epice nter ** 
Merca l l i  in tens i ty * * *  

( R i c hter magnitude) 
Merca l l i i ntens i ty 
in Benton County Comments 

1 962 
Nov. 5 

Port l a nd-Vancouver 
45 . 6° N .  1 22 . 7 °W . 

V I  
( 5 . 0) 

IV 
(Corva l l i s ,  

P h i loma t h ,  a nd 
A l sea) 

Largest shock to occur  in Oregon 
s i nce re cent i nsta l lat ions  of severa l 
new seismic  stations i n  Pac i fi c  Nort h
west; provided first s i g n i fi cant data 

1 963 C oast Range betwee n v 

to construct trove I -time c urves for 
Oregon; fe l t  over 20, 000 sq m i . 

March 7 T i l lamook a nd Sa lem (West  Sa lem) 
I V  

(Corvo I I  i s )  
O ne of largest documented earth
quakes for Coast Range; m i nor 
quake fe l t  from Port l a nd to Eugene 
and i n  some coasta l  are a s .  

44 . 8° N .  1 24 . 4°W . (4. 6) 

1 965 Puget So und,  Wash . V I I -V I I I  
Apri l 29 47 . 4° N .  1 22 . 3°W . ( 6 . 5 )  

v 
(Corva l l i s and 

Phi lomath)  

Second largest  earthq uake of record 
in Pac i f i c  No rt hwest; Port l a nd i nten
s i ty V ;  not  fe l t  i n  Al sea , Wre n ,  or  
A l ba ny .  

I nformat ion from Be rg and Baker ( 1 963) 
Couch a nd Lowe l l  ( 1 97 1 )  
Coffman and von Hake ( 1 97 3 )  
Bod l e  ( 1 946) 
Coast a nd Geodet i c  Survey ( 1 945 - 1 966) 

1 1From the l ate 1 920 ' s  unt i l 1 962 some of the l arger earthquakes i n  Oregon were l ocated w i t h  sei smographs of the U n i versi ty 
of C a l i fornia w h i c h  at that t ime i nc l uded those at Corva l l i s . However,  because of t he epicentra l  d i sta nces, stat ion l i m i tat io n s ,  
a nd uncerta i nt ies  i n  trave l -t i me s ,  t h e  i nstrumenta l l y l ocated epicenters of  t h a t  period a r e  proba b l y  a s  i naccurate as those est i 
mated from fe l t  effects . T he ava i l ab l e  i nstrume nta l resu l t s  duri ng that  period d o  sugges t ,  howe ve r ,  that n o  earthquakes greater 
than magni tude 5 passed u n not iced in Oregon . After 1 963,  earthquakes in Orego n were located w i t h  se ismograph stat ions  
located pr i nc i pa l ly i n  t he Pac i fi c  Northwest " (Couch and Lowe l l ,  1 97 1 , p.  64-65) 

E p i ce nter locations in degrees o f  lat i tude ( N . )  a nd long i t ude (W . )  are g i ve n  where they appear in the record . 

Maximum Merca l l i  i ntens i t ies  at or near epicenter . C i ti e s  record i ng max i m u m  i ntens i t ies  are g i v e n  i n  pare ntheses w he n  
d i fferent from epice nter ( see * ) . R i chter mag n i tudes are g i v e n  i n  Arabic  numera l s  where they are reported i n  t h e  l i terature . 
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earthquakes occurr i ng i n  the Puget Sound area . Thus ,  ground response from earthq uakes or i g i na t ing  o ut 
s ide o f  Benton County must a l so b e  addressed t o  a reaso nab l e  degree i n  p l ann i ng .  

Act i ve fau l t s  a re fau l ts wh ich  have moved i n  t he recent past a nd for wh i c h  t he geo log i ca l  a nd se i s
molog ica l ev idence i nd i cates probab l e  movement aga i n  i n  the near  future . T he recent pas t  i nc l udes t he 
h i sto r ica l per iod a nd somet imes the Ho l oce ne epoch (t he l ast  1 0 , 000 years) . Pote n ti a l l y  act i ve fau l ts are 
fa u l t s a l ong wh i ch  no k nown h i stori ca l  ground -surface ruptures o r  earthquakes have occurred but wh i c h  
show st ro ng i nd i cat io ns of geo l og i ca l ly recent act i v i ty . 

No act i ve fau l ts a re known i n  Be nto n County . T he re a re ,  however ,  many i nhere nt prob l ems  i n  
act i ve fa u l t  recogn i t ion . T he refore , t h i s  observat ion  cannot be app l i ed b l i nd l y  i n  determ i n i ng s i te su i t 
ab i l i ty for ma jor construct ion o r  c r i t i c a l  fac i l i t ie s  such as nuc lear power p la n ts . F i e ld stud ies  of fau l t i ng 
i ndi cate that ruptures can be absorbed or amp l i fied t hro ug h rock or rego l i t h  w i t h  l i t t l e  re l at ionsh ip between 
surface fau l t  traces a nd d i sp l acements noted at dept h .  These and o ther  comp lex i t ie s  somet imes  necessitate 
t re nch i ng or geophys i ca l  exp lo ra t io n  across suspected fau l t  traces .  

Factors affecting earthquake intensity 

Eart hquake hazard is determi ned by the t ime , locat i on ,  a nd magn i t ude of probab l e  earthquakes and 
by the type of co nst ruct ion . T he pr imary eart hquake hazards are g rou nd shaking a nd fau l t  rupture . Sec
ondary hazards i n c l ude l ands l ides ,  d i ffe re nt i a l  ground movement , l urch i ng ,  l iq uefact ion ,  g round fa i l ures ,  
f loods from dam and l evee fa i l ures, and  fi res . T he most preva l e nt hazard i s  vio l e nt shak i ng .  

Response spectra and design earthquakes 

Response spectra a re graph i ca l representat ions of the respo nse o f  st ructures to earthquake ground 
mot ions . Expressed as  ve l oc i ty ,  acce l erat i on ,  d i sp l aceme nt , or  ot her re l ated var iab le s ,  the i r  deve lop
ment has  been  a ma jo r  accomp l i shment of e ng i neer i ng se i smo logy . Des ign  eart hquakes are q ua nt i tat i ve 
e st imates of the g round shaki ng a st ruct ure wi l l  be req u i red to e ndure , based on magn i tude , max imum 
acce lera t ion ,  durat ion of strong shak i ng ,  ava i l ab le  recorded stro ng -mot ion data , and other fac tors . 

Respo nse spectra a nd des ign  earthquakes a re u sua l l y used on ly  i n  t he p l a n  and des i gn  of v i ta l  or 
se ns i t ive structures for wh i ch  the genera l conc lus ions c i ted e lsewhere in th i s  sec t ion cannot b l i nd ly be 
app l i ed .  

Other factors: magnitude, frequency, a nd duration 

Maximum ground acce l e ra t ion  at one s i te  does no t a lone determ i ne i ntens i ty . I nt ens i ty a l so depe nds 
on frequency cha racter i st i cs of g rou nd mot ion  and duratio n of  the earthq uake . Si nce st i ff a nd soft so i l  
depos i t s  ex h ib i t  max i mum response a t  d i ffe rent frequenc ies ,  l atera l  fo rces and damage i n  the same ge nera l 
a rea may deve l op se lec t ive ly;  fo r examp l e ,  mu l t i story structures  on re l a t i ve l y  soft soi l depos i t s  may be 
severe l y  affected, but ad jacent st i ffer structures on  the same deposi ts may hard ly  be affected . So i  I strength 
studies i nd i cate that du rat ion is very impo rta nt i n  so i l  response . Magn i t ude affects du ra t ion  much more 
than it affects peak acce l erat ion . A l though it has long been  observed that d ura t ion of mot ions in a l l uvi um 
i ncreases w i th d i s tance over l a rge d i stances ,  new i nfo rma tio n suggests that,  in sma l l  a nd moderate q uakes, 
u nder some c i r cumsta nces t he re may be a decrease in durat io n w i t h  d i stance up to a certa i n  d i stance , then 
an  i nc rease . 

E ffect of d i stance : As se ism i c  waves are radiated through the earth from the po i nt of o r ig i n ( focus)  
they are attenuated (d im i n i shed w i t h  d i sta nce ) as a fun ct ion  of d ispers io n ,  fri ct ion , dept h ,  bedrock stru c 
ture,  and o the r  fa ctors . S hort -pe riod motions te nd to b e  fi l te red o u t ,  w i t h  the resu I t  that the max imum 
va l ue of  the respo nse spectrum te nds to deve lop a t  progress ive ly h i ghe r  va l ues o f  t he fundamen ta l  per iod 
( see GEOLO G I C  HAZARDS - Earthquake s :  Respo nse spec tra and desi g n  eart hquakes) . 

Genera l ground response : T he primary cause of dea t h ,  i n j ury , and struct u ra l  damage dur i ng earth
q uakes i s  shaki ng gro und . Permanent ground deformations may  occur  as  a resu l t  of ( 1 ) tecton i c  fo rces 
( up l i ft ,  subs idence,  fo l d i n g ,  t i l t i ng ); ( 2) sett lement (compact io n ); a nd (3) ground fa i l ures ( l ands l i des , 
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l a tera l spread i ng ,  beari ng capac i ty fa i l ures due to l iq uefact ion  and loss of  shear strength ) .  

Loca l geo logy : Loca l geo l ogy has a predomi nant e ffec t  o n  per iods of mo t ion;  u nder the r igh t  con
d i t ions ,  resonance effects (amp l i fied g round mot ion  occurr ing w i th i n  per iod range of  st ru ctures) can be 
severe . Topograph i c  effects a nd focus i ng effe ct s  re lated to bedrock geometry can a l so occur . Near the 
ep ice nte r ,  eart hquake effe cts may be determi ned by the loca l geol ogy . 

So i l  (rego l i t h )  response : Wh i l e  i t  has ge nera l l y been observed tha t  ground acce lera t i ons deve l 
oped on  surfaces o f  sa i I depos i ts d ur i ng earthquakes are o ften greater tha n  those i n  ad jacent  rock outc rops, 
t here i s  st i l l  cons iderab l e  controversy o n  t he effe ct of l oca l soi l and geo l ogy on damage . Evernde n a nd 
o thers ( 1 973) s how that i n  the hi stor i c  reco rd max imum i n tensi t ie s  a re ge nera l ly l i m i ted to areas of fi rm 
or un stab le  gro und as opposed to areas of  so l id bed rock . In ge nera l ,  Merca l l i  rat i ngs for earthquakes 
represent the response of  semi conso l idated a l l uv i um . 

Most la nds I ides tr i ggered by eart hquakes a re t hose assoc ia ted w i t h  I iquefact ion  or mob i l izat ion of 
co hes io n l ess so i l s .  Bedd i ng p lanes, jo i nts ,  o ther  weaknesses , and  the prese nce of ground water  a re major 
fa ctors i n  l a nds l i de re l ease dur ing earthquake s .  

Ground sett lement  o fte n resu l ts i n  d i ffe ren t i a l  set t l ements i n  eng i neer i ng structure s ,  as between 
br i dge abutmen ts and p iers . T he hor izo nta l movements i nduced by quakes are be l i eved to be l arge ly  
respo ns i b l e  for  set t l eme nts . G round crack i ng or rupture a re genera l ly promi nent features of sha l l ow focus 
eart hquakes a nd a re often assoc ia ted w i th poor ly  compacted backfi l l .  

L iquefact ion :  T he t ra nsformat ion of  granu l ar mater i a l  from a so l i d state i nto a l iquefi ed  state a s  a 
resu l t  o f  an  i nc rease i n  po re wate r  pressure i s  ca l led l i q ue fact ion . Be cause i nterg ranu l a r  co ntact i s  
e ffect i ve ly lost i n  t h i s  co nd i t i on ,  sa nd l oses stre ngt h comp le te l y . Liq uefact ion ca n deve l op i n  any zone 
of  a depos i t  where the necessa ry combi nat ion  of in situ cond i t io ns and vi bratory mo tio n  occurs, e i t he r  a t  
t h e  surfa ce or a t  dept h .  T he behavior o f  a satu ra ted  sa nd depos i t  u nder earthquake co nd i ti ons (cy c l i c  
load i ng )  i s  dependent o n  i t s  geo logi c a nd se i sm i c h i sto ry a n d  gra i n  structure , as  we l l  as  i ts p lacement 
dens i ty .  Less i s  k nown about the dynam i c  respo nse o f  cohes i ve si l ty-c l ay-sand mater ia l s  than  c lean  co
hesion l ess sands . Gene ra l l y ,  de nser depos i t s  are l e ss l i ke l y  to l i q uefy tha n less de nse mater i a l s .  Ma n i 
festa t io n  o f  l i q uefact ion i n  saturated sand deposi ts may i nc l ude bo i l s ,  mudspouts a t  t h e  surface , wate r  
seepage through  ground cra cks o r  qu i cksand- l i ke depos i ts over large areas . The geometry o f  t h e  s i tuat ion 
and t he durat ion  of i nduced g round v ibrations are very important in  determ i n i ng whether l iq uefact ion wi l l  
occur . 

Bu i l d i ng damage:  T he exte nt  of earthq uake damage ( i n te ns i ty)  i s  not s imp ly  a fu nc t ion  of magn i 
t ude; under ce rta i n  cond i t i ons,  i nc l udi ng ground fau l t i ng or hazardous geo log ica l  a nd so i l  cond i t i ons i n  
popu l a ted a reas,  a magn i t ude 6 . 5  earthquake can cause severe l oca l damage . 

I n  gene ra l ,  wood frame bu i ld i ngs  stand up we l l  d ur i ng eart hquakes due to the i r  i nherent f lex ib i l i ty; 
bu i l d i ngs w i t h  earthquake-res i stant feat ures genera l l y perform better than those w i thout . Unre i nforced 
masonry ,  i n c l ud i ng bri ck,  concre te b lock , and stone,  per form poo r l y . Damage to wooden  bu i l d i ngs w i t h  
few stor ies depends mai n ly on  max imum gro und su rface acce l e ra t ion  or ve loc i ty i nduced by  t he quake and 
var ies w i t h i n  loca l areas w i th changes i n  surface acce l erat i on  or ve loc i ty l eve l s  resu l t i ng  from d i ffere nt 
so i I ( rego l i t h )  patterns . 

Sha l l ow foreshocks a nd afte rshocks o f  a s ize c lose to that of the ma i n  shock can damage structures 
l e ft u ndamaged o r  weakened by i t . S i nce i t  is not e co nomica l l y feas i b l e  to make structures comp l ete ly  
earthquake -proof,  the  pub I i c  u l t i ma te l y  dec ides how much  r i sk i s  acceptab l e . 

Recommendations 

Adherence to t he re l evant provis ions of the Un i fo rm Bu i l d i ng Code is recommended . T hese i nc l ude , 
from t he 1 976 ed i t io n ,  sec t io ns 231 2 ( eart hquake regu l at i ons ) ,  2 1 30 (wa l l anchorage ) ,  3704 (anchorage 
of ch imneys) ,  and 1 807k (anchorage of mecha n i ca l  and e l ec t r i ca l equ ipment in h i gh-r i se st ructures ) .  
Fu ture rev i s ions may i nc l ude reassessme nt of  sei smi c potent ia l based upon more nea r ly  comp lete data a nd 
refi nement of bui l d i ng and des ign  spec i fica tio ns based upo n more a ccurate asse ssment and eva l uat ion of 
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grou nd cond i t ions . Prese nt l y ,  the Un i form Bu i l d i ng Code does  not address grou nd response or reso nance 
phenomena between stru ctures and the rego l i t h  upo n wh i ch  they are bu i l t . Add i t i ona l  up-to -date i n for
mat ion  w i l l  be  contai ned i n  the App l ied Techno l ogy Counc i l (A . T .  C .  I l l ) Code , to  be  pub l i shed soo n .  

Se i sm ic  s i te eva l uat ion for ma jor stru ctures  i s  co mp lex and ut i l i zes extens i ve and thorough i nput  
from geo logy , se i smo logy , and so i l s  eng i neeri ng . I t  i s  no t d i sc ussed here be cause i t  i s  t horough ly de 
scr ibed i n  the l i te ra ture ( Bo l t ,  1 978) . 

An  exce l l e nt refe ren ce for p l a nners and e ng i neers o n  the sta te o f  t he art o f  earthq uake know ledge 
a nd research i s  learn ing  from Eart hq uakes , 1 977 P l a nn i ng and F i e l d  Gu ides,  by the Earthquake Eng i nee r 
i ng a nd Research I nst i t u te . I t  attempts to max im i ze t he  l earn ing that can  occu r  from new eart hquakes 
(bu i l d i ng respo nse , g ro u nd re spo nse , l i q uefact io n ,  etc . )  t hro ug h thorough  a nd systemat i c  observat ions 
( deta i led in the fie l d  gu ides) t hat  shou l d  i mmed ia te ly fo l l ow a future earthq uake . Such deta i l ed observa
t ions ,  i f  accurate , prov ide i nva l uab l e  i nformatio n upon wh i ch  to base dec i s ions  regard i ng l a nd use and 
bu i l d i ng codes . 

Fu rther research can be expec ted to p l ay a ma jor ro l e  i n  earthquake assessme nt wi th i n the W i l l am
e tte Va l l ey . Orego n State Un i ve rs i ty i s  i n  t he pro cess of se tt i ng up a statew ide se i smograph ne twork 
( se i sm i c  net )  whi c h  w i l l  prov ide muc h better  data on se ism ic  ac t i vi ty in Oregon than are now ava i lab l e . 
Th i s  i s  expected to great ly e nhance our understa ndi ng  of fau l t  st ructures a nd the i r  capabi l i t i e s  for fut ure 
ac t iv i ty . 

T he genera l conc l us ions adva nced he re sho u l d  i n  no way pre j ud ice  the fi ndi ngs of more i nvo l ved 
a nd spec i f i c  stud ies  i n  the future . 



1 1 5 

B l  BLIOG RAPHY 

A l germisse n ,  S .  T . ,  and Perk i ns ,  D.  M . ,  1 976, A probab i l i st i c  est imate of max imum acce l e ra t ion  i n  
rock i n  the co nti guous Un i ted Sta tes : U . S . Geo log i ca l  Survey Open-F i l e  Report 76-41 6 ,  45 p .  

A l l i son ,  I .  S . , 1 953 , Geo l ogy o f  the A l bany Quadrang l e , Oregon :  Oregon Depa rtme nt of Geo logy and 
M i nera l  I ndustr ies Bu l l e t i n  37 , 1 8  p .  

A l l i son ,  I ,  S , , a nd Fe l ts ,  W .  M . , 1 956,  Re connai ssance geo log i c  map of the Leba non Quadra ng l e :  
Oregon Department of  Geo logy a nd Mi ne ra l  I ndust r ie s ,  sca l e  1 :62, 500 . 

Amer i can Soc iety of C i v i l Eng i neers , 1 956 , E ng i neer i ng propert ies  of expans ive c lays :  Amer i can  Soc iety 
of C i vi l Eng i neers Transact ions , v .  1 2 1 ,  p .  666-669 . 
1 978 , Earthquake engi nee r i ng and so i l  dynam i cs :  Amer i can  Soc i ety of C i v i l  Eng i neers Geotechni ca l  
Eng i neer i ng D i v i s ion Spec i a l ty Confere nce , l Ot h ,  Pasade na , Ca l i f . , J une 1 9-2 1 , 1 978,  Proceed i ng s ,  
3 v .  

Anderson ,  H .  W . , 1 954, Suspended d i scharge as re l ated t o  streamf low , topography , so i l ,  a nd l and use : 
Amer i can  Geophys i ca l  Un ion  Transa ct ion s ,  v .  35 , no . 2, p .  268-28 1 . 
1 97 1 , Re l a t i ve co ntr ibut ions o f  sed iment from source a reas,  a nd tra nspo rt process ,  i n  Forest l and 

-- uses a nd st ream env i ronment :  October 1 9-2 1 , 1 970, Proceed i ngs , O regon Sta te Un i ver s i ty , p .  55-63 . 
Andrews , E .  D . ,  1 977, Hydra u l i c  ad j ustment of a n  a l l uv i a l  stream channe l to the supp l y  of sed iment 

(abs . ) :  Geo log ica l Soc iety of Amer i ca ,  1 977 Annua l Meet i ng ,  Seatt l e ,  Wash . , November 7-9 , 
1 977 , Abstrac ts w i t h  programs , v .  9 ,  no . 7, p .  882 . 

Avery , T .  E . ,  1 977 , I nterpre tat ion of aer ia l  pho tographs :  M i nneapo l i s ,  M i n n . , Burgess Pub l i sh i ng Co . , 
392 p .  

Bagno l d ,  R .  A . , 1 960, Some aspects o f  t he shape o f  r ive r  meanders: U . S .  Geo log i ca l  Su rvey Profess iona l 
Paper 282- E ,  p .  1 35 - 1 44 .  

Ba ldw i n ,  E .  M . ,  1 955, Geo logy of t he  Marys Peak and  A l sea Q uadrang l e s ,  Oregon :  U . S .  Geo log i ca l  
Su rvey Map OM - 1 6 2 ,  sca l e  1 :62 ,500 .  
1 964, Geo logy of  the  Da l l a s  a nd Va l se tz Quadra ng l es :  Oregon Departme nt o f  Geo l ogy a nd M i nera l 

-- I ndustr ies Bu l l e t i n  35 ( revi sed ) ,  56 p .  
1 974, Eocene stra t igraphy of  sou thwestern Orego n :  Oregon Department o f  Geo logy and M i nera l  
I ndustr ies Bu l l e t i n 83 , 40 p .  
1 975 , Rev i s ion  of the Eoce ne stra t ig raphy o f  sou t hwestern Oregon :  Pa l eogene Sympos i um  and Se lec
ted  Tech n i ca l  Papers , Annua l Meet i ng - Pac i fi c  Se ct ions - AAPG - SEPM - SEG,  Long Beach ,  
Ca l i f . , Apr i l  1 975, p .  49 -64 . 
1 976 , Geo logy of  Oregon (rev i sed) : Dubuque ,  I owa ,  Kenda l l/H unt ,  1 47 p .  

Ba l ster ,  C .  A . , a nd Parsons,  R .  B . , 1 965 , A fau l t -so i l s  re l at i onsh i p  i n  the Oregon Coast Range :  I I . 
M i nera l ogy and c l ass if i cat i on :  So i l  Sci ence ,  v . 1 00, p .  335-339 . 
1 966 , A so i l -geomorph i c  study i n  the Oregon Coast Ra nge : Corva l l i s ,  Oreg . , Oregon Sta te Un i ver-

-- s i ty Agri cu l tu ra l  Exper iment  Stat ion Techn i ca l  Bu l l e t i n 89 , 30 p .  
1 968 , Geomorpho l ogy a nd so i l s ,  W i l lamette Va l l ey , Oregon :  Corva l l i s ,  Oreg . , Oregon Sta te 
Un i ve rs i ty Agr i c u l tura l Exper ime nt Sta t ion Spec i a l  Report 265 , 3 1  p .  
1 969 , Late P l e i stoce ne stra t ig raphy , southern Wi l l amette Va l l ey , Oregon :  Northwest Sc i ence ,  

--v .  43 , no . 3 ,  p .  1 1 6 - 1 29 .  
Barr , D .  J . ,  a nd James ,  W .  P . ,  1 975 , C i vi l  engi neer i ng app l i cat ions o f  remote se ns i ng :  Amer i can  

Soc ie ty of C i v i l E ng i neers ,  T ranspo rtat ion Eng i neer i ng Jou rna l ,  May 1 975 , Proceedi ngs Paper 1 1 300, 
v .  1 0 1 ,  no . T E 2 ,  p. 279-295 . 

Beau l i e u ,  J . D . , 1 977 , La nd use geo logy of ce n tra l Jackson  County , Oregon :  Oregon Department of  
Geo logy a nd M i nera l I ndust r ies  Bu l l e t i n  94,  87 p .  
1 978, Surfi c i a l geo l ogi c hazard concepts for Oregon :  Oregon Department of Geo logy and M i ne ra l  
I ndustri e s ,  Ore B i n ,  v .  40 , no . 3 ,  p .  4 1 -46 . 

Beau I i e u ,  J .  D . ,  and Hug hes ,  P .  W . , 1 976, La nd use geo l ogy of wester n  C urry County , Oregon :  Oregon 
Departmen t  of Geo logy and M i ne ra l  I n dustr ies  Bu l l e ti n  90, 1 48 p .  



1 1 6 GEOLOGIC HAZA RDS OF EA S TERN BEN TON COUNTY, OREGON 

Beau l ieu , J .  D . ,  Hughes, P. W . , and Mathiot , R. K . , 1 97 4,  Env i ro nme nta l geo logy of western  L i nn  
County ,  Oregon :  Orego n Departme nt of  Geo l ogy and M i nera l I ndustr ies Bu l le t i n 84, 1 1 7 p .  

Berg , J .  W . , and Bake r ,  C .  D . , 1 963, Oregon earthq uakes 1 84 1 - 1 958: Bu l l et i n  o f  the Se i smo log i ca l 
Soc ie ty of Ameri ca, v .  53 , no . 1 ,  p .  95- 1 08 .  

B i l l i ngs, M . P . , 1 972, St ructura l geo logy :  E ng l ewood C l i ffs , N . J . ,  Pren t i ce -Ha l l ,  606 p .  
Bod l e ,  R .  R . , 1 946 , Un i ted States earthquakes 1 944, i n  Uni ted Sta tes earthq uakes 1 941 - 1 945 , 1 969 : 

Wash i ngton ,  D .  C . ,  U . S .  Department of Commerce Nat iona l  Eart hquake I n format ion Center . 
Boersma , L . , a nd S imonson ,  G .  H . , 1 970, Character izat ion of water ta b les i n  Oregon so i l s  w i th  refere nce 

to traffi cabi l i ty ,  Vo l ume 1 :  da ta :  Corva l l i s ,  Oreg . , Oregon Sta te Un iversi ty So i l s  Department , U . S . 
Army Engi neer Wate rways Exper i men t  Station Co ntract Report M-70- 1 , 228 p . ,  9 tab le s ,  39 f ig . 

Boersma , L . ,  Simonson ,  G .  H . ,  and Watts , D .  G . , 1 970,  C haracteri zat ion of wa ter tab les  i n  Oregon 
so i l s wi th refe rence to traffi cabi l i ty , vo l ume I I : ana lys i s :  Corva l l i s ,  Oreg . ,  Oregon Sta te Un iver
s i ty So i l s Department,  U . S .  Army E ngi neer Waterways Exper iment Sta t ion Contract Report M-70- 1 , 
1 05 p . , 41 tab le s ,  37 fig . 

Bo l t ,  B .  A . , 1 978, Earthquakes - a  pr imer :  San Fra nc i sco ,  Ca l i f . , W .  H .  Freeman ,  241 p .  
Bo l t ,  B .  A . , Horn , W .  L . , Mac Dona l d ,  G .  A . , and Scott ,  R .  F . , 1 975 , Geo log i ca l  haza rds : New York , 

N .  Y , , Spri nger-Ver l ag ,  328 p .  
Bombeck ,  E . ,  1 976 , The grass i s  a lways gree ner over the sept i c  tank : Greenwi ch ,  Conn . , Fawcett Crest , 

255 p .  
Boore , D . M . , 1 977 , T he mo tio n o f  the grou nd i n  eart hquakes: Sc ien t i fi c  Amer i can ,  v .  237 , no . 6 ,  

p .  68-78 .  
Borcherd t, R .  D . , Joyner ,  W .  B . , Warri ck, R .  E . , a nd Gi bbs , J .  F . , 1 975 , Response of loca l geo l og i c  

un i ts to ground shak i ng ,  i n  St udies for se i smi c zonat io n  of the San Franc i sco Bay reg ion :  U . S .  Geo
log ica l  Survey ProfessionaT Paper 94 1 -A ,  p .  A52-A67 . 

Brad l ey ,  J . N . ,  1 973, Hydrau l i c s of bridge waterways :  U . S .  Departmen t of Tra nsportat ion Federa l H igh
way Adm in i st ra t ion Hydrau l i c Des ign Ser ies 1 ,  1 1 1  p . 

Brady , N .  C . , 1 974, T he na ture and propert ies of so i l s :  New York , N .Y . ,  Macm i l l a n ,  639 p .  
Br ice ,  J .  C . , 1 974, Evo l u t ion of  meander loops : Geo log i ca l  Soc ie ty of  Ame ri ca Bu l l e ti n ,  v . 85 , no . 4, 

p.  58 1 -586 . 
Br i tto n ,  L .  J . ,  Averett ,  R .  C . ,  and Ferre i ra ,  R .  F . , 1 975 , An i ntrod uct ion to the processes ,  prob lems ,  

and management of  u rban l akes: U . S .  Geo log ica l Survey C i rcu la r  601 -K , 22 p . 
B romery , R .  W .  1 and Snave l y ,  P .  D . , J r . , 1 964, Geo log ic i nterpreta t ion of re co nna i ssance grav i ty and 

aeromagne t i c  surveys in northwestern Oregon : U . S .  Geo logica l Survey Bu l l et i n 1 1 8 1 -N ,  1 3  p . 
Burroughs, E .  R . , J r . , Cha l fant,  G . R . ,  and Townsend, M . A . , 1 976,  S lope stabi l i ty i n  road co nstruct ion 

Port l a nd , Oreg . ,  U . S .  Departme nt of t he I nter ior Bureau of Land Management , 1 02 p .  
Burroughs, E .  R . , J r . ,  and Thomas , B .  R . , 1 976 ,  I dent i fi cat ion  of lands l ide hazard areas i n  the Tyee a nd 

F lournoy Format ions i n  western Oregon :  Port land,  Oreg . , U . S ,  Department of the I nterior Bureau 
of Land Management ,  29 p .  
1 977, Dec l i n i ng root strength i n  Doug las  f i r  afte r fe l l i ng a s  a factor i n  s lope stabi l i ty : Ogden ,  Uta h ,  

-- I n termounta i n  Forestry a nd Range Exper iment Stat io n ,  U . S .  Department o f  Agr i cu l ture Forest Serv ice 
Research Paper I NT - 1 90,  27 p . 

Byer l y ,  P . , 1 952,  Pac i f ic coast earthquakes : Eugene , Oreg . ,  Un i versi ty of Oregon Press , p .  33-37 . 
Ca l i forn ia  Geo logy, 1 976 , Gu ide l i nes fo r  eva l uati ng the hazard of su rfa ce fau l t  rupture : v . 29 , no . 5 ,  

p . 1 05- 1 08 .  
Campbe l l ,  R . H . , 1 975 , So i l  s l i ps ,  debri s flows , a nd ra i nstorms i n  the Sa nta Mon i ca Mounta i ns a nd 

vi c i n i ty ,  southern Ca l i forn i a :  U . S .  Geo log ica l  Survey Professiona l Paper 85 1 ,  5 1  p .  
Cedergre n ,  H .  R . , 1 977, Seepage , dra i nage , a nd f low nets :  New York, N . Y . , John Wi l ey and Sons, 

l n c . , 534 p .  
C hand l er ,  R .  J . ,  1 977 , The app l ication  of  so i l  mechan ics methods to the study o f  s lopes , i n  Ha i l s ,  J . R . , 

ed . , App l ied geomorpho logy: New York, N . Y . , E l sev ier  Sc ient i f ic  Pub l i sh i ng Co . ;-p .  1 57- 1 8 1 . 
Coast and Geodet ic  Survey,  1 945- 1 966 , Abst racts of earthquake reports for the Pac i f ic  Coast a nd the 

western mounta i n  reg io n :  Wash i ngto n ,  D. C . ,  U . S .  Department of Commerce MSA-45 to MSA - 1 24 
(Jan . 1 945 - Dec . 1 964) . 



BIBLIOGRA PH Y  1 1 7 

Coast and Geodet i c  Survey , 1 966 , Abst rac ts of eart hq uake reports for the Pac i f i c  Coast a nd the weste rn 
mounta i n  reg ion :  Ro ckv i l l e ,  Md . , U . S .  Department o f  Commerce MSA- 1 25 to MSA - 1 29 (Ja n .  
1 965 - March 1 966) . 

Coates,  D . R . , ed . , 1 97 1 , E nv i ronmenta l geomorpho logy :  New York , N . Y . , State Un i vers i ty of New 
York , Annua l  Geomorp ho logy Symposi a Seri e s ,  F i rst , B i nghamto n ,  N . Y . ,  October 1 6- 1 7 ,  1 970, 
Proceed i ng s ,  262 p .  

Coffman ,  J . L . , and von Hake , C .  A . , eds . , 1 973 ,  Eart hquake h i story of  t he Un i ted States :  Wash i ngton ,  
D . C . , U . S . Department o f  Commerce Pub l icat io n 4 1 - 1 , p .  89- 1 00 .  

Compto n ,  R .  R . , 1 977 , I n te rpre t i ng the eart h :  San Fra nc i sco , C a l i f . , Harco urt Brace Jova novi c h ,  554 p .  
Cor l i ss ,  J .  F .  1 1 973 , Soi l survey of  A l sea area ,  Oregon :  U . S .  Department o f  Agri cu l ture Soi l Conservat ion  

Serv i ce ,  82 p .  
Corry , M .  L . , T hompson ,  P .  L . , Watts, F .  J . ,  Jo nes , J .  S . , a nd Ri c hards , D .  L . , 1 975 , Hydrau l i c 

desi g n  of e ne rgy d i s s ipaters fo r c u l verts and c hanne l s :  U . S . Departme nt of Transporta t ion Federa l 
H i ghway Admi n i st ra t ion  Hydrau l i c  E ng i neeri ng C i r cu l a r  1 4 , 286 p .  

Corva l l i s Gaze tte -T i me s ,  1 949 , Be nto n  suffe rs heavy l oss dur ing w i nte r :  Apr i l 1 4, 1 949, p .  1 .  
1 977 , Steady ra i n  causes some road f lood i ng : Dec .  1 3 , 1 977 . 

Couch ,  R .  W . , and Lowe l l ,  R .  P . , 1 97 1 , Earthquakes and  se i sm i c  energy re lease i n  Oregon :  Oregon 
Department  of Geol ogy and M i ne ra l  I ndust ri e s ,  Ore Bi n ,  v .  33 , no . 4 ,  p .  6 1 -84. 

Couch ,  R . , V i ctor, L . , a nd Kee l i ng ,  K . ,  1 974, Coasta I and offshore earthquakes of the Pac i f ic Northwest 
be tween 39° a nd 49° 1 0 ' N .  l a t i tude and 1 23° a nd 1 3 1 °  W. long i tude : Oregon State Un i vers i ty 
Department of Oceanography , 67 p .  

C r ippe n ,  J .  R . , a nd Bue , C .  D . , 1 977 , Max imum floodf lows i n  t he conterm i no us Un i ted States :  U . S . 
Geo log i ca l  Survey Wate r-Supp ly  Paper 1 887 , 52  p .  

C rosson , R .  S . , 1 977 , Se i sm i c  stud ies  re l ated to reg iona l  tec to n ic s  i n  the Pac i f i c  Northwest (abs . ) :  
Geo l og i ca l  Soc ie ty of  Amer ica ,  1 977 A nnua l Meet i ngs ,  Seatt l e ,  Wash . ,  November 7-9 ,  1 977 , 
Abst racts w i th programs , v .  9 ,  no . 7 ,  p .  940 . 

C urry , R . R . , 1 972,  Geo log i c  a nd hydro log i c  effec ts of eve n -age manageme nt on product iv ity of forest 
so i l s ,  part i c u l ar ly  i n  the Doug las-fi r reg ion ,  in Even-age management , proceed i ngs of sympos i um :  
Corva l l i s ,  Oreg . ,  Oregon Sta te Un i versi ty , f): 1 37- 1 78 .  

C ur t i s ,  W . D . ,  and To land ,  G .  C . , 1 964, Fou nda t io ns o n  mo i sture sensi t i ve so i l s :  Dames a nd Moore 
E ng i nee r i ng Bu l l e t i n  25 , 1 0  p .  

Da l l a i re ,  G . ,  1 975 , Toug her po l l u t ion  l aws spu r use o f  impe rmeab l e  l i ners : Amer i ca n  Soc i e ty of C iv i l 
Eng i neers, C i v i l  E ng i neer i ng, May 1 975, p .  63-67 . 

Davi s ,  S .  N . , and DeWiest ,  R .  J .  M . , 1 966 , Hydrogeo l ogy : New York , N . Y . , Jo hn  Wi l ey a nd Sans ,  
I nc . ,  463 p .  

Deacon ,  R .  J . ,  a nd Fu j i tan i , K .  F . , 1 968 ,  Compi l at ion of exi sti ng subsurface so i l s  data a nd summary of  
subsurface cond i t ions ,  Orego n  State Un ivers i ty ,  Corva l l i s ,  Oregon :  Port l and , Oreg . , Shannon a nd 
Wi l son ,  I nc . ,  u npu b l i shed repor t ,  6 p . ,  24 f ig . 

Deh l i nger,  P . , a nd Berg , J .  W . , J r . , 1 962 ,  T he Port l and earthquake of November 5 ,  1 962 :  Oregon 
Department  of Geol ogy and M i ne ra l  I nd ustri e s ,  Ore B i n ,  v .  24, p .  1 85- 1 88 .  

Deh l i nger,  P . , Bowen ,  R .  G . , C hi bur i s ,  E .  F . , a nd Westpha l ,  W .  H . ,  1 963, I nvest iga t ions o f  t he earth
quake of November 5, 1 962,  north  of  Port land :  Oregon Department o f  Geo logy a nd M i ne ra l  I ndus
t r ie s ,  Ore B i n ,  v .  25 , p .  53-68 . 

Earthquake Eng i neer i ng Resea rch I n st i t u te ,  1 977 , Lear n i ng from earthquakes, p l a n n i ng a nd fie l d  gu ides: 
Earthquake Eng i neer i ng Research I ns t i tute , 200 p .  

Emerson , J .  W . , 1 972 ,  Channe l izat io n ,  a case study , i n  McKenz i e ,  G . D . , a nd Utgard , R .  0 . , eds . , 
Man and h i s  env i ronme nt :  M i n neapo l is ,  M i nn . ,  Burgess Pub l i sh i ng Co . ,  p . 6 1 -63 . 

Evernde n ,  J .  F . ,  1 977, Summar ies of tec hn i ca l  reports subm i tted to Nat iona l Eart hquake Hazards Reduc
t i on  Program :  U . S .  Geo log ica l Survey , v .  IV , 257 p . 

Evernde n ,  J .  F . , H i bbard , R .  R . , a nd Sch ne i de r ,  J .  F . ,  1 973 , I nterpretat ion  of se i sm i c  i ntens i ty data : 
Se i smo log i ca l  Soc iety of Amer ica  Bu l l e t i n ,  v .  63 ,  no . 2, p .  399-422 . 

Farooqu i ,  S . , a nd Deaco n ,  R .  J . ,  1 973,  Geo log i c  i nvest igat ions - Corva l l i s fau l t  tre nd : Lane , L i nco l n ,  
a nd Benton Count i e s ,  Oregon : Port l a nd ,  Oreg . ,  Shannon and W i l so n ,  I nc . ,  unpub l i sh ed report , 
1 8 p . , 4 fi g . 



1 1 8  G EOLOGIC HAZA RDS O F  EA S TERN BEN TO N  COUN TY, OREG O N  

Federa l Hous i ng Adm i n i st ra t io n ,  1 959,  Eng ineer i ng so i I c l as s i f icat ion for  res i de nt i a l  deve l opment : 
Federa l Hous i ng Adm i n i stra t ion , no .  373 ,  1 07 p .  

F i sc her , J .  A . , a nd Woodford , D .  L . , 1 972 ,  E nv i ronmen ta l  co ns idera t ions o f  san i tary l andfi l l  si tes :  
Dames and Moore Eng i neer i ng Bu l l e t i n  40 , p .  3- 1 2 . 

F l et c he r ,  G . A . , a nd Smoot s ,  V .  A . ,  1 974, Construc t ion  gu ide for so i l s and foundat ions :  New York , 
N . Y . , John  W i l ey and So ns , I nc . ,  420 p .  

Frank , F .  J . , 1 974, Ground water i n  the Corva l l i s-A l ba ny a rea , centra l W i l l amet te Va l l ey , Orego n :  
U . S . Geo log i ca l  Su rvey Water- Supp ly Paper 2032 ,  48  p .  
1 976 , G round water i n  the Harr i sburg -Ha l sey area ,  sou thern W i l l amette Va l l ey , Oregon :  U . S .  

-- Geo log i ca l  Survey Water-Supp l y  Paper 2040, 45 p .  
Frank , F .  J . ,  a nd Johnson , N . A . , 1 972 ,  G rou nd-water data i n  t he Corva l l i s-Al bany a rea , ce ntra l 

W i l l ame tte Va l l ey , Orego n :  Orego n State Engi neer  Grou nd-Water Report 1 7 ,  46 p .  
1 975 , G round-water data i n  the Harr i sburg -Ha l sey a re a ,  cent ra l  W i l l amette Va l l ey , Oregon :  

--O regon Sta te E ng i neer Ground-Water Repo rt 22 , 4 8  p .  
Fredr i kse n ,  R .  L . , 1 970 ,  E ros ion  and sed ime nta t ion  fo l low ing  road construc t ion  and t imber harvest o n  

u nstab l e  so i l s i n  t hree sma l l  weste rn Oregon wate rsheds :  U . S .  Department o f  Agri c u l t u re Forest 
Se rv i ce Research  Paper PNW - 1 04 ,  1 5  p .  
1 97 1 , Compara t i ve wate r q ua l i ty - nat u ra l  and d i st u rbed s t reams,  i n  Forest l a nd uses a nd st ream 

-- e nv i ronmen t ,  pro ceedi ngs o f  sympos i u m :  Oregon State Un i vers i ty S choo l  o f  Forestry , p. 1 25 - 1 36 . 
G l enn ,  J . L . , 1 965 , Late Q uaternary sed i me nta t ion  a nd geo log ic  h i s tory o f  the nort h W i l l amette Va l l ey ,  

Oregon :  Oregon Sta te U n i vers i ty docto ra l d i ssertat i o n ,  23 1 p .  
Gonth ie r ,  J . B . , 1 978, G round water resources of the Da l l a s-Monmouth area ,  Po l k ,  Ben to n ,  a nd Mar io n 

Coun t ie s :  U . S .  Geo l og i ca l  Su rvey Water-Supp ly Paper ( i n  prepara t io n ) .  
Goryck i , M . A . , 1 973 , Hydrau l i c d rag : a meander ge nerat i ng mec ha n ism : Amer i can Geo log i ca l  Soc i ety 

Bu l l e t i n ,  v .  84, p .  1 75 - 1 86 , 1 6  fi g .  
G ute nberg , B . , a nd Ri c hter ,  C .  F . , 1 965 , Se i sm i c i ty of  t he ea rth and a sso c ia ted phe no me na : New York , 

N . Y . ,  Hafner Pub l i s h i ng Co . ,  3 1 0 p .  
Ha l l ,  W .  B . ,  and Wa l s h ,  T .  H . , 1 974, A i rphotography and sate l l i te i mage i nterpreta t i on  for l i nears 

mappi ng and geo l og i c  eva l ua t ion  - A  p i l o t  study in the F l i nt C reek and T r i ang l e  Q uadrang l e s ,  
Owyhee County , I d a ho :  I da ho Bureau  of  M i nes  a nd Geo logy Pamph le t  1 57, 44 p . , maps . 

Hammerme is ter ,  D . ,  1 978 , Water a nd a n i on movement i n  se lec ted so i l s  of western Oregon : Oregon S ta te 
U n i versi ty doctora l d i sse rta t ion ,  270 p .  

Harr,  R .  D . , Harpe r ,  W .  C . ,  a nd K ryg ie r ,  J .  T . ,  1 975, C hanges i n  storm hydrograp hs a fte r road bu i ld 
i ng and c l earcutt i ng i n  the Oregon Coast Range : Wate r Resou rces Research ,  v .  1 1 ,  no . 3 ,  p .  436-
444 . 

Harr i s ,  D . D . , 1 97 1 , Pre l i m i nary e va l uat ion  of effe cts o f  loggi ng o n  hydro log i c chara cte r i s t i c s  o f  the 
th ree pr i nC i pa l  wa te rsheds, i n  Fo rest l a nd uses a nd stream env i ro nment , pro ceed i ngs  of  sympos i um :  
Oregon State Un i ver s i ty S choo l  o f  Forestry , p .  244-245 . 
1 973 , Hydro log i c  cha nges a fter  c l earcut  l ogg i ng i n  a sma l l  Oregon coasta l wate rshed : U . S .  Geo log

-- i c a l  Survey Jo urna l of  Resear ch ,  v .  1 ,  no .  4,  p .  487-49 1 . 
1 977 , Hydro log i c  cha nges a fte r logg i ng i n  two sma l l O regon watersheds :  U . S .  Geo log i c a l Survey 

--Wate r-Supp ly  Paper 2037, 31 p .  
H i cke n ,  E . J . , 1 974,  T he deve l opment o f  meanders i n  na tura l r i ve r  channe l s :  Amer i can  Jou rn a l  o f  

Sc ie nce , v .  274, p .  4 1 4-442 . 
Hoerauf ,  E . A . , 1 970, W i l l ame tte R iver :  r iver  l ands a nd r iver  boundar ie s :  Corva l l i s ,  Oreg . ,  Orego n 

State Un ivers i ty Water Resources I ns t i tu te WRR I - 1 ,  55 p .  
Ho lmes ,  A . , 1 965 , Pri nc i p le s  of physi ca l  geo logy :  New York , N .  Y . , Ron a l d  Press Co . ,  1 288 p .  
Howard , A .  D . ,  1 959,  Nume r i ca l systems of  te rrace nomenc la tu re :  a cr i t i q ue :  Jo urn a l  o f  Geo logy , 

v .  67 , no . 2 ,  p .  239-243 . 
l dso , S .  B . , Jackso n ,  R .  D . ,  and Reg i nato,  R .  J . ,  1 975 , Detect i o n  of so i l  mo i stu re by remote surve i l 

l a nce : Amer i can  S ci e n t i st , v .  63 ,  Sept . - O ct . ,  p .  549-556 . 
I n ternat iona l Congress o f  Bu i l d i ng Offi c i a l s ,  1 976 , U n i form bu i l d i ng code :  Wh i tt i e r ,  Ca l i f . ,  728 p .  
J e ns ,  S . W . , 1 977, The proposed  Federa l H i g hway Works Adm i n i s t rat ion manua l fo r storm drai nage of  

h i g hways i n  urban a rea s :  Nort hwest Br idge Engi nee rs '  Sem i na r ,  Port l and ,  Oreg . ,  1 977 , Proceed i ngs,  
p .  1 29- 1 4 1 . 



BIBLIOGRA PH Y 1 1 9 

Keefer,  D .  K . , 1 977 , A mode l for eart hf low (abs . ) :  Geo log i ca l Soc ie ty of Ameri ca , 1 977 Annua l  
Meet i ngs , Seat t l e ,  Wash . , November 7-9 ,  1 977, Abst rac ts w i t h  programs ,  v .  9 ,  no . 7, p .  1 045-
1 046 . 

K e l l e rha l s ,  R . , C hurch , M . ,  and Bray , D .  1 . ,  1 976, C l assi fi cat io n a nd ana lys i s  of ri ve r processes :  
Ame r i ca n  Soc iety o f  C i v i l  Eng i neers Journa l  of t he Hydrau l i cs D i v i s ion ,  J u l y  1 976 , Proc . Paper 
1 2232 ,  v .  1 02, no . HY 7 ,  p. 8 1 3-829 . 

K nezevi c h ,  C .  A . ,  1 975, So i l  survey of Benton Co unty area , O regon:  U . S . Department of Agr icu l t ure 
So i l  Conservat ion Servi ce ,  1 1 9 p .  

K nott , J .  M . ,  1 973,  E ffe cts o f  urban i zat ion o n  sed imentat io n and f lood flows i n  Co l ma Creek Ba si n ,  
C a l i forn i a :  U . S .  Geo log i ca l  Survey Open-F i l e Report , 5 4  p .  

K rauskopf, K . B . , 1 967 , I nt roduct ion  to geoc hem i stry :  Sa n F ranc i sco , Ca l i f . , McGraw-H i l l , 72 1 p .  
K rothe , N . C . ,  1 977, Water qua l i ty changes be neath a f lood p l a i n  (abs . ) : Geo log i c a l  Soc iety of  Ameri ca , 

1 977 An nua l Meet i ngs, Seatt l e ,  Wash . , November 7-9 , 1 977, Abstracts wi th programs,  v .  9, no . 
7 1  P •  1 059 • 

Lambe , T .  W . , a nd Wh i tman , R .  V . , 1 969, So i l mec han i cs :  New York, N . Y . , John W i l ey a nd Sons , 
I nc . , 553 p .  

Langbe i n ,  W .  B .  1 and Schumm ,  S .  A . , 1 958 , Y i e l d  o f  sed i ment  i n  re la t ion to mean  annua l  prec i p i ta t ion :  
Amer ican  Geophysi ca l  Un ion Transac t ions ,  v .  39 , no . 6 , p .  1 076- 1 084. 

Lawre nce,  R .  D . , L i vi ngsto n ,  N . D . , Vi ckers, S . D . , and Conyers, L .  B . , 1 977 , F i e l d  gu i de to the 
geo logy of Corva l l i s  and v i c i n i ty , Oregon :  Oregon Department of Geo logy and M i nera l  I ndust r ie s ,  
Ore B i n , v .  39, no . 4, p .  53-7 1 . 

Le igh ton ,  F .  B . , 1 966, La nds l ides a nd h i l l side deve lopment , i n  Eng i nee r i ng geo logy i n  southern C a l i fo r
n i a :  G lenda l e ,  Ca l i f . , Assoc iat ion of E ng i neer i ng Geo log i s ts ( Los Ange le s  Sect ion Spec i a l  Pub
l i ca t ion ) ,  p .  1 49- 1 93 ,  20 1 -206 . 

Lentz , R .  T . ,  1 977, T he pet ro logy and stra t ig raphy of the Port l a nd H i l l s s i l t :  Port l and State Un ivers i ty 
maste r ' s  thesi s ,  1 44 p . , map . 

Leopo ld , L . B . , 1 953 ,  Downstream cha nge of  ve loc ity i n  r ivers :  Amer i can Journa l of Sc ience , v .  25 1 ,  
p .  606-624 . 
1 968 , Hydro logy for urban l a nd p l ann i ng - a  gu idebook o n  the hyd ro l og i c  effects of urba n land 
use : U . S .  Geo log ica l Survey C i r cu l ar 554, 1 8  p .  

Leopo ld , L .  B . ,  a nd Langbe i n ,  W . B . , 1 966 , R i ve r  meanders: Sc i ent i fi c  Amer i ca n ,  v .  2 1 4 , no . 6 ,  
p .  60-7 0 .  

Leopo l d ,  L .  B . , a nd Maddock , T . ,  J r . , 1 953 ,  T he hydrau l i c  geometry of  stream cha nne l s  a nd some 
physiograph i c  i mp l i cat ions :  U . S . Geo log i ca l  Survey Profess iona l Paper 252, 56 p .  

Leopo l d ,  L .  B . , and M i l l e r ,  J .  P . ,  1 956 , Ephe mera l  streams - hyd ra u l i c  fa ctors and t he i r  re l at ion  to t he: 
drai nage net :  U . S .  Geo log ica l Survey Professio na l  Paper 282-A, 36 p .  

Leopo l d ,  L .  B . , a nd Wo l man , M . G . ,  1 957 , R i ve r  channe l  pa tterns :  bra ided,  mea nder i ng ,  a nd st ra i ght : 
U . S . Geo log i ca l  Su rvey Profess iona l Paper 282-B, p .  39-85 . 
1 960, R i ver  meanders: Geo log i ca l  Soc ie ty of Amer i ca Bu l le t i n ,  v .  7 1 , no . 6 ,  p .  769-797 . 

L i nder, W .  M . , 1 976 , Design i ng fo r sed iment  t ranspo r t :  Water Spe ct rum , v .  8 ,  no . 1 ,  p .  36-43 . 
Loy ,  W .  C . ,  1 976, At l as of Oregon :  Euge ne ,  Oreg . , Un i ve rs i ty of Oregon ,  2 1 5  p .  
Lung , R . , a nd Procto r ,  R . , eds . , 1 966 , E ng i neer i ng geo logy i n  southern Ca l i forn i a :  Arcad i a ,  Ca l i f . , 

Assoc . o f  E ng i neer i ng Geo log i sts , 389 p . , maps . 
Mack i n ,  J .  H . ,  1 948, Concept o f  g raded stream : Geo log i ca l  Soc ie ty of Amer i ca Bu l l et i n ,  v .  59 , no . 5 ,  

p .  463-5 1 2 . 
Made j ,  M . A . , 1 977 , C hanges o f  a stream c hanne l i n  re sponse to a n  i nc rease i n  sed i me nt l oad (abs . ) :  

Geo log i ca l  Soci ety of  Ameri ca , 1 977 Annua l  Meet i ng s ,  Seat t l e ,  Wash . ,  November 7-9 ,  1 977 , 
Abstracts w i th programs , v .  9 ,  no . 7 ,  p .  1 08 1 - 1 082 . 

Mathewson ,  C .  C . ,  and P i per , D . P . , 1 975 , Mapp ing the phys i ca l  env i ronmen t  i n  econom i c  terms:  
Geo logy , Novembe r  1 975 , p.  627-629 . 

McKee ,  B . ,  1 972,  Cascad i a - the geo log ic  evo l ut i on of t he Pac i fi c  Northwest : San Franc i sco , C a l i f . , 
M cGraw-H i l l ,  394 p .  

Megaha n ,  W .  F . , 1 973 , Ro l e  of bed rock i n  wa tershed management :  Ameri can Soc ie ty o f  C i v i l  E ng i neers 
I r r igat ion a nd Dra i nage D i v i s ion Spec ia l ty Confe rence ,  Fort Co l l i ns ,  Co lo . , Apri l 22-24, 1 973 ,  
Proceed i ngs , p .  449-470.  



1 20 G EOLOGIC HAZA RDS O F  EA S TERN BEN TON COUN TY, OREG ON 

Megaha n ,  W .  F . , 1 976 , Sed i me nt storage in channe l s  dra i n i ng sma l l  forested watersheds in the mounta i ns 
of centra l  I da ho :  Federa l I nte r-Agency Sed imentat ion Co nfe rence ,  T h i rd ,  Denve r ,  Co lo . ,  Proceed
i ngs,  p .  4- 1 1 5 --4- 1 26 .  

Mu l l i neaux , D .  R . ,  W i l cox,  R .  E . ,  and Ebaugh , W .  F . ,  1 977 , Age o f  t he l ast ma jo r  scab l and f lood of 
eastern Wash i ngto n ,  as i nfe rred from assoc iated a sh beds of  Mount St . He l ens  Se t S {abs . ) : Geo log 
i ca l  Soc i ety o f  Ame r i ca , 1 977 Annua l  Meet i ngs , Seat t l e ,  Wash . , November 7-9,  1 977 , Abstracts 
w i th programs,  v. 9, no . 7, p .  1 1 05 . 

M ur i sawa , M . , 1 968 ,  Streams :  the i r  dy namic s  a nd morpho logy : New York , N . Y . , McGraw -H i l l ,  1 75 p .  
N i cho l s ,  D .  R . ,  and Buchanan-Banks, J .  M . , 1 974, Se i sm ic  hazards and l a nd use p l a n n i n g :  U . S .  Geo

log i ca l  Survey C i rcu l ar 690 ,  33 p .  
N i cho l s ,  D .  R . ,  and Campbe l l ,  C .  C . , eds . , 1 969 , Env i ronme nta l p l a nn i ng a nd geo logy:  Sympos ium on  

Eng i neer ing  Geo l ogy i n  the  U rba n Env i ronmen t ,  Sa n Franc i sco ,  Ca l  i f . , October 1 969 , Proceedi ngs , 
204 p .  

Normann ,  J .  M . ,  1 975 , Des ign  of stab l e  cha nne l s  w i t h  f l ex i b l e  l i n i ngs: U . S .  Department o f  T ransporta
t ion  Federa l H i g hway Adm i n i st ra t ion  H ydrau l i c  E ng i neer i ng C i rcu lar  1 5, 1 36 p .  

O lso n ,  G .  W . , 1 976 , Cr i te r ia  for mak i ng and i nterpre ti ng a so i l  profi l e  descr i pt io n :  Kansas Geo log i ca l  
Su rvey Bu l l et i n  2 1 2, 47 p .  

Page , R .  A . ,  B l ume ,  J .  A . ,  and J oyner , W .  B . , 1 975 , Earthquake sha ki ng a nd damage t o  bu i l d i ngs : 
Sc i e nce , v . 1 89,  no . 4203 , p .  601 -608 . 

Page , R .  A . , Boore , D . M . ,  and D ieter i c h ,  J .  H . , 1 975 , Est i mat ion  of bedrock mot ion  of the ground 
surfa ce ,  in Stud ie s  fo r se i sm i c  zo na t ion of the Sa n Fra n c i sco Bay reg ion :  U . S .  Geo log i c a l  Survey 
Professio na l Paper 941 -A , p .  A3 1 -A38 . 

Pari zek , R .  R . , 1 97 1 , I mpac t  of h i ghways on  the hydro log i c  env i ro nmen t ,  i n  E nv i ronme n ta l  geomorpho logy : 
proceed i ngs  o f  sympos i um :  Bi nghamton , N . Y . , S ta te U n iversi ty of New York, p .  1 5 1 - 1 99 . 

Pe noyer, P .  E . ,  a nd N iem , A .  R . , 1 975 , Geo logy and ground -water  resources of the K i ngs  Va l l ey area , 
cent ra l  Oregon Coast Ra nge , Oregon :  Cor va l l  i s ,  Oreg . , Oregon State Un i versi ty Wate r Resources 
Research I nsti tute WRR I -39 ,  92  p .  

P i erson ,  T .  C . ,  1 977, Factors contro l !  i ng debr i s-f low i ni t ia t ion  o n  fo rested hi I I  s l opes i n  the Oregon 
Coast Range : Un i versity of Washi ngton doctora l  d i ssertat ion ,  1 66 p .  

P i pe r ,  A . M . ,  1 942, Ground -wa ter re so urces o f the W i l l ame tte Va l l ey ,  Oregon :  U . S .  Geo log ica l 
Su rvey Water-Supp ly  Paper 890, 1 94 p .  

P l at t ,  R .  H . ,  1 976, The Nat iona l F lood I nsurance Prog ram :  some m idstream perspec t i ves :  Journa l  of the 
Amer i ca n  I nst i tute of  P l a n ners , J u ly 1 976 , p .  303-3 1 4 . 

Recke ndorf, F . F . ,  1 973, Techn iques for i den t i fy i ng f lood p la i ns i n  Orego n :  Oregon Sta te Un ivers ity 
docto ra l d i ssertat ion , 344 p .  

Re i neck , H .  E . ,  and S i ng h ,  I .  B . , 1 975 , F l uvi a l  env i ronme nt,  i n  Depos i t i ona l  sed imentary env i ronmen ts: 
New York , N .Y . , Spr i nger-Ver l ag , p .  225-263 . 

-

R i ckert , D .  A . , a nd H i ne s ,  W .  G . , 1 975 , A pract i ca l  framework for r iver-qua l i ty assessment of the 
W i l l amette R i ver Basi n , Oregon :  U . S .  Geo logi ca l  Survey C i rcu la r  7 1 5-A ,  1 7 p .  

Roge rs, W . P . , a nd ot hers , 1 974, Expa nsi ve soi l a nd rock : Spec ia l Pub . 6 ,  Go lden ,  Co lo . , Co lo rado 
Schoo l of M i nes,  p .  68-73 . 

Ro thacher,  J . ,  1 970a ,  I ncreases of water yi e l d  fo l l ow i ng c l earcut logg i ng i n  t he Pac i fi c  Nort hwest :  
Water  Resources Research ,  v .  6, no . 2 ,  p .  653-668 . 
1 970b , Reg imes of st reamf low and the i r  mod i fi ca t io n  by logg i ng ,  i n  Forest l a nd uses a nd stream 

-- env i ronmen t ,  pro ceedi ngs o f  symposi um : Corva l l i s , Oreg . ,  Oregon S ta te Un i versi ty, p . 40-53 . 
Ruhe , R .  V . ,  1 956,  Geomorph i c  surfa ces and the natu re of so i l s :  So i l  Sc ience ,  v .  82 , p .  44 1 -455 . 

1 959 , Stone l i nes i n  so i l s : So i l  Sc ience , v . 87 , no . 4, p .  223-23 1 . 
--1 960, E l eme nts of the so i l  l a ndscape : I nte rna t iona l Congress of So i l  Sci ence , Seven t h ,  Mad i so n ,  
--W ise . , v .  2 3 ,  p .  1 65- 1 7 1 . 

1 97 1 , St ream reg i me n  and man ' s  man ipu la t ions ,  i n  Coates, D .  R . ,  ed . ,  Env i ro nmenta l geomorpho l 
--ogy : Geomorpho logy Symposia Seri es , F i rst , B i nghamto n ,  N . Y . ,  State Un i vers i ty of New York , 

Proceed i ngs ,  262 p .  
Schenck , H .  G . , 1 927 , Mar i ne O l igocene o f  Orego n :  Un i ve rs i ty o f  C a l i fo rn ia  Departme nt o f  Geology 

Sc ience Bu l le t i n ,  v. 1 6 ,  no .  1 2 , p .  449-460.  



BIBLIOG RA P H Y  1 2 1 

Sch l i cker ,  H .  G . , 1 977, Geo log i c  restra i nts to deve l opmen t  i n  se lec ted areas of Mar ion Co unty , Oregon :  
Oregon Department of  Geo logy a nd Mi nera l I ndust r i es Open-F i l e  Report 0-77-4, 59 p .  

Sch l i cker, H .  G . , Gray , J . J . , a nd Be l a ,  J .  L . , 1 978,  Ro ck mate r i a l  resources of Benton Co unty , 
Oregon :  Oregon Departme nt o f  Geo logy a nd M i nera l I ndust r ies Short Paper 27, 49 p . 

Schroeder,  W .  L . , a nd Swanston , D .  N . , 1 975 , Lands l ide hazard st udy , V i neyard Moun ta i n  subd i v i s io n ,  
Corva l l i s , Oregon :  Corva l l i s ,  Oreg . ,  u npub l i shed repor t ,  2 6  p .  

Schu l tz ,  J .  R . , a nd C l eaves ,  A .  B . ,  1 955 , Geo logy i n  e ng i neer i ng :  New York , N . Y . ,  John W i l ey 
and Sons ,  I nc . , 592 p . 

Schumm , S ,  A . ,  1 977 , App l ied f l uv i a l  geomorpho logy , i n  Hai l s ,  J .  R . ,  ed . ,  App l i ed geomorpho logy: 
New Yo rk ,  N . Y . , E l sev ie r Sc ient i fi c Pub l i s h i ng Co . ,  p . 1 1 9- 1 56 ,  

Seaburn , G .  E . ,  1 969, Effects  o f  urba n  deve l opment o n  d i re ct runoff to east Meadow Brook , Nassau 
County,  Long I s l a nd ,  New York : U . S .  Geo log ica l  Survey Professio na l  Paper 627-B , 1 4 p .  

Seed , H . B . , and l dr i ss ,  I .  M . ,  1 97 1 , S imp l i fi ed  pro cedure fo r  eva l uat i ng so i l  l i q uefact ion  poten t i a l :  
Ame r i ca n  Soc i ety of C i v i l  E ng i neers , Journa l of the So i l  Mecha ni cs a nd Founda t ions D i v i sion ,  
v . 97 , no . SM9, p .  1 249- 1 273 . 

Se i smo log i ca l  F i e l d  Survey of the Coast a nd Geode t i c  Su rvey , 1 957- 1 966 , Abstrac ts o f  earthquake reports 
fo r the Pac i fi c  Coast and the western mounta i n  reg ion :  Wash i ng to n ,  D .  C . ,  U . S .  Departme nt of 
Commerce . 

Shannon  and W i l son ,  I n c . , a nd Agbab ian  Assoc iate s ,  1 976, Eva l ua t ion  of so i l  l iq uefact ion  po ten t i a l  for  
l e ve l  ground dur i ng eart hquakes - a  summary report : Spri ngfi e l d ,  Va . ,  Nat i o na l  Techn ica l  I nforma
t ion  Service , prepared for the U . S ,  Nuc l ear Reg u l a tory Commi ss ion u nder Contract No . AT(04-3 )-
954, 1 1 3 p .  

She l ton ,  J .  S . , 1 966 , Geo logy i l l ustra ted : San Franc i sco , Ca l i f . , W . H .  Freeman , 434 p . 
Sm i th , S . W . , 1 977 , Se i sm i c i ty ,  fau l t i ng ,  and earthq uake pote nt i a l  (abs . ) : Geo log i ca l  Soc iety of Amer i ca , 

1 977 Annua l Mee t i ngs ,  Sea tt l e ,  Wash . ,  November 7-9 , 1 977 , Abstracts w i t h  programs,  v .  9, no . 7 ,  
p .  1 1 83 .  

Snave l y ,  P .  D . , J r . ,  a nd Ba ldw i n ,  E .  M . ,  1 948, S i l etz R i ver Vo l can i c  Ser ie s ,  northweste rn  Oregon :  
Ame r i can  Assoc ia t ion  of  Petro l eum Geo log i sts Bu l l e t i n ,  v .  32 ,  no . 5 ,  p .  806-8 1 2 .  

Snave l y ,  P .  D . , J r . ,  a nd Mac leod , N .  S . , 1 977, Evo l u t ion o f  t he Eoce ne co nt i nenta l marg i n  o f  wester n  
Oregon and Wash i ng ton  (abs . ) :  Geo log i ca l  Soc i ety of Amer i ca , 1 977 Annua l Mee t i ngs, Seatt l e ,  
Wash . ,  Novembe r 7-9, 1 977 , Abst racts w i th programs , v .  9 ,  no . 7 ,  p .  1 1 83 . 

Snave l y ,  P .  D . , J r . ,  Mac leod, N .  S . , a nd Wagner,  H .  C . ,  1 968 ,  T ho l e i i ti c  and a l ka l i c  basa l t s  o f  the 
Eoce ne S i l etz R i ver Vo l ca n ic s ,  Oregon Coast Ra nge : Amer ican  Journa l of Sc ie nce , v. 266 , no .  6, 
p .  454-48 1 . 

Snave ly , P .  D . ,  J r . , and Wagner,  H .  C . ,  1 964, Geo log i c  sketch of northwestern Oregon :  U . S ,  Geo log
i ca l  Survey Bu l l e t i n  1 1 8 1 -M ,  1 7  p . 

Stacey , F .  D . ,  1 969 , Phys ics  of the eart h :  New York , N . Y . ,  Jo hn  Wi l ey and Son s ,  I n c . , 324 p .  
Swansto n ,  D .  N . ,  1 970,  Pri nc i p l e  so i l  movemen t  processes i nf l ue nced by road bu i l d i ng ,  logg i ng,  a nd 

fire , i n  Fo rest l and uses and stream env i ro nment , proceedi ngs o f  sympos ium : Corva l l i s ,  Oreg . ,  
O regon Sta te Un i vers i ty , p ,  29-39 . 

Swansto n ,  D .  N . ,  and Dy rness, C .  T . , 1 973,  Stab i l i ty of steep l a nd :  Journa l  of Forest ry , v . 7 1 , no . 5 ,  
p .  264-269 , 

Teng ,  W .  C . ,  1 962, Fo undat ion desig n :  E ng l ewood C l i ffs , N . J . ,  Prent i ce -Ha l l ,  466 p .  
Terzagh i , K . ,  a nd Peck , R .  B . ,  1 967, So i l  mechan i c s  i n  eng i neer i ng pra ct i ce :  New York , N .Y . , Joh n 

W i ley a nd Sons ,  I nc . ,  729 p .  
T hornbury , W .  D . , 1 969, Pr i n c i p les of geomorpho logy :  New Yo rk ,  N . Y . , John W i l ey a nd Sons ,  I nc . ,  

594 p .  
Todd , D . K . ,  and M cN u l ty ,  D .  E . , 1 976 , Po l l u ted grou ndwater: a rev iew of  t he s ig n i fi ca nt l i te rature : 

New York , N . Y . ,  Water I nformat ion Cente r ,  I nc . ,  1 79 p . 
T refethen ,  J .  M . ,  1 949 , Geo logy for e ng i neers: New York, N . Y . ,  Van Nostrand,  620 p .  
Tu rner ,  F . E . ,  1 938 , Stra t i graphy a nd mo l l usca of the Eocene o f  weste rn Orego n:  Geo log ica l  Soc iety 

of Amer i ca Spec ia l Paper 1 0, 1 30 p .  
U . S . Army Corps of Eng i neers , 1 97 1 , F lood p la i n  i nfo rmat io n ,  Wi l l amet te R i ve r ,  Marys R i ver ,  Corva l l i s ,  

a nd Ph i l omath , O regon :  Po rt l a nd D i str i c t ,  49 p . , maps . 



1 22 G EOLOGIC HAZA RDS OF EA S TERN BEN TON COUNTY, OREG ON 

U . S .  Army Corps of Eng i neers , 1 977 , Water resources deve lopment by the U . S . Army Corps of Eng i neers 
in Oregon :  Port l a nd D i str i c t ,  1 29 p .  

U . S ,  Bureau o f  Rec l amati on ,  1 974, Earth Manua l  - a  water  reso urces techn i ca l  pub l i cat ion :  Wash i ng to n ,  
D . C . , U . S .  Government Pr i n ti ng Offi ce , 8 1 0  p .  

U . S . Depa rtment of Commerce , 1 949, Un i ted States earthquakes:  Washi ngton ,  D .  C . ,  U .  S .  Government 
P r in t i ng Office . 

U . S , Depa rtment of Hous ing a nd Urban Deve l opment ,  1 973,  So i l  samp l i ng a nd test i ng fo r res iden t i a l  
deve l opme n ts :  Hous i ng a nd Urba n Deve l opmen t  tra i n i ng handbook ,  85 p .  

U . S .  Department of t he  Navy , 1 962 ,  Des ign  manua l :  soi I mechan i cs ,  fou ndat ions,  and ea r t h  structures : 
200 p .  

U . S . Geo log i ca l  Survey , 1 974, Earthq uake i nforma tio n  bu l l e ti n :  Wash i ngto n ,  D .  C . , U . S .  Government 
Pr i nt i ng Office , v .  6, no . 5 ,  p. 28 . 
1 976 , Earth Sc ience i nfo rmat ion  i n  l and use p l anni ng, i n  Spang le  a nd Assoc ia tes , a nd others , Gu i de 

-- l i nes fo r earth sc ient i sts and p l a nners :  U . S .  Geo logi ca i'Survey C ircu lar 72 1 , 28 p .  
1 977, At las of vo lcan ic  phenome na : Wash i ng ton , D . C . , U . S . Government Pri nt i ng O ffice ,  

--Stoc k no . 024-00 1 -01 202-2, Cata log no . I 1 9 . 2 :  v .  88/4, 20 sheets . 
U . S . So i l  Conservat ion Servi ce ,  1 972,  Procedure for compu t i ng sheet and r i l l  e ros ion on pro j ect areas :  

U . S .  So i l  Conservat ion Se rvi ce Techn ica l  Re l ease 5 1 , 14 p .  
Varnes ,  D .  J . ,  1 974, T he log ic  o f  geo logi ca l maps, w i th  refere nce to the i r  i nterpreta t ion  a nd use for 

eng i nee r ing purposes :  U . S .  Geo l og i ca l  Su rvey Profess iona l Paper 837 ,  48 p .  
V i ckers ,  R .  S . , 1 976 , Remote sens i ng o f  so i l  mant l e :  Sta nfo rd Research I nst i tute ( prepared fo r Bureau of 

Land Management ) ,  1 1 8  p .  
Yokes ,  H .  E . , Mye rs, D .  A . , and Hoove r ,  L . ,  1 954, Geo logy of the west-ce ntra l border area o f  the 

W i l l amette Va l l ey , Oregon :  U . S .  Geo log i ca l  Survey Map OM - 1 50, sca l e  1 :6 2 ,500 . 
Vokes ,  H . E . , Norb i srath , H . ,  a nd Snave ly , P .  D . , J r . , 1 949 , Geo l ogy of  the Newport-We ldport area , 

L i nco l n  and La ne Count ies ,  Oregon :  U . S .  Geo log ica l  Su rvey Map OM-88, sca le  1 : 62 , 500 .  
Waanane n ,  A .  0 . ,  L imer i nos ,  J .  T . ,  Kocke l man ,  W .  J . ,  Spang l e ,  W .  E . , a nd B l a i r, M .  L . , 1 977, 

F l ood-pro ne a reas a nd l and use p l a nn i ng -- se l e cted examp les  from the San Franc i sco Bay regio n ,  
C a l i forn i a :  U , S .  Geo log ica l  Survey Professio na l  Pape r 942 , 75 p .  

Wa l ton ,  W .  C . , 1 970, Ground wate r  resource eva l ua t ion :  Sa n Fra nc i sco , Ca l i f . , McGraw-H i l l , 664 p .  
W i l l iams,  J .  R . , and Berndt ,  H .  D . , 1 972 ,  Sed i ment y ie l d  compu ted w i t h  Un i versa l Equat i on :  Amer i ca n  

Soc i e ty o f  C i v i l E ng i neers ,  Journa l  of the Hydrau l i cs D i v i si o n ,  v .  9 8 ,  no . H Y  1 2 ,  Proceed i ngs 
Paper 942b , p .  2087-2098 . 

W i l l iams,  R .  S . , and Carte r ,  W .  D . , eds . , 1 976, ERT S - 1  A new w i ndow on  ou r  p l anet :  U . S .  Geo log ica l  
Su rvey Profess iona l Paper 929 ,  362  p .  

Yorke , T . H . , a nd Davi s ,  W .  J . , 1 97 1 , E ffe cts o f  urban i za t ion  o n  sediment  transport i n  Be l Pre C reek 
Basi n ,  Mary l a nd ,  in Geo log ica l  Survey Research ,  1 97 1 : U . S .  Geo log i ca l  Survey Pro fess iona l  Paper 
750- B ,  p. B2 1 8-B224 .  

Young , A . , 1 972 , S l opes : Ed i nburg h ,  E ng l and ,  O l i ve r  a n d  Boyd , 288 p .  
W i nterkorn ,  H .  F . ,  and Fang , H .  Y . ,  eds . , 1 975,  Fo undat ion eng i neeri ng handbook : New York , N . Y .  , 

Van Nostrand Re i nho l d ,  75 1 p .  
W i schme i e r ,  W .  H . ,  1 976 , Use and m i suse o f  t he Uni versa l So i l  Loss Equat ion :  Journa l o f  Soi l and Water 

Co nserva ti o n ,  v. 3 1 , no . 1 ,  p. 5-9 .  



S T A T E  O F  O R E G O N  

D E P A R T M E N T  O F  G E O LO G Y  A N D  M I N E R A L  I N D U ST R I E S 

D O N A L D  A H U l- L ,  ST A T E  G E O L O G IST 

040000 FEET 
SOU Till 

49 ]7  

Base M a p  from U S G S  15' ser ces ( To p ographic] 
W ! l l a m elte  R e v e r  c h a n n e l  r ev 1 s e d  f r o m  7 1 / 2 '- U . S G S q u a d r a ng l e s  ( 1 9 6 9 ,  1 97 0 )  

Topography by mult•plex metnods !•om a e  .. a l  photo�raphs 

ta�en 1 939 C u l t u re •ev,.ed b� USGS !rom aerral  
photog<aphs 1a�en 1 954 F1eld checlo 1 956 
Polycon'c proc,.ctron ! 927 Nonh Amerrcan d a lum 

1 0  000 foot grrd ba�ed on Oregon coordrnate w�tem 

north 1one 

1000 meter Un1ve•sal Tran�verse Mercator R"d tocks 

zone 10 

• 

B U L LE T I N  9 8 G E O L O G I C  H A Z A R D S  O F  E A S T E R N  B E N TO N  C O U N T Y ,  O R E G O N  

MAP SHO"ltVING GEOLOGY A ND GEOLO GIC HA ZA RDS 

L O C A T I O N  M A P  

o£ EASTERN BENTON COUNTY 
ORJE<G ON 

"' 
• .. ( '  }4 

,, 

1 2 3 ' 1 5 '  � '5 W  f81 
BEN. "i"N" 

1 2  

School No 31 

I 

r 

1/ 

-, ) 

'81 

/ 
/ 

/ 

f 

j 

/ 
/ 

/ 

., 

" /• 32 ' ..1� UrJ �n 33 

�, �-.&---/ .P 

5 4 

/ _}1.16 
. .. 1 7  

20· 

., 

� 
• I 
I �  

' 

·I 

BM BM 294 
-'>,.o{l'�l'\1! ·� __:__. 1-

· \  

G e o l o g c c  c r o s s  s e c t 1 o n s  s h o w n  m b l u e  are d e l i ne a t e d  o n  7�1 / 2 '  q u a d r a n g l e s  o f  t h r s  m a p  s e r ces 

S C A L E  1 : 62, 5 0 0  

'89 

9 
m 

) 
/, ) 

I 7� O r a l  

EXPLANATION 

(Boundanes are approximate; statements are general; speufic e valuauons reqUtrc 
on-site invesuqat1on) 

SURFICIAL GEOLOGIC UNITS 

Stream and terrace depos1ts 

Recent nver alluVlum Uncmlsol!da lcd c o b b le� coarse grauel �and, and �orne s�Jt 
W<thm «dwe channeh of W<lla rnelle Rwer 20 4 5  f! lh,�,;k e'l '"valenl Ia par/ of 
Qal o f  Allison ( 1 953), part of Qal of VoiH.•s a11d o thers ( 1 95 4 ) ,  part o f  llorseslwe 
sur[fl.ce of Balsl«r and Pars<>t>b (I  06 8! part o f  Qya/ of Frat>h ( 19 7 I) part of Qal 
o f  Beaul•eu { I  9 74) charncler�zed by low relw{, pomt-bar depo"ls, and secondar) 
actwe cl>an,cls locally sub;ect to m«}or [loodmg, cnt•cal s tream bank eroscon 
and lateral clu:umcl nugratwn 

11'35 ; 

Quaternary lower terrace depos•ts· Semrcon�o!rdaled cob bles, grauel. oand. srlt 
clay, and organrc matter of uanablc ti Hcllncss on lowland terraces above Qra! 
(approx 35 ft lhrck) anrl "long usu,/ly etl /romched lnbu lary rwers and of reams as 
Marys R•1.!cr ( 1 0- 1 00 ft thrch) sur!rcral ma lenal l!enera/ly 1 0  30 fl lrghl brown 
srl/y clay all<l [one sand. equ waleni /o par/ of Qnl <>( L\lhson ( 1 95 3) par/ of Qal of 
Vohes and o thers ( 1 954),  Ingram sur{ aLe o f  Balster and Parsono ( 1 .968),  and par/ 
of Qyal and Qnal of Pranl• ( 1 9 74) charocterrzed by low undulatrng fluurat 
su rface wr /11 meander scrolls and oxbow lake• sr,b;ecl to ln«}Or and local 
{!o odrni!, some ca/astroph�c channel nui£ratwn on ma1or scale ncar \Jirlla mettc 
Rrucr, pondmg and /"gl1 grow"/ wafer. uanable ground water r m tentral, h 1>:h near 
Wrilamelfe Rnmr mod<•mte to �ood elong lr  • l> u tary 'wcr� und s/r<>am� <f depo"1/P 
are lhwl! and o n leriJedded snml a ncl gmuel occur bem•alh Wfl. /er table, poorl} lo 
well dramed srlt and clay so1/s 

\) \ 
iulhur' 

+ 

rr:=l � 
Quaternary mtddle terrace depositS Sem �eonnolrda ted gravel, sand s�/1, anrl clay 
(ormrng terrace• of m«}or ex/e n /  a/on!{ Wrllamelte Rwer sur[!cra/ materw/ 
ger!erally 1 0  10 {I lrgh/ brown s•ll:y clay and fmc sand eq 'lwa/cnt to part of Qws 
o f  Al11s<Jn ( 1 g53),  part of Qal of Vokes and o thers ( 1 95 4 ) ,  Wrn111e Calapooym, 
and Senecal wr{aces of Balster and !'arsons ( 1 g68) , pm I O{ Qoal of Frank ( 1 9 74! 
Very f/lll lermces well above Qtl alonl.! W•llametlc Hwcr, appro:r.!matcly 5 0- 1 0 0 ft 
lh!c h ,  1 0 0  or more nefl.r Granger tlnnnmg to 5 0  rt or less ncar Wrllumetle Rwer 
good to h rg/1 ground wa/(•r '"'l<ls (rom coarser deposr/s aro1md 5 0 ft deep locally, 
poorly to well dmmed srlf and clay so1/s 

Quaternar} htgher terrace depostts. Semwonso/1datcd gravel sand sri/, and cia} 
of uanable lh•ck m•ss ( 10 :WO {I) on / nghcr terraces new {o oth!lls, sur[rcwl 
matcrwl generally 1 0  30 {I lrght brown s�Uy clay and {rne wnrl at Corvall•s 
Plzrlonwth cq!lwalent t o  part of Qdg of Vokc� and o ther� (1 9'>4).  part of Q t wd 
and Do/p/1 wr{oce� of Balster «nd Parso ns (1 968),  p<!rl o( Q I  of F>ank ( 1 9 74 ) ,  
generally l>'lfilcr a n d  more d Jssccted by sl> �ams than Qtm, trans!tronal W1/h 
pcdm•cnts and tllrnner neur bed rod! foo l/Hils (oeuerul /ens of {I or le,R) , 1 0 0 ft at 
OSV. ! 70 200 {I  o l  and so 'lth of f'lulomath, small to moderate ground water 
ywlds, hrnrted by storage wh< re lhm ouer bed m c/e ,  poOr/) to well drarned stlt 
loam so1ls 

BEDROCK GEOLOGIC UNITS 

Sedimentary rocks 

Earh Oligocene sandstone Eawualent to Tis (/uf{tweor.s sund�lone) of Vohes 
a n d  o th<•rs ( 1 95 4 ) ,  l[r<•tmrsh-gray medru m- to coarse gr amed, tuffaceous sandstone 
conlammg {ossrh and occttrnng m •solnled o u tcrops m southeast pari of county 
beds 3 12 {I th1ck , weal hen to yello w rsh g•a y ,  not well k n o wn 

Late Eot'ene sandstone · Eq tuualen l to rs (Sp�nr·cr) of Tt�rner (1 938) maS>we to 
lhm bedded, ro1dura/ed [me- to medwm-gramed m1caceous arkostc and 
tu(faceou� sandsio'""· sm1d•tones sm11/ar to sandy beds w r th m  Flournoy 
I<orm�tron, also "'durn ted darh green to gray basolllC wndstor.e (eas l of Dawson, 
nortl1east of I ew1s b 11 r;! and 1 11  Albany q uad), 'phermdally wea lhermg /u medmm 
yello wi�h bro w t> sot/, lhm bccldr•d, medrum l(rav siltstones (orm mf! topographic 
ual/eys new Mom oc carbonaceous m1d bon) coal at  Svrmg Htll llear A l bany and 
locally , corrcretrons loe<JIIy under/res many terrace depvsrts, most/) deeply 
weathered and eao•l:y exeaual<•d. h ll t  locally req t� rres ;ac/,hamnwrmg contams 
unmapped very /rard zones wrtil related m truswes 2 8 {I lll(hl to dark 
:ye/lo w.�/1 bro w n  <rtf and clay <O!ls, low permeaiHi rl:y,  small gro tmd-w,ter y•cl<ls to 
well� (uplnnds, small /o moderate yrelds (rum percl.ed zo nes) salm•IY no ted a t  
depth 

M•ddlP. Eocene sandstone l;q u walen / to Tf (Flournoy) of Baldwm ( 1 9 75),  and 
Tyee (Tl) of Vohes and o l /wrs ( 1 0 4 9} b/u rsh gray,  [1rml:y compacted, graded 
sandstone and dark gray Sl/1�/orre .J 12 {I beds med r u m  l[ramed, mrcaccous, 
Qr/1osrc �andstow1s and m udsto nes weal hers to /�ght tan, dark yellow.sh -brown 
s<lly day loam soil�. o(l<:n wdl drart><:d o{lcn d<:epty weathered and eas•ly 
excauated conglomc1atrc snndslone beds conlmr ung bma/1 peb bles on we'/ [lanh 
t>Orlheasl tret>d•ng l ull north of Le w rs b u rg and locally <JII west s1de of IV�tham Hr/1 
m Cort>ai/1s m ter{rngerl!lf! to north w •lh marme srlt�tone m A lbany q uad 
sonds/Ol1es predommale m Mon�oe q u ad and toward /uwer pa1 f o J  sec/ron, ground 
water potentral srm1/ar to Ts, b 'll less clrmrue o f  good ) leldo locally due to vvry 
lo w perm<•ab•lrt;;, adequate rlome<l!c SUIJPlrcs from sprmgs of pc!ched zones in 
colluuwm we.!/ o( Kmgs Valley 

Kmgs Valley Siltstone- EiJuwale n /  to Tsr/1 (Krngs Valle} S1llstorw member of 
S•lelz Rwer Volcamcs) of Vohes and o l/r(!>S ( 1 9 54),  named [01 cx tcnsrue o u tcrops 
m Kwgs Va!IC}, JLhere 3 000 ft thrch l[et>era/!y well bedded. dar/• bro w rr rsh grfl.Y, 
tuffaceous srlfslone and rvaleti<Hd l u ff lower part near Wren a dark gray shaly, 
t u ffaceous Siltstone, weathermg spherordatly to /a/tiS of �ay u/1 orani(e to 
l!g!J t./>ro wn ch•ps ( •nlerbedded p11/ows bawl/ {lo ws, It� {(, a"d mmo� [lo w  b r<:�ccra 
also more co mmon) , l!/JPC> part near llosl1ws IS tlun bedded, frne grurned, 
tuffaceous sollotone lll lerbed.ded w•lh <Jccaswnal lrghi yel/<JW!Sh gray rsh w h 1 /e 
l uff wealhennf! to /rglr t-brown sorl, easib eroded ancl excavated day m merals 
domman l/y mon tmonllo •ute ma;or aq llr[er of Kmgs ValleY 1 12-40 gp m yields of 
COI!{rned and sem<eon(med �r011nd tLater from {rliCIIIres or s"nrlslo11e l«yer£ in 
Sills/one chemocal q•wl<t) •mpaored below 1 5 0 2 () 0  {I w rtholl/ mcreased y•cld 

Sandstone P<:!dLm<:!nh Gel!ily mcl•ned planar erosw" <�<r(,ce� cui 1nto l>erl roc/' 
and get>erally veneered w r lh 1/un deposits of unconsolrrlated matcrwl m lransport, 
111CI11drng gravel sand �!II and clay sandstone pedrmet> l� haue eng•neermg 
properlws and gro t�nd w,/er pot<'nlral of corresp 0 11d1>ri( 'l>tde>lymg bcdroc/1 un rts, 
transr t w nal w1lh te1race depas1/s near bed rod< o f  too liHII  areas 

Volcamc rocks 

Eocene volcamc rock Equwalc n t  to 7 sr (81/etz Rwer Volcamcs) o f  Voke� and 
others ( 1 954) and Snavely and Tlaldw•n ( 1 918) .�. 0 0 0  9. 000 {I of marme
dcposlted dar/1 gre�'nr�h gra) lu black vcsrc!<lar to a m ygdalordal pillow /alaS and 
banal/ (lows, w rllr nunor m terbedded and ovcrlymg lu(faceol!s claystone, 
stltstune, and basaltiC �and<fone, flo w  i>recc' "  Mill com<>'! pyroc!asliCS rare often 
20 ;;o {I deep-weatlrered zones l1ght ru�ty- bro w n  1n oo[l oedunen/s ar�d b recera, 
4- 1 0  {I zone$ more common m Pillows and flo ws Pillows nori!J u{ l'il !lornuth and 
along G reasy Creel> darh b rown to reddosh b rn w t> >rll  and clay so1ls (I  4 ft tlnch) 
Wllh ohrinh/sw«ll cro.cl•s, perched ground water zones related to fractures 
goncral/:y adeqrwtc f01 dome�/« <<Ses moderate yr<:�lds 15 60 gpm m l'hllomath 
Corva/11� area hazards rnclude local mass mo!'emcnt m collu vrum 011 steep dopes 

Volcam" P'-'duncnt Genll:y mc/rned, planar erO<Wn ""face Clll mlo Tsr and 
g<•ncrall} venee1ed wr/11 1/t rn depos1ts of unco nsolrda led matcrral m transport, 
sila//ow m te1m r t tent dramages. durh-brown to reddrsh -bro w n  srlt ancl clay sot/� 
1 I 0 {I th<ch Wilh shrmklswd/ crachs, c reep p nne<nes act we " "  sl<>tms and near 
dra"wges, !llC!sed streams {lo w on bed rock l !mrted mw;s movement near breaks m 
slope 

Intrusive rocks 

Post-Eocene mtrusl\'e rock Equwale n t  to T• of Vokes and o thers ( 1 9 5 4 ) ,  {me to 
medwm gramed ba<olt and g,. b b ro ti.<ke�. �dh, and orrel(u!ar m truswe bodtcs, 
rang,ng fro m narruw, V<:il/lcal d illes to large nearly l1onzontal, thu;k (300 500 {1), 
Slll-lillc mas,es. eu/ Ts and T£ untt� partic ular[) rn Monroe Q uad l(e>wrall'>' more 
frnely le:<!urcd m Ts /han Tf: un mapved r n /ruswcs occur m Tsr ' " "' rrge ('arl:y 
0/!gocene. often quarrred, presenlo excavatwn problems for underground u t•l• l 1e� 
and sewers, �(round water p o len ltal lo w ,  q uon tr t•es adequate (or domeslrc !<Se 
pOSSible loco/ly near 'lpper contact vr m {rae/ 'Ires, ex tremely liard 

GEOLOGIC HAZARDS 

Mass Movement 

Earthflo v.;  and slump topography (areas less tlran 5 1 0 acres usually no t shown) 
1Woderately s/opmg terram wrlh 1rreglllar�tre• of slope dramage, or sod 
drstnb utJon, dctccled m aena/ plroto;traphs, supplemented by {reid checks, recent 
movement locally �ho wn m [wid b y  tenswn cracks, headwall nearps h <� m mocky 
terram b o wed trees, aclwe so•/ creep, and o ther· features most w rdespread m Tf 
anri Ts sedrmentary u n r ts, Tsr uo lca!llc u n r l" and at bedrock COil /acts particularly 
Ti and s<!d1men tar:y 'IIliiS, mo•t common m areas of s tream bank eroswn or actwl'! 
helldJLard eroswn m h<ils1de dromol(es, among poss r b le hazards are con tmued 
movemen ts, lorl.l c•llbank stability and poor and rrregu/ar dromage, development 
possrb/e locally but may roactwate or accekra/e shdmg, wher(! features arc 
unmappable due to den�e forest COller or photo scale, sl<de regwns may go 
rmdetec lcd 

Steep-slope mass mov.,ment General areas of / ugh sl1de p o tenlral rdent•f•ed 
prtman/y on basJ<; of average •e/ilwna/ slope greater /han 50% (determmed [rom 
map scale 1 62 5 0 0  and 50-{1 contour m lerva/), sub;ect to locat.zed rockfall, 
rochsl1dc, debns avalanche, deb rrs flo w ,  eartlrf/ow, and slump may wclude a few 
arens of d('(•p (<Hiure m vo/mng Oed rnch m addllron to sorl and r('go hth, most 
wrdespread m steeply slopmg Tf and Tsr terra m ,  speci[ic occurrences con /rotted 
I>) faults, ;om ls, c o n tacts w•lh ml�uswe rocks, sOil water, sod lh•chness, uege latwe 
cover Ulld land use, tlllcll accum<�latrons of collu vrum often oceurnng at or near 
bases of s leep slopes 

Potential future mass movement Place� of h 1ghest p o lentwl for future mass 
moue men/ resu/t,ng {rom •mproper or changmg land use mclude 

E:arlhflow and slump topography - modera te/) �/f'ep to s teep slopes rn areas 
of low surface ru noff and srgnr(Jcant chemrca/ weathermg, most common also 
along {au/ Is, ;omts and bedrock contact� (partJcularly Ti and sedrmen tory 
u n 1 ts), also common m heads of gut/1es or m areas of natural or ar/i{rcwl 
undercu ttmg as along streams urtd roadcul� Unrls mclude Tsr, Tsrk, Tf, Ts, 
a nd surfrcml u m ts a/011g rwers and streams. Rcatloped bowl shaped depressw/I.S 
m Tsr u(l< n rnd•c a le I" ffaceous and sed 1m en lary m terbeds especwlly prone /o 
earthf/ow and slu mp 

Steep-slope mass mocemen l - s tel'!ply s/opmg Tf, Tsr, or�d Ti terra m ,  mo�t 
common m areas of soli water accO< mulatJOn. ;omls. or faults 

De/mea /ron req u<res detarled mappmg or larger seale tlwn /ha l of thrs study 

Stream Erosion and Deposition 

Ma]or stream bank erosiOn Undercu t tmg and caumg of rwer and stream- bank< 
(o?Xc/llswe of reve tment areas) commonly accompan�ed by large-scale mrgratron of 
the rwer c/1 anne/, common to 0 11 /er bends o{ meanders on large streams, 
charactenzed by n /eep slopes deep water near s/wrc, and actwely growmg bars on 
1nner bend, m 1 trgatron may me tude nprap, channel mod1{•catron, bar rcmoual, and 
land liSe restrrclwn� dependmg on local hydraulics, desaed lund use, nnd cro"on 
rates 

Abandoned channel Length of IVJ/Iamette Rwer chunnet abandoned smce 1 8 4 7  
through la rge scale, a brupt channel changes dunrrl( {loodmg or nvcr regula/Jon. In 
fl.dd•tro71, oxbow lakes and sloughs md«.·ale old channels and buned channel 
(eal'lrCs commonly /he stle of eu lrophicatron, progresswe sri/a/ron, marsh 
grow th, and c ompress•ble sods, mforma /rue m determmmg meander h iStory and 
polenlral {or future stream m •gralwn. 

Ma)or b ar growth (Post 1 9 69 ) l.otu i<On of new or rn<·reaM�d chanr!el and point 
har dcposlln, commonly tu;SOL'W ied w r th mcreasmg stream bank eroswn on 
opposite s1de o f  channel, sroggcstwe of ac/we stream bank erosron or channel 
cha nge upstream , p os;;• b k  source of ai<gregate, barrmg other ouerrrdmg resourc" 
consJdcra/WilS 

Ma]OI O\erflow channel Ma;or flood way channds w r th •lrong current flow dur�ng 
floodmg, p o te.,twl {Or n"ck or c/! U ie cu toff due to scour ur l•mes of large floods 
and conseQ uen t/) may become future rrvt<r channel at expcnst< of presen t  channel, 
m areas of progresS IV(' mwor bar gro w th also mclude� Rome aband<med meand<:�rs 

Revetment (wlth date) R �prap placed locally to co n trol stream-bank J•rosron, 
may lead to m creased ra fe� of eros10n short d!Slcmee� downstream 

Channel c hange Areas of new or relocated stream channel formed by na tural 
means smce preparat�on of base maps ( 1 9 6 9 1 9 7 0) ,  common locally between 
CorvalliS and Harrisburg mdrcate� areas of uno/able channel and h1gh ueloc1t:y 
floodways, general/} m vo lues shor/emng of chonne/ and mcrellsed channel 
dcposrlwn do wnstream 

GEOLOGIC SYMBOLS 

Contacts Faults 
Defimte contact 

Approx1mate contact 

Beddmg 
Strike and dip df bed 

L i neament 

Defmite fault 
Approximate fault 

- - - Inferred fault 

Normal fault (ball and bar on down thrown s1de) 
• • • • Concealed fault 

Geology by Jim Bela modified after Vokes, Myers, and Hoover, 1954. 
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P n m a ry h t ghway,  a l l  weather  L tght  d uty roa d ,  a l l  weath er  
1 m  proved su rface 

U n t m p roved road fa t r  or d ry 
weather 

h a rd s u rf a ce 

Seco n d a ry h igh way , a l l  weath e r ,  
h a rd s u rface 

0 U S Route Q State Route 

E X P L A N A T I O N  
SURFICIAL GEOLOGIC UNITS 

Stream and terrace deposits 

Recent river alluvium : Unconsolidated c o b b les, coarse l(ravel, sand, and some s1lt 
withm active channels of Wllla me//e River, 20-45 (t thich. equwa/enl to part of 
Qal o f  Allison ( 1 953),  part o f  Qal of Vokes and others ( 1 95 4 ) ,  part of Horseshoe 
surface of Balster and Parsons ( 1 968},  part of Qyal of Frank (1 9 74), Part o f Qal 
o f  Beau/1eu ( ! 9 74},  charactenzed by lo w relief, p o m t- bar deposits, and secondary 
actwe channels locally; sUbJect to mQJor (loodmg, critical s tream banh eroswn, 
and lateral channel m 1gratwn. 

Quatemary lower terrace deposits : Semiconsolrdated cob bles, gravel sand, SLit, 
clay, and organic matter of variable lh whness on lowland terraces above Qral 

(app rox. 35 ft thwh) and along usually en trenched trr b u tary rwers and stream�, as 
Marys Rwer (1 0- 1 00 {t th wh),  sur{1cwl matenal generally 1 0- 3 0  {I ligh t bro w n  
S!lt:.O clay a n d  {me sand, equivalent t o  part o f  Qal of A llison (1 953), part of Qal o f  
Vokes a n d  o thers ( 1 954) , Ingram s urface of Balster a n d  Parsons ( 1 9 68), a n d  part 
of Qyal and Qoal of Frank ( 1 9 74 ) ;  c!laractenzed by !o w ,  undulalmg, f/uurai 
surface with meander scrolls and o x b o w  lakes, s u bjec t to maJor and local 
flooding, some ca tastrophic channel m•Cmtion on ma;or scale near Willamette 
R1ver, ponding, and high gro u n d  water; varwble ground water po tential, h1gh near 
lV!Ilamette Rwer, moderate to good alonl! tribu tary riiJers and streams If deposits 
are thwk and interbedded sand and graiJel occur beneath water table, poorly to 
well-drained s1lt and clay soils. 

Quaternary m1ddle terrace depostts:  Semiconsolrdaled gravel, sand, s1/l, and clay 
(ormmg terraces of ma.ior extent along W1/lamette Rwer, surficial matenal 
generally I 0-30 {t light- brown silty clay and fine sand, eq uwale n t  to part of Qws 
of AlliSOn ( 1 953} .  part of Qal o f  Vokes and o thers (1 9 5 4 ) ;  Win kle, Ca/apooyw, 
and Senecal surfaces of Balster and Parsons ( 1 9 68),  part of Qoal of Frank ( 1 9 74) 
Very flat terraces well abOIJe Qtl aiong W!llamette Rwer, approximat11ly 50- 1 0 0 ft 
tluch, 1 00 or more near Granger, thinning to 5 0 ft or less near Wil/a mette Rwer; 
good to high gro und water y relds (rom coarser deposits around 50 (t deep locally, 
poorly to well-dramed Sill and clay SO lis. 

Quaternary h1gher terrace depoSlts: Semiconsohdated gravel, sand, silt, and clay 
of uaflable thick ness ( 1 0- 2 00 (t) on h rgher terraces near fo o thtl!s, surf1cwl 
materrai generally 1 0· 3 0  (t /rght brown s!ltY clay and (me sand at Coruall•s
Philomath, equivale n t  to part of Qdg of Vokes and o thers (1 954), part of Quad 
and Dolph surfaces of Balster and Parsons (1 968),  part of Qt of Franh ( 1 9 74 ) ;  
generally higher a n d  more diss11cted by streams than Qtm; transitronal with 
pediments and thmner near bedrock foo thrlls (several tens o {  ft o r /e�rs} , 1 00 (t a t  
OSU, 1 70-200 {t a t  a n d  south of Phrlomath , small t o  moderate ground water 
y relds, /!mited by storage where thm over bed roch , poorly to we/1-dramed s1lt 
loam soils 

BEDROCK GEOLOGIC UNITS 

Sedimentary rocks 

Eal'IY Oligocene sandstone : Eq uivale n t  to Tts (tuffaceous sandstone) of Vokes 
and others ( 1 954) , green rsh-gra y ,  medium- to coarse-l(ralned, t uffaceo u.s sandstone 
containmg fossrls and occ urrrng m isolated o u tcrops in sou theast part of county,  
beds 3 - 1 2  (t th1ck; weathers to yellowish gray , not we!/  known 

Late Eocene sandstone . Equrva/ent to Ts (Spencer) o( Turner (1 938),  masswe to 
thm-bedded, mduraled, fine- to medrum grained, mrcaceous. arkosrc. and 
tu(faceau� sandstone, sandstones srmrlar to sandy beds w1lh1n Flournoy 
Formation, also indu1'(lted dark green to gray tJasa/lic sandstone (east of Dawson, 
northeast o f  LewiSburf{, and m Albany q uad), spheroidally weathermg to medru m 
yel/o w1sh bro w n  soil, thrn bedded, med•u m-gray siltstones {ormmg topographiC 
valleys near Monroe, carbonaceous and b o ny coal at Spring Hill near A l bany and 
locally , concretrons locally ;  underlies many terrace deposrts, mostly deeply 
weathered and easily exca!!ated, b u t  locally requ 1res ;ockhammerrng. contams 
unmapped very hard zones with related mtruswes, 2-8 ft lrghl to darh 
yello wish-bro w n  srlt and clay soils, l o w  permea b ility , small gro 1md water yields to 
wells (uplands, small to moderate yrelds from perched zones) salmrty no ted a t  
depth. 

(Boundanes are approximate, statements are general; specific e valuations reqwre on-s1te investigation) 
GEOLOGIC HAZARDS 

Mtddle Eocene sandstone Equwalent to Tf (Flournoy) o f  Baldwm (1 9 75 ) ,  and 
Tyee (Tt} of Vokes and o thers (1 9 4 9) ;  bluish-gray, frrmly compacted, gmded 
sandstone and darh-gray srlt8tone; 3-1 2 (I beds med rum-grained, m rcaceous, 
arkosrc sandstones and mudstones, weathers to fight tan; dark yellowiSh brown 
silty clay loam soils, o(len well dramed, often deeply weathered and easr/y 
excavated, conglomerat•c sandstone beds containrng basalt pe bbles on west {lank 
northeast-trendrng h11/ north u{ Lewrsburl( and locally o n  west side of Wltilam Hr/l 
m Corva.lis, in terfingermg to north w rth manne siltstone 1n A ll>any q uad, 
sandstones predommate m Monroe q u ad and toward lower part o f  section; ground 
water potentral .�im1lar to Ts., but less chance o f  good ywlds locally due to very 
!o w permea b1hty , adeq uate do mestic supphes from springs of perched zo nes m 
col!twwm west of Kmgs Valley 

Kmgs Valley siltstone Equwa!ent to Tsrh (Kmgs Valley siltstone member of 
Siletz River Volcamcs) o f  Vokes and o lhers ( 1 9 54),  named {or extensrve o u tcrop� 
in Kinl!s Valley,  where 3 . 0 0 0  {t thick. generally well-bedded, dark brownish gray, 
tuffaceo us siltstone and waterlard tuff: lower pari near Wren a dark gray, shaly, 
tuffaceo us srlistone, wealhering spherorda/ly to talus of gray ish oranl'fe to 
/Jght-bro wn chrps (interbedded pillows, basalt (lows, luff, and mmor {low IJ reccra 
also more co mmon); upper part near Hoskms rs tl un bedded, fme grained, 
tuffaceous Siltstone m terbedded wrth occaswnal llf{ht yellow !sfl grayr�h-whlte 
luff, weathermg to l•gh t-tJro wn soil, easily eroded and excavated, clay m rnera/s 
d o m inantly mon tmord/o n•te, maJor aqu,fer of Kings Valley , 1 /2 40 gpm cnelds of 
con(med and sem iconf•ned ground water from fractures or sandstone /ayers m 
Siltstone , chem�eal quality 1mpamo:d below 1 5 0-2 0 0  (t Witho u t  mcrea�red yreld. 

Sandstone pedlments : Gently mc/med, planar eroswn surfaces cut m to bell rock 

and generally veneered w ith thin depos1ts of unconsolrdated materml u-t transport, 

including gravel, sand, s1ll, and clay, sandstone pedrments have engineerrng 

propertws and gro und water poten l!al of corresponding un der/ymg bedrock un its, 
trans1twnal w1lh terrace depOsits near bed roch o f  footh ill areas 

Volcanic rocks 

Eocene volcamc rock: Equwate n t  ta Tsr (S!Ietz RiiJer Volcanics) of Vokes and 

others (1 954) and Snavely and Baldwin ( 1 948),  3 , 0 0 0  9, 000 {t of marrne· 

deposrted dark greenish-gray to blach, ues1cular to amygdalo1dal pillow lat•as and 

basalt flows, with mmor interbedded and OIJerlymg tuffaceous claystone, 

Siltstone, and basaltic sandstone, flo w  breccra and coarse pyroclastic� rare. often 

20 50 ft deep-weathered zones lrgh l rusty-brown m soft sedrments and brecc�a, 

4- 1 0  {t zones more com mon In pr/lows and (lows, pillows north of Philomath and 

along G reasy Creek, darh - b ro w n  to reddiSh-brawn srlt and clay sorls ( 1 - 4  (t thrck) 

w 1th shrrnk/swell cracks, perched gro und water zones related to fraclures 

generally adequate for do mestic uses: modera te y re/ds 1 5  60 J!P m rn Phrloma t!l

Corvall!s an�a. hazards mclude local mass movement rn colluu!Um on steep blopes. 

Volcanic pedtment: Gently mc/med, planar eroswn sraface c u t  mto Tsr and 

generally ueneered wrth thin deposrts of unco nsolidated materwl m transport 

shallo w, mtermrttent drarnaKes, dark brown to reddish-brown srlt and day sOils 

1 - 1 0 (I thwk w rth shrrnk/swe/1 cracks: c reep processes ac twe on slopes and near 

dramages, incrsed streams flo w  "n bed rock ,  !Jmrted mass mo�emen t near brPahs m 

slope 

Intrusive rocks 

Post-Eocene mtrusive rock: Equwa/enl to Ti of Vokes and others (1 9 5 4 ) ,  (me to 

medium gramed basalt and gabbro dikes, sills, and Irregular rnlruswe bodies, 

rang in!'! (ro m narro w, 1Jert1ca! d 1hes ta large, nearly honzontat, thick (300·500 ft), 

Si/1-lrhe masses, cut Tli and Tf umts, particularly rn Monroe q uad, generally more 

fmely textured in Ts than Tf; u nmapped m trusrves occur <n Tsr rn ul, age early 

0/rgocene. o(/en quarfled, presents excauatwn pro b lems for underground Lllill tre� 

and sewers; ground water po ten tial l o w .  q uan trlies adequate fo r domestrc usR 

possrble locally near upper contact or m fractures, ex tremely hard 

Mass Movement 

Earthflow and slump topography (areas less I han 5 1 0 acres usually not shown) · 
Moderately sloping terrain With Irregularities of slope, dramage, or SOil 
diStribution; detec ted r n  aerral photographs, supplemented by field c:hechs, recent 
movement locally shown m field b y  tension cracks headwall scarps, h u m mocky 
terram, b o wed trees, ac tiiJe so il creep, and o ther features , most widespread rn Tf 
and Ts sedimentary u m ts, Tsr uolcamc u m ts. and at bedrock contacts, parlrcularly 
Ti and sedimen tary umts, most common in areas of stream bank eroswn or active 
headward erosion in h1llside dramar:es · amonr: possible hazards are cou tmued 
moiJemen ts, low c u tbank stabilily, and poor and 1rregular dramage, deiJe/op ment 
possible locally but may reactivate or accelerate sliding, where features are 
unmappable due to d11nse forest couer or p h o lo scale, �l1de regron� may go 
undetected. 

Steep-slope mass movement: General areas o f  h igh s/1de poten tral 1dent1{ied 
pnmanly on baJJIS of averaf,!e re�<wnal slope grealer than 5 0 %  (determmed from 
map scale 1 . 62, 5 0 0  and 50-ft contour m teriJal),  subJect to localiZed rockfall, 
rocks/ide, debris twalanche, debris flo w ,  eart!l(low, and slump ,  may mclude a few 
areas of deep fa ilure m volumg bed rock m addrt1on to sorl and rego lrth, mosl 
wrdespread in steeply sloping Tf and Tsr terra m ,  specific occurrences con trolled 
by faults, Jom ts, c o n tacts w 1 th mtruswe rocks, sari water, so1l thrckness, vegetatrue 
couer, and land use; th�ek accumulatiOnS of coUuv1um often occurring at o r  neor 
bases of steep slopes 

Potential future mass movement . Places o{ h ighest po/entml (or fu ture m ass 
movement resul ting from improper or changmg land us!! indude 

Earthflow and 6/u mp topography - moderately steep to steep slopes m areas 
of low surface runoff and significant chemical weathering, most common also 
along fa ults, Join ts. and bedrock contacts (partrc u!arly Ti and sedimen tary 
un its) ; also common m heads of gul!tes or rn areas of rw tural or artificial 
underct< ttlng as along streams and roadcuts Umts mclude Tsr, Tsrk, Tf, Ts, 
and surficial u nits along rwers and streams, scalloped, bowl shaped depressions 
m Tsr o{len mdicate tuffaceous and sedimen lary m terbeds especially prone lo 
earth(low and slump 

Steep-s/ope mass mouemen/ - s teeply sloping Tf, Tsr, and Ti terrain, most 
common m areas of soil water accumulation, ;oints, or faults 

Delmeatron req uires ddarled mappmg or /arg'lr scale than that of thrs study. 

• • .. ..  

Stream Erosion and Deposition 

MaJor stream-bank eroswn :  Undercut ting and caving of rwer and s tream-banks 
(exclusive of reiJe tment areas) commonly accom�n,ed by large-scale m igratiOn of 
the river channel; common ta o u ter bend.J; of meanders o n  large streams, 
character,zed by sleep slopes, deep water near shore ,  and actwely growmg bars o n  
inner bend, mitrgation may include nprap, chatmel modif•cat!OII, bar removal, and 
land use res trrctwns depe11ding on local hydraulics, deslfed land use, and erosion 
ratc.s 

Abandoned channel : Length of Willamelle Rwer channel abandoned smce 1 8 4 7  
thro !<gh large-scale, a brupt channel changes during floodmg o r  riuer regulation In 
additwn, oxbow lakes and �la ughs indicate old channels and burred channel 
fea tures. commonly the srte of eu troph JCalwn, progresbWe siltation, marsh 
gro w th ,  and compressible soils; mfarmatrve m determmmg meander his tory and 
poten tial {or fu tu re stream migration. 

MaJor bar growth (post 1 9 69 ) :  Location of new or increased channel and point 
bar deposits, commonly associated with mcreasing stream banh erosion on 
opposrte srde of channel, s uggestwe of active slream·bank eroswn o r  channel 
change upstream possrble source of aggrega te, barnng other o uerrrdmg resource 
consideratrons 

MaJOr overflow channel : MaJor flood way channels wrth strong current flow durinlf 
floodrng, p o tential for neck or ch u te cu toff due to scour in limes of large floods 
and consequen tly may become future rruer channel at expense of presen t channel, 
m areas of progresswe maior bar gro w th also rnclude5 some a bandoned meanders 

Revetment (w1th date)· R 1prap placed locally to c o n trol stream- bank eroswn, 
may lead to rncreased rates of erosion Sliort d<stances dow nstream 

Channel change : Areas of new or relocated stream channel formed by na tural 
means since preparatiOn of base maps ( 1 9 69-1 9 7 0) , common locally between 
Corvallis and Harris burg, rndrcates areas of unstable channel and htgh velocity 
fioodways; generally iniJolves shortening of channel and increased channel 
deposition downstream. 

Geology by J i m Be l a :  modified after Vokes, Myers, & Hoover, 1 954. 

CA RTOG RAPHY by Pau l E .  S tau b, 1 978.  

GEOLOGIC SYMBOLS 

Contacts 
Definite contact 

Approximate contact 

Bedding 

Strike and dip of bed 

Lineament 

Faults 
Definite fault 
Approximate fault 

- - - Inferred fault 

Norma] fault (ball and bar on downthrown s1de) 
• • • • Concealed fault 

Prepared and Publ ished by the Cartograph i c  Sect 1on 
of the Departmen t of Geology an d M i n e ral  l n d u s tncs 
C. A. Sch u macher, Chief Cartographer 
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SURFICIAL GEOLOGIC UNITS (Boandanes are approximate statemenrs are general, specifiC e va!uat10m reqwre on-s1te m vesvgauon) 
GEOLOGIC HAZARDS 

Stream and terrace depos1ts 

Recent nver alluvtum Uncon8ol1dated cob bles coarse grauel sand and some srlt 
wilhm aclwe channels of Wrllamette Rwer 2 0  4 5  ft thlck e q uwalent to part of 
Qal of Al11son (1 9 5 3) part of Qal of Vohes and others (1 954) part o f  Hors(';shoi! 
su rface of Balster and Parsons ( 1 968),  part o f  Qyal of Frauh (1 9 74) pari o f Qal 
of Beaulwu ( 1 9 74) ,  characlenzed by low relief pomt bar depOsits and secondary 
actwe channels locally subJCct to maJor f/oodmg crrlu:a/ s tream banh ero�wn 
and lateral channel mrgratwn 

Quaternary lower terrace depos1ts Semrconsol1dated cob bles flraue/ sand slit 
clay and orgamc matter o{ uanable th rclmess on lowland terraces aboue Qral 
(approx 35 {t thrck) and along usually entrenched tribu tary rwers and streams as 
Mar'Vs Rwer ( 1 0 1 00 ft thrck) surfwral materwl generally 1 0 3 0  (l ligh/ brown 
stlty clay and fme sand eauwalent to part of Qal of Allison ( 1 953) part o{ Qal of 
Vokes and o thers ( / 9o4),  Tngram surface of Balster and Parsons ( 1 968) and par/ 
o f  Qyal and Qoa/ of Frank ( 1 9 74) characterued by low undulatmg f/uuw/ 
surface With meander scrolls and oxbow lakes su bJect to mG,Jor and local 
{loodmg some catastrophiC channel mrgmtwn on mwor scale near Wrl/amette 
Rwer p ondmg and h1gh gro u n d  water varwble ground water potentwl hrgh near 
W1llamette Rwer, moderate to good along trrbu tary rwers and streams t{ d<!po��r� 
are th1ck and rnterbedded sand and flraue/ occt�r beneath water table poorly to 
well dramed slit and clay solls 

Quaternary m1ddle terrace depositS Sem u;on.mlldated graue/ sand stlt and clay 
formmg terraces of mwor extent along Wrl/omette Rwer sur(!clal ma/erral 
generally 1 0  30 ft light brown s11ty clay and {me sand eq uwa/ent to part of Qws 
of Alllsun ( 1 9 5 3) pari of Qal of Vokes and o thers ( 1 954),  Wrnkle Ca/apooyra 
and Senecal surfaces of Balster and Parso n' ( 1 9 68) part of Qoa/ of Frank ( 1 9  74) 
Very nat terraces well above Qtl along Wrllamette Rwer app roximately 50 1 00 {I 
th1ck 1 00 or more near Granger thmnmg to 5 0 ft or less near Wtllamette Rwer 
gnod to /ugh ground water yw/ds {rom coarser deposits around 50 {I deep /o�ally 
poorly to �ell dramed Slit and clay so1/s 

Quaternary htgher terrace depos1ts Semrconsol1daled gravel sand s11t and cia} 
of uanable lh wkness ( 1 0  200 ft) 011 h rgher terraces near fo othr/ls sur(!coal 
materral general/} 1 0  30 (I l1ght brown s1lty clay and {me sand at Carua/lls 
Phr/omath equwalent /o par/ of Qdg of Voiles and o lhers ( 1 954) part of Quad 
and Dolph surfaces of Balster o.nd Parsons ( 1 968) part o f  Qt of /<rank ( 1 9 74} 
generally h 1Rher and more dissected by streams than Qtm ,  trans1t1011al With 
pediments and thmner near bedrock foo lh 1l!s (several lens of {I o r  /e,;s) 1 00 ft at 
OSU 1 70 200 {I at and so uth of Philomath small lo moderate ground water 
y w/ds l imited by storage where thm over toed rock poorly to welt dro.med s•lt 
lomn so1ls 

BEDROCK GEOLOGIC UNITS 

Sedimentary rocks 

Early Oligocene sandstone Equrualt n l  to Tis (tuffaceous sandstone) o{ Vokes 
and others ( 1 954) greenrsh gray med 11.1m to coarse gramed tuffaceous sands/one 
contammg fossils and occ urrmg 1n Isolated o u tcrops m sou theast part of county 
beds 3 12 tt thlck weathers to ye/low1sh gra} not well known 

Late Fo<ene sandstone Equwalenl to Ts (Spencer) of ramer ( 1 938) masswe to 
/hm l>edded md�Jrated {1nc to m"dwm gramed micaceous arkos1c and 
tuffaceous sands/one sandstones sm11/ar to sandy beds Wlthm Flournoy 
Formatwn also rnd u ra ted darh gr.,ell to {!ray basallw sandstone (east of Dawso11 
northeast o f  Lewrsburg and m Albany q uad) spheroidally w!!alh!!nng lo medwm 
yeUo w !sll bro w n  sorl  th m 1:/edded medi4m gray Siltstones formmg topographic 
uul/eys near Monroe carbo11aceous and bony coal at Spnng Hoi/ near Albany and 
locally concretwns locally und<:rl1es man) termce depos1ts mostly d<<'p/y 
weathered and eas1/y excavated but locally requ rres Jackhammermg contams 
un mapped very hard zones Wlth related mtrus!Ves 2 8 {/ /1ght lo darh 
ye!lo wrsll bro w u  Slit and clay sm/s low permeabrl!ly small gro und water yw/ds to 
wells (uplands small lo moderate yw/ds fro m perched zone�) salmlt) no ted at 
depth 

Middle Eocene sandstone Eqult.Ja/en t to Tf (Flournoy) o f  Baldu;m ( 1 9 7 5 )  and 
Tyee (Tt) of Vokes and o thers ( 1 ')49) blursh f{ray (lrmly compacled grnded 
sandslone and dark gray s1ltstone 3 1 2  tt beds med 1um flramed m icaceous 
arkosiC sandstones and mudstones weathers to llflhl tan, dark ycllu w lsh bro wn 
s11ty clay loam so1ls often well dramed o ften dei:ply wf:alhered and eas1ly 
excavated con,glomerat1c sandstone bed� contmmng basalt pebble5 on west {lank 
northeast trem.ling hrll north of Le wiS b u rg am1 locally on west s1de of Wrtham H1l! 
m Corvallis, m ter{mgermg to north w rth marme srltstone 111 A lbany q uad 
sandstones predommatf! m Monroe q uad and toward lower pari of sectwu ground 
water potentwl �1mdar to Ts, but less chance o f  good y1elds locally due to ver} 
lo w p<Jrm<!a b llJiy , adequate domestic supplws from sprmgs of perched zones m 
co/luvw m west of Kmgs Valley 

Kmgs Valle y Siltstone Eauwa/ent to Tsrk (Kmgs Valley siltstone member of 
S1letz Rwer Vo/canws; of Vokes and o lh!!rs 1 1 9 5 4) named fo r ex tenswe o u tcrops 
m K1ngs Valley whe re 3 000 {t th1ck generally well bedded darh browmsh gray 
tu(faceuw; �1118/Qne and waterla1d tuff /ower part near Wren a dark gray shaly 
tu ffaceous s1ltstone wea/hennR spheroidally to talus of gra) lSI! oranRe to 
lrght brown chiPS (Interbedded Pillows basalt {lows tuff and mmor now breccra 
also more co m mon) upper part near Hoshrns rs thm·bedded (me gramed 
tuffaceous Siltstone m terbedded w1th occas1onal light yc/luw rsh gray1sh wlute 
tuff wealhermg to light bro wn soil easily eroded and ex,avated clay mmerals 
dommant!y mon tmorrllomte mUJor aq w{er o{ Kmgs Valley I 12 40 gpm } rtlds of 
con{med and sem ocon{rned gro und wuter from fractu res or sandstone layer� m 
Siltstone chem1cal q ualitY 1mpaered below 1 5 0  200 {I W !lhout mcreased ywld 

Sandstone pediments Gently mc/rned planar erosw11 surfaces c u t  m tu bed roch 
and generally veneered W l th thm depos1/s of r.mcol!solidated ma/erral m transport 
mc/udmg gravd sand s11t a11d clay sandstone pedimen ts hoLe enlif<IJeermg 
p ropertres and gro und water potenl1al of correspondmg under/) I Ilii' bedrock uml� 
trans1t10nal r.mth terrace depo�1t� near bed roch of (o olh1U areas 

Volcamc rocks 

Eocene volcamc rock Equwalet! t  to T�r (Siletz Rlver Volcanrc�l of Vokes and 

others ( 1 954! and Snavely and Raldwm ( 1 948) 3 000 9 000 {I o f  manne 
depos1ted dark greenr�h gray to block ues1c111ar to amygdalo1dal Pillow lauas and 
basalt flows wrth mmor rn /erbedded and over/ymg tu ffac< '"" claysiOIIC 

siltstone and basaltiC sandstone flow breccm and coarse pyroclastu:• ra� often 

20 50 ft deep weathered zones hght rusly brown ill �ott sed iments and breccw 

4 1 0  {t zones more common m Pillows and flows prl/ows north o f  Philomath and 

alm1g G reasy Creek, dark b ro w n  to reddroh brown Slit and cia) so1IS ( 1 4 ft tlucll) 
w 1 th shnnk/swell cracllS pf:r�hed ground water zones related lo frac tr.ues 

generally udeq uate (or do mestic uses m oderate yreld� 15 60 gpm m Pholomalh 

Corvullrs area hazards rnclude local mass muvemen l m  colluvwm on steep slopes 

Volcamc ped1ment Gently mcl1ned planor eroswn surface t u l  1 n to Tsr and 

generally verwered w1/h tl! m  deposits of unco nsolldated materwl 111 tramport 

shallow mtermlttent dramal(es dark brown to redd1sh bro w n  solt and clay so1/s 

1 1 0  (t th1ck w •th shnn/1 swell cracks creep pro cesses actnc m1 slopes and neur 

draonages 1nc1sed slream� flo w  on bed rock l1m 1ted ma�s movement near breaks m 

slope 

Intrus1ve rocks 

Post Eocene mtrus1ve rock Equwalent to lr o f  Vohes and others (1 954) f1ne to 

med1um gromed basalt and ga bbro d1kes Sills and Irregular 1 n truswe bodres 

rangmg fro m narro w uerlwal d llws to large nearly honzontal lh1ck (300 5 0 0 ft) 

sill llke masses ell/ Ts and Tf umls particularly m �fonroe Q !!ad .f{ene•a//y more 

{mel} textured m Ts than Tf u n mapped m truswes occur m Tsr un1t  af.!e early 

Olu?ocene often quarned presento excavalwn problems fo r undergro und u t111 1ws 

and sewers gro und water potentwl low q uan t1 /1es adequate fo r domestiC use 
possible locally near upper co11laci or m fractures ex tre mdy hard 

Mass Movement 

Earthflow and slump topography (areas less than 5 1 0  ac res usually no t shown) 
Moderately s/opmg terram woth rrregulant1es o{ slope dramage, or sorl 
d rs tn b u twn,  detec ted m aerwl photographs supplemen ted by {wid checks recent 
movement locally shown m {!eld by tensiOn cracks headwall �corps h u m mocky 
terrmn, b o wed trees act we soli creep and o ther features mo6t Widespread m Tf 
and Ts sed1men tary u m ts Tsr uo/can1c unrts and at bedrock con tacts partrcular/y 
Ti and sed•mentury umts most commo n  m area5 of lltream bunk eroswn or ac t we 
head ward eroswn Ill h1lls1de drmnages among POSSible ha2ards are con tmued 
mouements low c u tbank stablll(} and poor and Irregular drarnage deuelop men t 
poss1ble locally b u t  may reacfl< ate or accelerate slidmg where fea tures are 
unmappable d ue to dense [ores/ couer or p h o to seal<! slide regrons may go 
rmdetec ted 

Steep-slove mass movement General areas of h rgh sllde po tentwl 1den t1[1ed 
pnmarr/y on basrs of averaRe regwna/ slope greater than 5 0 %  (determmed {rom 
map scale 1 62 500 and 5 0-ft contor�r m lerual) su!nec/ to localized roch{a/1 
rocks/ide, debns aualanche debns (lo w  earth(l o w, and �lump rna> mclude a fe w 
tJTeas of deep {a 1lure m vo lumg bed roch m ad drliun to �;01/ and rego lrth most 
wrdespread m steeply sloprng Tf and Tsr terra on specifiC occurrences con trolled 
by faults JOmls c o n tacts w1/h mtruswe rochs soli water so1l th1ck ness vegetatwe 
cover and land use Uou;k accumulatwns of colla m um often occurrmg at or near 
bases of steep slopes 

Potent1al future mass mo\ement Places o{ h 1ghest potential for fu ture mass 
movement result1ng from 1m proper or chang1ng land use mclude 

Earthflow and slump topography - moderately steep to � teep "lopes m areas 
of low surface runoff and srgru{ocant cl!em1cal weathenng most common also 
along fa ults ;omts and bedrock co ntacts (particularly Ti and «domentary 
un1ts) also co mmon m heads of gullies or 1n areas of natural or arUfiCial 
undercu llmg as along s trea ms and roadc uts Umts mc/ude Tsr, Tsrk, Tf, Ts, 
a nd surf1c1al u m ts a/onR rwers and stream� scalloped bow/ shaped depressrons 
m Tsr of/en m d ocote tuffaceous and sed1men tar} 1nterbed� e�pec !all} prone t o  
f:arlhf/ow a n d  slump 

S leep slope mass movemen t - steeply slopmg Tf, Tsr, ond Ti terram most 
common m areas of SOli water accumulalwn ;omls or (au/Is 

Dehnea twn req urres detalled mappmg or larger scale tlian that of th1s stt�dy 

.. .. .. .. 

Stream Eros1on and Depos1hon 

MaJor stuam-bank llroswn Undercuttmg and caumg of rwer and s tream- banhs 
(exclwave of reve tment areas) commonly accompamed by large 6cale mrgra lwn of 
the rwer channel, common to o u ter bends of meanders on large s treams 
c haractented by s teep slopes deep wa ter near shore and actwe/y growmg bars on 
mner bend m 1 t1ga twn may mc/ude nprap channel mod1{1catwn bar removal and 
land use res trwtcons dependmg on local hydrat�l!cs desored land use and eroswn 
rates 

Abandoned channel LenRlh of Wrllomdle Rwer channel abandoned smce 1 8 4 7  
through large scale abrupt channel changes dunng floodmg o r  rwer regulatiOn In 
add!tlOII oxtJ O w  lakes and slo ug/1s md 1cate old channels and burred channel 
fea tures commonly the s1te of eu trophtcatwn progresswe s1/tat10n mursh 
Rro w th, and co mpr<!ss1ble �o1ls, m(ormatwe Ill determmmg meander h istory and 
potentral for fu tu re s tream m rgratmn 

MaJor bar growth (post 1 9 69 ) Localwn of neu; or mcreased channel and p o m t  
bar deposrts commonly asso ctaled w tth mcreasmg R /ream bank erosiOn on 
oppOsite srde o f  channel sugge�tlVe of actiVe stream banh eroswn or channel 
cha nge upstream POSSible source o{ aggrega te barn11g othl!r overndmg resot�rce 
cons1derat1ons 

MaJor overflow channel Ma;or noodway channels wdh strong current flow durlllfl 
{loodmg p o tentia/ tor neck or ch u te cu toff due to �cour m limes o{ large floods 
and consequen tly may become future rwer channel a/ expense of present channel 
rn areas of progresswe mG,Jor bar growth also mc/udes some abandoned meanders 

Revetment (v;1th date) R 1prap placed !oca/h to control stream bank eroswn, 
may lead to mcreased rates of erosron short distances downstream 

Channel c hange A reas of neu or relocated stream channel formed by natural 
means smce prepara tton of base maps ( 1 969 1 9 7 0) common locally between 
(;orval/Is and Harr�s burg mdrcales areas of unstable channel and h igh ueloc1tY 
floodways generally m uo lves shortenmg of channel and mcreased channel 
depo$ilton downstream 

Geology by J 1m Bela :  mod tfied after Vokes, Myers, & Hoover, 1 954. 

CA RTOG RAPHY by Paul E Stau b,  1 978 

GEOLOGIC SYMBOLS 

Contacts 
Defimte contact 
Approximate contact 

Beddmg 
Stnke and dip of bed 

L 1nea m e n t  

• • • • 

Faults 
Defimte fault 
Approximate fault 
Inferred fault 

Normal fault (ball and bar on down thrown sLde) 
Concealed fault 

Prepared and Publ 1shed by the Cartograph iC Sec u o n  
o f  lhe Department  of Geol ogy an d M 1 n cral l n dustnes 
C A Sch u m acher,  Ch 1ef  Cartographer 
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E X P L A N A T I O N  
SURFICIAL GEOLOGIC UNITS 

Stream and terrace deposits 

Recent river alluvium : Unconsolidated c o bbles, coarse grovel, sand, and some silt 
within adiue channels of lVil!a mette River; 2 0-45 {t thick; eq uivale n t  to part of 
Qal o f  Allison (1 953), part of Qal of Vokes and others (1 954), part o f  Horseshoe 
surfaee of Balster and Parsom ( 1 968), part of Q:Yal of Frank (1 9 74),  part of Qal 
of Beaulieu ( 1 9 74 ) ;  characterized b:Y low relief, point-bar deposits, and secm1dary 
actiue clumnels locally ; subject to mu,ior flooding, critical s tream bunk erosion, 
and lateral channel m igra tion. 

Quaternary lower terrace deposits: Semiconsolidated cob bles, gravel, sand, silt, 
cloy, and organic matter of variable thickness on lowland terraces above Qral 
(approx. 3 5 ft lhick) and along usually en trlo!nched tribu tary rivers and streams, as 
Marys River ( 1 0- 1 00 ft thick); surficial material generally 1 0-30 {t light-bro w n  
silty clay a n d  fine sand; equ iualent l o  part of Qa! of Allison ( 1 95 3 ) ,  part o f  Qal o {  
Vokes a n d  others (1 954),  {ngram surface o f  Balster a n d  Parsons (1 968),  a1zd part 
o( Qyal and Qoal of Frank (1 9 74);  characterized by low, undulating, fluvial 
surface with meander scrolls and oxbow lakes: su bjec t to major and local 
flooding, some catastrophic channel migration on major scale near Wil/amette 
River, p onding, and high gro und wGter: uaria ble ttround water p o tential, htgfz near 
Willamette River, moderate to good along tribu tary riuers and streams if deposits 
are thick and interbedded sand and gravel occur benea lll water table; poorly to 
well-drained silt and clay �oils. 

Quaternary middle tenace dep osits:  Semiconsolidated gravel, sand, silt, and cloy 
forming terraces of mQjor extent along Willame tte River; s urficial material 
generally 1 0- 3 0  ft ligh t-brown silty cla:y and fine sand; equivalent to purl of Qws 
o f  Allison ( 1 953);  part of Qal o f  Vokes and o thers ( 1 954): Winllle, Calapooyia, 
and Senecal surface.� o f  Balster and Parsons ( 1 9 68);  part o f  Qoal of Frank ( 1 9 74). 
Very flat terraces well above Qtl alcmg Willamette R iver; approximately 50- 1 0 0 ft 
thick; 1 00 o r  more near Granger, thinning to 5 0  {t or less near Willamette River; 
good to lligh gro und water yields (rom c oarser deposits aro und 50 (I deep locally; 
poorly to well-drained silt and clay so ils. 

Quaternary higher terrace deposits: Semiconsolidated gravel. sand, silt. and clay 
of variable th icknes-s ( 1 0- 2 00 ft) on h igher terraces near foo thills; su rficial 
mate rial jfenerally 1 0- 3 0  (t ligh t-brown silty clay and fine sand at Corvallis
Philomath; equivale n t  to part o( Qdg of Vokes and o t11ers (1 954),  part of Quad 
and Dolph surfaces of Balster and Parsom (1 968),  pari of Qf of Frank ( 1 9 74);  
generally higher and more d issected by streams than Qtm; transitional with 
pediments and thinner near bedrock foothills (several tens of fl o r  less) ; 1 0 0 ft at 
OSU, 1 70-2 0 0  fl a l  and soulh o f  Philomat11: small to moderate ground water 
y ields, limited by storage where t!Jin over bed rock; poorly to well-drained silt 
loam soils. 

BEDROCK GEOLOGIC UNITS 

Sedimentary rocks 

Early Oligocene sandstone : Equivalent to Tts (luffaceO!ls sands/one) of Vokes 
and o thers ( 1 954); greenish-gray, medium- to coarse-grained, tuffacrw u8 sandstone 
containing fossils and occ urring in isolated o u tcrops in southeast part of county ;  
beds 3-12 ft thick; weathers t o  yellowish gray ; n o t  well known. 

Late Eocene sandstone: Equivalent to Ts (Spencer) of Turner (1 938);  mussive to 
thin-bedded, indurated, fine- to medium-grained, micaceous, arkosic, and 
tuffaceous sandstone; sandstones similar to sandy beds within Flournoy 
Formation; also indurated dark-green to gray basaltic sandstone (east of Dawsm1, 
northeast of Lewisburg, and in Albany q uad), spheroidally weathering to medium 
yello wish-brown soil: thin-bedded, medium-gray siltstones forming topographic 
ua/leys near Monroe; carbonaceous and bony coal at Spring Hill near A l bany and 
locally ; concretions locall y ;  underlies many terrace deposits; mostly deeply 
weathered and easilY excavated, b u t  locally requ ires jachhammering; co n tains 
unmapped very hard zones with related intrusives; 2-8 ft ligh t to dark 
ye!lo wish-bro w n  silt and clay soils; low permeability; small gro und-water yields to 
wells (uplands, small to moderate yields fro m perched zo nes) ,' salinity no ted a t  
depth. 

(Boundaries are approximate,· statements are general; specific e valuations require on-site investigation) 
GEOLOGIC HAZARDS 

Middle Eocene sandstone: l!.'quivalenl to 'J'f (Flournoy} o f  Baldwin (1 9 75), and 
'l'yee (Tt) of Voiles and o therR ( 1 .'.14 9 ) ;  bluish-{lray, firmly compacted, graded 
sandstone and dark-gray siltstone; 3-1 2 ft beds medium-grained, mkaceous, 
arkosic sandstonl!s and mudstones; weathers to ligl! t tan; dar/? yellowish-bro w n  
silty clay l o a m  soils, often well-drained: often deeply weatl!ered a 11 d  easily 
excavated; conglomeratic sandstone bedR contain ing basalt peb bles on west flanfl 
northeas/-lrend. ing hill norlh o{ Lewisburg and locally on wes/ �>ide of Witham llil/ 
in CorualUs: interfingering to north w ith morine siltstone in A lbany q uad; 
sandstones predominate in Monroe q uad and toward lower part o f  sectio n ;  ground 
waler potential similar to Ts, but less chance o f  good yields loca/!:y due to uery 
lo w permea bility ; adeQuate do mestic supplies {ro m springs of perched zvnes in 
colluvium west of Kings Valley, 

Kings VaUey siltstone : Equiualeut to Tsrll (Kings Valley siltstone member of 
Siletz River Volcanics) of Vokes and a /hers ( 1 95 4 ) ,  named for exten8ive m l tcrops 
in Kin>ts Valley, whe re 3 , 0 0 0  ft thick; generally well-bedded, darh brownish -gray, 
tuffaceous siltstone and water/aid luff; lower part near \-1-'ren a dark-J!nl}', shaly, 
tuffaceous siltstone, weathering spheroidally to talus of grayish-orange to 
l igh t-brown chips (interbedded pi/lows, baS<Jlt flows, tuff, and minor {low breccia 
also more co m mon); upper part near Hoskins is thin-bedded, fine·grained, 
tuffaceous siltstone in terbedded with o ccasional light yellowi.o;h-gray islz -white 
tuft, weathering to l igh t-brown soil; easily eroded and excavated; clay m inerals 
d o m inonlly mon tmorillo nite: m ajor a q u ifer of Kings Valley ;  1 /2-40 gpm yields of 
confined and sem iconfined gro und water (rom fractu.res or sandstone layers in 
siltstone; �:hemical quality impaired below 1 5 0- 2 0 0  ft w itho u t  increased y ield. 

Sandstone pediments: Gently inclined, planar erosion surfaces cut into bed roch 
and generally veneered with thin deposits of unco nsolidated material in lron�po rt, 
including graue!, sand, silt, and clay; sandstone pedimen ts have engineerin:;r 
properties and ground water poten tial of corresponding underlying bedroch units; 
transitional with teri-ace deposits near bed rock of fo othill areas. 

Volcanic rocks 

Eocene volcanic rock: Eq u ivale n t  to Tsr (Siletz River Volcanics) of Vohes and 
o thers ( 1 954) and Snavely and Baldwin (1 948):  3 , 0 00-9,000 [l o f  marine
deposited dark green ish-gray to black, ue�ieular to amygda/oidal pillow lavas and 
basalt flows, with minor interbedded and overlying tuffaceous claystone, 
siltstone, and basaltic sandstone: flow breccia and coarse pyroclasUcs rare; o{ten 
20-.'iO fl deep-weatlzered zones ligh t rusty-bro w n  in soft sediments wzd breccia, 
4-1 0 ft zones more common in pillow.� and flo ws; pillows north of Philomath and 
along G reasy Creek; darll-bro wn to redd ish-brown silt and clay soils ( 1 -4 (t /hick.) 
with shrink/swell cracks; perched gro und water zones related to fractures 
generally adequate for domestic u.�es: m oderate yields 1 5 -60 J!Pm in Philomath
Corvallis area: hazard�· include local maRs movement in colluvium on sleep slopes 

Volcanic pediment : Gently inclined, planar erosion surface c u t  into Tsr und 
generally veneered with thin deposits of unco nsolidated material in transport; 
shallo w ,  intermillent drainages, dark-brown to reddish-bro.w n  silt and clay soil�; 
1 -1 0 ft thick w ith shrink/swell cracks; c reep pro cesses aclwe on :>lopes and near 
drainages; incised streams flo w  on bed rock: limited mass movement near breaks in 
slope. 

Intrusive rocks 

Post-Eocene intrusive rock: Equivalent to Ti of VoileS and o tllerB (1 9 5 4 ) ;  fine- to 
medium-grained basalt and gab bro d i11es, �ills, and irregular in trusive bodies, 
ranging fro m narro w ,  vertical d ikes to large, nearly horizontal, thich (300-500 ft), 
sill-like masses; cut Ts and Tf u nits, particularly in Monroe q uad, ,r.;eneraity more 
{inrdy textured in Ts than Tf; un mapped in trusiul!s occur in Tsr unit; age early 
Oligocene; often quarried,· presents excauation pro b lems [or umi<•rground u t ilities 
and sewers: gro und water p o ten tial low; quanti ties adequate for domestic use 
po�sible local/:,.• near upper contacl or in fracture<;; ex tremely liard. 

Mass Movement 

Earthflow and slum!) topography (areas less than 5-1 0 acre� usually not shown): 
Moderately sloping terrain with irreMuln rities of slope, drainage, or soil 
distrib u.lion; detec ted in aerial photographs, supplemented by field checks; recent 
movement locally shown in field hy tension cracks, headwall scarps, h u m mocky 
terrain, b o wed trees, active soil creep, and o ther features; most widespread in Tf 
011d Ts sed imen tary u nits. Tsr volcanic 1mils, and at bedrock c o n tacts, parlicu/orly 
Ti and sedimen tary units; most c o m mon in areas of stream -bank erosion or active 
headword erosion in hillside drairzages; among possible hazards are con ti,zued 
movements, low c u tbank stability. and poor and irregular drainaxe; deuelop ment 
possible locally b u l  may reactivate or accelerate sliding, where fea ture.� arc 
unmqppable due to dense forest couer or photo scale, slide regions may go 
undete c ted. 

Steep-slope mass movement : General areas o f  high slide poten tial iden tified 
primarily on basis of average regional slope greater than 5 0 %  (determined fro m  
mop scale 1 : 62, 5 0 0  and 50-fl conlour in terval) ; subject to localized rocllfal/, 
rochs;/ide, de bris avalanche, deb ris flo w ,  carthnow, and slump; may include a few 
areas of deep fa ilure involving bed rock in addition to soil and rego lith; most 
widespread in 8teeply sloping Tf and Tsr terra in ; specific occurrences con trolled 
by foult5, joints, con tact5 wilh in trusive rocks, soil water, soil tllichness, vege tatiue 
cover, and land use; tllich accumulations of colluvium often occurring at or near 
ba�s o f  sleep slopes. 

Potential future mass movement: Places of highest poten tial for fu ture m ass 
movement resulting from improper or changing land use include 

Eartllf/ow and slump topography - moderately steep to steep slopes in areas 
of low surface runoff and significa nt chem ical weatJwring; most common also 
along fa ult�. joints. and bedrock contacts (partic ularly Ti and sedimen tary 
un its) ; also common in heads o( gullies or in areas of natural or artificial 
underc u t ting as along streams and roadculs. Units include Tsr, Tsrk, Tf, Ts, 
a nd surficial units along rivers a lid streams; scalloped, bow l-shaped depressions 
in Tsr often indicate luftaceO!IS and sedimen tary in terbeds espedaiiCJJ prone to 
earthflow and slu mp. 

Steep-slope mass movemen t - s teeply Rloping Tf, Tsr, and Ti terrn in; most 
com mon in areas of soil wa/er accumulation, joints, or faults. 

Delineation requ ires deta iled mappinR or larger scale than that o{ this study_ 

.. .. ... .. 

Stream Erosion and Deposition 

Major stream-bank erosion: Undercut ting and caving o f  river and s tream-banks 
(exclusive of reve tmen t areas) commonly accompanied by large-scale m igration of 
the river channel; common to o u ter bends of meanders on large streams; 
characterized by steep slopes, deep water near shore, and actively growing bars o n  
inner bend; m itiga tion may include riprap, channel modification, bar removal, and 
land use restric tions depending on local hydraulics, desired land use, and eroRion 
rates. 

Abandoned channel : Length of Willamette River channel abando'ned since 1 8 4 7  
through large-scale, abrupt channel changes during flooding o r  river regulation. In 
addition, oxbow lake.� and slough� indicate old channels and buried channel 
fea tures,· commonly the site of eu troph ication, projfressive siltation, marsh 
gro w th ,  and c o mpressible soils; informa tive in determining meander history and 
potential for future stream m igration. 

Major bar growth (D0�1. 1 9 69 ) :  Location ' of new o r  increased channel and point 
bar deposits; commonly aMociated with increasing stream-bank erosion on 
opposite side o f  channel; suggestiue of active stream-bani< erosion or channel 
change upstream : possible source of aggrega te, barring other overriding resource 
consideratio,ls. 

Major overflow channel : Major flood way channels wfth strang current flow during 
flooding; p o ten tial for necll or chute cu toff due to sco u r  in times of large floods 
and conseq uen tly may beco me future river channel a/ expense of presen t  channel; 
in areas of progressive major bar gro w th also includes some a bandoned meanders. 

Revetment (with date): R lprap placed locally to c o n trol stream-bank erosion; 
may lead to increased rates of erosion short d istances downstream. 

Channel change : A reas of new or relocated s tream channel formed by natural 
means since prepara tion of base maps (1 969- 1 9 70) ;  common locally between 
Coruallis and Harrisb urg; indicates areas of unstable channel and high velocity 
{loodways; generally invo lves shortening of channel and increased channel 
deposition downstream. 

Geol ogy by J im Bela :  m od ified after Vokes, M yers, & Hoover, 1 954. 

CA RTOG RAPHY by Pau l E .  S tau b, 1 978.  

GEOLOGIC SYMBOLS 

Contacts. 
Definite contact 
Approximate contact 

Bedding 
Strike and dip of bed 

L i neament 

Faults 

Definite fault 
Approximate fault 

- - - Inferred fault 
Nonnal fault (ball and bar on down lhrown side) 

• • • • Concealed fault 

Prepared and Pu bl i shed by the Cartograph ic Section 
of the Department  of Geol ogy an d M i neral I n d u stries 
C. A. Sch u m acher, Chief  Cartographer 
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E X P L A N A T I O N  
SURFICIAL GEOLOGIC UNITS 

Stream and terrace deposits 

Recent nvcr alluVlum Unconsolidated c o b b les, "'ourse gravel, sand, and .o:ome stlt 
W i t h in actwe channels of Wt!la mette RIVer. 2 0  1 5  ft linch eq wvalcnt to part of 
Qal o f  Allison ( 1 9/i �). pari of Qu! of Vokes (l/ld other� (I !J .'i 4 ) ,  part of Hor�eshoe 
s u rface of l::lalster and ParS0 /1$ ( 1 968),  part o f  Qya/ of Frank ( 1 9 74),  purl of Qui 
o f  Beaulieu ( 1 9 7 1 ) ,  characlenzcd b y  l o w  relre{, p o in t  Our deposit$. and secondary 
ac/we chan nels locally. sub1ecl to mwor {!oodmg, crrtical s tream bank eru�wn. 
and lateral channel m 1gra tion 

Quaternary lower terrace dcpo:Hts:  Semrcor�so/tdated cob bles, gravel, ,and, sr/1, 
c la y ,  and o rgumc matter o( uan"able lhtcknes� on /ow/and terraces a bove Qral 
(approx 85 (I lht,·k) und along usually en trenched t n b u tar-y rwers und streams, as 
Marys Rwer ( 1 0  J ()O ft thic k ) ,  s u rfr"' wl materml g<'nemUy 1 0  3 0 ft l1ght brown 
stlty clay and {me sand. equwaler�l lo purl of Qui of A JI!so11 ( 1 95 3), part of Qal o{ 
Vokes and o ilier� ( 1 954) Ingram l! ur{ace u{ Ralster and Parsons ( 1 968),  and par/ 

o f  Qyal and Qual o f  Frank ( 1 9 74 ) ,  charactenzed by tow. u n d u l.,t1ng, fluutal 
s urface w 1t11 meander ocro/1� und o x b o w  lakes s u fl}ect to mll}ur and loc(ll 
{loodmg, somP cata�troph1c channel mtgro/um o n  mQJur scale near W;/lamette 
Ruwr, pondmg, and /Juth f!ro u n d  wuter, vana b le gro und water p o tenlml, h;gh near 
Wtllumette Rwcr. modl'ratl' to }food alonJ! l n b u tary rwers and streams I{ depostlo 
are thtcJt and m terhedded sand and gravel occur heneatl! water ta t> /e poorly to 
wl'l/ dramed s1ll and da}! �ol/s 

Quaternary middle lcuacc depostts· Semicon�ot!dated �travel sand, srll, (lllrl cia} 
formml! terraces of ma;or ex /Pill along Willamelle Rwer, sur{IC!al m a te ria/ 
�terJeral/y 1 0-,10 {t ltght· b ro u m  srlty clay aud {!llf' snnd , eq uwale n / lo part o{ Qws 
of All1so" ( 1 9 5 3) pari of Qa/ of Vokes and o thers ( 1 95 .-J ) ,  Wmkte, Calap o o y w, 
and Senecal surfaces of Bn/tder and Parsu m ( 1 96 8 ) ,  part of Qoa/ of Frank ( 1 9 74) 
Very flat terraces well above Qtl along W!l/um� lie Rwer, approximately CiO I r w  ft 
lhidl , 1 U U o r  more near Grangr?r, thmnmg tu 50 fl or less near Willa mette R�r•er 
good to hl/>!h .:ruund water y telds {rom coarser depusds aro1md 5 0 ft deep locally , 
p nor/jl to wdl·dramed sil l and duy sorls 

Quatcrna1:; hrgher terrace deposits Semtconso ltdated gra11el, sand �111, and clay 
u( t•anable thrck rwss ( 1 0  200 {t) on h zgher terraces near fn o th1tls. �urfrc wl 
materral gf'nf'mlly 1 0  H) ft ltgh l brown stlty clay and [me band fJ t  Corvallis 
l'h1lomath, equwalent tu part u [  l.)dg of Volws und o tllen ( 1 95 1 ) ,  part uf Quad 
and Dolph surfa�·es of BalstPr and Parson.� ( 1 968).  Jl(lr/ nf Qt of l'ranll ( 1 9 74) , 
gl'nerally h iJ!her and m ore tl ;s�eCl!'d by streams than Qtm ;  /runsiiVma/ W ith 
pediments and thmner near bedro,k {ootli1lls (•cvPrll/ tens of (I o r  less) , 1 0 0 {t a t  
O S U  1 7 0 2 0 0 ft a t  a n d  so uth of f'h!lumalh smt1/l to moderate gruund u;al�tr 
y wJd�. /muted b }  storage wllen� tllm over bed ruck. poorly to well draml'd slit 
loam �o!l� 

BEDROCK GEOLOGIC UNITS 

Sedimentary rocks 

Early Ol1gocene sandstone · Hquwalen l /u 1·1� (tuffaceous sar1dstone) of Vokes 
and o thers ( 1 95 4 ) .  greeniSh llnlY med 1 u m  to l'oarse·l!ramed, t •1ffuceo llS su 11dstone 
c o n tmn m'{ {osstls ami o"'curr�ng m •sulaled o utcrops m �oulhea�l part o{ r o u n ty 
beds 3 1 2 ft tll i c h ,  weathers tu ydluwtsh gra } ,  no I we!l k n o wn 

Late Eocene sandston� · F.r/ u H m ifo n t  t o Ts (Spencer) u{ Turner ( 1 938) mu�bn>e lo 
thm bedded, rndura led {1 1 w  /o mcdwm grauwd, nucaceou� (lrko�Jc, and 
tu{{acl'ous �andstonl', sands/o nes �1mtlar lo sundy lwds u; 1fllm Flournoy 
F'ormatwn also m d u ra ted darh green to gruy bus(lf/!C sandstone (cast of Dawsntl 
nmlheast o (  LewiS b u rg, and 1 11 .>1/batly q uad),  �pherou.i.a/1} wealhenng /o mt•dwm 
yel/uu nsh - bro w n  11011, lhm b erldNl medtum gray s ! l l s 1 u neo {ormmff /opo,;n.mhtt 
uaile}li near Monroe carbonaceous and bony enol at 5JJrmg Hl!/ near -1 1 banv and 
/ocal/v , concretron� /oc(ll / y ,  u nderltes many terrace depoot /s , mostly rleepl)• 
wPatlwmd and eas1tv excauated, b u t  loca/h req u ,re� )achhammenng, contams 
unmapped 1wry hard zonr?� wtth related m truswl.'s, 2 8 fl l1ght /o d(!fh: 
yl'/IO W!Sh b ro w n  �tit and clay so t/� low permeabr/ily small gro und water ywlds to 
wells (uplands, small to moderate yrelds from perched ZOilCs) �alinil} lloted at 
depth 

(Boundaries are approximate; �tatement� are general; speCific e valuation<; reqwre ofl-stte irr vest1gat1on) 
GEOLOGIC HAZARDS 

Middle t:ocene sandstone F.quiValent to T{ (Flourn'L>Y) of Buldwm ( 1 9 75) afld 
Tyee (Tt) of Vokes and o thers ( 1 9 4 9 ) ,  b lu 1sh gr.,y, {1rmly compac ted graded 
sandstone m1d darh gray s1ll�;lone, 3 1 2 ft beds med 1um }frmned, m tcaceou� 
arho�tc sandstones and m udstone�. weathers to ltght tun, dark y<>l/owu:h b ro n n  
stlty c l a y  luam sorls, often w d l  dramed , o{len deeply weathered a n d  eastl'l 
exca�"ted conglomeratJc sandstone b eds conta m m,i! basa/1 p e b b les o n  west flank 
northeast trPndm�t h ill north u{ Le w iS b u rg u.nd locally on we�/ ol(le of Wtlhum lhll 
m Conm/!H, m tcr{mgermg tu n orth U.!l(h manne stitstone m A l bany q uad, 
sandsto nes predommate m Mnnroe q u ad and toward lower part o f  �cctwtl ground 
water potentml s1m1lar to Ts, bu/ less chance o f  guod yndds locally due to very 
lo w JJermea fnl!ty , adeq uate domestic s«ppltes from sprmg� of pprched zuneo m 
cul/ u v 1 u m  west of Kmgs Valley 

Kmgs Valley stlt.�tone · l:.:quwalent to T�rh (Kmgs \Iaiiey > t l t>tone member of 
S1lelz Rwer Vo/c.,mcs) of Vok( s and o /hers ( 1 9 5 4), named {or ex tenswe uu /crups 
m Kmgs Valley ,  where 3.000 {t th ;cll, gr?nerally well·bedded, durll browrl!Sh gray, 
tu{(aceOIH Mltslone nnd waterlard t u {{, lower par/ near R rerl a dath Kruy �l�r.dy, 
tuffaceous Siltstone, weathermg spherotdul/y to talus of grnyuofl·(JrWllte to 
lrghl·brou.;n ch1ps (Interbedded prllow� ba.;alt {lows tuff. a11rl mmor {lo w  brcccta 
also m o re co mmon),  upper par /  nefJr Hosllm9 1s /hm bedded fmc gramed, 
tuffaceous sills/one m terbedrlerl wltl! occ.,stunal /t;i{h / ycl/owlsh·graytsh t� h l ll' 
t uff, weathenng to ltghl·brown sort,  easily erodl'd and excaualed, clay mmeru./s 
d o m inantly mon tmortllomtl' mll]or a q r1 1fer of Kmgs Vulle} . l t 2·40 gpm Ytelds vf 
con{med and ,-;emu:onfmed ground u.nter {rum fracture$ or sandstone la}Crs Ill 
Siltstone , chemr�al q uality tmparred belo w i. 5 0  2 0 0 ft w 1tho u t  rncreased ywld 

Sandstone pedunents Gently mclmed planar e•o�rou �ur{av�·s cui m lo bed rnch 
and genera/lv veneered w 1 lh lhm depo�tts u{ unco n�olldated m a tenal 111 transport, 
1ncludmg gmvel, saud, sr/1 and �;;la} .  sandstone pe!llmt'nl' have cngme<ortn;! 
properiJes und gro und watPr po tent w l  of corre11pondmg u n der/} ; r1g bed• or:h wu I �.  
transitwnal w t t h  terrace depos1t.o: near b e d  r o c k  o f  foothill a reas 

Volcamc rocks 

Eocene volr.:aruc roc k ·  E q u rvale n t  to lsr (Siletz H.!vtr Volcamcs) n t  Voiles and 

others ( J fJ5 4 J  and Snavely and Haldw1n ( 1 948) 3 000 9. 000 ft of manne 

deposited dark J!reemsh gray to b/(lck, ves1cu/ar to a mygdatutdul Prllou• lav(lS (l /ld 

basalt f/or£s, wzlh mmor m terbl'dded and ouerhrng tuffaceous clays/one, 

siltstone, and basaltic sandstone. flow breccta and coar�e JJyrocltHiic:.< ra•e. ofterl 

2 0- 5 0  {I deep weathered zones /tglt t rusty brown m soft scd tments ami breccw. 

4 1 0  fl zones more c o m m o n  m ptllow� und {lows ptllon� nrlr/11 of FIHlomalh ar<d 

along G reasy Creeh dark b rn w n  to rcdd��h brown stlt  aml cl'n �otis ( 1  4 {t lhwh) 

wtth �hrink/swell cracks, pl'rched J!Wilnd water .::o ncG nla ted In {rt��.;lttrts 

generally adP.q u a te fur domeslrc uses moderule y te/ds 15 60 IJpm tn Pllt/omtl tll 

Curval/rs mea. hazards m c h 1 de local mass movem e n t  l" collllvium 011 � teep slupe> 

Volcamc p(;duncnt Uently mclmed, pl(jnar ero�wn su rfa�.;e c u t  1 n lu Tsr and 

generally Leneered wtlh lhm depostls o f  u n c o nsolida ted mutenal m transpurl 

shallow, m termrtten/ dramuges. dark brown to n•dd!sll brown stll  fi/ld cloy sotl� 

1 - 1 0  {I Oacl' w ttll shnnh/swell uack•. c reel) p ro ce<ses actwe on slopes and nN1r 

dramaxes, rnu�erl streams {lo w  on bed rnck , l ! mtled moss nHJ�e men t rw(lr b•ea/1� m 

slope 

Intrusive rocks 

Post-Eocen� mlrUSllle rock Hq uwak n l  /o T1 of Voke� and u lher� ( 1 9 6 4 ) .  fmc l o  

medtum grumed basalt a n d  gabbro dthe3, >11lo u n d  rrregu/ar m/n•s1�e bodws 

ranJ!mM fro m narro w ,  vrrt�ea l d1kes lu large, nearly hunzonlal, tlnch (300 SOO fl), 

Sill /the masses, cut Ts an(/ Tf u m ts, par/H;u/arly 111 Mo nroe q uad generr;llv more 

fmely tex tured m Ts /han Tf; unmapped m lruswes otcur m Tsr u n 1 /  affe eu t l} 

OliJ!Ocene , often qufJrrwd , pre�ents excavatron problems {01 U lldetground u l tlt t res 

and •ewers. gruu11d t�;a/er po /e n fwl lnw , q uan t!l res adequatl' (o r domebt!C usc 
poss1blt locu/Jy near tipper c o n tact ur tn (rae l ures e\ lrtmely hurrl 

Mass Movement 

Eru:thflow and slump topography (areas less than 5 I 0 acres usually not shown) 
Moderately slopmg terram w1th ;rregu/ar;/tes of slope, dramuge, o r  sOil 
d rs tn b ut1o n ,  (letec led m aenal photographs, supplemen ted by f1e/d checks, 1ece n t  
mouement /ucal/y s h o w n  tn fwld b y  tcnsron crack�. headwall scarps, h u m mocky 
terram .  b o wed trees, actwe ,�oil c reep . and o ther features. mo�t Widespread m Tf 
and Ts �edimcn/ury u nrts, Tsr uo/cantc un1b, and a l  bedrock con tuds. part�eular/y 
T1 and sedtmen lary u n ds most c o m mo n  m areas of stream bank erosion ur actue 
l!eadw.,rd erosion 111 htllctd.e dramage�, among pos1n b le hazard;: are cun tmued 
movemen ts, low c« l!Junk stability, and poor and r rreguJar dramul(e, develop men t 
poss t b le locally b u l  may reactwate or accelerate sl!drn;;t. where fea tures. are 
u n m appa b lc d ue t" d<>nse forest cover or p h o to sca/P., �/1de regwn.� may go 
undetec ted 

Steep-slope ma� movement. General areu� of h 1gh slide po tent1al rdl!n lt(ied 
pnmarily o n  basiS of average regtnnal 8lope �realer than 5 0 %  (delermmed from 
map scale 1 G2 5 00 and 5 0-ft contour m tervat). subJect to /ocaltz.ed roc:lda/1, 
ruchshde. debns aua/anche, debn� now. eorthfl o w, and s l u mp .  may mclude a fe w 
areas of deep (llllure muolmng bed rock m addttwn to sOil (lnd rego ltth , mo�t 
widP�pread m �t.eeply sloptng: Tf and Tsr tt>rra m ,  spvt·rfiC Ot'c urrences c o n / rolled 
by faults, Jomts, c o n tacts w t th mtrusiVe rucks, >Otl water so1/ thtch ness, vcge tatuN'c 
couer, and land use. thtch "ccrunulattons of rollu m u m  uf/en occurrmg at o r  w•ar 
bases uf sleep slope� 

Potential future mass movement Places of /ughes/ po/en /ml for fu ltuc m ass 
mo1Jeme11t resul tmg {rom r mproper o r  changing /and use mclurle 

J..arthflow and slump tnpog:ruph y  - moderately s teep to �IN!P �/ope� m ureas 
of low surface runoff und stgnJftcant chemical weatherinJ.f most common a/80 
along {Q Uit�. Jomt� and bedrovh c o n ta c ts (partiCularly T1 and !iedunentary 
u n 1 ts) , also common Ill heads of gu//tes or ; n  ureas of rwturu/ o r  art1(1Cw/ 
undercutlmg as along s treams atld roadcuts ln11fs mclude Tsr, Tsrk. Tf, Ts, 
and surfu�tal u m ts along rwers and streams, scalloped, b o w l  shaped deprtts�wno 
Ill T�r often mdtca te tu ffaceo u s  and �edimen tury m tert>eds especw//y prone to 
e"rlhf! o w  und slump 

Steep lilope m ass mouement sleeply .>lopwf! Tf, Ts.r, and Ti terrain. most 
,· o m mo n  m areas of sorl r.J fl fr.r (lccumutatwn, ]tnnls, o r  faults 

Dehnea twn reQ u tres dt' laJ/ed muppmg o r  larger scale than that of th1s stud) 

• •  .. ..  

Stream Eroston and Deposition 

MaJor stream-hank erosiOn l'nderc u t tmg and cau1ng of nuer und �treum banll� 
(exctuswe of reve tment areas) commonly accompan ied b:,. large uale m l)!ralwn o{ 
/lie rwer clwnnel, common to o u ter ber1ds of meur1ders 011 large streams, 
.::haraclenzed by s teep dope.�. deep water neur sliore and actwely gro w1ng barl! o n  
mner b e n d .  m 1 llga l10n m u y  mc /ude nprap, l'hannel mod i{icalwn, bar rem o11lll fJnd 
/and use resiriclion� dependmg o n  local IIY d ra u l ics, destred land use, und eroswr� 
rGies 

Abandonl'd (;hanncl Length of Wtllnmette Rwer channel abandoned since 1 8 4 7  
through la r,;e scale, a b rupt channd changes d u ring fluodmg o r  nuer ref!ula/!Orl ln 
add1/Wn, o x b o w  /M�ee.o: and oloughs mdrcate old channels and b uried channel 
fea tures. commonly tile s1te of eu troph tcatwn. progresswe s!ltatron, marsh 
gro w til, and r o mpress1ble so1/s, mtormatwe m detennmmJi! meander h tstory and 
potentml {or future s trea m  m!/i!rat;on 

MaJor bar J;'):owth (post 1 9 f.9) T.ocatwn of new o r  mcreased chanrw/ and p o m t  
O a r  depos1tR. commonly assocwted w i t h  increasmf! stream b a n k  eroswn o n  
oppos;te stde of channel huggestwe o f  ac/i!!C stream bank eros10n o r  cl!anne/ 
cha nge upstream , pos.s1 b le so!�rce of llggrega te, barrmg other ovcrndmg resource 
consideratiOns 

Ma]or uvl'rflow channel 1\-Ju]or (loodway channels w t lh strong c u rrent {!ow durmg 
flood mg. p o tentwl {or neck or Lh u le c u toff due to .�cour m t!meo of Jurge floods 
and consetJuently may become {ulure nuer channel a t  expense o{ presPn t  channel, 
m areas of p rogresswe mwor bur grow til also mcludes some a bandoned mear1ders 

Rt·veLmcn(. (wtth date) .  R �prap placed locally to c o n trol s tream bank erosron, 
may ll'ad to I n creased rate� of erostou short dista nces downstream 

Channel change . A rea� of new o r  re/o"'ted stream channel {ormPd by na trtral 
means smce prep(!faltotl of base maps ( 1 9 6 9 1 9 7 0) , common locally between 
Coruall!s and Harnsb urf!, md1ca tes arefl� of unstable channel and high uelocrty 
{!oodways, gcncral/v mvolves shorterung of chamwl and mcrcased channel 
depoc1f1on d ownstream 

Geology by J i m Bela :  mod ified after Vokes, Myers, & Hoover, 1 954. 

CA RTOG RAPHY by P,HJ I E .  S iau b, 1 978.  

GEOLOGIC SYMBOLS 

Contacts 
Defimte contact 
Approximate contact 

Bcddmg 
Strike and dip of bed 

L i neament 

. . . . 

Faults 
Definite fault 
Approximate fault 
Inferred fault 

Normal fault (ball and bar on down thrown �ule) 
Concealed fault 

Prepared and Pu b l 1 sh c d  by the Cartograph ic  Sect1on 
of the Department  of Geol ogy <trld M 1 n eral l n du stnes 
C A Schu mach er,  C h 1 c f Lulographer 
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