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Before completion of the Dalles Dam, the Columbia River flowed over Columbia River Basalt at Celilo Falls near 
The Dalles, Oregon. Indians, shown here spearing and netting fish from the rocks, were granted sole fishing 
rights at the falls by government treaty dating from 1855. (Photo courtesy Oregon State Highway Commission) 
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GEOLOGIC HAZARDS of PARTS 
of NORTHERN HOOD RIVER, 

WASCO, and SHERMAN COUNTIES, 
OREGON 

INTRODUCTION 

P u r p o s e  

Effective l and use planning and land management require an adequate data base with regard to the 
potential uses and l imitations of the land. The purpose of this study is to provi de practical information 
on the geologic hazards and engineering geol ogy conditions of northern Hood River, Wasco, and Sherman 
Counties. 

The need for systematic and reliable information of this sort is gaining wider recognition by State 
officials, county officials, pl anners, developers, engineers, and private citizens. T he need is articu lated 
in Goal 7 of the Land C onservation and Deve l opment C ommission, which provides for the incorporation of 
geologic hazards information in planning. 

Legal trends in recent years hove been toward plac ing increasing emphasis on comprehensive plans 
in land use decisions in Oregon (Fasano and Boker v. Milwaukee; Green v. H ayward). Nationwide the 
trend has also been toward the placing of greater responsibil ities on agencies granting permits, In C ali
fornia, for example, when a county road projec t initi ated a l andslide, and when runoff from a county
approved subdivision adve rse ly affecte d neighboring property, liability was placed upon the county 

(Sch l icker and others, 1973). 

H ow T o  U s e  

General 

Land use planners ore persons who use or manage the l and with foresight regarding the charac teristic s 
of the l and. In addition to county and c i ty planners, l and use planners to some degree inc l u de deve l opers, 
pol icy formulators on the national, state, and local leve l ,  as well as landholders, architects, engineers, 
and natural resource specialists. 

This bulletin provides planners in northern H ood River, Wasco, and Sherman C ounties a synthe sis of 
current thought regarding geologic conditions and hazards in the study are a ,  The m aterial is reconnaissance 
in nature , however, and i s  subject to refinement based on additional investigations. The maps represent 
average conditions as they actually occur on the ground, and on-site examination is required for site• 
specific evaluation. 

The subject  matter i s  organized and cross-referenced to foci lit ate easy reference: T he maps and 
tables interrelate the various hazards and present information about them systematic al ly. The text is 
divided into sections deal ing with specific hazards or topic s structured around the formats of the map 
legends. The net resu lt i s  a h azards analysi s wi th a potential for a wide vari ety of uses (see Figure 1). 

Site evaluations 

The maps, tables, and te xt can be employed in assessing the use potentia l s  and use limitations of 
the land. When these are matched with the specific site requirements of the proposed deve l opment and 
the surrounding area, it will be possible to determine whether the development and site characteristics 



2 GEOLOGIC HAZARDS OF HOOD RIVER, WASCO, AND SHERMAN COUNTIES 

ore compatible. An appreciation of the limi tations of map scale i s  a key prerequisite to final site-spec ific 
decisions. On-site investigations are generally required, and consultation of other sources of i nformati on 
i s  recommended. 

Land use capability analyses 

Data provided in thi s  bulletin and on the accompanying maps can be used directly i n  the preparation 
of land use capability mops or instead in the development of sequences of overlay s which will in turn be 
used to develop land use capability mops. Map-overlay techniques are appropriate preliminary exerci ses 
in the preparation of comprehensive plans or in their revision or refinement. T o  be valid, however, such 
maps should meet three specifications: 

1) The maps should be prepared for indi vi dual ty;:>es of development or for closely related types of 
developm ent, since the physical requ i rements of di fferent types of development show consi der
able variati on. 

2) Capability categories descri bed in the mop legends should be keyed to fi eld observations and 
site-specific data to assure that they are realistic . Engineering solutions to problems should 
also be considered. 

3 )  Scale must be properly appreciated, and provisions should be made for exceptions based upon 
more detailed information. Maps i n  this study should be regarded as generalized first approxi
mations of actual conditions as they exi st on spec i fic parcels of land. 

Projection of data 

On the county and city levels, specialists commonly possess a wealth of detailed information on 
specific sites in their respective fi elds of expertise; but they do not readily have at their disposal a mech
anism for projecting their observati ons into other areas. Thus, an individual may hove detailed site
spec ific i nformation on septic tank failu res, aggregate sources, or landslides, but may not have adequate 
means of anticipating similar problems elsewhere. In thi s  bulletin,  geologic units, slopes, and hazards 
are interrelated in both text and mops to provide the speci alist with the tools he needs to extrapolate h is  
observations into new areas, allowing h im to make preliminary assessments on sites for which he has no 
detailed informati on. 

Policy formulation 

Used i n  conjunction with a realistic set of goals, this publication can be invaluable in formulating 
land use polrcies on the local and reg i onal level. Such polic ies should represent a coordinated effort on 
the part of government agencies of various levels, should consider all significant geologic hazards, and 
should make provi sions for local conditions as revealed by more detailed study or on-site in vestigation . 
Although policies should be designed to p rotect the safety and well-being of the public and the best in
terests of society, they should not be based on over-reactions arising from inadequate or inappropriately 
applied information regarding geologic hazards. 

M a p  S c a l e  a n d D e t a i l  

Obtaining appropriately detailed data for a particular planning task i s  often the most significant 
informationa I concern of the planner. Inventories are generally conducted for a variety of purposes and 
are available on a vari ety of levels of detai l. Confusion m ay result if the degree of generalization needed 
to generate a planning tool on a statewide, countywide, or citywide basis is not distinguished from the 
degree of specific i ty needed for local implementation such as site-specific dec i sion making or the construc
tion of zoning mops. Mops made for one purpose ore generally not adequate for other purposes involving 
different levels of inquiry .  

Where gaps of information of thi s  sort exist, arbitrarily adjusting the scale of the map to fi t the new 
need does not generate the additional map detail required by the new use. Increased detail requires 
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1 .  DEFINE TASKS Examples i nc lude e valuating proposed developments, 
developing or revising comprehensive plans or zon ing 
ord inances, e va lua ting requests for variances, ad-
vising residents or deve lopers, a nd deve loping goals 
or guidelines. 

t 
2. LOCATE SITE Locate the s i te visually on the appropria te geologic 

OR AREA map and geologic hazards map. 

t 
3. IDENTIFY GEOLOGIC Use the geologic map and text to determine the 

HAZARDS OR HAZARDOUS engineering properties of the underly i ng geologic 
ENGINEERI NG CONDITIONS unit or uni ts .  Use the geologic hazards map a nd 

...._ ________ .....,__';'1&- _ _  J __ --It- __:•� to de t.,m;� ge�og;"_hozo'�· _______ 1 

4. 

5. 

6. 

: ACQUIRE ADDITIONAL For site-specific work or for con- I 

� 

: INFORMATION struction of additional maps on a [ 
significantly larger scale� consul- 1 
tation or additional field work by 1 
qualified staff may be needed to 1 
establish accurate boundaries. J 

ASSESS THE SITE Define the physical capabi l i ties and liabilities of 
the land . The text is organized and cross-referenced 
to fac ilitate this type of use . Consult c i ted references 
or appropriate agencies where necessary . 

t 
EVALUATE THE PROJECT Compare the physical capabilities and liabilities of 

t 
P LAN 

the land wi th the physical requireme nts of the pro-
posed use. Consider possible engineering and land 
management solutions and their impact on surrounding 
areas. 

In arriving at a final decision consider loca l and 
regional goa ls, political and economic factors, 
citizens' input, and other appropriate data. 

Figure 1. Suggested use of this bulletin in site evaluations. 
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addi t iona l  i nvestigat ions (as di scussed above u nder S i te eva l uat ions and Land use capab i lity a na lyse s ) .  
The needed i nformat ion can  be  obta i ned by co nsu l tat ion , addit ional stud ies ,  on-s i te i nvest igat ion ,  or  
i n-house rev i s ion  based o n  add i t ional information . The tex t  of  t h i s  report i s  i n te nded to supp lement t he 
maps a nd to serve loca l j u r isdict ions i n  genera t i ng maps of req u ired leve l of deta i l  for local  i mp l eme nta
t io n .  

In summary , complet ion o f  regiona l i nve n tor ies,  such as th i s  report represe nts,  i s  a necessary pre
requ is i te for l oca l decis ion maki ng ;  b ut i t  is  not a substi tute for si te -spec i fi c  i nformat io n .  Unfortunately ,  
rece nt court decis ions do not c lear ly make th i s  d ist i nc t ion .  I n  Green v .  Hayward (1976), for examp le , 
i t  was ruled t hat  zon i n g  var iances must conform to the compre hens ive p lan  regard less o f  its leve l of spec
i fi c i ty.  Clear ly , court act ions are  e l evat ing the  compre he nsive p lan  in to  a d i st i ngu i shed a nd fundame nta l 
ro le  i n  local  p lann i ng . Accord i ng ly ,  more care must be g i ve n  to the formu lat ion of  comprehens ive plans 
t ha n  in t he past . 

To preserve t he opt ion of making  j ust i fied zoning var iances based upo n add i tiona l future i nformat ion,  
t he p lanner mus t  beg i n  now to phrase land use  restr ict ions more care fu l ly as t hey are  prese nted in  the com 
pre hensive p lan . One reason the text and maps of  t h i s  report make repeated reference to the p lace of 
s i te -spec i fi c  i n format ion in t he p la n n i ng process i s  to a l ert the pla nner to th i s  deve l op i ng phase of compre 
he nsive p lan formulat ion as i t  re lates to geo log i c  hazards i n format io n . 

A c k n o w l e d g m e n t s  

The author great ly appre c iates the cooperation and he lp  g ive n  by ma ny i nd i vidua l s  a nd organ iza
tions i n  t he preparat ion of th i s  report . The i nvest i gat ion was funded i n  part by grants from the Land 
Conservat ion and Deve lopme nt Comm i ss ion  to the Mi d-Co l umbia Econom i c  Distr ict  a nd to Wasco County 
a nd a l so by a grant from t he U .  S .  Department of Housi ng and Urban Deve lopme nt  to Sherman County . 
The grants were imp leme nted o n  a match ing basis by t he Oregon Department of  Geo l ogy a nd Mi nera l 
I nd ustr i e s .  Spec ial  t hanks are exte nded to Mr . Rona ld T. Ba i l ey , Wasco Cou nty P lann ing Director; Mr . 
David W .  Porte r,  Hood R iver Cou nty Pl ann i ng D i rector; and Gary L .  Shaff, S herman County P lann i ng 
Di re ctor, for the i r  efforts i n  secur ing the se funds.  

The P lann i ng Departme nts of the three count ie s ,  the  Mid -Co l umbia Econom ic Deve lopme nt D i st r ict ,  
the  U ,  S .  Geolog ica l  Survey (Portland O ff ice ) ,  t he U .  S .  So i l  Con servat ion Serv ice , and  the  U .  S. Army 
Corps of Eng i neers supp l ied ma j or ass i s ta nce . 

Staff membe rs of t he State of  Oregon Department of Geo logy a nd Mi nera l I nd ustr ies  assi st i ng i n  the 
pro ject i nc l uded Steve n R, Renoud and Chuck A. Sc humac her, cartographers; Beverly F .  Vogt ,  geo logist
editor;  A i nslie Br icker ,  edi tor; and Ruth  E .  Pavla t ,  typ i st , 

In par t icular the Oregon Department  of Geo l ogy a nd Mi n era l I ndustr ies wou ld l i ke to ac know l edge 
the e fforts of the loca l j ur i sd i c tions to coordi na te the i r  i nd iv idua l needs i n to a s i ng l e  regiona l request 
for assistance . The numerous economics  made poss i b l e  by the i r  efforts were s ign i ficant  in kee pi ng the 
cost of the pro ject  to a m i nimum . 
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G E O GRAP H Y  

L o c at i o n  a n d  E x t e n t  

T he study are a  ( Figure 2) e ncompasses the nort hern p arts o f  Hood R iver,  W asco ,  and western 
Sherman C ount ies  as we l l  as sm al l are as around major commun i t ies  to the sout h ,  inc l ud i ng Dufur , Tygh 
Val l ey ,  and M aupi n  al ong H ig hw ay 197 and M oro and Grass V al l ey al ong H ig hw ay 97. Tot al are al e x
tent is approxim ate l y  550 square mi le s .  Parts of  s i x  topograph ic  quadrang l e  m aps  l i e  w it h i n  t he boun
d aries of t he reg ional m ap area .  

C l i m a t e  a n d  V e g e t at i o n  

C l i mate i s  v ari ab l e  i n  respo nse to mo ist P ac i fi c  storms i n  the w i nter,  dry high-pressure ce l l s from 
t he e ast i n  t he summer ,  and loc at ion  w i th i n  the study are a. T he mountainous terrain o f  the western hal f  
o f  t he study are a i s  considerab ly moi ster than t he arid terrain e ast o f  T he D al l e s ,  wh ich  l ies  in t he rai n  
shadow of  t h e  C ascades R ange (Tab l e  1). R ainfal l varie s  from 80 i nches  annual ly  south o f  C ascade Locks 
to l ess than 10 i nches  annual ly  e ast of t he Desc hutes  R i ve r .  Annu al prec ip i tat ion ranges from 60 i nches  
in  west Hood R iver V al l ey to  30 i nches in e ast Hood R iver V al l ey ( Oregon W ater Resources Board , 1965). 

T ab l e  1. C l i mat i c  d at a  for se lected commun i t ie s  to 1974 

N umber of M ax. 
Ye ars of Average Ppt . Temp . 

Communi ty Re cord per Ye ar ( in . )  ( oF • ) 

C ascade Locks 52 77 
54 107 

Hood R iver 91 31 
83 106 

Kent 51 11 
49 108 

Moro 66 11 
44 111 

Parkdale 65 42 
73 105 

T he Dal l e s  112 15 
98 115 

W asco 67 12 
18 * 110 
39 * 

* Records not av ai I ab l e  after 1952 . 

M in .  
T emp . 
( oF • ) 

-9 

-27 

-19 

-23 

-27 

-30 

-28 
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Figure 2. Index map 
of study area 
showing quadran
gle map coverage. 
15' series maps 
are used in this 
study. Larger 
scale maps are 
used for the com
munities. 
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T he Doug l as fir and western hem lock,  wh ich  are the dom in ant  tree types i n  the Hood R iver are a, 
pass e astward in to  stands of ponderosa pi ne and i nto range- l and grasses i n  response to decreas i ng rainfal l .  
Agr icu l ture is devoted to orchards i n  t he west and to wheat and b ar ley i n  the e ast . Dry l and farm i ng tech 
n iques are ut i l i zed local l y .  In t h e  t rans i t ion  zone between forest l and and grass l and near The D al les , 
shaded north s lopes  are forested, w hereas e xposed south s lopes  are devo id  of trees .  

T o p o g r a p h y  

M ajor physiograph i c  regions of t he st udy are a  inc l ude t he Co l umbia R iver Gorge , t he C ascade 
R ange , the Hood R iver V al ley,  and the d issected p I a  tea us and ridges e ast of The D a  l ie s .  The antecedent 
Co l umb i a  R iver cut the Co l umbia R iver Gorge in P l i oce ne and P l e istocene times as t he C ascade R ange w as 
be i ng formed by upl ift , fo lding , and outpour ings  of l ava from nearby vo l c anic vents . M ajor fo lds  wh ich  
d ispl ace  bed rock  several hundreds o f  feet  vert i cal ly  are v is ib l e  al ong the  sides of the Gorge . E xposure 
of incompetent bed rock in t he core of t he C ascade R ange between C ascade Locks and She l l rock Mountai n  
h as resu l ted i n  numerous mass ive l ands l ides . 

The Hood R i ver  Val ley occupies part of the fau l ted e ast l imb of the C ascade R ange upw ard and is 
fau l ted along i t s  e astern border . Late P l e i stocene vo l c anic rocks and poss i b l e  m i nor fau l ts separate the 
Upper and lower H ood R iver V al l eys .  Lower ly ing  areas are unde r l ai n  pr imari ly  by g l ac i al outw ash and 
l acustr i ne de pos its . 

Between  H ood R i ver  and T he Dal l es ,  ant i c l i nes  form m ajor ridges and l oc al ly  contro l  the  course of 
t he Co l umb ia  R iver .  Regional l y ,  t he C o l umbia  R iver fo l lows t he axis of  t he Dal l es-Umat i l l a sync l i ne 
from The Dal l es e astw ard . Betwee n the Hood R iver V al l ey and The Dal l e s ,  stre am val l eys l e ad i ng e ast
ward off  t he C ascades e xhib i t  intracanyon f lows,  massive bedrock fai l ures , steep s lope s ,  and torren t ial 
f lood channe l s .  F art her e ast , v al l eys  o f  wind-de pos ited loess l e ad northw ard t o  steep ravines w h i c h  spi l l  
abrupt ly  t hrough c l i ffs of Co l umbia R iver Bas al t to the Co l umb i a  R iver .  

A ser ies  o f  P l e i stocene f loods of g l ac i al me l twater f low i ng down t he C o l umbi a R iver w h i c h  cu lm inated 
in the M issou l a  F l ood gre at ly modified l ower ly i ng topograp hy and produced e xtens ive scab l ands , overflow 
c hanne l s ,  overstee pe ned s lopes, and l oc al perched deposits of  sand and grave l .  D i str ibution of t hese 
features has i nfl ue nced p atterns of cu l tural deve lopment and w i l l  co ntinue to do so i n  the future . As 
deve l opme nt p l aces i ncre as i ng demands on  t he l and ,  the cont i n ui ng processes of f lood i ng , s l id i ng ,  erosion , 
and de pos i t ion  w i l l  t ake on  added sign i f icance to t he p l anner . 

P o p u l a t i o n a n d  L a n d  U s e 

Popu l at ion of the i n corporated commun i t ies of t he study are a  h as remained bas ical ly unchanged i n  
recent years . E xcepti ons are Hood R i ve r ,  The Dal l e s ,  and M aup i n ,  w h i c h  show ste ady growth ( Tab l e  2) . 
Pro ject ions for the count ies as a who le  i nd i c ate conti nued growth for Hood R iver and W asco C ount ies  
( Tab le  2a) and redi str ibut ion of po pu l at ion from southern Sherman County to northern Sherman County 
(Mid-C o l umb i a  Economi c Distr ic t ,  1975). 

The economy of northern Hood R iver C ounty is cente red around forestry and orcharding of pears, 
app les ,  and c herr ies in rural are as , and ret ai l trade ,  food process i ng ,  and t ransport at ion i n  urban are as .  
The economy o f  northern W asco County i s  orie nted around forestry , cherry production , and wheat i n  rural 
are as . The Dal l e s  i s  a core c i ty w i th  a d iverse economy centered around retai l trade ,  commun icat ion ,  
t ransport at io n ,  power,  m anufacturi ng , and adm in i stratio n .  The service and m anufacturing segme nts of 
the economy are e xpected to e xpand in t he future . The economy of northwestern Sherman County is 
orie nted around grain  harvest ing and transport at ion serv ices .  F uture growt h  and deve lopme nt of t he st udy 
are a w i l l  be concentrated al ong m ajor transportat ion routes,  i n  t he val l eys surround i ng major communit ies ,  
and i n  the western Hood R iver V al l ey . 
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Communities 

Cascade Locks 

Dufur 

Gross Volley 

Hood River 

Maupin 

Moro 

Mosier 

Rufus 

The Dalles 

Wasco 

Counties 

Hood River 

Sherman 

Wasco 

Table 2. Population of communities and counties 

1 950 * 

7 33 

422 

1 95 

3, 701 

312 

359 

259 

7, 676 

305 

1930 

8, 938 

2, 978 

12, 646 

Table 2o. Populations of communities 

1956 1960 * 1965 

795 660 700 

504 477 530 

196 234 210 

4, 050 3,657 3,750 

410 381 410 

364 327 330 

259 252 270 

10,600 10,493 11,600 

325 348 560 

Table 2b. Populations of counties 

1940 1950 1960 1970 

11,580 12,740 13, 395 14, 130 

2,321 2, 271 2, 446 2, 370 

13, 069 15, 552 20, 205 21,570 

* Federa l census figures; other figures estimated. 

** Estimated figures; a II other figures according to Fed era I census. 

*** Mid-Columbia Development District (1975) estimates. 

1970 * 1975 

574 690 

493 560 

153 160 

3, 991 4,540 

428 605 

290 310 

217 275 

405 

10,423 10,800 

412 395 

1974 ** 1995 

13,800 16, 866 

2,130 2, 139 

20,050 31,540 

(Information provided by the Center for Population Research and Census, Portland State University. ) 

*** 
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GEOLOG IC UN IT S  

G e n e ra I 

Geologic units a re distinguishe d primarily on the basis of rock type ond, to a lesser extent, on the 
basis of physical properties, distribution, and age. A tote! of 21 geologic units a re recognized within 
the study area; e ight a re surficial deposits of relatively young age, and 13 are stratigraphic units of pri
ma rily volcanic origin. In the discussion that follows, the surficial geologic units are grouped into four 
a ssociations on the basis of mode of origin: stream deposits, wind deposits, slide deposits, and Pleistocene 
flood deposits. To facilitate discussion, many of the younger volcanic units of loca l distribution a re 
grouped with the High Cascade s Forma tion (QTv). T he geologic units of the study area range in age from 
a pproxima tely 40 million years to the present (Figure 3). Owing to limitations of funding, e ngineering 
propertie s are not a prime consideration in this investigation, 

Bedrock deformation in northe rn Hood River, Wasco, and She rman Counties is briefly reviewed to 
provide the geologist with information necessary to assist the planner in 1) delineating the distribution 
of rock units as  they relate to the e ngin�ering characteristics of the ground, 2) interpreting mineral poten
tial,3) identifying possible active faults as they relate to earthquake potentia l ,  and 4) interpreting areas 
of future landslide potential. Major structures are shown on the geologic maps. 

B e d r o c k  G e o l o g i c  U n i t s  

Eocene volcanic rock - Ohanapecosh Formation (Teo) 

T he Ohanapecosh Formation consists of andesitic flows, tuffs, mudflows, debris flows, and relate d 
volcaniclastic rocks exposed north of the study area in south-ce ntral Washington. Use of the term Ohan
a pecosh by Waters (1973) is justifie d on the ba sis of a ge and lithologic similarities with exposure s of true 
Ohanapecosh rocks in the Mount Rainier area. No definite exposures of Ohanapecosh rocks a re mopped 
in Oregon, although possible distribution in the shallow subsurface is inferred on the basis of both re gional 
structure and also the presence of red clay in talus and mud boils east of Wyeth and near the mouth of Dig 
Creek near Cascade Locks (Waters, 1973). 

Unlike younger rocks in the area, the Ohanopecosh rocks ore tightly cemented by zeolites and othe r 
low-temperature alteration minerals. T he uniform and widespread alteration has sea led most joints, pores, 
and cracks in the rocks to produce a highly impermeable unit. In addition, deep chemical weathering 
prior to the deposition of younger units produced a thick clay-rich saproli tic zone which is now e xposed 
in Washington beneath the contact with the Eagle Creek Formation. 

The massive landslide s lining the Washington shore from Table Mountain on the west to Dog Moun
tain on the east owe their origin in large part to the combined influences of the impermeability of the 
Oha napecosh Formation, the low bearing strength of the saprolitic horizons, the regional tilt of the bed 
rock to the south, and the undercutting by the Columbia River. Possible recognition of this unit in massive 
slide areas south of the Columbia by Waters (1 973) may be a si gnificant contribution to future engineering 
investigations (see Mass Movement - Dee p  bedrock slides). 

Early Miocene volcaniclastic rock - Eagle Creek Formation (Tme) 

T he Eagle Creek Formation in the Cascades Locks a rea consists of interbedded sedimentary rocks 
and mudflows derived from early Miocene volcanic vents to the north in Washington (Allen, 1932). Thick
nesses vary from a few hundred fee t  in Oregon to 2, 100 feet in Washington (Ba rne s and Butler, 1930) and 
ore re stricted to e xposures in the uplifted core of the Cascades Range in the Cascade Locks-Stevenson area. 
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Major rock types· in the Cascade Locks area include boulder conglomerate, sandstone, shale, tuff 
breccia, and debris flows or slurry deposits. Rock fragments ore primarily ondesitic. Cloy and carbonate 
cementation is generally more complete in the sandstones and conglomerates than in the debris flows. 
Much of the Eagle Creek Formation south of Cascade Locks is displaced and broken by massive landslides 
{see Moss Movement - Deep bedrock slides). 

The Eagle Creek Formation is unconformable over the saprolites of the Ohanapecosh Formation. 
Oligo-Miocene age determinations on the basis of leaves ore summarized by Piper (1932)1 and the unit 
is similar in age to the upper part of the John Day Formation of central Oregon. 

Major hazards associated with the Eagle Creek Formation include active sliding in the Ruckel Creek 
area, highly variable foundation and cutbank stability properties in areas of ancient landsliding, and 
variable cutbank stability properties between interbeds in terrain where no landsliding has occurred. 
Permeability is variable. Streams disappear into the ground at the heads of slides and resurface farther 
downslope near the base of the slides. AU. S. Forest Service well in unslid terrain yields 4 gallons of 
water per minute, with 170 feet of drawdown (Sceva, 1966), indicating low ground-water potential. 
Resource potential is limited. Potential for use as landfill sites is highly variable and requires thorough 
investigation. 

Miocene flood basalts - Columbia River Basalt (T cr) 

The Columbia River Basalt consists of 2,000 feet of basalt flaws exposed primarily as steep slopes 
and cliffs along the Columbia River and its tributary streams. The flows, equivalent to the Yakima Basalt 
of Waters (1961), include the Priest Rapids, the Roza, and the Frenchman Springs flows according to 
Schmincke (1967) and Kienle (1971). TheColumbiaRiverBasalt of the study?rea wos formed when tensional 
tectonics in northeastern Oregon topped the mantle (McDougall, 1976),cousing basalt to flow to the surface 
through a series of dikes (Gibson, 1966) and spread westward into lower lying areas. Flow veiocities 
probably were between approximately 5 and 35 miles per hour. Kienle (1971) notes westerly flow directions 
in the Columbia River Gorge. No Columbia River Basalt dikes hove been found in the study area, but 
dike swarms occur to the east. 

On the basis of numerous radiometric age dotes and scattered fossils, Columbia River Basalt is be
lieved to be late Miocene in age. In the Yakima area, Holmgren (1969) reports on age range of 10 to 16 
million years for flows equivalent to those of the study area. Evernden and James (1964) report on age of 
13.4 million years for the Vantage flora, which is situated stratigraphically below the exposed flows of 
the study area. Sedimentary interbeds of the Ellensberg Formation, located stratigraphically above the 
flows of the study area, contain early PI iocene camel bones northeast of Rooseve It, Washington (Newcomb, 
1971) and hove been radiometrically dated at 10.1 million years (Evernden and James, 1964). 

The Columbia River Basalt of the study area consists of hard, dark, jointed basalt in flows averaging 
80 feet in thickness. The higher parts of the unit in The Dalles area and to the south also contain layers 
of pillow basalt set in a matrix of hydrated basaltic gloss where the basalt flowed into water and was 
rapidly cooled. Interbeds of sedimentary rock ore thin and local. At Mitchell Point they include cemented 
basaltic conglomerate with a quartz sandstone matrix (Scevo, 1966) and a cool seam (Williams, 1916). 
A few thin interbeds ore revealed at depth in water-well records (Newcomb, 1971). Some of the interbeds 
and pillow basalt horizons are associated with moss movement (see Mass Movement - Deep bedrock slides). 

Jointing of the basalt strongly influences mass movement and ground-water potential. Joints include 
6-inch to 12-inch vertical cooling fractures, flat sheeting joints on the tops of individual flows, and Iorge 
regional joints up to 10 feet wide and several miles long. A prominent escarpment directly west of Mosier 
{sec. 2, T. 2 N., R. 11 E.) is controlled by o regional joint(Newcomb, 1969);ond the slide area ot 
Moyer State Pork 5 miles east of Mosier appears to be largely controlled by a prominent north-south joint 
on its western boundary. 

Geologic hazards of the Columbia River Basalt include rockfall and rockslide potential along steep 
slopes, especially in the Columbia River Gorge; deep bedrock slump potential along faults, joints, and 
incompetent interbeds; and torrential flooding in areas of high relief and steep stream gradient. Permeability 
varies from very high to very low as a function of jointing (Newcomb, 1969). Foundation strength is gen
erally very good, and potential for waste disposal in landfills is variable as a function of jointing. Resource 
potentials include aggregate, fill material, wildlife potential, and, especially in the Columbia River Gorge, 
scenic values. 
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Soils developed on the Columbia River Basalt are variable and include thick silts and silt looms 
over weathered bed rock in the highlands south of Mosier; thick wind-blown si lts and lacustrine si l ts i n  
highlands east of The Dalles, especially on north and east facing slopes; and thin rubbly silts and silt 
l ooms up to 2 feet thick in gulleys and along streams. Quarry cuts in China Hol l ow (sec. 29, T. 1 N . ,  
R .  16 E.) 3 miles north-northwest of Wasco expose 2 feet of s i lt overlying fresh basalt along a sharp 
contact that is sheet-joint controlled (Figure 4). Pieces of deeply weathered basalt in the lower soil 
indicate that the soil at this locality was derived by weathering in place .  

At lower elevations along the Columbia R iver, one or more catastrophic floods at the close o f  the 
Ice Age (see Pleistocene lake deposits) have removed the soil, leaving rugged bedrock exposures (scab lands) 
ove r Iorge areas including much of the Columbia River Gorge and parts of Hood R ive r ,  Mosier, and The 
Dalles .  Well-developed scablands east of The Dalles on Kaiser and Fulton Ridges are 800 feet above the 
present level of the river (Figure 5 ) .  Difficulty of excavation in scablands greatly increases the costs of 
underground utility installations ond othe r construction projects. Agricul tural potential is negligible 
except in protected areas where layers of si It were deposited over bed rock by the floodwaters. Budgetary 
constraints did not allow the se parate mopping of scoblonds in this investigation. 

Pliocene Columbia River de posits - Troutdale Formation (Tpt) 

The Troutdale Formation consists of se miconsolidated water-rounded conglomerate , sandstone, and 
pebble beds which form benches between the Columbia River Basalt and the Cascades Formation along the 
cliffs of the Columbia River Gorge between Cascade Locks and Hood River. Bedrock deformation has 
raised the unit to e levations of 1, 250 fee t  at Multnomah Creek, 1, 800 fee t between Mosie r and Hood 
R iver, 2,500 feet at Nesmith Point, and 2,700 feet south of Wyeth (Barnes and Butler, 1930; Allen, 1932). 
Exposures near the mouth of Hood River are less than 200 feet in e levation. Sceva (1966) reports more than 
100 feet of Troutdale at a depth of 135 feet in a well log at Ode ll in the Hood R iver Valley. Farther east, 
e xposures of PI iocene river gravels are of very limite d  extent south of the Columbia River and are included 
i n  the Dalles Formation. Exposures i n  The Dalles and along Fulton R idge overlooking the Columbia R iver 
one mile west of Celilo are situated near the base of the Dalles Formation. Quartzite pebbles in exposures 
of P liocene river g rave l cannot be traced to any local source and therefore indicate an upper Columbia 
R iver provenance. 

Although Lowry and Baldwin (1952) cite a lower Pliocene age for part of the Troutdale Formation 
in the Portland area, the age of the unit may vary considerably as a function of preservation and the 
continual migration of the channel of the Columbia River as the unit was being deposited. Immediately 
to  the north of the study area Pliocene river gravels are found scattered over the crest of the Columbia 
Hills antic line (see Structure) from Klickitat to Goldendale. After these gravels were deposited, the 
g rowth of the Columbia Hills anticline forced the Columbia River progressively to the east to its present 
location at Umatilla Gap. Dislocations of this magnitude suggest that the age of the Troutdale Formation 
i n  Oregon may extend throughout much of the Pliocene . 

Gravels of the Troutdale Formation are characterized by moderate cutbank stabi I ity, variable per
meability and foundation strength, and moderate e xcavation difficulty. Parts of the Troutdale Formation 
are described as deeply weathered (Allen, 1932). These exposures may represent silt and clay-rich inter
beds. Analogous parts of the Troutdale Formation assigned to the Sandy R iver Mudstone (Trimble, 1963) 
in the Sandy River drainage (Beaulieu, 1 974 )  are prone to mass movement, suggesting the possibil i ty of 
similar hazards for parts of the Troutdale Formation in the present study area. 

Pliocene volcanic rocks 

Pliocene volcanic rocks inc lude the Dalles Formation, which forms large exposures east of the 
Hood River Valley, and the Rhododendron Formation, which forms isolated exposures between the Columbia 
Rive r Basalt and the Cascades Formation in the Columbia River Gorge west of She llrock Mountain. Rocks 
equivalent to the Troutdale Formation occur near the bose of the Dalles Formation and overlie the Rhodo
dendron Formation outside the study area (Beaulieu, 1974). 
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Figure 4 . Colwnbia River Basalt exposed in quarry in middle x•eauhe.; 
of China Hollow north of Wasco. Note thin soil c:over' . 

\ 

Figure 5 . Bench 700 feet above present level of tf!e Columbia Rive1• 
ws erooded into Colwnbia Rivero Basal t  by the :.Ji.·.:;oula Flood. 
Dalles Formation forms steep slopes on far left . 
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Rhododendron Formation (Tpr): The Rhododendron Formation consists of poorly cemented agglom
erate, tuff breccia, tuff, and ash with a maximum thickness of approximately 800 feet north of Indian 
Mountain (Al len, 1932). The patchy distribution of the unit suggests that it was deposited in structural ly  
controlled topographic lows that were developing in P l iocene times. A radiometric age of 7 � 2 mil l ion 
years is reported by Wise ( 1 969) on Lost Creek in the Government Camp quadrangle south of the study 
area. This age probably corresponds with the upper part of the Dalles Formation. The stratigraphic posi
tion of the Rhododendron Formation below the Troutdale Formation, in contrast to the position of the 
Dalles Formation above rocks similar to the Troutdale Formation, underscores the possible wide age range 
of that unit. 

Exposures of Rhododendron Formation were not directly observed in  this study. Engineering properties 
probably include variable permeability, variable ground-water potential,  ond variable foundation strength.  
Exposures of  the Rhododendron Formation elsewhere ore locally prone to sliding. 

The Dalles Formation (Tpd): The Dalles Formation is a brood andesitic debris fan centered beneath 
Mount Hood lavas 25 miles south of Mosier and exposed in thicknesses of 1 , 800 feet east of the Hood River 
Volley in the study area. The unit thins quickly to extinction westward in the volley of the West Branch 
of Hood River. To the east it thins to 500 feet at The Dalles and lower Fifteenmile Creek, 250 feet on 
the east side of the Deschutes River Canyon, ond 160 feet near Rufus (Newcomb, 1 969). 

Figure 6. Rive�-deposited andesitic deb�s of Dalles Formation exposed near 
mouth of Chenoweth C�eek. 
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Rock types include hard gray agglomerate w i th clasts of hornblende and pyroxene andesite set in a 
hard shard-rich matrix, coarse boulder conglomerate, tuff breccia, and ash flows in the southern Mosier 
and Dalles quadrangles. Northward and eastward away from the source areas these rocks pass into a 
variety of water-laid fan deposits (Figure 6) inc I uding tuff, sandstone, and siltstone. A prom i nent basa It 
flow is interbedded in  the Dalles F ormat i on along Kaiser and Fulton Ridges east of The Dalles. Farther to 
the east outside the study area, the Dalles Formation may be equi valent to other PI iocene units (Newcomb, 
1966) mapped above the Columbia R i ver Basalt and possibly to the upper part of the Ellensberg F ormation 

(Newcomb, 1 97 1 ). Isolated exposures of water-worn gravels equivalent to the Troutdale Formation ore 
included in  the Dalles Formation in T he Dalles and along Kaiser Ridge (see Pliocene Columbia R iver deposits
Troutdale Formation). 

leaves and vertebrate fossils recovered from the Dalles Formation in the stu dy area indicate an early 
Pliocene oge for port of the unit  (Newcomb, 1971 ). The lava flow between F ifteenmi! e Creek and the 
Deschutes River has been radiometrically dated at 1 0. 6  and 1 5 . 2  million years (Newcomb, 1 966). The 
y ounger age is more consistent with regional stratigraphy . East of the study area, m iddle Pliocene ages 
are assigned to rocks regarded as equi valent to the Dalles Formation near Arlin gton (Newcomb, 1966) 
and at McKay Reservoir (Hogenson, 1964). Vertebrate fossils recovered from the volcanic debris facies 
of the uni t west of lyle and sou theast of The Dalles ore late Miocene to early Pliocene (Newcomb, 1966). 
The Dalles F ormation underlies flows with on age of 7 mi llion years in the Cascades Range (Wise, 1969}. 

T he Dalles Formati on i s  unconformable over the Columbia R i ver Basalt, according to Newcomb 
(1966}, and is unconformable under younger units. Deposi tion of the Dalles F ormation in Pliocene times 
forced the Columbia R i ver northward from its anci ent channel through the Mount Hood area to its present 
location. 

Mass m ovement is the maj or hazard associ ated w i th the Dalles Formation. Deep bedrock slumps and 
tran slation slides (see Mass Movement) occur near the base of the Dalles Formation in the community of 
The Dalles and along Mosier Creek and Brown Creek. Numerous other failures occur higher in the unit.  
landslides within the community of The Dalles are associated w i th the contact of the Dalles Format ion 
and the underly i ng Columbia R i ver Basal t and, like m any of the larger slides, can be largely attributed to 
the combined i nfluences of parallel topographic slope and bedrock dip, ground water, and roc k type (see 
Mass Movement - Deep bedrock slides). Many gentle to moderately steep slopes of the Dall es Formation 
are prone to future landsl i ding in areas of changing land use where drain fi elds, septic tan ks, modified 
runoff, or irri gation may increase the local su pply of ground water. 

Difficulty of excavation ranges from high in areas of hard fresh bed rock in the south and western 
parts of the Mosier and The Dalles quadrangles to low i n  the more deeply weathered, less w ell-cemented 
rocks exposed farther to the east. 

Ground•water potential of the Dalles Formation i s  l imited to domestic production from scattered 
perched water bodies in the more permeable sandy lenses throughout the unit  or from horizons immediately 
overlying im permeable parts of the Columbia R i ver Basalt. Generally, catchment basins for the individual 
water bodies are very small, and commonly severo I must be tapped to provide adequate production for 
domestic use (Piper, 1932). No other significant resource potential i s  recognized, although pozzolan 
has been mined from the un i t  east of the study area (Newcomb, 197 1 ). 

Soils over the Dalles Formation south and west of The Dalles include thin bou ldery si l t  and silt loam 
and thick silt and si l t  loam derived from wi nd-blown material. They also include silt and silt loom over 
lacustrine depo sits and bed rock east of The Dalles. E ast of F ifteenm i le Creek, soils greater than 10 
feet i n  thickness occur on the north sides of some r idges. Soi ls derived from deep w eathering of poorly 
cemented fine-grained rocks of the Dalles Format ion are sometimes distinguishable from eolian silts on the 
basis of randomly distribu ted andesitic boulders or faint relict tex tures vi sible only in fresh excavations 
or wind-blown roadcuts. 

In the commun i ty of The Dalles, di fferential cementat ion and differential protection from rain and 
other weathering processes have produced spires of andesite breccia beneath large protec tive cap rocks. 
T hese features, coi led hoodoos, include Pulpit Rock and Pi geon Rock and ore of high scenic value. T he 
many shallow caves which are developed in the hard massive interbeds of the Dal les Formation appear to 
be similar to tofoni (shallow weathering depressions in m assive bed rock) observed recently in  calci te
cemented sandstones in California  (Grantz, 1976). T hey owe thei r origin to deep w inter infiltration of 
slightly acid rain waters and to summer surfaceward percolation of the some w aters containing dissol ved 
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calc ite . Cement depletion of the i nterior coupled with random penetration of the case-hardened exterior 
by rain, wind, or animals produces the depressions. 

High Cascad�s volcanic rock - Cascades Formation {QTv), {Qba , Qdf, Qvw 1 , Qvw2, Qvu , Qvp) 

The Cascades Formation consists of porous porphyritic flows of gray pyroxene andesite, basa ltic 
andesite, and o l ivine basa lt a l ong with andesitic agglomerate, andesitic tuff breccia,  and debris flaw 
deposits. Structura l ly  the unit is primari ly an aggregate of coalescing shields and volcanic cones, but it 
a lso includes numerous intracanyon flows of various ages preserved at various topographic levels in present
day canyons. Through continued erosion, some of the o lder intracanyon flows now form ridge crests. Age 
of the unit varies from several m i l l ion years to the present, geologica l ly speaking. 

A l l  rocks of the Cascades Formation west of Mount Defiance and originating from undefined vents 
outside the study area are mapped as QTv in this study . The rocks include flaws of porphyritic andesite 
and agglomerates. The rocks l ie stratigraphica l ly above the Troutda le and Rhodode ndron Formations and 
under! ie Benson Plateau and Nick Eaton Ridge in the Bonnevi l i e  Dam quadrangl e .  

Middle t o  late Ple istocene flows of basaltic andesite, andesite, and basa lt originating from Mount 
Defiance and also occurring at Middle Mountai n  and the Ode l l  area in the Hood River Val ley area are 
mapped as Quaternary basalt and andesite {Qbo). Several episodes of volcanism in the Hood River Val ley 
are indicated by the complex topography associated with the Quaternary flows (Qba) in the Hood River 
Va l ley . Interbedded debris flows are mapped around the edges of the Hood River Valley (Qdf) and ore 
undoubtedly a lso present in the basalts and andesites of Mount Defiance (Qba). 

In  the Herman Creek area, two thick flaws or series of flows of l ight gray andesite overlie the 
Eagle Creek Formation a nd presumably flowed across the Columbia River from their source up the Wind 
River val ley at Trout Creek H i l l  north of Stevenson (Waters, 1 973). These flows (Qvw1 , Qvw2) hove 
diverted the drainage of Herman Creek to the west and presumably also dammed the Columbia River to an 
e levation of 400 feet or more (Allen, 1932). 

The maximum e levation of flows originating from across the Columbia River is a subject of debate 
in the l iterature {Al len, 1 932; Wilkinson and Al l en, 1959; Waters, 1 973) and the 400-foot figure is a 
conservative figure. Age of the flows is greater than 35,000 years (Waters, 1 973); but they are late Pleis
tocene , because the present level of the river appears to have been reached when the river was dammed by 
the flow (Wi l l iams, 1 9 1 6) .  The base of the flows is approximately at river leve l ,  

I n  the west Hood River area, flows from Underwood Mountain {Qvu) and contemporaneous flows 
from the later stages of Mount Defiance volcanism {Qba) dammed the Columbia River in middle to late · 

Pie istocene times to a depth of several hundred feet .  Exposures of pi I I  ow lavas and associated hydrated 
basa ltic gloss of possible Underwood Mountain parentage are mapped as unit Qvu west of Hood River, 
The bases of many of these flows l ie above the present level of the Col umbia River, and they are interpreted 
to be considerably older than the flows at Wind River. 

The Parkda le lava flow in the Upper Hood River Valley is a thick, rubbly, very sparse ly vegetated 
andesite that was extruded from low on the north side of the Mount Hood volcano approximately 6 , 890 
years ago (Harris, 1 973), The flow is approximately 250 to 300 feet thick . 

Numerous distinct kinds of rocks are found in the Cascades Formation, and associated engineering 
properties and geo logic hazards vary considerably . Excavation difficulty, cutbank stabi l i ty,  permeabi l ity, 
and foundat ion strengths are genera l ly low to moderate in  the breccias. F low rock units are characterized 
by greater excavation difficulty and greater cutbank stobi I ity. Ground water genera l ly occurs as local 
perched bodies at various levels throughout the unit, Production is genera l ly low, and care must be token 
to avoid draining perched bodies when dri l l i ng through underlying impermeable layers of rock. Where 
younger flows overlie relatively impermeable bed rock, a potential for ground-water production may exist. 
The highly fractured Parkda le flow, for example, discharges ground water from a series of springs situated 
along its northern edge. 

Soils overlying the Cascades Formation are primarily loam and stony loam, especial ly over weath
ered flow rock. Soi l thickness is greatest on gentle s lopes and at the bases of steeper slopes where colluvial 
materia l  accumulates. Soi Is developed over breccias are genera l ly thic ker than soi l s  developed over flow 
rock.  Subsoi ls developed on gentle slopes especial ly over debris flow deposits (Qdf) commonly are clay
rich.  Soils in the Ode l l  area are loam and si lt  loam which local ly contain compact subsoil horizons of 
hardpan which retard drainage and tree root development. No soi ls  are developed on the relatively young 
Parkdale lava flow, 
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Quaternary and P l iocene in trusive rock (QTi )  

The many volcanic centers which comprise the Cascades Formation were fed by numerous dikes, 
s i l l s ,  and pl ugs in  the Earth ' s  crust . Where erosion has exposed these feeders, they are mapped as Quater
nary and P l iocene intrusive rock . She l l rock Mounta in  is the largest intrusion in  the study area and is 
composed primari ly of diorite porphyry . Around its edges, the Eag le Creek Formation is baked; and the 
Col umbia River Basa l t  is upbowed (Wi l l iams, 1 9 16 ) .  Empl acement occurred prior to the fina l upl ift of the 
Cascades, and a P l io-Pl e i stocene age is inferred.  Wind Mounta in ,  d irect ly across the river, is a lso a 
d iorite exhibi t ing simi lar structura l re lationships with the surrounding Eag le Creek Formation and Col umbia 
R iver Basa It . 

Numerous p lugs of andesite and d iorite are exposed in the Cascade Locks area . Those exposed in 
Governme nt Cove northeast of Cascade Locks are hard, fresh, and coarse ly jo inted and are ut i l ized for 
quarry rock .  It is uncerta in  whether some of the i ntrusions were feeders for the Eagle Creek Formation 
rather than the Cascades Formation.  Al len ( 1 932) infers severa l vent areas for the Eag le Creek Format ion 
north of the Co l umbia River .  

Ma jor geologic hazards assoc iated with the Quaternary and P l iocene intrusive rock occur at  Shel l 
rock Mounta in ,  where extensive ta lus deposits are deve loped. Debr is f lows spi l l  onto the ta l us from canyons 
ups lope , and the ta lus  is prone to s l id ing e ither in areas of cuts or at times of part icu lar ly wet weather . 
Many large s l ides are visible i n  the ta lus surrounding Wind Mounta in  d i rectly to the north . Sha l low sub
surface flow of ground water requi res adequate drainage fac i l i t ies on retain ing buttresses .  

S u r f i c i a l  G e o l o g i c  U n i t s  

P leistocene lake deposits - grave l and sand (Qgs) and s i l t  (Q I) 

At the c lose of the Ice Age ,  a la rge ice dam blocking the C l ark Fork of the Col umbia R iver gave 
way , rel easi ng an estimated 500 cubic mi les of water (Baker , 1 973) in a catastrophic flood which can be 
traced a long the Col umbia R iver from northeastern Washi ngton to Port land .The flood theory was fi rst proposed 
by Bretz ( 1 923), large ly on the basis of channe led scablands deve loped throughout southeastern Washi ngton.  
Later studies inc l ude an i nventory of flood deposits by Al l ison ( 1 933), a ge nera l f lood survey by F l int  ( 1 938) , 
and a study of flood hydrau l ics by Baker ( 1 973) . It is now recogn ized that , a l though the catastroph ic 
Missou la F iood actual ly did occur, some of the numerous and widespread lacustri ne deposits formerly attrib
uted to the flood probably were laid down ei ther by other f loods or were deposited in  quiet lacustrine 
environments behind one or more of the lava dams which from time to t ime bl ocked the Col umbia River 
(Newcomb, 1 969; Waters, 1 973) (see Cascades Formation) .  The name Lake Lewis whi ch appears in the 
l iterature refers to the lake or lakes in which the lacustr ine deposits were laid down.  It has d ifferent 
meani ngs for different authors and is  probably best viewed as a genera l  name app l icable to a l l  P le istocene 
l akes i nvo lvi ng the Col umbia R iver in the Col umbia Bas in  area . 

Carbon- 1 4  dat ing indicates that the Missou la F lood occurred less than 32, 000 years ago, and 
studies of vol canic ash deposits ind icate that it occurred more than 1 2, 000 years ago ( Baker, 1 973). An 
age of approximate ly 20, 000 years is most consistent with a l l  of the ava i lab le evidence . The maximum 
extent of Lake Lewis i n  Missou la  F lood times ( F l i n t ,  1 938) requires a vo l ume of water far greater than that 
of Lake Missoula , which was impounded be hind the ice dam at the present site of Lake Pend Ore i l l e (Baker ,  
1 973) .  It is therefore i nferred that water was contributed from other sources as we l l  and that the Col umbia 
R iver was partia l ly or tota l ly impounded for a short whi l e  duri ng the flood by early movement of the Bonne 
v i l le s l ide {see Mass movement ) .  Maximum e levation of the Missoula F lood waters in the study area was 
1 , 150 feet .  

P'lei stocene flood waters have signi ficantly affected the natura l resource base o f  the study area i n  
severa l  ways: 1 )  Severe erosion during the flood removed va l uab le  topso i l  and scoured out scabl and topog
raphy (Figure 7) to e levations of up to 1 , 000 feet ( Figure 8), producing large , poor ly drai ned areas with 
l itt le or no agr icu l tura l potent ia l .  2) Side channe l erosion during the f lood great ly oversteepened s lopes 
in the Da l les Formation, producing very steep s l ide -prone hi l l sides a long Kaiser R idge and in The Da l les 
from whi ch several deep bedrock s l ides may have occurred during or shortly after the f lood . 3) Scouring 
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of overflow channe l s  betwee n streams formed sma l l  a reas of scab land topography within the Da l l e s  Forma
tion which are easi ly mistake n for hummocky lands l ide topography . 4) Deposit ion of sand, grave l ,  a nd 
s i l t  in protected areas produced thick , i so lated bodies of sand and grave l east of T he Da l les; depos its of 
g rave l ,  sand , a nd s i l t  i n  l ow-ly ing a reas near Mosier; and s i l t  in the lower Hood R iver Va l ley . Recogn i tion 
of these deposits i s  essent ia l  to an accurate soi I s  inventory . 

Mi nimum flood leve l s  east of T he Da l les are ind icated by the presence of ice-rafted errati cs at e le
vat ions of 750 feet in the dra inage of Fivemi le  Creek near the O ld  Dufur Road a nd 900 feet i n  the F i fteen
mi le  Creek area (A l l i son, 1 933) . F lood waters which sp i l led through gaps on e ither s ide of K a iser R idge 
I eft th ick grave I and sand deposi ts i n  the Petersburg a nd Fai rba n ks areas . Farther east, A I I  i son ( 1 933) noted 
gr i tty s i l t  and sand of f lood orig in  4 m i l e s  south of R ufus . West of T he Dal les,  f lood water si It (Q I) occurs 
i n  the va l l eys of Chenoweth , Brow n ,  and Mi l l  C reeks, and scab lands (scoured bed rock) a re deve loped to 
an e l evation of 1 , 1 00 feet on  Seve nmi le H i l l .  (Scab l ands are prese nt i n  The Da l les be low an e l evation 
of about 200 fee t . )  F luvi a l  si l t  i s  undoubted ly a s ign i fi can t  component of most soi l s  in the east h a l f  
o f  the study area . Redistr i bution by the w ind h as produced th i c k  accumu lations o f  s i l t  o n  the north 
and east side of r idges . 

West of T he Da l l es ,  ta l us has genera l ly bee n str ipped from the Co l umbia R i ve r  Gorge; and errat ics 
have bee n d i scovered to e levat ions of up to 850 feet (SW* sec . 1 2 , T .  2 N . ,  R .  1 1  E . ,  A l l i son , 1 933) .  
I n  the Hood R iver Va l l ey ,  scattered errat ics have bee n  found at  e l evations o f  u p  to 700 fee t .  O ne erratic 
was di scovered on Van Horn Butte at an e levation of about 800 to 900 feet (A l l i son, 1 933) .  As early as 
1 9 1 4, an eroded soi l phase was recogn ized at  lower e l evations bj Strahorn and Watson ( 1 9 1 4) .  Lacustr ine 
s i l t  is an important component of the si l t  loam soi l which occupies the 1 2  sq uare m i l e s  of the l ower Hood 
R iver Va l l ey .  Wi thout the be nefi t  of know l edge of the Missou l a  F lood , Strahorn and Watson ( 1 9 1 4) ,  
not i ng the un iform texture of t he so i l s  of  th i s  area in con junction with  the d ivers i ty of under ly ing deposits, 
postu lated bay or estuarine deposit ion of the s i l t .  

T he si l t  deposits and some o f  the sa nd and grave l deposits are used for agri cu l t ure . T he th ick grave l 
a nd sand deposits east of T he Da l les are ut i l i zed for sand and grave l . O ld  grave l pits  ge nera l ly shou ld not 
be used for so l id waste d i sposa l because of the i r  very high permeabi l i ty and the i r  locations on the s ides of 
va l l eys over looking flowing streams . East of the study area , d ikes of sandstone i n jected through P le istoce ne 
flood deposits by rapid ly migra t i ng ground water have been occasiona l ly mis in terpreted as fau l t  or landsl ide 
feature s .  Corre ct i nterpretations a re ava i lab le  in Newcomb ( 1 962) a nd Shannon and W i l son ( 1 974) . 

Stream deposits (Qoah ,  Qoa , Qaf, Qa l )  

Stream deposits, l i sted i n  ge neral order o f  decreasi ng age , i nc l ude Q uaternary o lder a l l uv ium of 
the Hood R iver Va l l ey (Qoa h);  Q uaternary o lder a l l uv ium (Qoa); Quaternary a l l uvia l fan deposits (Qaf), 
s ituated i n  areas subject to torre nt ia l  flooding at the base of steep canyons; a nd Q uate rnary a l l uv ium (Qa l ) , 
which is genera l ly subject to f lood i ng .  Ages of the various un i ts over lap to a degree . As noted in the 
text a nd on the map l egends, map sca l e  pre c l udes separation of the u nits i n  some areas . 

Quaternary o lder a l l uvium of the Hood R iver Va l l ey (Qoah) :  I n  the l ower Hood R iver V a l l ey ,  th is 
unit consists of th ick deposits of poor ly sorted g lac ia l  outwash and poss ib ly i nterbedded lacustri ne deposi t s .  
Low i n  the section near Hood R i ver the un i t  conta i ns f luvia l sand and coarse basa l t i c-bou lder cong lomerate 
immed iate ly above the Col umb ia R iver Basa l t .  So i l s above the un it conta in  s ign i ficant amounts of Mi ssou l a  
F lood lacustri ne si l t ,  and errat ics a re w idespread ( see P le i stocene lake deposits) . Prior descriptions of the 
un i t  in this area as g lacia l t i l l  a re inconsistent wi th  known extents of P l e istoce ne g lac iation (Crande l l ,  1 965 ) 
and with the lack of mora ina l l andforms . 

I n  the Upper Hood R iver Va l ley , th i s  uni t  is probab ly derived from a variety of sources inc l ud ing 
abundant g lac ia l  outwash ,  mudflows, debris flows, a nd ash fa l l s .  Exposures are scarce because younger 
units  form terraces a long the sides of val l eys .  Debris flows are mapped loca l ly .  G lac ia l  outwash i s  prob-
ab ly the major rock type . , 

Scattered we l l  l ogs i n  parts of the Hood R iver Val l ey ind icate th icknesses greater tha n 1 00 feet for 
t he Quaternary o l der a l l uvium of the Hood R iver Val l ey ,  and maximum t hicknesses of severa l  hundred feet 
a re est imated by Sceva ( 1 966) .  T he deposits are genera l ly very poorly sorted and have low permeabi l i ty .  
Ground-water pote nt ia l i s  severe ly l im ited ,  and producing water we l l s i n  the area penetrate the under ly ing 
formations . 
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Figure 7. Scablands developed on Columbia River Basalt immediately 
nortlv.Jest of The Dalles . 
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Figure 8. Scablands developed on Columbia River Basalt along the 
north side of Fulton Ridge are characterized by shallow soils 
and low vertical escarpments . 
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M i nor flooding of sma l l  st ream cha nne l s ,  espec ia l ly i n  Upper Hood R iver Va l ley ,  is the major geo
logic hazard of the unit . Where hardpan is  developed at sha l low depths, ponding or high ground water 
a l so consti tute a prob lem . D i fficu l ty of excavation is l ow to moderate, depend ing on the d i stri but ion of 
bou lders. Potent ia l  for so l id  waste di sposa l is genera l ly good . T he unit has l i tt l e  reso urce potent ia l .  
Soi I s  genera l ly consist of si I t  and si I t  loam.  Sma l l ,  poorly dra ined areas i n  the  Upper Hood R iver Val ley 
and areas of hardpan in the lower Hood R iver Val l ey are genera l ly characterized by dark gray to black 
organic so i l s  but requ i re on-site i nvest igation for proper recognit ion . 

Q uaternary o lder a l luv ium (Q oa) :  Th is  un i t  consists of unconso l idated grave l ,  sand , and mi nor si l t  
located above the  f lood p la ins of  major streams of  the study area and  a lso of i ndist inc t ly bedded to  massi ve 
s i l t  found a l ong the sma l ler streams i n  the east ha l f  of the study a rea . It is equiva lent to the Quaternary 
o lder a l l uvium a nd part of the Q uaternary younger a l l uv ium of Newcomb ( 1 969). 

I n the Hood R iver Va l l ey the un it cons ists of a series of coarse to very coarse bou l der cong lomerate 
and sand terraces ove r looking the Hood R iver betwee n Dee F l a t  and the Co l umbia R iver ,  The cong lomerates 
are part i cu lar ly coarse downstream from Winans N arrows . Q uaternary o lder a l l uvium mapped a long the 
Co lumbia R iver is  sub ject to mi nor flood ing because of fl uctuations of reservo ir  leve l be h ind Bonnevi l l e  
a nd The Dal les Dams . 

Quaternary o lder a l l uvium a l ong the many sma l ler  streams south and east of T he Dal les consists of 
wi nd-b lown and fl uvia l s i l t  that has bee n recent ly inc ised by renewed downcutt ing of the streams . Mas
todon bones recovered from some of the s i l t s  indicate late P le i stoc�ne age and suggest that si l ts associated 
with the M i ssou la  F lood may a l so be i ncorporated i nto the uni t . Stream-bank erosion const i tutes a con
siderable hazard loca l ly .  Owing to the l im i tations of sca l e ,  f lood-prone Q uaternary a l luv ium is  i nc l uded 
in the un i t  loca l ly .  Distribution of these areas ca n be inferred by i nspection of the flood hazards of the 
Geo log ic Hazards Maps . 

Quaternary a l l uvium (Qa l ) : This  uni t  is made up of grave l and sa nd a long ma jor streams a nd streams 
with  steep grad ients in the study area . It a l so i nc l udes depos i ts of sand and s i l t  a long some of t he sma l ler 
streams i n  the eastern ha l f  of the st udy area . T he un i t  is equival ent to part of the Q uaternary young 
a l l uv ium of Newcomb ( 1 969) a nd is  gene ra l ly subject to stream flood ing ( F igure 9). Sma l l  areas of Q ua
ternary a l l uvium are mapped wi th Quaternary o lder a l luv ium because of sca le l im itations (see Stream 
deposits - Q uaternary o lder a l l uv ium) .  

No Q uaternary a l l uvium i s  mapped a long the banks of the Col umbia R iver because the reservo irs 
beh ind Bonnevi l le and The Da l l es Dams have permanent ly f looded a l l  exposures .  C hannel  deposits of the 
major streams, torre nt ia l  f lood channe l s ,  and the Co l umbia R iver a l so be long to the Q uaternary a l l uv ium.  
Recent stud ies of  th e bottom deposi ts of  the Bon nevi I I  e R eservoi r  (Whetten and Fu  I I  am,  1967) show that 
the fi ne to coarse sands are sti l l  i n  motion and form g iant sand waves up to 100 feet long and up to 7 feet 
h igh,  which move at a rate of 2 feet per day whe n  the r ive r  is  in flood stage . 

Q uaternary a l l uvium is subject to stream flood ing and to acce lerated erosion or deposi t ion,  depe nding 
upon the impacts of chang ing l and use in surro undi ng and upstream areas.  These top ics are discussed further 
under Geologic Hazards - S tream Erosion and Deposi tion . 

Q uaternary a l l uv ia l  fan deposi ts (Qaf): Th i s  unit  consi sts of moderate ly  s lopi ng subaeria l deposits 
o f  poor ly sorted a ngu lar  rubbl e ,  grave l,and sand located at the base of steep canyons cut in Co l umbia 
R iver Basa l t  and extend ing northward from h igh lands to the Co l umbia R iver (F igure 1 0). T he most notab le  
fan under l ies Rufus; many other fa ns are l ocated westward to  Biggs .  Farther west in the Col umbia R iver 
Gorge , sma l l  fans that  are obscured by vege tation are not i nd icated on the Geologic Maps . Their  prese nce 
can be inferred , however ,  at the mouths of a l l  torrentia l f lood channe l s  indicated on the Geo logic Hazards 
Maps . Max i mum th ickness of the fans is  genera l ly less tha n  50 feet . 

Fan deposits are sub ject to torrent ia l  f loodi ng a nd extreme ly  rapid stream erosion and stream deposi tion . 
They are genera l ly free of soi l ,  h igh ly  permeab le ,  and are sometime mined for sand and grave l .  
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Figure 9. Flood-prone bottomland underlain by Quaternary alluvium 
in Crass Valley aanyon north of the aormrunity of Crass Valley. 

Figure 10. t4QssiveJ poorly sorted deposits of 
angular roak debris perched along the 
sides of lower Gherkin (Girkling) Canyon 
mark former levels of the areek. 
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S l ide deposits - Q uaternary th ick  ta l us (Qt) 

Th i s  unit  consists of un i form l y  s loping , u nconso l i dated rock a nd soi l debris  accumu lati ng a t  the bases 
of c l i ffs , primari ly as a resu l t  of rockfa l l  and rocks l ide . T he est imated th ickness of mapped occurrences 
genera l ly exceeds 50 feet in many areas . Th i nner depos i ts are w idespread bu_t are not mapped because 
of sca l e  l im i tation s .  T he many ot her types of s l ide deposits i n c l ud ing creep co l l uv ium and bedrock s l ide 
b locks prese nt in the study area are d i scussed in deta i l  under Mass Movement rather t han in th i s  sect ion . 

Th i c k  ta lus over lyi ng Co lumbia River Basa l t  occurs a t  the bases of c l i ffs a long the Co l umbia R iver 
east of The Da l l es ,  a long the D eschutes R iver , and near Cascade Loc ks . Th i c k  ta lus  a lso surrounds i n
trus ive rock at She l l rock Mountain (F igure 1 1 ) .  T a l us over these un i ts genera l ly consi sts o f  coarse , angu lar  
rubb le  near or at the surface wi th  i ncreasing proport ions of  s i l t  and c l ay compo nents at depth . T a l us i s  
patchy or absent a long much of the Co l umbia R i ver Gorge betwee n Hood R iver and T he Da l les ,  presumably 
because i t  was removed during the Mi ssou l a  F lood . 

T a l us deve loped over t he Da l les  Formation is present a l ong nort h-fac i ng escarpments over look ing the 
Co l umbia R iver between the mout h of C henoweth Creek and the Deschutes R iver . Many of t he steeper 
s lopes over look i ng and unde r l y i ng the ta l us probably were formed by the scour i ng action of the Mi ssou l a  
F l ood (see P le i stoce ne lake deposi ts) . To the south the headwa l l s  o f  deep bedrock s l umps i n  the Da l les 
Format ion are covered with  thick deposi ts of ta l us .  Because o f  the many d i fferent rock types found be twee n 
the various i nterbeds of the Da l l es Formation (see Da l les  Formation),  ta l us deve l oped over the un i t  is typ
i ca l ly composed of angu la r  b l ocks havi ng a wide variety of size , shape , a nd rock type . 

From an eng i neering standpo in t ,  t a l us can be v iewed as poor ly  p laced fi l l  that has nei ther been 
size sorted nor proper ly compacted . Hazards i nc l ude di fferent ia l  sett l i ng ,  espec ia l l y  i n  the case of the 
extreme ly heteroge neous ta l us deve loped i n  the Da l les  Formation , and the potent i a l  for mass movement  
under vary ing cond i t ions of  c l imate, i nfi l tration, and l and use . Massive earthfl ows and debris f lows 
which have deve loped i n  some of the l arger ta l us deposits are visib l e  on the f lanks of W ind Mounta i n  from 
the Oregon shore of t he Co l umbia R iver . At l east one earth s l ide of large proportions has bee n  recorded 
on the Oregon s ide of the r iver (see Mass M oveme nt - Sha l l ow earthflow a nd s l ump topography) .  Over
steepen ing of the ta lus  by deep road cuts is not recommended .  Sha l low subsurface f low o f  ra inwater over 
i mpermeable horizons at sha l low depths in the ta l us must be proper ly accommodated by any e ngi neering 
pro jects in the ta l us . Buttresses requ i re adequate dra i nage fac i l i t ies; secondary roads, pipe l i nes ,  and 
aqueducts constructed on ta I us s lopes must perm it unrestri cted f low of subsurface water . 

Wind deposits - Q uaternary eo l ian  sand (Qs) 

T h i s  un i t  consists o f  a n  i so la ted body of unco nso l i dated fi ne- to medium-gra i ned sand found at e le
vat ions between 200 a nd 1 , 000 feet west and  northwest of Ka i ser R idge a s  we l l  as a sma l l  body of sand 
located on the east bank of t he mouth of the Desc hutes  R iver .  T he un i t  does not i nc l ude w ind-b lown s i l t  
that i s  mixed w i t h  the so i l s  o f  the Co l umbia R iver Basa l t  and the Dal l es Format ion i n  the east ha l f  o f  the 
study area,  nor does it i nc l ude the w i nd-b lown si l t  t hat makes up much of the Q uaternary o lder a l l uv ium 
a long many of  the sma l le r  streams i n  the east ha l f  of  the study area . T he w ind-b l own s i l t s  are  thickest on 
the northern and eastern s lopes of hi l l s and r idges . 

T he deposits near  Ka i ser R idge, which form easter ly-migrat i ng ,  e longate barchan dunes fa r above 
the present leve l of the Co lumbia River, are probab ly derived from M i ssou l a  F lood deposi ts i n  the S igna l 
H i l l  area . The deposi ts a t  the mouth of the Deschutes R iver are a pparent ly  deri ved from Q ua ternary 
a l l uv ium . Hazards assoc iated with the Kaiser R idge deposits i nc l ude b lowi ng sand wh ich  obscures vis ion 
a long the hig hway and covers the h ighway at  t imes .  Contro l  by p la nt i ng i s  not feas ib le  because of the 
arid c l i mate; and structura l contro l s  or a ctua l remova l of the deposi ts i s  required . 
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FigiD'e 11 . Quatem<ll"y thiak taLus deposits on 
north sLope of SheLLroak Mountain . 

Figure 12. SmaU P'lioaene fauLt in the DaUes Formation ic exposed 
near the mouth of Chenowe th Creek. 
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S t r u c t u r e 

Genera l 

The term structure refers to the fo lds, fau lts , and j oi nts that affect  the di sposi tion and arrangement 
of the geo logic un i ts in the study area . Structure is of s ign ificance in i nterpret ing rock d istribut ion,  
earthquake potent ia l ,  and mass movement . In  add it ion to fie l d  observat ions, informat ion on structures 
was obtai ned primar i ly  from Newcomb ( 1 967, 1 969) and Port land Genera l E lectr ic ( 1 974a , b) .  Th ick 
vegetat ion,  the wide d istribution of young uni ts ,  and the lack of  adequate previous geo log ic mappi ng 
contribute to the re lat ive lack of structural i nformat ion presented here for t he western ha l f  of the study 
area . 

A l l exposed fo lds and fau l ts i n  the study area are probab ly  mid-P le i stoce ne in age or o lder . Fau l ts 
tre nd i ng northwestward under l i e  undeformed mid-Plei stocene or o lder Si mcoe lavas i n  Washington (Port l and 
Ge nera l E lectr i c ,  1 974a ) .  T he Co lumbia H i l l s antic l ine , wh ich  stradd les the north side of t he Col umbia 
R iver east of The Da l les ,  is mid-P le i stoce ne in age . East of the study area , fau l ts i ntersecti ng the ant i
c l i ne merge with  the a nt ic l ine ( Go lde nda le fa u lt )  or  change orie ntat ion and sty le  of deformat ion (Warw ick 
fau l t) as they cross the axis of the ant ic l i ne , i ndicat ing format ion concurre nt with that of t he ant ic l i ne .  
Hence , they are no longer act ive . More deta i l ed analyses i n  support o f  a mid-P l eistocene age of defor
mat ion are ava i lab le i n  Port land Genera l E l ectric ( 1 974a , b),  Shannon and W i l son ( 1 973a), a nd Newcomb 
( 1 969) . 

Present-day earthq uakes (see Eart hquakes) i n  the study area can be re la ted to ma jor structures such 
as the Col umbia H i l l s  ant i c l i ne (S hannon and W i l son , 1 973b)  but are generated a long undefi ned fau l ts at 
considerab le  depth that are not exposed at the surface . Deta i led strat igraphic ana lyses (Farooqu i  and 
K ie n l e ,  1 976), made poss ib le  by f low-by-flow mappi ng of the Col umbia R iver  Basa l t ,  revea l severa l pu lses 
of tecton ism in the late M iocene a nd Pl iocene and may l ead to the recogni t ion of add it iona l i nact ive 
fau l ts in the future . 

Folds 

Major fo lds of the reg ion surround ing T he Da l le s  i nc l ude the Dal l es-Umat i l la sync l i ne , which extends 
down t he M i l l  C reek va l ley through T he Da l les a nd Fu l ton R idge toward northeastern Oregon , and t he 
Col umbia H i l l s ant ic l i ne ,  wh ich  forms the promine nt r idges l i n ing the Col umbia R iver a l ong the Wash ington 
shore . Southwestward into Oregon , the Co l umbia H i l l s ant i c l i ne sp lays into severa l compressiona l structures 
i n  the White Sa lmon quadrang le . These i nc l ude the Mi I I  Creek Ri dge antic l i ne ,  Chenoweth fau lt ,  the Ort ley 
ant i c l i ne ,  and o ther lesser fo lds . 

T he Da l les-Umat i l l a  sync l ine ( Newcomb, 1 967, 1 969) forms a broad trough w ith  a vert ica l d isplace
me nt of 2 , 000 to 4, 000 feet and a width which var ies from 5 mi les on  i ts  western end to 50 m i les i n  its 
center , east of the study area .  Deposits of the Da l l es Formation on  the upturned l imbs of t he sy nc l i ne 
were eroded prior to extrusion of the Cascades Format ion (QTv)  (Newcomb , 1 969) . Deformat ion was prob
ably midd le  P l iocene to m id-P le istocene . 

I n  the western part of the study area ,  the core of the Cascade Range is upbowed severa l thousa nd 
fee t ,  so that the top of the Col umbia R iver Basa l t  i s  at river l eve l at Corbett a nd Hood R iver but is at 
e levations greater t ha n  3 , 000 feet in  the Herman Creek dra i nage midway between .  South-dippi ng expo
sures of under ly ing Ohanapecosh Format ion in the core of the a nt ic l i ne contribute great ly to t he ge neration 
of massive landsl ides i n  the Cascade Locks area . A long the east s ide of the Hood R iver Va l l ey , the Colum
bia R iver Basa l t  is d isp laced upward a long a series of  fa u lts  (Hood R iver fau lt zone) which merge to the 
north with  the B ingen ant i c l i ne .  Immed iate l y  north and northwest of Hood R iver ,  the Underwood lavas 
a re e levated severa l hundred feet above the river ,  i ndi cat ing midd le  P le istocene or possib ly late P le istocene 
up l i ft .  
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Fau l t s  

Ma jor mapped fa u l ts of  the study a rea inc l ude the Hood R iver fau l t  zone a long the east s ide of the 
Hood R ive r Va l l ey; the C henoweth fa u l t ,  wh ich  trends westward from t he mouth  of C henoweth Creek 
through the center of the Wh ite Sa l mon quadra ng le ;  and the Laure l fau l t ,  wh ich  passes sout heaster ly  be 
tween Ka i ser  a nd F u l ton R idges . None of the fau l ts are be l ieved to be act ive . M inor fau l ts are exposed 
loca l ly in road cuts (F igure 1 2) .  

T he Hood R iver fau l t  zone passes a long the base of a 1 , 000-foot upl i fted e scarpment of Co l umbia 
R iver Basa l t  which trends north-south a l ong the east edge of t he Hood R i ver Va l ley a nd passes northward 
i nto the Bi ngen ant i c l i ne in Washi ngton .  It d i sp laces  rocks of ear ly P l ioce ne age a nd is be l ieved to be 
mid-P le i stocene in age (Sha nnon and W i l son ,  1 973b) . 

T he C henoweth fau l t ,  wh ich is 8 m i l es l ong , d i sp l aces Co l umbia R iver Basa l t  upward on the north 
s ide for as much as 200 to 600 fee t .  It postdates ear ly P l iocene un i t s ,  which i t  d i sp laces; and i t  predates 
over ly ing ear ly P l e'istoce ne intracanyon flows of t he Cascades Format ion . A l though epice nter-s in The 
Da l l es area were tentat ive ly attri buted to the fau l t  (Port land Genera l E lectr ic , 1 974b) ,  regiona l re lation
sh ips w i th surrounding roc k un i ts show that it  i s  not present ly  active . Severa l bedroc k fa i lures are located 
a long the fau l t in the u pper Chenoweth Creek area . 

T he Laure l fau l t  extends i nto t he study a rea from Washi ngton and disp laces rocks of the Da l les  Form
ation a d i stance of 80 feet  in the Ka i ser R idge-Fu l ton R idge area (Por t la nd Genera l E lectri c ,  1 974a) . 
A mid-Ple istocene or o lder  t ime of de format ion is inferred for th i s  fau l t ,  as for a l l  fa u l ts that are structur
a l ly c l ose ly re lated to the Col umbia H i l l s  anti c l i ne .  Farther to the north ,  the Horse Heaven H i l l s  ant i 
c l i ne and assoc iated fau l ts are i nterpreted t o  b e  t h e  youngest exposed structura l features i n  t he region 
(Newcomb a nd others , 1 972) . A m id-P le istoce ne age of deformation i s  broad ly accepted , a l though on
goi ng deformation is  a l so suggested by some workers ( Brown and McConiga , 1 960) . 
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GEO LO G IC HAZAR DS 

G e n e r a l  

Accommodation of order ly  deve lopment whi le i nsuring pub l i c  hea l t h ,  safety , and we l fare i s  d i fficu l t  
and comp lex . T he comp lexity, however ,  is great ly  reduced whe re an  understand i ng of  the natural charac
teristics of t he land , the processes that shape i t ,  and the geo logic hazards that threaten i t  is rationa l ly 
app l ied i n  gu id i ng growth .  Geologic hazards of concern to t he p lanner  inc l ude mass movement , s lope 
erosion ,  stream flood ing ,  stream erosion and depos it ion, earthquake potent ia l ,  and volcanic potentia l . 
Each hazard is characterized by u n ique distr ibution, causes ,  and ranges of impacts . I n  this report , recom
me ndations for treatme nt or mi t igat ion of  geo log ic  hazards are fl exib le  to a l low for var iations in physica l ,  
soc ia l ,  po l i t i ca l ,  a nd economic sett ings. T he distribution of geo log ic  hazards based on reconna issance 
i nvest iga tions is i ndicated on the accompanyi ng Geolog ic  H azards Maps . 

M a s s  M o v e m e n t 

Genera l 

Mass moveme nt is the movement of rock or soi l  mater ia l  dow ns lope i n  response to g ravity . Table 3 
summarizes severa l ki nds of mass movement recognized i n  the study area, inc l ud ing deep bedrock s lumps 
and sl ides ,  bedrock trans lational s l ides, earthflow and s l ump, steep-slope mass moveme nt , creep, and 
potential  mass movement .  T he parts of th is study dea l ing w ith mass movement are reconnaissance and 
provide a va luab le  too l for regiona l  p lanning . A l though they are a lso guides to on-site eva luations ,  they 
a re not subst i tutes for on-si te i nvestigat ions; and they shou ld not be used as such for site -specifi c  decision 
mak ing . 

Ca uses 

Mass movement occurs on sl opes w here the downs lope component of gravity exceeds shear res istance . 
I n  areas of pote nti a l  s l idi ng ,  the act ivit ies of man shou ld  be contro l l ed to assure that the downs lope com
ponent of gravity is  m i n im ized and that shear resi stance i s  max imized . 

Dow nsl ope gravity compone nt: Weight of the so i l  col umn is i ncreased by p laceme nt of fi l l  for road 
construction or other purposes .  Increased water conte nt of the so i l  during wi nter ra ins adds to the down
s lope gravity component . Obstructions to  runoff or spr ings, such as improper ly designed roads or poorly 
located dwe I I  ings, may d i rect surface water in to the subsurface or reta i n  subsurface water, adding to the 
weight of the so i l  col umn . Debri s flows and earthflows may result on moderate ly steep s lopes; and bedrock 
trans lat iona l sl ides may be generated , even on very gent le  s lopes. In wooded areas it is doubtfu l ,  however ,  
whether i ncreased soi I moisture assoc iated w i t h  logg ing  has a measurable impact o n  s lope stabi I ity . Sl ides 
there genera l ly occur in the winter when so i l s ,  even under forest cover ,  a re saturated . . 

Models  of s lope fai lure presu ppose that the weight of the soi l  co lumn is perpendicu lar to the earth 's 
surface . Where nearby b lasting or se ism i city i s  a factor , a hor izonta l component of acce lerat ion is in tro
duced a long with the vertica l grav ity compo nent .  T he resu l t i ng  i nc l i ned d i rection of acce leration has the 
same effect as does steepen ing of the s lope . 

Shear resistance : Under saturated condi t ions , water in the soi l buoys the soi l part ic les,  reduc i ng 
i nterna l friction , and thereby a l so reduc ing shear resistance . Thus, whe re soi l  water is i ncreased to the 
poi nt of saturation by rai nfa l l ,  dra inage i nterfe rence , or b lock ing of spr ings, the net resu l t  i s  a decrease 
of shear resistance and i ncreased pote nt ia l  for s l id ing . Under condit ions of heavy ra in, i nfi l tration may 



Tab le 3 .  C lassi fi cation of mass movement i n  northern Hood R iver, Wasco,  and Sherman Counties, Oregon 

Type 

Deep bedroc k s l umps 

Bedrock tra ns lationa l 
s l ides 

Sha I low earth f low a nd 
s lump topography 

Rockfa l l  and 
rocksl ide 

S teep-
s lope 
mass 
movement Debris flow and 

debris ava lanche 

Soi I creep 

Potentia I future 
mass movement 

Description v S B p  of '�k o loog a '"'"ed ba'<> l •heo' 
p l ane a long with  backward rotation of 
t he s l ide b lock as a unit; c haracterized 
by irreg ular topography on a grand sca l e ,  
sag ponds, and a pro nounced headscarp.  

� S l i d i ng of l arge bedrock s l abs downsl ope 

jJ and downd i p  a long i ncompetent i nterbeds � wllh oo bookwa'd' 'otat loo a od l l» l e  o• � no d i saggregation . 

�[] 

� 

F- Irreg u l ar it ies of s l ope , soi l d istribution, 
-� d rai nage and other features w h i c h  suggest 

--- downs l ope movement a long innumerable 

�:--------- __ 
shear p l anes. 

.<::-(\� F a l l ing a nd rol l i ng rock at the base of 

4°f1l11i r c l i ffs; hazardous areas i nc l ude t a l us ., '�11. allJ[ ft� downs lo_Pe; deposits often obscured by 

•. ,,-,�;�;" 'VIII� 'tl r T 
vegetat IOn . 

.. ·� :� ·:.�· ;': ·;, :}��0:: � •.J f.::· �, F l= � , i ; d l og of rook aod .,; ;  mated a l  � o loog a Mfaoe paro l le i to the • lope; 

� 
genera l ly

.
rapid; s l urry- l ike flows ge ner-

« ated by h 1 g h  water content . 
•/ ' 

< � Raodom, part l de -by-part k le movemeot 
lt.- r:;:>'���p· � 1 :\ o f  so i l  a nd rock materia l  i n  response to /4/;· " � _... • 
��:;;� � · / grav 1 ty and random processes suc h as root 

�(-:,.. 7' �-� ,�_.;;. �'§;;:;-�� ' -' ___.. �/ action, expansion and contraction, and 

·i;f;'!-', · ' � / � � a n im a l  activity; no s l ip plane . 

U nmapped . Those areas for w h i c h  re l a -
t ive l y  high potent i a l  for future s l id i ng 
can be inferred on the basis of other sl ides 
i n  the study are a ,  Accurate de l i neation 
requires more deta i l ed mapping t han 
provided here . 

Distribution 

H ig h  s l opes i n  the C o l u mbia River Gorge 
i n  Tcr,  Teme, a nd Teo; steep val l eys of 
m ajor tributaries in Tpd; stratigraph i c a l l y  
and fau lt  control led . S l opes oversteep-
e ned by the M issoula  F l ood . 

Moderate to very gent le s lopes in Tpd 
i mmed iate ly over lying Tcr; i nc l ude 
Government F lat l ands l ide and sl ides 
i n  midd l e  reaches of Mosier C reek (deep 
bedrock s l umps in part) . 

Ra ndomly d i stributed in moderate ly 
s loping terrai n  of Tpd , but espec ial ly 
common i n  t he upper reaches of creeks . 

C l iffs of Tcr a l ong the Col umbia River 
espe c ia l ly i n  the Gorge; a l so c l iffs 
a long tributaries . Most prominent t a l us 
mapped as Q t .  

Steep ly s loping terra i n  a long midd l e  
a n d  upper reaches o f  major tributar ies 
espe c i a l ly in the Wh ite Sa lmon quad-
rang l e .  

Steep ly s l oping terra i n; cowtra i l s  i n  the 
eastern ha l f  of the study area are formed 
partly by animals  but a lso by creep . 

Pote nti a l  mass movement is most l ikely 
o n  s l oping terra i n  near mapped fau l ts 
i n  Tcr; on steep s l opes with i ncreased 
water content in T pd; near contacts of 
Tcr and Tpd , or Teme and Teo; and i n  
l ogged steep terra i n .  
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exceed the  rate of subsurface drainage so that the l iq uid l imit  o f  the soi l  i s  actua l ly exceeded (Campbe l l ,  
1 975) . Debr is  f lows i nvo lv i ng th in  soi l s  or pockets of co l l uvium over i mpermeab le  bed rock can be attrib
uted in I arge part to these factors . 

Cohes ion , t he bonding att raction of soi l  part ic les,  varies with  so i l  type and water conte nt . S i l t s ,  
which domi nate the  soi l s of  the study area ,  have l ow cohesion when  dry , moderate cohesion when  damp,  
no cohesion whe n  very wet; l iquefact ion occurs i n  saturated s i l ts  whe n t hey are d i sturbed . On the other 
hand , c l ays , which may form in terbeds in certain bedrock un i ts of the study area , may accommodate 
l arge quantit ies of water before gradua l ly reaching t he i r  l iquid l imit . S low-movi ng landsl ides that are 
active over pro longed per iods of t ime may resu l t .  

Other factors wh ich  contr ibute to  she ar res istance inc l ude i ndependent means o f  support and t he 
d istr ibut i on of soi l on the s l ope . Root support by trees is now recognized as a primary agent of stab i l i ty 
i n  steeply s loping forested lands .  Root support dec l i nes rap id ly after logg ing ,  and many s l ides i n  l ogged 
areas are attributed to loss of support through root decay . Removal  of the toes of s l i des through stream 
bank erosion or improper gradi ng may in i t iate s l ides on any s lopes, especi a l ly in ta l us .  Deep cuts may 
i ntersect cr i t ica l  joi nts or fau l ts i n  bed rock to in i tiate mass movement . 

Deep bedrock s l ides 

Deep bedrock s l ides are s i tuated in areas of high re i ief a nd are recognized pr imar i ly  on the basis 
of the disp lacement of large bod ies of rock dow nslope . Two major types of  deep bedrock s l ides are recog 
n ized . S l umps a re those s l ides which i nvolve downdropping a nd backward rotation a long a curved basa l 
s l i p  p lane ,  and trans lationa l s l ides are those which i nvo lve s l i d i ng of la rge masses of bed roc k a long gent ly 
d ipping i nterbeds. Trans la t iona l s l ides genera l ly i nvolve l ess vert ica l d i sp lacement and resu l t  in very 
gent ly d ipping s l ide deposi ts . Many bedrock s l ides a re combinations of sl umps a nd trans lat iona l s l ides . 

Not inc l uded i n  deep bedrock s l ides a re two k i nds of features which superfic ia l ly resemble them 
but which do not i nvo lve the actua l d is location of bed roc k: o ld meander scars si tuated above stream 
leve l in canyons , a nd local ized scab land deve lopments a long r idge crests in the Da l l es Format ion . Some 
meander sca rs ,  such as those surrou nd i ng the Big Eddy substation on lower F i fteenmi l e  Creek , resemble 
headscarps , and some scab land features resemb le  hummocky topography associated w i th deep landsl ides .  
Dist inction from true lands I ides is  sometimes d i ffi cu l t . 

S I ides i n  the Eag l e  Creek Formation:  The Eag le  Creek Formation , which rests upon sapro l i t ic  c lays 
of the sout her ly  d ipping a nd impermeable Ohanapecosh Formation , i s  exposed in the core of the Cascade 
Range a long the Co lumbia R iver .  Downcutt i ng of the Co l umbia R iver has prompted the deve lopme nt of 
severa l massive lands l ides i nc l ud i ng the Bonnev i l le  s l ide (F igure 1 3) and the R ucke l s l ide . 

T he Bonnevi l le s l ide , on the north side of the r iver, covers approximate ly 1 0  square mi les  and i s  
the site of  t he legendary Br idge of the Gods .  The last major epi sode of  s l id ing occurred approximate ly  
700 years ago (Brogan ,  1 958) a nd dammed the Col umbia R iver to  an est imated depth of  200 to  300 feet 
( Lawrence, 1 937; Lawrence and Lawre nce , 1 960) . Water was st i l l  impounded at the t ime of Lew is and 
C l ark ( Strong , 1 967) . Drowned forests and cataracts over  the l ands l ide dam are mentioned i n  a t  least 
50 i ndepe nde nt artic les  in pioneer times ( Lawre nce , 1 937) .  

S l iding was probably fi rst in it iated i n  the P le i stoce ne when downcutt i ng exposed t he base of the 
Eag l e  Creek Formation over the Ohanapecosh Formation . In late P le istocene t imes , erosion by the 
Missou la  F lood may have in i t ia ted an episode of major s l id i ng which,  i n  turn,  may have part ia l ly b locked 
the r iver .  Th i s  wou ld exp la in  the l arge vo lume of Lake Lewis in compar ison to that of Lake Missou la  (see 
P le istocene lake deposi ts) . 

Episodes of southward movement of the Bonnevi l ie s l ide through geo log ic  time directed the Co l umbia 
R iver aga i nst the south shore to in i t iate fi rst the Cascade Locks landsl ide i n  mid-P le i stocene t imes a nd 
the n  the more recent  R ucke l s l ide . T he Cascade Locks l ands l ide i s  s i tuated between Cascade Locks and 
Herman Creek and rests on a basa l shear zone approx imate ly 200 feet above the rive r .  Dry Creek a nd 
R udo lph Creek f low i nto the s l ide mass from above , d i sappear i nto the grou nd , and then reappear as a 
series of spri ngs such as Oxbow Spr ings a long the base of the s l ide ( Sceva , 1 966) . T he s l ide is no longer 
act ive , but i t  poses severa l problems to deve lopment inc l uding poor dra inage , springs, h igh ly var iab le 
soi l s ,  heterogeneous bedrock cond itions, and l oca l s l idi ng i n  present-day dra inages . Cutba n k  stabi l i ty 
is h igh ly variab l e .  
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FiJUPe 13. The Bonnevi lle landslide� sir;e of the legendaP:t BPidge of 
the Gods� extends to the steep slopes in the ba�kgPound and has 
been active fop thousands of �eaPs. 

A 

FigW'e 14 . Active bedPock failW'e (bounded by points A � B� and C) in 
Columbia RiveP Basalt is looated in middle Peaches of Chenoweth 
CPeek . Slide oooUPs at the intePseotion of two faul ts. 
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T he Rucke l s l ide , s i tuated be tween C ascade Locks and Ruckel Creek to t he west , i s  l ocated a long 
the greatest restr ict ion of the Col umb ia  R iver and is  st i l l  act ive . Movement was l arge ly arrested by the 
i nsta l l at ion of a number of dra i nage tunne l s  in the 1 930 ' s  ( Sceva ,  1 966) ,  but mi nor disp lacements of t he 
ra i l road tracks st i l l  are occurri ng . D ra i nage through the tunne ls  is h igh ly  seasona l .  Deve l opment i n  th is  
a rea shou l d  proceed on  t he bas i s  of deta i l ed site i nvestigat ion s .  

S l ides i n  the Co l umbia R iver Basa l t :  Deep bedrock s l ides i n  the Co lumb ia R iver Basa l t  i n c l ude s l ides 
near Rowe na De l l  east of Mosier; s l ides in t he midd l e  reaches of C he noweth C reek a nd on t he north face 
of Signa l H i l l ;  and a s l ide a l ong Stecker Creek ,  8 mi l es south of the mouth of the Deschutes R iver . W ith 
the exception of t he Signal  H i l l  s l ide s ,  wh ich  a re governed by an i ncompetent pa lagoni te i n terbed , the 
s l i des owe thei r orig i n  to steep-s lope deve lopment a l ong structura l d iscont i nu i t ies inc l ud ing fau l ts a nd 
reg iona l joi nts . T he C henoweth Creek s l ides (F igure 1 4) and the Stecker C reek s l ide are act ive;  s l ides 
a long the Co l umbia R i ve r  near Mosie r may be act ive . T he Signa l H i l l  s l ides are l ocated far above t he 
Co l umbia R iver and probably are no l onger act ive , a l tho ugh s l i de -re l ated foundat ion prob l ems may sti l l  
be of s ign i ficance . T hese i nc l ude poor dra i nage , h igh ground water , and h igh ly  variab l e  founda tion 
stre ngths a nd cutbank stab i l i t ie s .  

S l ides i n  t he Da l les  Forma tion:  Deep bedrock s l ides i n  the Da l l es Formation i n c l ude trans l a tiona l 
s l ides a nd combinat ion s l ump-trans l at iona l s l ides near the contact  with the C o l umbia R iver Basa l t  as we l l  
a s  deep s l umps h igher  i n  t he se ction . The major trans la t iona l s l i des near the base of the Dal le s  Format ion 
a re deve l oped where topographic  s lope and reg iona l bedrock dip are ge nera l ly i n  the same di rect ion a nd 
where undercutt i ng has exposed the contact . Among these a re sl ides i n  the midd l e  reaches of Mosier Creek ,  
the Government F l at lands l ide (F igure 1 5 )  a l ong Brown C reek,  and a landsl ide mass i n  t h e  communi ty of 
T he Da l le s .  T he Governme nt F l at lands l ide has downdropped parts of the Da l les  Format ion severa l hundred 
feet a nd is bordered on i ts upper edge by a promi nent headscarp . Var iab le d ips,  la rge hummocks , a nd 
gent l e  s l opes characterize the s l ide mass . T he base of the s l ide is fronted by stream terraces a nd is situated 
above present  stream l eve l .  Stream drai nage i s  moderate ly we l l  i ntegrated on the s l ide mass, and the s l ide 
is probab ly mid-P le istocene i n  age . A l t hough it is no longe r act ive , secondary s l ides that deve loped a long 
ma jor streams in the s l i de mass east of  Brown C reek a re act ive and shou l d  be carefu l ly studied prior to any 
deve l opme nt . Or ig in  of the Government  F l at s l ide is obscure but may be part ly attributed to the wetter 
mid-P l e i stoce ne c l imate a nd to active u ndercutting by Brown C reek before i t  was captured in its upper 
reaches by M i l l C reek . 

T he s l i des i n  the m idd l e  reaches  of Mosie r  C reek a re situated a long the co ntact  wi th  the Co l umbia 
R iver Basa l t  and are deep ly d issected by streams . T hey are no lo nger act ive a nd do not pose a threat to 
most deve lopment . The trans lationa l s l ide a long the contact w i th the Co lumbia R iver Basa l t  i n  the com
mun i ty of The Da l les is d i scussed i n  deta i  I under Geo logic  Hazards of Commun i ti es - The Da l les . 

Deep bedrock s l umps a re mapped above the base of the Da l l es Formation at scattered l oca l i t ies 
betwee n  Hood R iver a nd F i ftee nmi l e  C reek and are re cog nized on the basis of the ir  pronounced headscarps 
and ge nt le  s l opes. Recogn izab le  perch ed meander scars are not inc l uded . Common ly  the headscarps are 
ma nt led wi th  a ta l us cover of b roken a nd disor iented bl ocks of the Da l les Format ion . T he series of  l arge 
s l ump b locks between T he Da l les a nd the mout h of Th reemi l e  C reek show apparent offsets of severa l hun
dred feet . S l umps h igh in the Da l l es Formation are not presen t ly act ive but cou l d  be reactiva ted i f  the 
subsurface water budge t were great ly mod ified by dra i nfie l ds,  dra i nage modificat ions , or i rr igat ion . 
De tai led on-site geologic i nvest igations are needed to guide deve lopme nt .  

S l ides i n  t he  Cascades Format ion :  T he most s ign i fi cant  deep s l ump in  rocks of the  Cascades Formation 
i s  l ocated a long the Co l umbia R iver t hree m i les west of Wyeth i n  t he younger W i nd R iver f low unit  (F igure 
1 6) .  T he toe of the s l ide disp laces the freeway upwards severa l tens of feet a nd is sti l l  act ive . Per iod i c  
roadwork is requ i red t o  maintai n a safe grade . Attempts t o  ha l t  t h e  s l ide by removing materia l from the 
head of the s l ide have been unsuccessfu l .  Poss ib ly  the s l ide is not a s imple s l ump . I t  may be caused i n  
part by boi l i ng u p  of sapro l i t ic  muds of  t he O ha napecosh Formation i n  response t o  regiona l hydrostat i c  
pressures as first proposed by Waters ( 1 973) or by  fai l ures w i th in  the Eag l e  Creek Formation at the base of 
deep fi l l s as proposed by Meyers ( 1 953 ) .  N umerous other l a rge active s l umps are deve l oped i n  the Cascades 
Format ion a l ong the tributaries of t he West Fork of t he Hood R iver .  
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Figure 15. Mid-Pleistocene Government Flat landslide is largest ex
wnple of bedrock failure in study area . Note gentle slopes in 
slide terrain and areas where sliding has not occurred. 

Figure 1 6. Highway I-BON passes over toe of large slump 3 miles west 
of Wyeth. Continuing displacement requires periodic maintenanc� 
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Sha l low earthfl ow and s l ump topography 

Sha l low earthflow and s lump topography refers to those areas for wh ich  e arthflow and s l ump of so i l  
and the upper rego l i th are inferred o n  the basis of sma l l -sca le i rregu l ar i t ies o f  topography and drai nage 
as revea led by f ie ld i nvestigat ions or ae ria l photographic interpretat ions . Other features visi b le  on the 
ground may i nc l ude sma l l sag ponds , bowed trees , broke n rego l ith  i n  road cuts, i rregu la r  soi l  distr ibutions , 
and spr ings . Care has been taken not to i nc l ude M issou la  F lood features, irregu lar  weather ing , hetero
geneous bed rock,  or other features which superfi c i a l ly resemb le  s l ide topography but which are stab le . 

I n  this reconnaissa nce , investigat ion areas mapped as sha l low earthflow and s l ump topography are 
l arge ly restricted to sparse ly vegetated areas in the vici nity of The Da l les ,  espec i a l ly on moderate ly steep 
s lopes of the Da l les Formation in the upper parts of drai nages or short streams . S l opes of ta l us (Qt) a l so 
a re sites of per iod ic  earthflow and sl ump .  Sha l low earthflow a nd s lumps a re not deve loped i n  the gent ler  
s lopes of the eastern part of the study area a nd are ge nera l ly not d iscernab le  u nder the de nse forest cover 
in the west . A l though recog ni tion of sha l low earthflow and s l ump topography in forested areas is d i ffi cu l t ,  
regions o f  h igh ly probable earthfl ow a nd s lump can  be  infe rred on the basis o f  s l ope , topographic sett i ng ,  
a nd ge nera l geo logy (F igure 1 7 ) .  

Depending on t he dept h a nd rate of movement of  sha l l ow earthflows a nd s l umps , potent ia l  damage 
may i nc l ude warpi ng of highways, destruct ion of bui l di ngs, and other  losses ,  e i ther in a re lat ive l y  short 
per iod of time or over a period of years . S low-moving earthflows are particu la r ly  bothersome because of 
d i ffi cu l ty of recognit ion a nd the pro longed episodes of damage associated wi th them . 

T he genera l aspects of earthflows a nd sl umps as they deve lop i n  ta l us ( F igure 1 8) are discussed u nder 
Surfic ia l  Geologic Uni ts - S l ide deposits . A spec i fi c  earthflow which occurred in early February 1 946 ,  
west o f  the study a rea a n d  le ss tha n  one m i l e  east o f  M u l tnomah Fa l l s ,  i s  part icu lar ly  i nformat ive . Sma l l  
cutbank fa i l ures and s l ides formed i n  State H ighway Department roadcuts dur ing a period o f  heavy ra ins 
a nd soon deve l oped i nto massive fa i l ures which buried the rai l road tracks under 350 , 000 tons of debri s .  
Repai rs requ i red the se rvices of 1 50 crewma n using 1 0  bu l ldozers and a f leet  of  trucks . 

Deep excavat ions i n  ta l us or other unconso l i da ted mater ia l  are not advised , espec ia l ly dur ing the 
ra i ny season . Moreover ,  repa i r  act iv i ties shou l d  be postpo ned unt i l after stormy weathe r .  I n  the above 
s l i de ,  renewed activity a l most i n j u red a te lephone repa i rma n on February 7 ( Oregonian, Feb.8, 1 946 ) ,  
a nd true d isaster would have occurred had the s l ide become active dur ing the day l ight hours i nstead of at 
n ight when the workers were not on the job .  A s imi lar  i nc ident  c l a imed the l i ves of n ine workers i n  
Doug las County in January 1 97 4. 

Steep-slope mass moveme nt 

S teep-s lope mass moveme nt i nc l udes both rockfa l l  and rocks l ide (Tab l e  3) a long c l i ffs o f  jo inted or 
fractured bed rock a nd a lso debr i s  f low and debri s  ava lanche on steep s lopes wi th re lative ly th i n  soi l cover . 
Rockfa l l  and rocks l ide are most common i n  terra in of Col umbia R iver Basa l t  (F igure 1 9) or i ntrus ive rock 
a long the Col umbia R i ver Gorge . They are caused by the wedg i ng loose of rock fragments by root action ,  
perco la tion o f  ground water , or an ima l  act iv ity a nd resu l t  i n  t he accumu lation of ta lus  at the base o f  the 
s lope . Many geolog ic  hazards in add i t ion to ro l l i ng and fa l l i ng rock are a ssociated with  ta l us ,  as dis
cussed under Surfi c i a l  Geologic U n its - S l ide deposits . 

T he danger of rockfa l l  or rocks l ide ca n be min imized by 1 )  contro l l i ng b l ast ing where v ibrat ions 
may j ar rock fragme nts loose , 2)  screen ing or scraping c l iffs l ocated near i ncompat ib le  uses,  3) erect ing 
reta in ing wa l l s or construct ing embankme nts to conta in  rol l i ng rocks, 4) p lac ing warni ng s igns at crit i ca l  
loca l i t ies a long roads and trai ls,  a nd 5) grout i ng c l i ffs where necessary . I mmediate ly east o f  Mosier , e lec
tric fences have been i nsta l led a long ups lope sides of the rai  !road tracks . They are designed to au toma tic
a l ly se t  b lock signa l s  i f  la rge bou lders shou ld  happen to break the w i res a nd ro l l  onto the tracks . 

A conti nuous mass of rock a nd soi l beg in i ng to s l ide down a steep s lope is ca l led a debr is  s l ide . As 
the s l ide mass d i saggregates i nto sma l ler  and sma l ler  pieces, i t  is ca l led a debris ava lanche or a debris 
f low , dependi ng upon moisture content a nd t he precise nature of the displacement . Such fa i l ures occur 
on  steep s lopes a nd i nvolve surfaces of fa i l ure t hat a re para l le l  to the h i l l s ide . Because these fa i l ures 
genera l ly occur at sha l low depths ,  recognit ion of them in reconnaissance i nvestigat ions in th ick ly  vege 
tated terra in  is d i fficu l t .  On t he Geo logic H azards Maps, areas of steep-s lope fa i lure can be i nferred i n  
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Figure 1 7. Shallow slumps such as these in gully near Wasco are gen
erally not mappable in reconnaissance work but can be inferred 
on the basis of slope, rock type, and position near the head 
of gully . 

Figure 18. Massive earthflows extend upslope in talus to exposedbed 
rock of Wind River Mountain. 
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a genera l way on the basis of  s lope . Debris-ava l anche and debris-flow deposits observed i n  the fie ld were 
most common in areas mopped as having greater than 1 00 percent (vert ica l  distance/hor izonta l d i stance > 1 } 
reg iona l s lopes,  espec ia l ly very steep-gradient side gu l leys character ized by subsurface rathe r than stream 
flow . 

Debris f low a nd debris ava lanche a re caused by the accumulation or deve lopment  of co l l uvia l mote
ria l on steeply s lop ing terra i n ,  fol lowed by a loss of support or shear resistance through loss of root support ,  
i mprope r ly designed rood construct ion , o r  heavy ra ins . Campbe l l  ( 1 975) determi ned that most debris flows 
and ava lanches in a study area in Ca l i fornia cou ld  be corre lated with  periods of i nte nse ra i n .  For some 
s l ides he determi ned that the contribution of water to the subsurface exceeded subsurface f low and that  the 
l iqu id l im i t  of the soi l was exceeded at the time of s l id ing . S l urry- l ike debr is  f lows in the upper reaches 
of Mosier Creek may have a si m i l ar orig i n .  In areas of debr is-ava lanche a nd debris-flow potentia l , the 
remova l of vegetat ion must be contro l led; a nd a l l  rood fi l l s and embankments must be proper ly designed 
with adequate consideration g iven to subsurface runoff .  

West of the study area at the foot of Lodd G lac ier i n  Mu ltnomah County , warm heavy ra i ns i n i t iated 
a Iorge debris  f low on August 3 1 , 1 96 1  which transported bou lders weighing up to 1 30 tons for d istances of 
up to 5 m i les down Ladd Creek . T he Ladd C reek bridge was destroyed , and the waters of Ladd Creek were 
diverted i nto another dra inage (Freer , 1 963) . Future sl ides of this type ore poss ib le in the upper reaches of 
the West Fork of the Hood R iver ( Ladd Creek) and the M idd le  Fork of t he Hood R ive r .  Impacts i n  t he  study 
area wou ld probably be restricted to temporori ly i ncreased stream turbid ity . 

Soi I c reep 

Soi l creep i s  the random,  part i c le -by-part ic le movement of so i l  or rock materia l dow ns lope i n  re
sponse to gravity a nd to other external factors i nc l ud ing animal  acti vity , freeze-thaw or wet-dry expansion 
and contraction, root action, and p low i ng . The randomness of movement w i th no shear p lanes and the 
contribution of externa l forces besides grav i ty d isti ngu ish so i l  creep from other types of mass movement . 
Creep is a sha l low phe nomenon occurring on  steep and convex slopes .  T he cow tra i l s  common to many of 
the steep s lopes of the study area are a spec i a l  form of so i l  creep i n  which the inf luence of an ima l  activity 
is dom i nant . 

Soi l creep typica l ly i s  assoc iated with  t i l ted trees , ti l ted fe nceposts , and lean ing reta in i ng wa l l s 
or tombstones .  Over a long per iod of t ime ,  the forces associated with soi l creep may crack reta in ing 
wa l l s or foundations .  So i l  creep is  re l at ive ly i ns ignifi cant i n  the study area ,  but  i t  shou ld be noted that 
s lopes with  recogn izeable so i I creep and thick soi I cover are very se nsi t ive to art i fi cia I cuts . C utbonk 
fa i l ures ,  once i n it iated, may extend for great d istances upslope to affect structures far from the orig i na l  cut . 

Pote nt ia l  future mass movement 

T he foregoing di scussion treats present-day lands l i des  in terms of the i r  d istri but ion , causes, impacts, 
a nd mi t igations . To p lan for the future in a mean i ngful way , the p lanner must a l so ask where tomorrow ' s  
l andsl ides wi l l  be . T o  d o  th i s ,  one must ide nt i fy the specific  causes o f  the various types o f  lands l ides,  
i so late these factors on a map,  and eval uate their re lat ive sig nificance i n  terms of future land use . Areas 
of pote ntial  future mass moveme nt ore briefly rev iewed below .  T ime and budget l im i tations and i nappropri 
ate map sca les  made the actual mapp i ng of s l i de-prone areas imposs ib le  for this study . 

Future deep bedrock fa i l ures wi l l  i nc l ude conti nued activity both on s l ides described as active i n  
t h e  Eag le C reek Formation i n  t h e  above discussion and a l so o n  deep cuts or areas o f  streambank erosion i n  
a nc ient s l ide masses such a s  the Cascade Locks sl ide . Bedrock fa i lures i n  the Co lumbia R iver Basa l t  wi l l  
be l arge ly restricted to deep cuts or steep terra i n  a long fau l t s  or i n  areas of steep downslope dips or i n 
competent pa lagon i tic  interbeds .  T h e  s l ides i n  the middle Che noweth C reek area invo lve pa lagonites a nd 
i ntersect i ng fau l t s .  

Future deep bedrock fa i l ures in  the Da l les Formation can be  expected on active s l umps and a l so on 
i nactive s l umps where drast ic  changes in the subsurface water budget are ca used by excess ive irrigation 
or  by block ing of spri ngs by construction or other means . Bedrock trans lat iona l s l ides are possi b le  where 
bedrock attitudes are approximate ly para l le l  to s lope , and cr i t ica l  i nterbeds or  horizons are i nf luenced 
by drastic changes in the subsurface water budget . T he most crit ica l hor izon i nvo lved in present trans la-
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t iona !  s l ides is the  contact with  the Col umbia R iver Basa l t .  C hanges i n  water budget may be caused by 
c l imate , dra i n  fie lds, urban ization a nd consequent changes i n  runoff and i nfi l tration patterns , or the 
b lock i ng of spr i ngs by deve lopment . 

Sha l low earthfl ow a nd s lumps wi l l  be most common i n  the upper reaches of streams and dra inages 
where co l l uv ia l  mater ia l  i s  thi ckest and subsurface flow is most pronounced . It is emphasized that this 
type of s l id ing i s  not mapped in forested terra i n  and shou ld , therefore , be considered in the eva l uation 
of a l l  developments on steep terra i n  in the west ha l f  of the study area . Fi l l s shou ld  not be p laced over 
spri ngs and shou ld  not b lock sha l l ow subsurface f low . Moderate ly steep to steep s lopes i n  the Da l les 
Format ion are suscept ib le  in p l aces to sha l low earthf low ,  part icu lar ly  i n  a reas of  increased subsurface 
water content resu l t i ng from sept ic  tanks , dra infie l ds ,  water ing , or i rrigat ion . Earthflows in ta l us may 
be expected to resu l t  from natura l causes and a l so from excessive cuts or b locked sha l l ow subsurface flow . 
Cuts that are made during the dry season may appear stab le  but probably w i l l  fa i l  during wet seasons, 
somet imes years after they are made . 

Rockfa l l  and rocks l ide can be ant ic ipated a long a l l  c l iffs , and hazards of ro l l i ng rock shou ld  be 
ant ic ipated for areas of s loping ta l us be l ow .  Debris ava l anches and de br is  f lows w i l l  be most common i n  
steep gu l l ys o r  draws wi th th i c k  co l l uvia I cover and  characteri stic subsurface f low . Remova I o f  vegeta
t ion or improper construct ion of road fi l l  in these areas w i I I  great ly i ncrease the probabi I i ty of fa i l ure . 

Chapter 70 of the Un i form Bui l d i ng Code specifies practices to be fo l lowed in grad i ng as it re l ates 
to bui ld ing construction a nd conta ins provis ions which deal with  dra i nage and other spec ia l cond i tions .  
I n  problem areas, the local bui ld ing offtc ia l shou ld  require soi l s  e ng ineering o r  engineeri ng geo logy reports 
prior to deve lopment .  Imp lementation of the appropr iate prov isions of the Un iform Bui l d i ng Code in con
j unction with  the use of appropriate hazards i nventories such as this one in urban areas ca n mi nimize 
future hazards associated wi th  s l idi ng .  

I n  a reas such as rura l or forest l and that  are genera l ly not covered by the Uniform Bui l d i ng Code , 
s im i la r  mecha nisms of pro ject review are recommended to mit igate l ands l iding . Mec ha n isms may inc l ude 
i ni t iation or refi nement of project eva l uations by a variety of agencies such as the county , various com
munit ies that have not adopted the Un iform Bu i ld ing Code , or various S tate and Federa l agenc ies which 
may exerc ise contro l over the l and .  

For longer range p l anning , the county or c ity p lann ing staff can use the information i n  this study 
to p lace genera l constra in ts on future land use in crit ica l  a reas . 

S l o p e  E r o s i o n  

Definit ion and causes 

S lope e rosion i s  the remova l of so i l  or  weathered bed rock by sheet wash (no conspicuous cha nne ls ) ,  
r i l l erosion (numerous sma l l  r ivu lets), and gu l ly erosion ( la rge� more permanent channe l s ) .  I t  does not 
i nc l ude erosion by l arger channe l s  between s lopes , stream bank erosion , or mass movement,  a l though 
these ore sometimes l umped together in regiona l ana lyses of so i l  loss . Dominant factors contro l l ing s lope 
e rosion are land use a nd land cover,  s lope , so i l  type , and ra infa l l  i n tensity . 

Soi l e rosion is extreme ly sensitive to s lope grad ient and moderate ly sens i tive to s lope l e ngth .  T he 
s lope i ntens i ty factor i n  the study area is the greatest i n  mountai nous areas i n  the west and a long steep 
va l l ey sides i n  the east . It is the least in f lat bottom l ands and on the l ow rol l i ng hi l l s east of The Da l les . 

So i l  e rodibi l i ty varies great ly w ith  land use and so i l  cover .  Where sediment-y ie ld rates have been 
measured, t hey provide a good ge nera l guide to s lope erosion but shou ld not  be confused with  actua l so i l  
l oss (Wischme ier ,  1 976) . Sed iment-y ie ld  stud ies do not measure foot-slope deposit ion a nd other l oca l  forms 
of deposi tion which capture much of the eroded mater ia l  before it ever reaches the bas in  undergoing i nvesti
gation . Actua l soi l  loss is a l ways greater than measured sed iment y ie l d .  

K nott ( 1 973) demonstrated that the convers ion o f  wood land to i ntensive agr icu l ture and construction 
in C a l i fornia i ncreased sediment y ie lds 65 to 85 t imes .  Yorke and Davi s  ( 1 97 1 ) record a 90-fo ld  i nc rease 
i n  sed ime ntat ion duri ng conversion of pasture land to townhouses in a sma l l  watershed in Mary land . In the 
H .  J .  Andrews Exper imenta l Forest , uncontro l led c lear-cut loggi ng i ncreased rates of sedime ntation 67 
times. Anderson ( 197 1 )  reports sim i l ar resu l ts i n  a sim i la r  study i n  Ca l i forn i a .  Langbei n  a nd Schumm ( 1 958) 
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determ ined that for areas with more than 40 inches annua l  effect ive precipi tation , the sediment-yie ld  
rate unde r natura l vegetat ion was approx imate ly 200 cubic meters per k i lometer per  year (about 1 , 500 
tons per square mi l e ) .  T h is  figure app l i es i n  a genera l way to the west ha l f  of the study area . For areas 
a na logous to the east ha l f  of the study area (F igure 20) hav i ng annual  ra infa l l of 8 inches, the sediment 
y ie ld  is doub l e  this amount because of decreased protect ive cover . T hese figures app ly only to land in the 
natura l state; eros ion i n  agr icu l tura l a reas is m uch highe r .  

Soi l erosion i s  a lso a function o f  the permeabi l i ty ,  structure , g ra i n  s ize , a n d  organic content of 
the soi l .  I n  the study area, most of the soi l s  (see Geologic Un i ts ,  Bedrock Geo logic Un i ts,  S urfi c ia l 
Geo log ic Units) are composed primar i l y  of s i l t  and fine-gra ined sand , both of which are easi ly eroded . 
O n  some of the steeper slopes, very sha l l ow depths to ped rock i ncrease soi ! -erosi on potenti a l  due to i n 
creased ru noff and decreased i nfi l t rat ion . 

Methods of study 

Many of the d iverse factors contro l l i ng soi l erosion are brought together i n  the u niversa l  soi l  loss 
equation developed by the U . S .  Department of Agric u lture ( 1 972) : 

A = RKLSCP 
A refers to the annua l soi l  loss in tons per acre; R i s  the ra infa l l  intensity factor; K i s  a measure 

of soi l erod ib i l i ty; LS is a s lope i ntens i ty factor which considers slope gradient and s lope length; C 
is the land cover a nd land use factor; and P is a factor of conservation pract ices . Unt i l  very recent ly,  
empir ica l  data used i n  der iving the equation was based e nt i re ly  on stud ies of flat to gent ly s lop ing agr i 
cu l tura l land . Land use figures are now extended to consider nonagricu l tura l uses . F igures for steeper 
s lopes are extrapo lated beyond the ra nge of empi r ica l  data and are used on ly for specu lative est imates . 
The universa l soi l  l oss equation is appropriate for estimating potenti a l  soi l l osses for particu l ar parce ls  of 
land a nd gives good resu lts with i n  broad l imits for gent ly  s loping terrai n  (Wi l l iams a nd Berndt, 1 972) . 

An addit iona l technique for est imat ing erosion potent ia l  on a more regiona l basis is a l so ava i lab le 
(Brown and others, 1 974; Wi l l iams and Morgan,  1 976) .  In i t ,  a series of over lays depict i ng s lope, bed 
rock , land use , and other pert i nent factors a re deve loped for a region; and a series of eros ion provinces 
are de fined . These are then corre lated to existing erosion data and fie ld evidence to produce semi-quan
titative est imates of erosion potent ia l . The defin i t ion of erosion provinces a l so a l lows the pro jection of 
erosion data from one loca l i ty to other areas of the same category . The erosion provi nce method of ana lysis 
is appropriate for regiona l assessments of erosion and sed ime ntation potentia l .  

Distribution 

T he potent i a l  for soi l  erosion is highest i n  the steeply sloping a nd unvegetated areas and lowest in 
the bottoms of the va l leys.  Ra infa l l  and slope factors are most severe i n  the western part of the study 
area ,  and soi l texture factors are fa i r ly  uniform with in  broad l im i ts .  The land use or land cover factor is 
most severe in the east where dry c l imate and agricu l t ura l pract ices l eave the so i l  exposed for l arge parts 
of the year .  Loca l ly ,  erosion-contro l pract ices inc l ude contour p low ing , the construction of  d ikes in  
gu l lys ,  a nd the preservation of  more steeply s loping terrai n i n  i ts natura l state . 

Sediments deposi ted i n  th e Wi cks R eservoir on the South Fork of Mi I I  Creek southwest of The Da l les 
have been moni tored for severa l years . T he sediment cons ists of loamy c lay sand and tota l s  betwee n 350 
and 800 cubic yards per yea r .  Most of it is derived from approximate ly 2 , 500 acres of moderate ly steep
s loping terra i n  that  was burned over by a forest fi re in 1 967 . T he area, which was reseeded by natura l 
g rasses, produces about 2 , 800 pounds of sedime nt per acre . The i ndicated vo l ume of sediment is on ly a 
part ia l measure of s lope erosion because i t  does not inc l ude loca l depos it ion e l sewhere w i thi n the drainage . 
Sedime nt contributed from forested areas of the watershed is considered min ima l . L ikewise , sed ime nt load
ings at the C row Creek dam outside the study area and in an area of undisturbed natura l forest are unde
tectable (Wi l l iam Keyser ,  1 976, wri tten communication ) .  

Under condit ions of  extreme ra infa l l  and poor ground cover ,  sediment y ie lds can  be immense . I n  
Spanish Ho l low at B iggs, 64, 000 tons per day of  suspended sediment was measured after the peak flow of 
the 1 964 flood (Waane nan and others, 1 970) . The sediment was der ived from a 52-square-m i le dra i nage 
a re a .  Th i s  y ie ld  of  1 , 200 tons per square mi le per day under flood cond itions dwarfs the average yie ld  
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F'iguroe 19. Large roakfan immediate�y east of Mosier . 

Figure 20. S�ide-free s�opes in gent�y s�oping terrain east of The 
Da��es . Aaae �erated erosion through agricultura l use is thor
oughly investigated by Soil Conservation Service . 
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of 90 to 200 cubic yards per square mi le per year for the Wicks Reservoi r area under norma l c l imatic and 
ground-cover condit ions . T he figures for suspended sed ime nt load in Spanish Hol low do not inc l ude a 
cons iderat ion of bed load or loca l deposit ion i n  t he dra i nage bas i n .  

Impacts and recommendat ions 

Where land i s  de nuded of vegetation through deforestation, fi res , road or bui l d i ng construction ,  
grass fires ,  or p lowi ng , i ncreased rates of sedimentat ion ca n adverse ly  effect streams by i ncreas i ng flood 
pote ntial  ( see Stream F loodi ng) or by s i l t i ng grave l s  at spawning site s .  Loss of topso i l  can hi nder reforest 
at ion a fter logg ing or reduce product iv i ty of  agricu l tura l  a reas .  S lope e rosion in  areas la id bare by  con
struct ion can mar the landscape and generate deposit ion downs lope on roads, in l awns, and in storm sewers . 

Var ious governmental agencies are invo l ved in the control of erosion and sed imentation . T he U .  S .  
Forest Serv ice conducts hydro log ic  studies and i nvest igates sedimentation and erosion resu l t ing from forest 
pract ices on Federa I l ands .  The Oregon Sta te University Department of Forestry has an ongoi ng program 
of i nvestigation of erosion,  sedi menta tion, a nd streamflow re lated to forest practices . The S ta te Depart
ment of Forestry admini sters the Forest Practices Act of 1 971 . 

The U .  S .  So i l  Conservation Service maps soi l s  and advises loca l offic ia l s  on soi l  ma nagement . Most 
practical  assi stance i n  the agricu l tura l parts of the study area wi l l  continue to come through the programs 
a nd publ ications of the So i l  Conservation Service . 

Preferred locat ions of roads i n  the mounta inous areas are benches , ridge tops, and gent l e  s lopes ,  
not  steep s lopes and narrow canyon bottoms . Vegetation remova l and so i l  d i sturbances shou l d  be kept to 
a mi nimum during construction or loggi ng , Site -spec i fi c  techniques to minimize s lope e rosion i nc l ude 
bot h the use of buffer str ips a nd settl i ng ponds and a l so the app l i cation of pro tective ground cover such 
as mu lch,  aspha l t  spray, p l astic shee ts, sod , or j ute matt ing in part icu lar ly crit ical  areas.  Logged areas 
shou ld  be rep lanted where reseedi ng is unsuccessfu l .  .: 

E ng i neer i ng i nvest igat ions prior to construction in cr it ica l areas shou ld  i nc l ude a n  i nvestigat ion of 
sed iment y ie lds and i ncreased runoff downslope to assure that these impacts are kept w i thi n acceptab le  
l imits i n  terms of surround ing l and use and storm sewer or drai nage capac it ies . Basic techn iques of  estimating 
erosion potent ia l  are summarized above (see Methods of study) .  

S t r e a m  F l o o d i n g 

Genera l 

As discharge of a stream i ncreases , correspond ing i ncreases occur in the width (stream-bank erosion) , 
depth (channel scour and r ise of water leve l ) ,  and ve loc i ty of the stream . T hus,  at a g ive n  poin t  on a 
stream, the ve loc ity i ncreases w ith  i ncreas ing discharge . I n  add i t ion ,  for most streams , mean ve locity 
i ncreases i n  the downstream direction . Th i s  surpr is ing pattern ( Leopo ld ,  1 953) occurs because i ncreas ing 
depth a nd decreasi ng cha nne l roughness and turbu lence downstream more than compensate for decreasing 
s lope downstream.  

F l ooding occurs when r is ing water i n  streams spi l l s over establ ished channe l s  into the surro unding 
low lands . Various categories of fl ood a reas i nc l ude the flood p la i n  ( inundated by l a rger f loods) ,  t he 
floodway (channe l s  that convey fast-mov ing waters) , and f loodway fringe (flood p la i n  not i n  the fl ood
way , but subject to period ic  f lood ing ) .  

T he U.  S .  Army Corps o f  Eng ineers, U .  S .  Soi l Conservation Service , and U .  S .  Geologica l  Survey 
de l i neate areas subject to f looding with a variety of computer mode l s .  T he programs are used to produce 
flood maps for a variety of se lected frequencies . An Intermediate Regiona l F l ood (a l so referred to as the 
1 00-year f lood) is the flood hav ing a 1 percent probabi l ity of occurr i ng in any g ive n year . 

I n  the absence of stat istica l mode l s ,  maps showing past f loodi ng can be assemb led,  usi ng flood 
records,  high-water marks,  aeria l  and surface photographs , interviews, and newspaper accounts . Such 
data are ,  i n  part, the bases for determin ing f lood-prone areas indicated for the study area (see Geo logic 
H azard Maps) . The i ndicated f lood i s  a composite of many h i storica l f loods of u ndetermi ned frequency, 
rather than a stati sti ca l mode l based on f lood distr ibutions of known frequencies,  so it di ffers significant ly  
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in k ind from the Intermediate Regiona l  F l ood . In view of the re lat ive ly sma l l  sca le of mopping used i n  
the study , however ,  t he  d istr ibution of lowl and flood i ng ind icated probably does not d i ffe r s ignificant ly 
from that of t he Intermediate Regiona l  F lood . 

For areas i n  which  there were l i tt l e  or no recorded data , f lood-prone areas were deduced from topog
raphy , la ndforms, soi l s ,  vegetation patterns , and ot her natura l features (F igures 2 1  and 22) . Techniques 
ava i lab le for re conna i ssance or pre l im inary on -si te eva l uations are described by Reckendorf ( 1 973) . 

Segme nts of streams havi ng l i t t le or no flood p la in  are the s i tes  of torre ntia l f loods, which  are char
acterized by catastrophic streamflow , erosion ,  and depos it ion . F loads I ike these are most common in t he 
headwaters of Mosier Creek and i n  steep gradient canyons cut i n  Co l umbia R i ver Basa l t  which  pass through 
c l iffs to the Co l umbia R iver . T hese f loods impose constra ints on road , fi l l ,  and bridge construct ion and 
are discussed under Stream Eros ion and Deposit ion . 

Causes 

F looding is  caused by large i ncreases in d ischarge or by natura l or man-caused modifications of the 
channe l .  Review of the Man n ing equat ion of stream discharge provides a systematic basis for rev iew ing 
the causes of stream f looding and for qual itative l y  predict ing the impacts of various poss ib le channel 
mod ifications: 2 j 3 l j 2  Q = ( 1 . 4 8 6 / n ) AR S 

where Q i s  t he discharge (cfs per square mi l e ),  n i s  the c hanne l roughness , A i s  t he cross-sectiona l 
area of the channe l ,  R is the hydra u l ic rad ius ( A d ivided by we tted peri meter) , and S is the s lope 
(gradie nt) of the stream . F l oodi ng can be caused by i ncreas ing Q or by ho ld ing Q co nstant and modify i ng 
factors on the r ight side of t he equat ion so that dept h (a factor of A and R ) is i ncreased . 

Natura l f loodi ng i n  t he study area is t he resu l t  of heavy orographic ra infa l l  and poss ib le  rapid snow
me l t  or thunderstorms (see Geography - C l imate and Vegetat ion),  low infi l t ration rates i nto bed rock,  
steep s lopes, and steep grad ients .  Most floods reach the ir crest short ly after peak precip i tat ion . An 
add itiona l pote nt ia l  cause of flood ing is t he impoundme nt or sudden re lease of waters be h ind lands l ide 
dams . 

Loco I land use can infl uence f loodi ng by a l ter i ng surface water resi dence t imes and i nfi l trat ion 
rates .  In  a rece nt study i n  Long Is l and, New York, urban ization of  ope n land i ncreased peak flow by a 
factor of 3 and tot a I runoff by a factor of up to 4. 6 (Seaborn, 1 969) . A s imi lar  study of the Co lma Creek 
drai nage i n  C a l i fornia revea led a doubl i ng of storm runoff with no change in peak flow (K nott , 1 973) . A 
variety of mode l ing procedures i s  ava i lab le for predict ing runoff i n  areas of chang ing land use (Rantz, 1 97 1 )  
and shou ld be incorporated i nto sto'rm sewer design . 

T he impact of loggi ng on stream f lood i ng varies with tree type , so i l  characterist ics ,  and c l imate; 
but it appears to be m i nima l . I n  the A l sea dra i nage ( Harri s ,  1 973) and the H .  J .  Andrew's Experi menta l 
Forest (Rothacker, 1 970a , b) ,  no i ncrease of peak flows wi th  logging is noted . T hese conc lus ions are 
based on a 95 perce nt leve l of confide nce in the graphical  comparisons , however ,  and se lection of less 
str i ngent stat ist ical  requ i rements might y ie ld  d ifferent conc l usion s .  A l so ,  changes in c hanne l geometry 
and the manner of f lood-water conveyance through low land areas outside the watersheds have been l i tt l e  
i nvest igated . No pert inent studies of the i nfl uence of loggi ng on  floodi ng are avai lab le for the study area . 

A benefi c i a l  effect of logg ing i n  many areas i s  i ncreased streamf low duri ng dry summer months when 
water consumption peaks . Remova l of coni fers under idea l  condit ions of so i l  th ickness and c l imate reduces 
summer evapotransp iration by approximate ly  1 8  inches  in t he H. J .  Andrews Experimental Forest (Rothacker, 
1 970a ) .  As a resu l t ,  after logg ing summer streamflow increased by about 30 percent (Moore , 1 966) . I n  
reg ions o f  drier c l imate , th i nner  so i l s ,  and l ess un i form orig ina l con ifer cover,  the benefic ia l  impact is  
l ess dramatic . I n  the Ochoco Mounta ins evapotransp i ration was reduced by 2 inches  and resu l ted i n  s l ight ly 
i ncreased streamf low (Berndt and Swank,  1 970) . 

If d i scharge Q i s  he l d  constant , f looding may be caused by modi fication of t he cross-sect iona l area 
A or slope S • T hus, art i f ic ia l  fi l l ,  other obstruct ions (road f i l l ,  bridges, structures) in stream chan-

ne l s  or floodways, grave l depos i tion generated by i ncreased s lope erosion,  and c hanne l obstructions by 
such natura l causes as landsl ides can contribute to flood potent ia l . T he F l ood Insurance Act of 1 968, 
admin i stered by the U. S. Department of Hous ing and Urban Deve lopment , and the Natura l Hazard Goa l ,  
adopted by the Land Conservation and Deve lopment Commission, regu late obstruct ions i n  t he floodway . 
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Figure 21 . Flat bottomland gullies and channe ls which indicate fre
quent flooding are found in middle reaches of China Creek and 
are detectable by on-site inspection . 

Figure 22 . Barn located iffmediately downstream from area of Figure 
21 is protected from sma ll floods by small levee . 
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Placing of fill in  channels is  regulated by the U. S. Army C orps of Engineers and the State Land Board . 
Slope S is influenced by aggradation {see Stream Erosion and Deposition) and channel modifications. 

If slope is decreased, cross-sectional area (and therefore depth) must be increased accordingly to accom
modate a given discharge. Other factors which influence flooding include wa ter impoundment by log 
jams, snags, and ice jams . 

The impact on any particula r ri ver site of channel modifications, either for flood control, aggregate 
removal, erosion control, or other purposes, depends on the spec i fic condi tions at that si te. Thus, chan
nel restrictions in one part of a stream may aggravate flooding, whereas constrictions elsewhere may have 
no significant i mpact on flooding. Likewise, channel modifications may be justified in some areas to 
minimize flooding and may be inadviseable elsewhere because of undesi reable effects on stream erosion. 

Distribution and magnitude 

Major floods occurred on the C olumbia Ri ver in 1 894 and 1 9 48, with discharges at The Dalles of 
1 ,240,000 cfs and 1 ,01 0,000 cfs respectively. The flood of 189 4 inundated much of the' downtown area 
of The Dalles (Figure 2 3) .  In recent yea rs, dam construction along the C olumbia River has greatly min
imi zed the probability of floods of these magnitudes. Distribution of possible floods is given in Geologic 
Hazards of C ommunities, bu t is  not indicated on the Geologic Hazards Maps, because of the limitations 
of scale. The 1964 flood had li ttle effect on the C olumbia River because of the large size of the drainage 
basin, seasonal low flows, and upstream dam regulation; in contrast, flow on the Deschutes River was 
almost double the previous 61 -year maximum (Table 4). Gage data for smaller drainages i n  the study area 
'Jre extremely limi ted (Table 4) and flood-prone areas were determined on th e basis of fi eld i nves tigations 
of topography and landforms, vegetati ve patterns, driftwood, and soils, coupled wi th informati on from news-
paper accounts of larger floods.  Distribution of these floods is indica ted on the Geologic Hazards Maps. 

Prec ise figures for the recurrence frequencies of floods of varying magni tudes i n  the va rious drainages 
of the study a rea are not ava i lable. The Office of the State Engineer (Wheeler, 1 971), however, provides 
a technique for constructing approximate recurrence freguency curves for the various streams on the basis 
of d rainage basin a rea . Factors not considered are slope, land use, and microclimate. The technique was 
used to derive the very general comments of flood-recurrence frequency presented on Table 4. For some 
drainages the calculated frequencies were in error. For example, the 1964 flood at Wasco is assigned a 
1.- to 5-year recurrence time. This is clearly incorrect and is not shown on the table. The d ischarge data 
may be too low. 

In addition to stream flooding, high ground water and ponding consti tute geologic hazards in parts 
of the study area, particularly in  the Hood River Valley. H igh ground water is a water table si tuated 
high enough to have an adverse effect on selected human activities. Ponding is th e local accumulati on 
of runoff or rain water because of low slopes, topographic restrictions, or low permeability of the under
lying soil. Pending constitutes a special case of high ground water because it represen ts perched water 
condi tions i n  which the hi�her parts of the ground water body actually li e above the ground . 

H igh ground water can flood basements and other subsurface foci lities; buoy-up pipelines, unfi lied 
underground storage tan ks,swi mming  pools, basements, or septic tan ks; cause di fferential settling; or com
plicate th e insta lla tion of underground foc i  lities. I t  is recognized on the basis of well-log data ,  marsh y 
ground, presenc e of reeds and marsh grass, extremely fla t  topogra phy or depressions, high organic c ontent of 
soil, and black to blue-gray soil mottli ng. A genera l reconnaissance delinea tion of h igh ground wa ter was not 
possible in this study. No patterns of soi I distribu tion or landforms could be correla ted wi th h igh ground 
water conditi ons. Strahorn and Watson ( 1 91 4) first noted randoml y scattered patches of hardpan in the sub
soils of th e H ood River Valley. A detai l ed soils investigation is needed . 

Impacts 

Flooding destroys structures through current action, s iltation, and wa ter damage. It inflicts losses 
on agricultural land by scouring topsoi l ,  eroding streambanks, silting cropland, and killing livestock. It 
threatens ci tizens by isolating d wellings, damaging property, disrupting transportation, and polluting or 
disrupting  water supplies. Projected flood losses along the Hood River alone, based on the 19 65 dollar 
values, are $ 75,000, $95,000, $ 1 42,000 and $217,000 for the years 19 65, 1980, 2000, and 2020 respec
tively (Oregon Water Resources Board, 1 972). 



Figure 23. Downtown area of The Dalles during 1894 flood. Such flooding will �obably never occur here again because of 
upstream dam construction . (Photo courtesy The Elite Studio, The Dalles) 
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Tab le 4. Maximum floods for streams of northern Hood River, Wasco, and Sherman Counties, Oregon 

Years of Dra inage 
Stream record area(mi2) 

Col umbia R iver at 1858- 237, 000 
The Da l l es present 

Deschutes R iver at 1 897-99 10, 500 
thP. mouth 1906-70 

Hood R iver 0. 8 mi south 1913-64 329 
of mouth; 
Tucker Bridge 4 mi 1964-70 279 
south of mouth 

West Fork Hood River 1913-16 96 
0.3 mi upstream from 1932-70 
Dead Point  Creek 

Mosier Creek 2 .8  mi  1960-70 41. 5 
from mouth 

Fifteenmi le Creek near 1946-53 1 71 
Wrentham 

Eightmi le Creek 0. 3 mi 1946-53 56 
be low Jap Ho l low 

F ivemi le Creek 5 mi 1925-53 32 
from mouth i ntermittent 

South Fork Mi I I  Creek 1959-60 28 
0. 2 mi upstream from 1964 
Wicks Reservoir 

Spanish Hol low at Wasco 1964 8 
1961 

Fu l ton Canyon 1964 6. 7 
. 1959-64 

Max imum 
d ischarge and Date 

1,240, 000 6/ 6/94 
1 , 010, 000 5/31/48 

43, 600 1/ 7/23 
75, 500 12/22/64 

34, 000 1/ 6/23 

33,200 12/22/64 

12 , 900 12/22/34 
15, 000* 12/22/64 

*dai ly mean ca l cu l ated 

4, 790 12/22/64 

3 ,540 1/ 9/53 

385 2/10/49 

315 2/10/49 

104 3/30/60 
1,220 12/22/64 

585 12/22/64 
279 1/ 5/61 

1,370 12/21/64 
335 1/ 5/61 

Gage 
ht. (ft) 

160 
154.6 

10.2 
11. 8 

11. 1 

12. 4  
27. 0 

8. 9 

8.8 

7. 1 

3. 7 

5.2 

10. 5 
6. 7 

21.2 
13. 1 

Comments 

Recurrence is  un l i ke ly i n  view of re-
cent f lood control projects upstream. 

F loods were part ly contro l led by dams 
upstream . 

F lood of 1964 demol ished gag ing sta-
tion , necessi tating adoption of  other. 

1964 h igh water mark was part ly the 
resu It of loco I ice dam. 

20- to 1 00-year  event. 

No record for 1 964 when i t  reached 
h ighest leve l in 50 years. 

Annua I event or every few years; no 
1 964 record . 

Bankfu l l  = 3 . 5  ft, annua l event; no 
1 964 record . 

Recorded 1 964 discharge not consistent 
with news accounts . 

Overflowed banks in 1964. 

20- to 1 00-year event. 
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I n  the study area , the largest flood o f  this century occurred in late December of 1 964, when 2 inches 
of warm ra in  in a 24-hour period and over 7 inches of rain in a on e-week period mel ted exceptionally 
heavy snows throughout the region . Flood waters near The Dalles washed out the Chenoweth Road at the 
Grange Hal l, flooded the Chenoweth Trailer Court, cut off access to the Petersburg Trailer Court, flooded 
the Mi l l  C reek Trailer Park, and destroyed the Caldwell chicken ranch on Fifteenmi le  Creek , which was a t  
at  i ts highest level i n  50 years (The Dalles Chronicl-e Dec.23, 24, 1 964). Lower parts of Ericksens 
addition a long lower Mi l l  Creek were also flooded. Discharge at Wicks Reservoir was an estima ted 300 
million gallons per day(500 cfs) (The Dalles Chr>onide, Dec .  28, 1 964). 

Towards central Wasco County the flood of 1 964 washed out the Bakeoven Creek bridge a t  Maupin 
and flooded much of Tygh Valley (Figure 24) including the White Va l l ey bridge near the Tygh Valley 
Lumber Company, the Tygh Creek bridge in the community of Tygh Vo l l ey, and the Shero rs Bridge secondary 
road between Highway 97 and Tygh Vol ley. In the Maupin area, flood wa ter from Bakeoven C reek smashed 
a barn against the Standard O i l  building. Barns were carried away from the Hinzman home , one-half  mi le 
up from the mouth of Bakeoven Creek, and the Joe Dodd ranch at  Tygh Va l ley. 

In Sherman County more than one million do l lars of damaae was infl icted on the crop industry, and 
a lmost every bridge and c ulvert was damaged ( Sherman County Journa l ,  Dec. 24, 1 964). The highway 
bridge over the mouth of the John Day River col lapsed and there were five drownings. The flood waters 
washed out the Fulton Canyon bridge on Highway 30; parts of Highway 97, nine miles south of Grass Valley; 
and parts of the ra i l road bed between Biggs Junc tion and Kent. Highway 97 at DeMoss Springs was c losed 
by high water. The new Lone Rock Road southeast of Moro was cc>mp letely washed out. Water up to 2 feet 
deep flowed across Highway 97 for a distance of two blocks through the center of Wasco and flowed over 
the road a short distance north of the town. The Gross Val ley business d istrict was flooded with up to 10 
inches of water for severa l hours . Flood waters were 3 feet deep near the Moro Lumber and Fuel Company 
on Highway 97 in Mo ro. Flood waters emerging from the Girkling C reek canyon eroded the tra i ler park 
at Rufus and spread sediment and debris through much of the town. The town's water supply was destroyed, 
and debris and mud were washed over H ighway I -SON for a distance of a qua rter of a mi le. At Biggs 
Junction , rai lrood embankments and approaches to bridges on Highway 97 and 1 -80N were washed out . 

In  the Hood Ri ver Val ley, the 1964 flood washed out numerous bridges and destroyed the gaging 
station near the mouth of the ri ver. Data from the gaging station at Tucker bridge, several mi les upstream , 
indicate that the flood was the largest on record (Tabl e 4). O ld flood channels were inundated near the 
community of Mount Hood(Figure 25) , and Highway 35 near the Neal C reek bridge was flooded . One 
home was endangered in  that area . Part of the East Side Grade Road near Panorama Point was washed 
out at Whiskey Creek (Hood River News, Dec. 31 , 1 964). 

Flood waters at Dee rose an estimated 15 to 20 feet beh ind an ice jam and flowed over the banks, 
deposi ted si I t  in the Hines Lumber Yard power house (Figure 26), and establ ished a temporary new channel 
immediately east of the mill. Hea vy rains in Hood R iver in i tiated a landslide along Serpentine Dri ve, 
closing the street for severa l days .  As i t  left the community of Hood Ri ver, a westbound train was struck 
by a landslide and dera i l ed .  

In  the Fifteenmile Creek area, the flood of 1974 exceeded the flood o f  1964 (Figures 27, 28, 29 , 
and 30). Th e 1974 flood was the product of h eavy precipitation at  low elevations, whereas the 1964 
flood was largely the result of rapid snow mel t at all elevations . 

Local flash floods generated by random thunderstorms constitute a sign ificant hazard i n  much of 
the eastern hal f  of the study area. The prec ise distribution of individual storms is not subject to prediction , 
but the distribution of possible flash floods is indica ted in a general way by the mopped torrential flood 
channels on the Geologic Hazards Maps . All slopes are subject to potentiall y very high runoff during 
thunderstorms; and this foetor must be adequately considered in  the design of a l l  runoff faci l i ties in plans 
for urbanizing areas. 

A flash flood on June 5, 1947 was centered on the Skyline Road area southwest of The Dalles and , 
deli vered high runoff to Threemi le Creek and Dry Hol low. Rai nfall totaled 0.6 inc hes in less than 10 
minutes. Damages included a garage knocked from i ts foundation and a flooded home along the Sk yline 
channel, heavy erosion along Threemile Creek, road damage and other losses in the Ericksen ranch area 
along Mi l l  C reek, and partial flooding of the business district and a residential district of The Da l les 
near the mouth of Dry Creek. O ther losses included washouts of the old The Dal les-California Highway ,  
loss of  summer fol low, flooding of the Mauser storage yard, and flooding of  the Union Pacific rai l  yards 
(The Dalles Chronicle, June 5, 12, 1947) .  A c loudburst of similar intensity in 1 937 killed one person. 
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Figure 24. The 1964 flood eroded much valley bottomland in the Tygh Valley area . (Photo 
covxtesy Wasco County Planning Office) 

Figure 25 . East Fork of Hood Rive r J 
miles south of corrununity of f1oun.t 
Hood during 1964 flood. (Photo 
courtesy Hood River News ) 
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Fiaure 26. Debris j�n at Dee during 1964 fZood diverted water through gener
ator station . (Photo courtesy Hood River News ) 

Recommendations 

On the state level, assistance in developing flood-plain management plans is provided by the State 
Department of Water Resources; and broad policies are formulated by the Land Conservation and Develop
ment Commission. Numerous Federal agencies also assist in dealing with flood hazards as discussed below. 

The U. S. Soil Conservation Service administers the Watershed Protection and Flood Protection Act 
of 1954 and provides technical assistance for channel protection and flood-related projects. Declaration 
of a flooded area as a disaster area by the Governor causes re lease of funds for public-foci lity restoration, 
for river-bank repair, and for low-interest loans to individuals and smal l  businesses. The Office of Emer
gency Preparedness, the State Emergency Services Center, and local officials coordinate assistance of 
this type . 

Emergency preparedness includes flood forecasting and flood warning by the Notional Weather Service 
River Forecast Center in Port land. Flood fighting by local personnel is commonly supplemented by the 
U . S .  Army Corps of Engineers and is coordinated by the State Emergency Operations Center. The Flood In
surance Act of 1968, administered by the U. S. Department of Housing and Urban Development with the 
assistance of the State Department of Water Resources, provides flood insurance to individuals and businesses 
in regulated developments. 

Zoning codes regulate regional land use and should be written to restrict certain kinds of land use 
i n  various parts of the flood plain. Subdivision codes should require disclosure statements and construction 
practices compatible with recognized flood potential. Building codes con be used to regulate floor elevations 
and to insure waterproofing, anchoring, and other appropriate construction practices in areas of potential 
flooding. 

Structural control of flooding by dams or large levees is generally not feasible in the study area 
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Figure 27. Lower Fifteenmile Creek during 1974 flood. 
lv'aauo County Planning Office) 

(Photo co;a-tes�-

Figu:r•e 28 . 
flood. 

Fifteenmile Creek irronediately downstream [2•om Dufur during 1974 
(Photo courtesy Wasco County Planning Office) 
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Figure 29 . Flooding and erosion of upper reaches of Fifteenmile Creek up
stream from Dufur was extensive . (Piwto courtesy Wasco County PZann&ng 
Office J 

. 
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Figure 30. Lower Eightmi le Creek during 1974 flood. (Photo courtesy Wasco 
County Planning Office ) 
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because of the number of streams and probable cost-to-benefi t rat ios . Avai lab le fl ood data is i nsuffic ient 
for statist ical  treatme nt of f lood pote ntia l s  i n  var ious streams, and the i nsta l l ation of gaging stations i n  
the larger streams is  recomme nded . I n  l ieu of more adequate data , s ite-speci fic dec is ions and p lann ing 
wi l l  be forced to re ly heav i ly  on on-s i te invest i gations, with th is  report as a genera l gu ide . 

Road layouts and gutter and storm sewer designs i n  subdiv isions must be p lanned with  an adequate 
consideration of the h igh runoffs that may resu l t  from thunderstorms .  Meteoro log ic records and standard 
c ivi l eng ineering handbooks provide the basic data and techniques for such i nvest igat ions . A deta i led 
soi l  survey of the Hood R iver Va l l ey is needed to de l i neate areas of high ground water or pond ing potent ia l . 

S t r e a m  E r o s i o n  a n d  D e p o s i t i o n  

Genera l 

Much of the p lann ing and design ing of channe l modifications emphasizes the water component of the 
toto I s tream system . Equa l ly important,  but often neg lected , are sed iment load and other factors of stream 
c hanne l geometry i nc l ud ing width ,  depth ,  channe l  roughness, and c hanne l layout . C hanges in any one 
of t hese parameters inevitab ly leads to changes in one or more of the others as we l l  as in stream ve locity . 

Larger partic les i n  stream beds , inc lud ing bou lders, pebb les, and coarse sand grains,  are moved by 
rol l i ng , s l id ing ,  or bounc ing and consti tute the bed load . The capaci ty of a stream to transport bed load 
is  determined by the geometry of the channe l ,  t he vo l ume of the discharge , and vel ocity . Sma l ler part i
c les, inc l ud i ng f ine sand , s i l t ,  and c lay , ge nera l ly are transported i n  suspension . T he vo l ume of suspended 
load is  contro l led primari ly  by runoff and s lope erosion (see S lope Erosion) . T his  aspect of sedi me nt trans
port i s  particu lar ly s ignifi cant in terms of water-qua l i ty ma nagement in such storage reservoirs as the Wi cks 
Reservoir .  Medium-grai ned sand can be carried i n  suspension under extreme condi t ions of ve loc i ty and 
turbu lence . 

Specific  e lements of a stream that may attract t he attent ion of a p lanner at part icu lar  s i tes must be 
viewed as i ntegral parts of a comp lex system,  i f  p lann ing recomme ndat ions are to be rea l istic . T hus, 
meanders which cause stream-bank erosion are ge nerated by the frict ion of a f lu id f low ing over a surface 
as wel l as by random obstruct ions . T ransport of bou lders and pebbles formi ng a grave l bar is contro l led by 
many aspects of channe l geometry and d ischarge i n  addi tion to s lope . F lood ing is extreme ly comp lex , 
and its loca l contro l must be p l anned with  broad perspective . 

Distribution and impacts 

Torrent ia l  f lood channe l s  are located i n  t he mountai nous areas west of T he Da l les  and in the c l i ffs 
and canyons l in i ng the Co lumbia R iver  from Eag le Creek to Rufus . Recent torrentia l flooding is easi ly 
recognized on the basis of unvegetated coarse stream-bed deposits and scattered debris ( F igure 31 ). In 
wooded areas where vegetation has rec la imed the channe l ,  recogni tion of torrent ia l  flood potent ia l  is 
based upon i nd i rect features inc lud ing steep side s lopes, steep gradients,  impermeab le  bed rock,  narrow 
stream channe l s ,  and the abs ence of a f lood p la i n .  C hanne l s  character ized by torrentia l  flooding and 
c hanne l scour common ly  pass downstream into topograph ica l ly more mature la ndforms such as flood p la ins .  

Because torrent ia l  flood channe l s  are genera l l y  cut i n  bed rock,  they cannot adj ust to rapid changes 
in d ischarge by channe l mod ifi cat ion . I nstead , depth and ve locity increase sharp ly during t imes of h igh 
f low . Consequent ly,  torrentia l floods are h igh ly  erosive and commonly destroy arti fi ca l obstructions such 
as bridge abutments and road fi l l  i n  the channe l (see Stream F l ooding - Impacts) . Where torrentia l  flood 
channe ls  sp i l l  i nto flat terra i n ,  rubble and debris fans (see Surfic ia l  Geo log ic Uni ts - Stream deposi ts 
Fan deposits) may quickly bury roads or c log cu lverts . 

Conce ntrations of suspended sediment during torre ntia l  floods are common ly h ig h .  Waanenan and 
others ( 1 970) record concentrations of 64, 800 ppm for Fu lton Canyon immed iate ly fo l lowing peak f low 
during the flood of 1 964 (Figures 32, 33 , and 34) . T hi s  is equiva lent to 64, 000 tons per day or 2 tons per 
acre per day under the preva i l i ng d ischarge .  Sedime nts inc l uded 20 perce nt c lay, 62 percent s i l t ,  and 
1 8  percent sand . Under extreme condi t ions of s lope e rosion and ra infa l l ,  torre ntial stream channe l s  may 
transport flowi ng mud and debris rather than wate r .  No mudfl ow deposi ts were observed i n  Q uaternary 
a l l uvia l fan deposi ts, however, i n  th is  reconna i ssance i nvestigat ion . 
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Figure 31 . Torrential flood deposits at Viento Park after 1964 flood. (Photo 
courtesy Hood River News ) 

The formation of a l luvial fans at the foot of torrential flood channels constitutes a special form of 
grovel deposition of particular concern to the planner (Figure 35). Because the fans ore rapidly deposited 
by brood migrating channels, they are composed primarily of very poorly sorted sands and grovels. Finer 
materials are winnowed from the surface, both by decreasing discharges in the waning stages of flooding 
and also by the wind between floods. The result is a protective surface armor that must be maintained or 
restored in any projects involving channel modification, levee construction, or placement of fi l l .  

Gentler gradients, brooder volleys, and the capacity to modify channel geometry i n  response to 
rapidly fluctuating discharge ore characteristics which distinguish flood-plain stream channels from tor
rential flood channels. Short-term variations in depth and velocity are less extreme in these channels; but 
long-term changes in channe l width, depth, and position also occur. Streams with flood plains include 
those in the Hood River Vol ley and major streams south and east of The Dalles. 

Erosion in the flood plains is restricted primarily to the channels and to the outer bends of meanders. 
Stream-bonk erosion is greatest in larger streams with grovel beds, such as the Hood River, where numerous 
sharp turns i n  the river direct water against the walls of its deeply incised canyon. Stream-bonk erosion gen
erates numerous slides in the mountainous areas west of Hood River to Eagle Creek but is general ly  of only 
local significance in the major streams east of The Dalles. The middle reaches of Fulton Canyon ore deeply 
incised in s i l t  and fine sand (Quaternary older a l luvium), as ore ports of several other of the major streams 
east of the Deschutes River. Ports of the upper reaches of Chi no Ho I I  ow ore characterized by braided flow 
during high discharge. 

Stream deposition of flood-plain streams includes the formation of bars on the inner bends of meanders 
and behind channel obstructions and the general si ltation of the flood plain as silt and cloy settle from 
the relatively slow moving overbank flood waters. Grovel bar deposition is of greatest concern in the 
Hood River, where streamflow is commonly directed against opposite stream bonks, resulting in increased 
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Figure 32 . CriticaZ stream-bank erosion in middZe reaches of FuZton 
Canyon after 1964 fZood. 

Figure 33 . Stream-bank erosion in steep lower reaches of FuZton 
Canyon a short distance from the CoZumbia River. 
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Figure 34 . Large aulvert used in repair 
of Fulton CanJOn Road after 1964 
flood. 

Figure 35 . Rufus� built on a l luvial fan deposits� suffered extensive 
torrential flood damage and deposition in 1964 flood. 
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rates of stream-bank erosio n .  Extraction of channel gravels may constitute a viable control measure in 
certain critical loca l ities, provided stream velocity is not greatly increased farther downstream and pro
tective berms around the gravel operation are constructed of adequately sized mater ia l .  

Channel deposits of the Columbia R iver behind Bonnevi l l e  Dam consist o f  fine- to medium-grained 
sand, ond those behind The Da l les Dam consist of a wide range of sediment types in response to highly 
variable channel conditions. Bed-load-sediment transport rates behind Bonne v i l l e  Dam during peak flows 
in June 1 968 measured 9 to 1 2  cubic feet per foot of channel width per day (Ful lam, 1 970). This is con
siderably less than would be expected in o nonrestricted channe l .  

Recommendations 

Major changes in stream channels for flood contro l ,  grovel remova l ,  or erosion control should be 
preceded by i nvestigations of probable secondary impacts on the stream . For flood contro l ,  many poten
tia l problems can be minimized by innovative designs of composite channels which accommodate a range 
of discharges rather than just the peak discharge. For exampl e ,  levees constructed away from a stream 
which is left in its natural state may accommodate Iorge flows whi le the natural channel accommodates 
lower flows and e l iminates the hazard of greatly accelerated aggradation. C hannel erosion of straightened 
channels or rapidly downcutting channels con be reduced by the construction of numerous sma l l  dams which 
i ncrementa l ly lower the grade of the stream . Natural armoring of the channel which has been disturbed 
must be restored or replaced. Levee designs must include a consideration of increased erosion pote ntial 
where the channel is constricted. 

Rood f i l l s  along torrential stream channels shou l d  be d iscouraged i n  critical areas. Where necessary , 
road fi l ls should be cribbed or composed of adequately sized material to resist erosion. Channel crossings 
in side hi l ls should inc lude adequate culverts or shoul d  be bridged. Periodic maintenance of culverts is 
recommended to prevent their b l ockage by debris. Careful land management con greatly reduce the mag
nitude of slope erosion (see S l ope Erosion) and can minimize the potential for hazardous deposition. Where 
residential construction is anticipated, controls should be p l aced on development near torre ntial flood 
channels; and bridge abutments and channel crossings should be designed in a manner that does not impede 
streamflow . 

Impacts of stream-bank erosion can be minimized by properly locating structures away from areas of 
potential undercutting or by reinforcing threatened stream banks with riprap. Long-term patterns of meander 
migration must be considered in areas of long-term use. Logjams and snags in channels may initiate under
cutting and shou ld be removed where necessary . Removal of gravel bars is a lso a means of contro l l i ng some 
local stream-bank erosion . The U . S .  Soi l Conservation Service and State Soi l and Water Conservation 
Commission have programs aimed at contro l l ing stream-bank erosion . 

E a r t h q u a k e s  

General 

The shaking of the earth's surface which accompanies the release of energy along faults is ca l led 
a n  earthquake . The specific location of the displacement within the earth is ca l led the focus, and the 
geographic location above the focus on the earth's  surface is cal led the epicenter. The crustal structure 
and tectonic behavior of the northwestern United States is very complex, and the historic record is short. 
Knowledge of future tectonic activity and earthquake potential is incomplete . 

Intensity and magnitude are measures of the energy released by a n  earthquake. On the modified 
Merca l l i  intensity scale, observat ions of the effects of the quake on the earth' s  surface serve as indica
tors of its relative severity. These determinations may be inaccurate because of the observer's distance 
from the epicenter, the nature of the underlying rocks where the observations ore made, and the subjectivity 
of the viewer . Therefore the Merca l l i  scale is imprecise . I t  is widely used, however, because it is 
universa l ly applicable and requires no equipment .  Also, the gathering of numerous observations a l lows 
identification and e limination of inconsistent and inaccurate data . 
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T he R ichter sca le  is  based on records from se ismometers rooted in bed rock .  It g ives a more d i rect 
measure of energy re leased i n  an eart hquake and is  less sub ject to errors through loca l variat ions of the 
subsurface . I nstead of i ndicat i ng intens i ty with Roman numera l s  ( I  to X I I ) ,  as on the Mercal l i  sca l e ,  the 
R ichter sca le i ndicates magni tude with dec ima l numbers (Table 5) on a logari thmic sca le . Each dig i t  rep
resents a 1 0-fo ld i ncrease in the amp l i tude of the se ismic waves and an approx imate 3 1 -fo ld  increase i n  
t he amount of  energy re leased .  T hus, an earthquake of  magni tude 6 . 0  is  3 1  t imes greater than an earth
q uake of  magnitude 5 . 0 . The sca le ra nges from less than 1 for sma l l  quakes to  s l ight ly l ess than 9 for the 
largest possib le quake . 

To convert observat ions on the Merca l l i sca le to magni tude on the R ichter sca l e ,  severa l empiri ca l ly 
der ived equations are ava i lab le inc lud ing :  

m = 0 .  43 I + 2 .  9 (Stacey, 1 969) 
ME = ( 2/ 3 )I  + 1 (Gutenberg and R ichter , 1 965) 

M va l ues are R ichter mag ni tudes ,  and I va lues are Merca l l i  inte ns i ties . For quakes of low intensity, 
t he Stacey equation g ives h igher va l ues for magnitude than does t he Gutenberg and Ri chter equat ion . 
(Tab le 6) .  The Stacey equat ion i s  based on sha l l ow quakes and is probably more app l i cable to the study 
area , provided numerous re l iable observa tions are ava i lab le  from areas under la in  by firm ground . 

Earthq uake potent i a l  

The potenti a l  for future earthquakes can be  estima ted on  t he  basis o f  the h i stor ic  seismic record,  
ca leu lations based on the di mensions of act ive surface fau I t s ,  and ca leu lations based on know ledge of 
rock strengt h .  No information i s  ava i lable on rock stre ngth i n  the study area and no act ive fau l ts are 
exposed at the surface (see Structure ) .  Accord ing ly ,  estimates of future se ism ic i ty are based a lmost 
entire ly on the h istor ic  re cord , which is very short and poss ib ly mis lead ing . 

The largest h istoric earthquakes in the study area were of Merca l l i  i nte nsity V I  in centra l  Wasco 
County and Merca l l i  i ntens i ty IV at The Da l l es and Hood R i ver (Table 6 ) .  Earthquakes w i t h  epicenters 
outside the study area have been fe lt  with i ntensities as high as V at Rufus and V I  at Parkda le  (Tab le 6 ) .  
Esti mates of  the largest possi b le earthqua ke for the study area i nc lude a Merca l l i  V I I quake presented i n  
the Uniform Bu i ld ing Code and a R ichter 6 . 5  quake ( I= VI I to VI I I ) postu lated by Port land Genera l E lec
tric  ( 1 974a) . The Port land Genera l E l ectric estimate is probab ly  too h igh when app l ied stric t ly to the 
study area , because it was formu lated for the entire Umati l la P lateau and inc luded consideration of active 
surface fau lts far removed from the study area . A maximum possi b le qua ke of Merca l l i  V I I  i s  here adopted 
for the study area . 

Ground acce lerations resu l t ing from earthquakes are a key consideration i n  the design of structures . 
Quakes of R ichter mag nitude 6 . 0  to 6 . 9 with epicenters 1 00 k i lometers or more d istant wi l l  have assoc iated 
wi th them ground acce lerations of 1 0  percent of g or less (Page and others, 1 975) . G is acce leration of 
gravi ty ,  and 1 g =  32 . 2  ft/sec2 . Q ua kes of R ich ter magni tude 5 . 0 to 5 . 9  ( I= VI to VI I )  w i th epicenters 
in the study area may have associated wi th them acce lerations as h igh as 50 percent of g .  On the bas i s  
of  l im i ted data and w i thout the  a id of detai led loca l ana lyses, A lgermissen and Perkins ( 1 976) show that 
qua ke-induced roc k acce lerations in the study area w i l l  be less than 4 percent of g for any given 50-
year i nterva l .  Th i s estimate is regarded as too low because i t  does not address the i ssue of maximum prob
able earthquake , and it is based on too l imited data in t he lower magni tude ranges .  It does ,  however ,  
g ive a reaso nab le est imate of  the acce lerations to  be  expected from most eart hquakes .  

Impacts and recommendat ions 

An earthquake of Merca l l i  V I I  causes s l ight damage to we l l -designed and we l l -bu i l t  bu i ld i ngs, 
s l ight to moderate damage to we l l -bu i lt structures with variab le  des ign,  and considerab le  damage to poor ly 
bui It and poorly des igned bu i l d i ngs (Tab le 5). Ground fa i l ures may i nc l ude ground cracking on th ick 
s lopi ng col luvium and ta lus,  l iquefaction i n  areas of ground-water di scharge and th ick  soi l ,  and loca l 
rockfa l l  and rocks l i de a long steep c l i ffs . I ntensi t ies as h igh as VI I wou ld  probab ly  be restricted to areas 
of poor ground condi t ions in the event of the largest possib le earthquake in the study area . I n  areas of 
so l i d  bed rock, i ntens i t ies wou ld probab ly  be VI or less and wou ld possib le produce loca l fa l l i ng p lasrer,  
ch imney damage , a nd set t l i ng of f i  I I .  Evernden and others ( 1 973) show that,  i n  the h istoric  record, maximum 
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Table 5 .  Scale of earthquake intensities and magnitudes 

Merca l l i 
Intensity Description of effects 

Not felt except by a very few under especia l ly favorab le ci rcumstanc es . 

l l  Fe lt  only by a few persons at rest, especia l ly on upper floors of bu i ldings . 

I l l  

IV 

D e licately suspended objects may swing . 

Fe lt quite noticeably i ndoors, espec ia l l y  on upper floors of bu i ldi ngs, but 
many peopl e  do not recognize as on earthquake. Standing motor cars may 
rock sl ightl y .  Vi brat ion I i ke passing of tru c k .  Duration estimated . 

During the day fel t  i ndoors by many, outdoors by few . At nigh t some awakened . 
Dishes, wi ndows, doors disturbed; wa l l s  make crocking sound. Sensation l ike 
heavy truck striking bui ldi ng; standing motor cars rock noticeab ly.-

V Fe l t  by nearly everyone; many awakened . Some dishes, w i ndows broken . A 
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Equiv . 
Ri chter 
magnitude 

3 . 5  

to 

4 . 2  

4 . 3  

to 

few i nstances of cracked plaster; unstab le  obj ects overturned . Some disturbance 4 . 8  
o f  trees, poles, and other ta l l  obj ects noticed . Pendu lum c locks may sto p .  

VI Felt  by a l l ; many frightened and run outdoors. Some heavy furniture moved; 4 . 9-5 . 4  
a few i nstances of fa l l en plaster or damaged chimneys. Damage s l ight.  

V I I  Everyone runs outdoors . Damage neg l ig ib le  i n  bu i ldings of good design and 5 . 5-6 . 1  
construction, s l ight to moderate i n  wel l-bu i l t  ordinary structures, considerable 
in poor ly bu i l t  or badly designed structures; some chimneys broken . Noticed 
by persons driving motor cars. 

V I I I  Damage s l igh t  i n  speci a l ly designed structures; considerable i n  ordinary substan
tial  buildi ngs with partial col lapse; great i n  poorly bu i l t  structures. Panel walls 
thrown out of frame structures. F a l l  of chi mneys, factory stocks, columns, monu- 6 . 2  

I X  

X 

X I  

X I I  

ments, wa l ls .  Heavy furniture overturned . Sand a n d  mud ej ected in  sma l l  amounts . 
Changes i n  w e l l  water. Persons driving motor cars disturbed . 

Damage considerable in specia l l y  designed structures; wel l -designed frame struc
tures thrown out of  plumb; great in substantia l bu i ldings, with partia l  col lapse. 
Bu i ld ings shifted off foundations . Ground cracked conspicuous l y .  Underground 
pi pes broken. 

Some we l l-bui It wooden structures destroyed; most masonry and frame structures 
destroyed with foundations; ground badly crocked. Rai Is bent. Lands l ides con
siderable from river banks and steep slopes. Shifted sand and m u d .  Water 
splashed (slopped) ov.er banks . 

Few i f  any (masonry) structures remain standing . Bridges d estroyed . Broad fissures 
in ground. Underground pipelines completely ou t of servi c e .  Earth s lumps and 
land slips in  soft grou nd . Roi ls bent great ly . 

Damage tota l . Waves seen on ground surfaces . Lines of sight and l evel distorted . 
Obj ects thrown upward into the a i r .  

* Adapted from Holmes ( 1 965) and U . S .  Geological Survey ( 1 974) 

to 

6 . 9  

7 . 0-7.3  

7 .4-8 .  1 

Max .  re
corded 

8 . 9  
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Date 

1866 

1 866 

1 877 

1892 

1 893 

1 902 

1 920 

1976 

* 

** 
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Table 6. Historic earthquakes of n orthern Hood River, Wasco, and Sherman Counties, Oregon 

Intensity and magnitude * Location 

Nov. 24 IV The Da lles 
3.7 Gute nberg and Richte r 
4 .2  Stacey 

Dec. I l l  The Da l les 
3. 0 Gutenbe rg and Richter 
3.7 Stacey 

Oct. 1 2  ** I ll Cascade Locks ** 
3. 0 Gutenberg and Richte r 
3 .7 Stacey 

Feb. 29 IV T he Dalles 
3.7 Gutenbe rg and Ri chte r 
4.5 Stacey 

July I I  Pleasant Ridge 
2 . 3  Gutenberg and Richter 
3.7 Stacey 

Dec.  5 I I  Hood River 
2 . 3  Gutenberg and Richter 
3.7 Stacey 

Nov. 28 IV Hood Rive r 
3,7 Gutenbe rg and Richter 
4.5 Stacey 

Apr. 12 V, VI Maupin ,  Tygh Valley 
4. 8 measured 

Hi storic obse rvations in the study area are generally ava i lable on the Mercalli scale . Conversion 
to the Richter scale is provided using the equations of Gutenberg and Richter (1965) and Stacey (1969) 
to i l lustrate the range of va lues possible. 

A large r quake east of Portland on this date is mi stakenly located at Cascade Locks in the literature 
(see Table 7). 



Date 

1 872 De c .  1 5  

1 877 Oct.  1 2  

1 893 Mar . 7 

1921 Sept. 1 4  

1 936 July 1 5  

1 949 Apr. 1 3  

1 951  Jon.  7 

1 959 
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Table 7 .  Distant historic earthquakes affecting the study area 

I ntensity, 
magnitude * 

V I - I X  
5 . 7 

V I I  (Portland 
General E lectric , 
1 975) ** 

V I I  
5 . 7  

V I  
5 . 0  

V I I+ 
5 . 8  

V I I I  
7 . 1  

v 
4 . 3  

V I I I  
6 . 3  

Location 

Southwest 
British Columbia 

Troutdale-Corbett 
area probably {Port
land General E lectric, 
1 975) 

Umati l l a  

Wa l lo Wa l lo ,  Wash. 

Mi l ton-Freewater 

Olympia, Wash . 

McNary 

Hebge n Lake, Mont . 

Comments 

1 - 1 1  at Pebble Springs in G i l l iam 
County {Portland General E lectric,  
1 974a ) .  

Not fe lt east of The Dal les (Portland 
General E l ectric, 1975); confused 
with intensity I l l  quake at Cascade 
Locks by Berg and Baker ( 1963); 
Cascade Locks epicenter (Shannon 
and Wi lson, 1975). 

Damage highly loca l i zed and quake 
felt over restricted area. Inferred 
intensity may be too high. 

IV at Pebble S prings in G i l liam 
County (Portland Genera l El ectric, 
1 974a) . 

IV at The Da l les, V at Rufus (Port
land General E l ectric, 1974a); 
much ground crocking on thick 
sloping col luvium near epicenter 
(Coffman and Von Hoke, 1973) . 

V I  at Mount Hood and Parkdale,  
V at Hood Rive r  and The Da l les 
{Murphy and Ulrich, 1 95 1 ) . 

1 - 1 1  at Pebble Springs in G i l l iam 
County (Portland General Electri c ,  
1 974a ) .  

* Magnitudes calcu lated using the equation of G utenberg and R ichter { 1 965). 

** An epicentral intensity map developed by Portland General Electric ( 1 975) for this earthquake 
suggests that the actual magnitude may have been 5 . 0  or less, in contrast to the higher magnitude 
of 5 . 7  suggested by on intensity of V I I  as l i sted here and i n  the l iterature. The historic intensity 
recorded in the literature may be too high. 
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i nte nsi t ies  of earthquakes occur in areas of firm or unstab le  ground , i nstead of areas of so l id bed roc k .  
Adoption o f  t he re levant provisions of  the Uniform Bu i ld i ng Code is  recomme nded . T hese i nc l ude 

sect ions 23 1 3  (wa l l  anchorage) ,  23 1 4  (ge neral  des ign and construction of structures) ,  3704 (anchorage of 
chi mneys) , and 1 807k (a nchorage of mechanica l and e l ectr ical  equ ipme nt in h ig h-r i se structures) . I t  i s  
recommended that a l l  designs i nvo lv ing mass movement or safety factors incorporate a considerat ion of  
poss ib le  se ismic acce lerations . The estimates of 4 to 50 percent of 1 g are not defin i t ive and need re fine
me nt based upon more deta i led stud ies.  The poss ib i l ity of damag ing ground response to earthquakes is not 
treated by the Uniform Bui l d i ng Code . 

V o l c a n i s m 

Ge nera l 

M uch  of the bedrock geo logy of the study area represents the cumu lat ive resu l t  of mi l l i ons of years 
of i ntermi tte nt loca l vo l canic  act iv ity . Formations inc l ude the Eag le C reek Formation (Tme) ,  the Da l l es 
Format ion (Tpd) ,  the R hododendron  Formation (Tpr) , and the Cascades Formation (QTv) . The Cascades 
Formation i nc ludes many re lat ive ly young i n tracanyon flows,  suc h as those at Parkda le  and Underwood , 
and many young cones, i nc luding Mount Hood , Mount St . He lens,  and,  i n  the east ,  M c Derm id Cone , 
which i s  5 m i les  south of the mo uth of the Deschutes R iver .  In a geo log ic  sense , the study area is an  area 
of act ive vo l ca n ism . From the s tandpoint of county p lann ing ,  information that is curre nt ly  ava i l ab l e  
i nd icates that pote ntia l volcanism i s  a t  l east of marg ina l  s ignifi cance . 

Recent act iv i ty 

Mount St . He lens vol cano i s  less than 37 , 000 years o ld ,  and the bu lk  of t he v i s ib le  cone has formed 
s ince 500 B . C .  (Crande l l  and Mu l l i neaux , 1 975) .  The vo l cano has erupted fa i r ly  regu l ar ly  dur i ng t he past 
4, 000 years . Tephra emanat ing from the cone was spread over parts of northeastern Oregon, Wash i ngton, 
and A lberta, Canada , between 1 6 00 and 2500 B . C .  Some tephra deposi ts i n  Washi ngton that are traced 
to Mount S t .  H e lens are l ess than 500 years o l d . Between 1 600 and 1 700 A . D .  a dac i t ic  dome formed on 
the cone; and in 1 83 1  Mount S t . H e l ens ash was spread as far north as Mount Rai n ier . I n  the m id- 1 800's  
a seri es of eruptions spread ash as far east  as The D a l les . 

Mount Hood i s  l ess act ive than Mount St . He lens but does have numerous fumaro les a nd hot spots 
near its peak . A large pI ug emerged from the crater 1 ,  700 years ago (Wise , 1 968)  and spread hot debris
fan materia l to t he south and west . Six post-g l ac ia l  flows are a l so re cognized ( S hannon and Wi l son , 1 976). 
Lawre nce ( 1 948) suggests a minor ash eruption occurred i n  the ear ly  1 800' s near C loud Cap Inn . A mag
n itude 4 earthquake which occurred December 1 4 ,  1 974 with  a focus 2 to 4 k i lometers be low the surface 
in the Mount Hood area was of the type assoc iated with  upward-migrat i ng magma and may s igna l  the 
f i l l i ng of a magma chamber at depth ( Sha nnon and Wi lson , 1 976) . 

A review of the vo l canic  activ ity of the Cascades ind icates  that Cascades volcan ism can be grouped 
i nto three major types .  T hese are 1 )  qu iet lava flows with  m i nor ash eruptions , 2) bimoda l eruptions of 
basa l t ic  and s i l i c ic  lavas a long with  i ntermitte nt vio lent ash eruptions and sate l l ite l ava flows,  and 3) 
catastrophic erupt ions of ash which essentia l ly mark the end of vo l canic  activ ity for a peak . T he e ruption 
of  Mount Mazama 7, 000 years ago spread 6 to 8 c ub ic  mi le s  of ash over an  area of 350, 000 square mi le s .  
Mount Hood be l ongs to  the second category of  vo l canic  erupt ions . 

F uture act iv i ty 

T he prediction of vo l can ic  act ivity i s  an area of on ly very recent research . L i tt l e  geophysica l 
i nformat ion i s  avai l ab le  for detai led a na lyses of e i ther Mount Hood or Mount St . He lens,  and no data i s  
a va i lab le to  corre l ate with  actual erupt ions o r  wi th  other vo lcanoe s .  T he geo log ist i s  l im i ted to  a primar i ly  
h i storical  approach to pred ict ion, wh i ch is  c lear ly i nadequate i n  pred ict ing spec ifi c  events . Spec i fic 
stateme nts g ive n here wi l l  need further refinement or mod i fi cat ion as more data accumu l ates.  
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F uture vo l canic  activ i ty at Mount Hood and Mount St . He lens wi l l  i nc l ude lava eruptions , hot 
debris f lows , and ash fa l l s .  The c l osest po i nt in the study area to e i ther cone is approx imate ly  1 0  m i les ,  
and the ma jor concern to p lann ing is the potentia l for ash  fa l l s .  Graphs deve loped by Crande l l  and 
Mu l l i neaux ( 1 976) ind icate tha t  points as far d istant from Mount St . Hel ens as The Da l l es are subject to 
ash fa l l s of 1 em every 1 00 years, a few em every 500 to 1 , 000 years , and greater than 1 0  em every 2, 000 
to 5, 000 years . W i nds that are d i rected toward t he study area 1 0  to 20 perce nt of the t ime tend to decrease 
the probabi l i ty for ash fa l l  by a factor of 5 to 1 0 . A l though this pro jection is based on very few samp les, 
i t  does provide a genera l  idea of t he types of effects to be expec ted from future eruptions of Mount St . 
He lens . S imi lar  studies for Mount Hood are not avai lab l e . 

Impacts and recommendat ions 

An ash fa l l  in t he study area possib ly wou ld  increase acid i ty and turb id i ty of runoff . Because most 
communit ies der ive the i r  water supply from spr i ngs or we l l s ,  t he effect  wou l d  be m i n ima l . Dur i ng thick 
ash fa l l s ,  storm sewers wou l d  become c logged and wou ld  requ i re fl ushing . T he remote possib i l i ty of f lows 
enter ing the Upper Hood R iver Va l l ey does not warrant p lann ing considerat ion on the basis of present ly  
ava i lab le information . More precise recomme ndations are not possib le  wi thout more long-range geophysical 
data and deta i led ana lyses of t he h istoric volcanic act ivity of Mount Hood . Dwight Crande l l ,  of the U. S .  
Geo log ical Survey, is prese nt ly conduct ing a study of Mount Hood volcan ism . 
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G E O LOG IC HAZAR DS OF C OMMUN IT I ES 

G e n e r a I 

I n  th i s  chapter ,  the geologic hazards of t he 1 2  ma jor comm uni t ies of the study area are mapped 
and brief ly d i sc ussed . T he maps are of larger sca le  t han that of t he reg iona l maps, and the text and maps 
i nc l ude addit ional h i stor ic  data and f ie ld observat ions . The i nformat io n provided here is adequate for 
community p lanning i n  conformance with the ge nera l procedures set forth in t he Introduct ion, but it does 
not supp lant the need for on-site i nvestigat ions in making s i te-specif ic  decis ions . 

For general i nformation on geo log ic  units,  s lope erosi on , eart hquake potentia l ,  volcanic pote nt ia l , 
and mi t igation of various hazards, the reader is referred back to t he appropriate parts of t he genera l text . 
F l ooding d istribut ions on the  maps are composite h i stori c fl oods and are genera l l y  equiva lent to 1 percent 
to 2 percent ( 1 00- to 50-year) floods . 

On the basi s of ge nera l geo l og ic  sett i ngs and associated geologic hazards,  the commun i ties  are 
grouped i nto three categor ies :  1 )  t hose of t he Co l umbia R iver Gorge , 2 )  t hose of t he Deschutes R iver 
dra i nage , and 3) t hose of the Deschutes P l ateau . 

C o m m u n i t i e s  o f  t h e  C o l u m b i a  R i v e r  G o r g e  

Communities of the Co lumbia R iver Gorge i nc lude Cascade Locks, H ood R iver, Mosier, The D a l l es, 
and Rufus . Co l lective ly, mapped hazards i nc lude deep bedroc k s l i des, roc kfa l l  and rocks l ide, torrent ia l 
f loodi ng, and loca l low land f lood ing . The region is characterized by steep basa l t ic  c l i ffs over la in  and 
under lain by s l i de-prone units .  The s l opes were dee p ly eroded by f loods of g lac ia l  me l twater near the 
c lose of the P le istocene . 

Cascade Locks ( Fi gure 36) 

Geologic  uni ts exposed at Cascade Locks i nc lude lower Miocene vo lcanic lastic rocks (Tme), Co lumbia 
R iver Basa l t  (Tcr) , Q uaternary ta lus (Q t),  and o l der a l luvium (Q oa) .  Deep bedrock s l i des in the Miocene 
vol cani c lasti c  rocks are characterized by irregu lar topography on a grand sca le,  disp laced bed roc k, and 
irregu lar dra inage . Rudo l ph Creek and Dry Creek disappear i nto the s l ide mass to reappear farther down
s lope as a series of spr i ngs . 

Wh ere s l ide terrain term i nates dow ns lope against o l der a l l uv ium wh ich is we l l  above river leve l ,  the 
ancient s l ide is no longer active . However, the broken character of the ground , h eterogeneous l i tho logy 
of the s l ide mass, and abundant sha l low ground water promote active s l id ing a long creeks and potentia l 
s l id ing in improper ly engi neered cuts and deve lopments . 

T he Rucke l s l ide , downstream from the Bridge of  the Gods, is d irect ly  across t he Co l umbia R iver 
from the Bon nev i l le s l ide . As the Co l umbia R iver was forced aga inst the south bank during episodes of 
a ct iv i ty on the Bonnevi l le s l ide , the Rucke l s l ide was i n it iated in response to cr i t ica l  undercutt i ng . A l 
t hough extensive dra inage tunne ls have bee n i nsta l led i n  the s l ide t o  min im ize secondary s l id ing a l ong 
t he r iver ,  activity on the l ower parts of the s l ide cont inues, caus ing mi nor d i s locat ion of t he ra i l road 
track . 

Mass moveme nt i n  the steep s lopes south of Cascade Locks i nc l udes rockfa l l  and rocks l i de .  Ta l us 
accumu lating at the bases of  c l i ffs i s  hazardous i n  terms of sha l low subsurface f low of ground water, 
l ow cutbank stab i l i ty ,  and potentia l for period i c  earthflow or debris f low act iv i ty . T he exte nt of  mass 
movement hazards and geologic units east of C ascade Locks is shown on the regiona l geo l ogic maps . Budg
etary restr ict ions pre c l uded more deta i led i nvestigat ion of th i s  area i n  t he present i nvest igation . 

F l ood hazards i nc l ude mi nor low land f lood i ng a long the Co l umbia R ive r  and at the mouth of Herman 
C reek and occasiona l torrentia l f loodi ng a l ong Dry Creek and Rudo lph  Cree k .  Genera l  recomme ndat ions 
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for flooding and mass-movement hazards are provided i n  the general text. Development on lower parts 
of the Ruckel slide area should be avoided, pending detailed study. Development on the inactive deep
slide terrain upslope and to the southeast and east of Cascade Locks should proceed on the basis of site
specific engineering investigations to assure that areas of active s l iding of a secondary nature are avoided 
ond that sl ide-related hazards of low cutbank stabi lity, poor drainage, and variable foundation strength 
ore adequately handled. 

Hood River (Figure 37) 

Bedrock geologic units at Hood River inc lude local exposures of the Troutdale Formation (Tpt) ond 
c l i ffs and flat-lying areas of Columbia River Basa l t  (Tcr ) .  The Quaternary older a l l uvium of the Hood 
River Val ley (Qoah)  immediately overlies the Col umbia River Basalt in most areas and consists of a basal 
coarse boulder conglomerate, a thin horizon of ye l low fluvial sand, and more than 1 00 feet of poorly 
sorted glacial  outwash .  Parts of the unit may be equivalent to the Troutda le Format ion, and detailed 
stratigraphic relationships ore not defined. Local l y  Q uaternary a l l uvium (Qa l )  overlies t he older a l luvium 
as a long Indian Creek. 

Mass-movement potential is generally minimal and is restricted to steep high slopes developed in 
Quaternary older a l l uvium (Qoah) in the eastern parts of tow n .  In December 1964, a fai l ure in a road
cut blocked Serpentine Drive for several days. Construction should be avoided in areas of ground-water 
discharge . Adherence to the grading provisions of the Uniform Bui lding Code should be adequate for 
avoiding mass movement . 

T he threat of stream flooding to the community of Hood River is minima l .  In the flood of 1 964, 
the gaging station near the mouth of Hood River was destroyed. Damage to surrounding areas is reviewed 
u nder Stream Flooding. A protective floodwal l  l i nes the rai l road tracks along the east side of tow n .  

· Indian Creek poses a threat of flooding only to low-lying areas of sma l l  exte nt . T o  minimize flooding ,  
the culverts beneath the Hood River highway should be maintai ned free of debris. 

Local flooding of streets and residences in  town by uncontro l led runoff can be avoided by the insta l 
lation o f  adequate storm sewer fac i l ities in  areas of new deve lopment. Unsewered streets in  areas o f  steep 
slope are a hazard to downslope residences and streets in times of high runoff. 

Septic tank fai lures occur in areas of perched ground water or impermeable soil horizons. Within 
the Quate rnary older a l l uvium of the Hood River Val ley (Qoah),  no mappable geologic features were 
identified that could be related to potential for septic tank fai l ure . De l i neation of problem areas requires 
on-site investigation (see Stream deposits - Older a l l uvium of the Hood River Valley) and a detai l ed soils 
survey (see Stream F looding - Distribution and magnitude ) .  

Mosier (Figure 38) 

Geologic units exposed at Mosier inc l ude c l iffs of Columbia River Basalt (Tcr), scattered veneers of 
Pleistocene lake deposits (Qgs, Q I ), and stream terrace a l l uvium (Qoa) a l ong major streams. Erosive 
action of the Missoula F lood (see Pleistocene lake deposits) removed talus and surficial  units in the area, 
exposing bare bed rock over large areas. Local deposition by the flood in protected areas produced pockets 
of sand and gravel at high topographic positions downstream from ridges and knol ls.  

Mass-movement hazards a t  Mosier are minimal and are restricted to local  areas of rockfa l l  and talus . 
along steep ridges surrounding the community.  Flood potential  is not o concern because the streams within 
the c i ty limits occupy deep, steep channe l s .  Torrential flooding and erosion pose minor hazards outside 
t he city limits and should be considered in the design of roadfi l ls and bridge abutments within the flood 
channe ls .  General recommendations for hand l ing mass-movement hazards are presented e lsewhere in the 
text . Shallow depths to bed rock t hroughout the community require consideration in the planning of sub
surface instal lations and excavations. 

T he Dalles (Figure 39) 

The Columbia River Basalt (Tcr) forms scablands in  lower ly ing areas in  the northwestern parts of  
The Dalles and c l iffs i n  the northeastern parts of  The Da l les. Depths to bed rock are shallow .  The Da l les 
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Formation (Tpd ) ,  which  consists o f  hard to  soft brecc ias and river deposits, forms c l i ffs and pediment sur
faces in the C henoweth area , steep hi l l s  over looki ng the c ity between Mi l l  C reek and T hreemi l e  Creek ,  
and lands l ide terra i n  i n  t he  centra l  and  eastern parts of T he Da l les . 

Surfic ia l  geo log ic  units inc l ude Quaternary o l der a l l uvium (Qoa) a long streams; Quaternary a l l uv ium 
(Qa l )  i n  fl ood-prone areas of C henowet h ,  M i l l, and T hreemi le Creeks ; and ta l us (Qt) a l ong steep s lopes . 
Distribut ion of geo l og ic  un its is ind icated on the regiona l geo log ic map (see Geo log ic  Map of The Da l les 
Q uadrang le) . The contact of the Da l les Formation  and Columbia R iver Basa lt  i s  a l so i ndi cated in F igure 39 
(fo lded, i n  enve lope) . 

Mass moveme nt i n  T he Da l l es inc l udes active s l id i ng i n  the Scen ic  Drive-Ke l ly Ave nue area , in
act ive deep bedrock s l ides a long parts of the c l iffs overlooking the C henoweth Dist rict and i n  the east 
parts of town,  ta lus at the bases of c l i ffs , a nd roc kfa l l  and rocks l ides . 

The Scen ic  Drive-K e l ly Ave nue s l ide area i s  approximate ly 4 b locks wide and 8 b locks long . I t  
consists of  severa l sma l l  s l ump b locks which  are c lear ly defi ned i n  the south part of t he s l ide but  which 
are much less d isti n,ct in  the north ,  where they form gently s loping terra i n .  S l ide features are obscured 
by urban deve lopme nt , and rece nt movement is de l ineated primar i ly by damage to man -made structures 
(Figures 40 and 41 ) .  

T he s l i de area i s  h i storica l ly a region of ground-water d i sc harge (Piper,  1 932, p .  1 49) and was 
vegetated by w i l lows and sim i l ar vegetat ion prior to deve lopment (Ron Ba i ley ,  1 976 , ora l communication) . 
It is c haracterized by gent le  norther ly d ips on north-fac ing sl opes and located immed iate ly above the 
contact of the Da l les Format ion wi th  the Co l umbia R iver Basa l t . The s lopes may have bee n oversteepened 
by the Missou la  F l ood or ot her erosive activ i ty of t he ancient Co l umbia R iver .  

T he potent ia l for s l id ing i s  produced by geo log ic factors and aggravated by acts o f  man which  increase 
the amount of water i n  t he ground , such as lawn wateri ng, extensive irrigation of upsl ope orchards, and 
b locking of spr ings by the construction of houses and roads . Dea l i ng with  t he s l ide is made d i fficu l t  both 
by the h igh density of deve lopment and a l so by the present lack of deta i led information regard ing the me
chanics and rates of s l id ing and the d istr ibution of actua l ground deformat ion . Poss ib ly more i nformation 
cou ld be obtai ned by sponsori ng a master 's  thesis or a doctora l dissertat ion,  by approachi ng LCDC for grant  
support , or by gett i ng i nvolved i n  future Federa l p i l ot i nvestigat ions of  urban lands l ide prob lems, shou ld  
suc h stud ies mater ia l ize .  Engineering sol ut ions must be  keyed to  site -specifi c  cond it ions on the ground 
and may i nc l ude c loser control of water i nfi l tration, the dewatering of parts of the s l ide , the use of i nnova
t ive foundation designs for new structures ,  and the bann i ng of construct ion in h igh ly cr i t ica l  areas . 

Deep bedrock fa i l u res are ev ident east of Dry Hol low in terra in  ana logous to t hat of the Scenic Drive
Ke l ly Ave nue s l ide . T he reg ion is approxi mate ly 1 �  mi l es l ong and up to 1 m i le wide and is c haracter ized 
by a series of large s l ump b locks in the south and hummocky terra i n  in t he nort h .  T he s l ides are located 
in the Da l les Formation immediately above the contact wi th  the Co l umbia R iver Basa l t . Gent le northerly 
dips, i ncompete nt l it ho logy of parts of the Da l les Formation , location above a poss ib ly impermeable horizon 
of t he Col umbia R iver Basa l t ,  and oversteepen ing by the Co l umbia R iver i ncrease the poss ibi l i ty of s l id ing . 
To avoid s l id ing ,  future deve lopme nts must 1 )  provide adequate fac i l it ies for a l l runoff to assure that l oca l 
i ncreased infi l trat ion does not occur, 2) avoid p l ugging spr ings , and 3) requ i re e ngi neer ing reports for 
a l l  large deve lopments . C urbs and roads i n  dense ly deve loped areas a long Oregon Street show d is locations 
possib ly re lated to reactivated s l id i ng .  

Contro l led f low and pool e levat ions a l ong the Col umbia R iver have s ignifi cant ly reduced the threat 
of f looding so that repet i t ion  of histor ic  ma jor floods (F igure 23) is no longer considered l ike ly . F l ood ing 
a long l esser streams i s  l im ited to the lower reac hes of C henoweth Creek , where the Grange and C henoweth 
T ra i ler  Park were f looded in  1 964; the l ower reaches of Mi l l  Creek ,  where a res idential  d i strict was partia l ly 
f looded i n  the 1 964 f lood; and the lower reaches of T hreem i le Creek (F igure 39) . 

Local runoff poses a threat of flood ing over large areas, because of sha I I  ow depths to impermeable 
bed rock and consequent l ow i nfi l tration capac it ies.  I n  the C henoweth Distr ict  and to the north ,  soi l s are 
nonexist�nt or th in over t he Da l les Formation and are th in  over Co l umbia  R iver Basa l t .  I nadequate storm 
sewers d irect some runoff into poorly ma i ntained d i tches a long the freeway and the tracks . A reg iona l 
approach is needed to assure proper d i sposa l of storm runoff without menace to surround i ng areas . Dry 
we l l s i nto the Dal l es Formation are ge nera l ly not recommended because they i ncrease the potent ia l  for 
s l id i ng .  Dry we l l s i nto t he Co l umbia R iver Basa l t  wou ld  d ispose of runoff but mig ht threate n water qua l i ty 
of underground aquifers . 
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Figure 40. House in The Dalles placed on tracks to minimize struc
tural damage due to sliding. 

--� 
� -----� --------- - --

Figure 4 1 . Ongoing slide activity has damaged driveway of house 
s houm in Figure 4 0. 
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Ephemera l stream channe l s  i n  T he Da l les area have potentia l  for flash f looding during thunderstorms 
or rapid snow me l ts .  Dry Ho l l ow has a h istory of f lash floods and was respons ib le for the death of one 
person in 1 939 and the flood ing of numerous reside nces in 1 948 . Presently the channel is located a long 
Dry Ho l low Road and passes beneath the road near 1 4th  Avenue . Cu lverts are poor ly maintained and 
apparently were not engineered to hand le such floods as the one which occurred in 1 948 . A repeat of t he 
1 948 thunderstorm wou ld  endanger many homes in the Dry Hol low Road area north of 1 4th  Ave nue . 

Rufus (Figure 42) 

Geolog ic un i ts exposed near Rufus are steep slopes of Col umbia R iver Basa l t  (Tcr ) ,  stream terraces 
of older a l luvium (Qoa),  and a comp lex of surfic ia l  deposits which i nc l ude Q uaternary fan deposits (Qaf) 
of varyi ng ages and sand possib ly deposi ted by the Missou la F lood (inc luded in Q af) . The community of 
Rufus is  s ituated primari ly on fan deposi ts . 

T he ma jor geol ogic hazards at Rufus are inundat ion , erosion ,  and deposi tion associated with torren
tia l flood ing .  Exceptiona l ly l arge floods from Gerk l i ng and Scotts Canyons spi l l  over the fa n on which 
the community is l ocated and probably fo l low random courses over the fa n and throug h the community . 
Lesser floods of greater frequency which fo l low the major channe l s  are se nsit ive to c hannel modi fications 
and restr ictions . 

Where coarser deposits of grave l form natura l armor over sand and s i l t  (see Stream Erosion and Depo
sition), d isturbances of the surface can i.ncrease the potent ia l  for erosion . 

Torrentia l  fl oodi ng eroded part of a trai ler  park in 1 964, spreading sediment and debris through 
much of the community . The water supp ly was destroyed and debris was washed over H ighway I -SON for 
a distance of a q uarter of a mi l e .  F looding ind icated on t he accompany ing map is inferred on the bas is 
of topography a nd pub li shed accounts of the 1 964 f lood . More detai led supplementa l ana lys i s  
based on actua l interv iews with res ide nts is recommended when funds or  staff t ime become ava i lab l e .  

Mass-movement hazards inc I ude rockfa l l  and rocks I ide o n  steeper s lopes surround i ng the community 
and potent ia l  fai l ures in poor ly engineered cuts i n  th icker ta lus . Genera l recomme ndations for reducing 
these hazards are provided under the appropriate headings e lsewhere in t he text . 

C o m m u n i t i e s  o f  t h e  D e s c h u t e s  R i v e r  D r a i n a g e  

Communit ies of the Desc hutes R i ver drai nage are Tygh Val l ey and Maupin .  Co l lect ive ly ,  mapped 
hazards inc l ude deep bedrock s l ides, low land floodi ng ,  torrentia l flood ing , and ta lu s .  The region is 
rapid ly bei ng eroded by downcutt ing of t he Deschutes R ive r  and tri butary streams . The resu l t  is an abun
dance of steep-s lope-re lated mass-movement hazards . Geologic maps were not prepared for these commun 
ities i n  t h i s  invest igation . However,  ge nera l geo logy i s  shown in  Waters ( 1 968) . 

Tygh Val l ey ( Figure 43) 

Bedrock geo log ic  units exposed near Tyg h Val ley i nc l ude the Col umbia R iver Basa l t  north of Tygh 
Creek , the Da l les Formation in the s lopes south of  Tygh Va l ley , and lava f lows of the Cascades Format ion 
capping the ridges south of Tygh Val ley . Surfic ia l  geo l ogic un its inc l ude r iver a l l uvium equiva lent to 
Q uaternary o lder a l l uv i um and Q uaternary a l l uv ium in  the ma jor river va l leys . T he Da l les Formation 
consists of tuffaceous river sand , andesi t i  c tuff, and tuff breccias . 

Deep bedrock s l ides under l i e  t he commun ity of Tygh Va l ley and are present over large areas a long 
the va l ley of White R iver and east of the mapped area at Devi l s  Ha l f  Acre . T he Da l les  Formation is the 
unit  wh ich  fa i l s .  Deep bedrock s l ides occur where stream erosion undercuts exposures of the Da l les Forma
tion which in turn are over la in  by protective caps of younger l ava . 

T he deep bedrock s l ides a t  t he community of Tygh Va l ley are m iddle to l ate P l e istocene i n  age and 
are prese nt ly inact ive . T hey are probably prone to l oca l ized reactivat ion i n  steeper s loping areas .  Large 
sca le  deve lopme nts shou l d  fo l low recommendat ions based on engineering i nvest igations of sha l low subsur
face drainage , variab l e  cutbank stab i l ity , and variab le foundation strengths . I n  t he White R iver drai nage 
a nd at Dev i l s  Ha l f  Acre , the deep s l ides may sti l l  be act ive in p laces . 
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F lood distributions indicated in Figure 43 for the 1 964 flood are based on reconn�issance done by 
the U. S. Geological Survey and augmented and briefly field checked for this study on the basis of land
forms, soil development, and vegetation patterns . During the 1964 flood, the road surface over the White 
R iver bridge was covered by water . As shown on the map, Highway 1 97 restricted much of the flooding to 
the west half  of Tygh Valley and probably aggravated flooding in that area. Recommendations for dealing 
with flood-prone areas are stated in  Stream Flooding . 

Maupin (Figure 44) 
Bedrock geologic units i n  the Maupin area i nc l ude Col umbia River Basa l t  (Tcr) east of the Deschutes 

R iver and low on the s lopes west of the Deschutes River, Da l l es Formation (Tpd) on the middle and upper 
s lopes west of the Deschutes River, and lava flows of the Cascades Formation capping the ridges west of 
the Deschutes River. In addition, the higher ports of Maupin southwest of the city proper ore situated on 
the remnants of an i ntraconyon flow of the Cascades Format ion . The older parts of the community are 
located on a bench cut in Columbia River Basalt and covered with o thin veneer of older a l l uvium. 

Flood hazards inc lude torrential flooding in major canyons and loca l i zed lowland flooding of a l luvial 
units along the Deschutes River (Figure 44). For examp le, the 1 964 flood washed a barn down Bakeove n 
Creek and against the Standard O i l  bui lding near the confluence with the Deschutes River. 

Moss-movement hazards exist i n  the talus of the Col umbia River Basa lt  east of the Deschutes River 
and west of the Deschutes River southwest of Maupi n .  Steep s lopes and sha l l ow subsurface flow o f  ground 
water in these areas favor shal low debris flows and cutbank fai l ures during the rainy season . North of 
Maupin in the Spring Creek area, talus overlies the Dalles Format ion .  Potential hazards incl ude low cut
bonk stabi l i ty and landslides, especia l l y  near springs. Developers should be guided by engineering investi
gations of slope stabi l ity, ground water, and potential  for deep sl ide activity. 

C o m m u n i t i e s  o f  t h e D e s c h u t e s  P l a t e a u  

Communities of the Deschutes P lateau include Dufur, Kent , Wasco, Mora, and Grass Val ley .  
Slope-related hazards on the flat upland surface are minima l .  Low land flooding is severe loca l l y .  The 
communities are genera l ly located in the flat bottom lands short distances upstream from narrow , steeper 
gradient stream segments. 

Dufur (Figure 45) 

Geologic units in the Dufur area incl ude Columbia River Basa l t  above the vol leys and vorious a l l uvial 
units equivalent to the Quaternary older a l l uvium and Quaternary a l l uvium in the val l eys.  Soi l s  over the 
Columbia River Basalt  are t h i n  along ridge crests and include creep co l l uvium and wi nd-blown s i l t  on side 
slopes. 

Mass-movement potential is minima l ,  and standard grading and shoring practices are recommended 
in cuts and excavations. F lood potential of the lower lying parts of the Fifteenmi le Creek valley is severe . 
During the 1 964 flood, the tavern near the Dufur Bridge, the swimming pool in the Dufur C ity Park, and 
streamside areas outside the city I imits (Figures 28 and 29) were extensively flooded. 

Kent (Figure 46) 
Kent is located on flat-lying Col umbia River Basa l t  away from major streams and slopes (Figure 47) .  

T here ore no flood or slide hazards.  The major restriction to development i s  the sha l l ow depth to bed rock 
i n  places as it affects the cost of excavations and the functioning of septic tanks for waste disposal . Thi� 
restriction is adequately handled by standard septic tank investigations. 
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Figure 47. Kent� situated on flat tePPain awa3 [POm stPeams, is 
thPeatened with no geologic hazaPds but is tPOubled with DhalZow 
depths to bed Pock. 

Wasco (Figure 48) 
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Geologic units near Wasco include Columbia River Basalt  and lowland a l luvial deposits mapped as 
Quaternary older a l luvium and Quaternary a l l uvium. Mass-movement potential is minima l ,  and standard 
grading practices ore adequate to avoid slides. Parts of the community ore located on shallow soils or 
bare bed rock. Costs of excavation and potentia l  for septic tank failures are high in  these areas. 

The potential for flooding is severe in low-lying parts of the community a long Spanish Hol low Creek. 
F looding indicated in Figure 48 is based upon accounts of the 1 964 flood and field examination of the 
community. It represents a refinement of the 1 974 flood map issued by the U. S. Department of Housing 
and Urban Development. 

Much flooding during unusual ly  high discharges of low frequency is caused by inadequate conveyance 
of flood waters through artificial channels i n  the community. Culverts under streets vary considerably i n  
cross-sectional area, and abrupt turns in the channel further retard the flow of water. Discharge of the 
1 964 flood was 575 cfs or more ( see Stream Flooding), and the culvert with a cross-sectional area of less 
than 30 square feet at the intersection of Ellis Avenue ond the Sherman County Highway was clearly in
adequate . Significant flooding probably occurred when water overflowed the channel and passed through 
the lower-lying parts of town.  Water covered the rood for a width of two b locks along the Sherman 
County Highway and was 2 feet deep in the clothing store between E l l is  and Davis Avenues. 

The· potential for bank overflow during lower discharge floods of higher frequency is augmented by 
poor maintenance of the channel (Figure 49). Deposits of mud, c lumps of grass and cattails, and scattered 
debris in the channel reduce channel capacity to transmit flood waters through the community. 

Assuming favorable cost-benefit ratios, it is recommended that the stream channel be evaluated from 
an hydraulic engineering standpoint and that appropriate modifications be made, if practical.  
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Figure 48. Geologic hazards of Wasco and vicinity. 
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Moro (Figure 50) 

Figure 4 9. Poor> maintenance of 
oroeek ohanneZ through Wasoo 
may oontroibute to fZood po
tential . 

Geologic units in the Mora area include Columbia River Basa l t ,  which underlies the h i l ls, and 
stream a l luvium along the creek. Slide hazards are negligible if proper grading and shoring practices 
are fol lowed in excavations and cuts. Flooding along the creek, indicated in Figure 50, is restricted 
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to the lower lying areas along the creek. During the 1964 flood, water flowed over the rood in front of 
the Mora Lumber and Fuel Company at depths as great as 3 feet .  General flood recommendations are pro
vided ln the section Stream Flooding. 

Gross Valley (Figure 5 1 )  

Geologic units i n  the Grass Valley area include Columbia River Basa l t ,  which underlies the hi l ls, 
and stream a l l uvium of varying ages along the creeks. If proper grading and shoring practices are fol lowed 
in excavations and cuts, slide potential is neg ligible. 

Areas of flooding along the creek are indicated in Figure 51  and are restricted to the lower lying 
areas along major creeks. F lood-prone areas ore delineated on the basis of publ ished accounts of the 1 964 
flood and field examination of landforms, vegetation patterns, and soil conditions. Extensive moist ground 
i n  the valley bottom north of town indicates frequent flooding and high ground-water conditions. 

During the flood of 1964, water was 1 0  inches deep in Field's Confectionery Store. Water was one 
foot deep at Dunlop's Service Stat ion. The dike l i ning the east bank of the creek at the school ployfield 
near the north end of town may divert flood waters onto the other bank. General flood recommendations 
are provided under Stream Flooding. 
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SUMMARY 

U s e o f  T h i s  B u l l e t i n  

This bul letin provides planners in northern Hood R iver, Wasco , and Sherman Counties with needed 
information on geologic hazards in their respective areas . The material is reconnaissance, however ,  subject 
to refinement based on additional investigations. The maps represent average conditions on the ground; and 
on-site examination is required for site-specific evaluation. 

The bu l letin i s  organized and cross-referenced to faci l itate easy use. The mops and tables inter-
relate the various hazards and systematical ly present i nformation about them. The text is divided into 
sections dea l i ng with specific topics and is structured around the formats of the map legends. The resu l t ing 
hazards analysis has a potential for a wide variety of uses including pre l iminary site eva luations, land use 
capabi l ity analyses for comprehensive planning or other purposes, projection of data, and policy formu lation. 

G e o g r a p h y  

The study area encompasses the northern parts of Hood River, Wasco , and western Sherman Counties 
and also includes sma l l  areas around major communities to the south, including Dufur, Tygh Val ley, Maupin, 
Moro, Grass Valley, and Kent. Total areal extent is approximately 550 square miles. Major physiographic 
regions of the study area are the Col umbia River Gorge, the Cascade Range, the Hood River Va l ley, and 
the dissected plateaus east of T he Da l l es. 

Population of the incorporated communities of the study area has remained basica l ly unchanged in 
recent years, except for Hood River and The Dalles, which show steady growth.  Projections for the coun
ties as a whole indicate continued growth for Hood River and Wasco Counties and redistribution of popula
tion from southern Sherman County to northern Sherman County . 

G e o l o g y  

A tota l of 2 1  geologic units are recognized - eight surficial deposits o f  relatively young age, and 
13 bedrock stratigraph ic units of primari ly volcanic origin.  The bedrock units include Eocene volcanic 
rock (Ohanapecosh Formation), early Miocene volcanic lastic rock (Eagle Creek Formation), Miocene flood 
basa lts (Col umbia River Basa l t ) ,  P l iocene Columbia River deposits (Troutda le Formation ) ,  P l iocene volcanic 
rocks (Rhododendron Formation , Dal les Formation), High Cascades volcanic rock (Cascades Formation, in
c l uding numerous flow units with local names), and Quaternary and Pl iocene intrusive rocks. Local use 
l imitations in the bedrock geologic units genera l ly  are moss movement, erosion, a nd  conditions related 
to thin soi l s .  

Major structures include the Dal les-Umati l la sync l ine , Hood River fault, Cascade Range anticline, 
the C henoweth fault, and the Laurel fault. Al l exposed fo lds end faults in the study area are probably 
mid-Pleistocene or older. Ongoing deformation is at depth and involves structures not exposed at the 
surface . 

Surficial geologic units incl ude Ple istocene lake deposits (grave l ,  sand, and s i l t ) ,  Q uaternary 
stream deposits (older a l l uvium of Hood River Val ley, older al luvium, al luvial fan deposits, and a l l uvium), 
slide deposits (thick talus), and wind deposits (silt and sand ) .  Local use l imitations include flooding ,  
stream erosion and deposition, and blowing sand . Over large areas, Pleistocene floods removed soil and 
loose materia l ,  leaving hard impermeable bed rock at the surface . 
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G e o l o g i c  H a z a r d s  

Geologic processes that adversely affect the activities of man or threaten his safety or we l fare ore 
geologic hazards. Their mitigation or treatment should be based on consideration of causes and potential 
impacts and should be flexible to a l low for variations in  soci a l ,  po l it ica l ,  and economic setting. 

Mass movement 

Mass movement i nc l udes deep bedrock sl umps contro l led primarily by faults and Iorge joints in the 
Columbia River Basa l t  and by bedding p lanes and rock type in the Da l les Formation and the Eagle Creek 
Formation . Impacts are variab le, depending on land use and the present level of sl ide activity, and may 
inc lude personal inj ury and immediate or long term destruction of property or buildings. 

Other types of moss movement inc l ude sha l l ow earthflow and slump on steep slopes and in  the heads 
of val l eys, steep-slope fa i lures (rockfa l l  and rockslide) in the Columbia River Gorge and a long steep 
volleys, soil creep, and general areas of potential future mass movement . Use l im i tations are highly 
variable and should be determined on an individual basis i n  consideration of the nature and magnitude of 
the hazard . Control led development and engineering practice keyed to the spec ific causes and charac
teristics of particular s l ides ore genera l l y  recommended. 

Slope erosion 

S lope erosion is the remova l of soi l or weathered bed rock by sheet wash, r i l l  erosion, or g u l l y  
e rosion and is control led primarily by slope and land use or soil cover. Slope erosion i n  agricultural 
areas is adequately handled by the U.  S. Soil Conservation Service . Soil erosion in  areas of urbaniza
tion can lead to loss of topso i l ,  increased runoff, degradation of streams or water supplies, and clogging 
of storm sewers . Of critical concern to the planner is  the anticipation and control of slope erosion i n  
a reas o f  construction. 

Stream flooding 

F lood-prone areas were del i neated on the basis of incomplete records of past historic floods, land
forms, soi ls,  vegetation patterns, and other natural features . Floods on the Columbia River are now largely 
control led, so repetition of the floods of 1 894 and 1948 is not l ikely . The flood of 1 964 infl icted severe 
damage on a l l  drainages of the study area, washing out bridges, s i l ting cropland, and inundating lowland 
areas. F loods result from warm rains, melting snow, ond random thunderstorms; and the low flow of most 
streams in the summer, which provides a marked contrast to true flood potentia l ,  is very misleading to 
persons not fami I ior with the extreme ranges of streamflow that do occur. 

Stream erosion and deposition 

Torrential flooding in channels with steep gradients and minimal flood p lains results in  extreme 
conditions of channel scour and channel deposition. Hazards inc lude stream-bonk erosion, erosion of embank
ments and bridge abutments, and extensive rapid deposition downstream on a l l uvial fans. Erosion and dep
osition in  streams with flood plains are less extreme but remain factors to be considered in  decisions of stream 
management including gravel remova l ,  stream-bonk protection, and water impoundment.  

Earthquakes 

The largest historic earthquake in the study area occurred east of Maupin on Apri I 1 2 , 1 976 and was 
of Merca l l i  intensity V I .  No surface faults are bel ieved to be active. Quakes originating outside the 
study area have been felt with intensities as high as V I  in parts of the study area. A probable maximum 
earthquake of Merca l l i  intensity V I I  is suggested for areas of poor ground conditions in the study area. 
Quakes of this severity cause sl ight damage to we l l -designed and we l l-bui l t  structures and considerable 
damage to poorly bui It and poorly designed structures. 
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Vo l can ism 

Mount St . He lens has undergone a fa ir ly act ive eruptive h istory for the past 4, 000 years and w i l l  
erupt i n  the future . Mount Hood i s  l ess act ive but does exh ib i t  ongo ing fumarol ic  act iv i ty and may have 
erupted as late as t he last century . T he most probab le  vo l can ic  activ ity of s ignificance to the study area 
w i l l  be ash fa l l .  T he very l i mited data suggest that the frequency and potent ia l  i mpacts in the study area 
w i l l  be minor . 

G e o l o g i c  H a z a r d s  o f  C o m m u n i t i e s  

O n  the basis of ge nera l geo l og ic  setti ngs and assoc iated geo logic hazards,  the commun it ies of t he 
study area are grouped i nto three categories:  1 )  t hose of t he Co l umbia R iver Gorge , 2) t hose of the 
Deschutes dra inage , and 3) t hose of the Deschutes P lateau . Major geo log ic  hazards of  the Co l umbia 
R iver Gorge communit ies and the Deschutes dra inage communit ies  inc l ude deep mass movement in geo logic 
units  above and be l ow the Co l umb ia R iver Basa l t  and stream f lood i ng .  Anc ient l andsl ides are parti cu lar ly 
widespread in Cascade Locks, Tygh Val ley, and T he Da l les  (w here land use has reactivated parts of ancient 
s l ides) . Geo log ic  hazards of the communi ties of t he Deschutes P lateau are genera l ly restr icted to stream 
flood ing . M it igat ion of t he var ious hazards d i ffe rs conside rab ly betwee n communit ies  and wi th in  i nd iv idual 
communit ies,  depe nding  upon loca l cond i t ions . 
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APPE N D IX A :  T HE FO RMAT I O N  A N D  C LAS S I F ICAT I ON OF SO ILS  

F o r m a t i o n  

Unconso l i dated minera l materi a l  a t  t he Eart h ' s  surface i s  termed so i l .  Agronomi sts l im i t  use of the 
term so i l  to those mate ri a l s  capab le  of support i ng p lant  growth . E ng i neers use the term so i l  to describe 
a l l  unconso l i da ted mi nera l matter inc luding surfi c ia l geo logic un i ts . Mater ia l  i n  the weathered zone i s  
ca l led soi l by  geo l og i sts . I n  practice , most soi l s  da ta i s  based on mater ia l samp led from the  wea thered zone . 

Weather ing processes of the Earth ' s  surface inc l ude chemica l breakdown of m i nera l s ,  chemica l  
reconstitution to form new m i nera l s  (c l ays),  physica l  d is i ntegratio n ,  and leach ing . During the i n i t ia l  
stages of  weather ing,  the composit ion of the pare nt materia l  i s  the  dominan t  factor i n  determ in ing the so i l  
type i n  t he weathered zone . C l imate determi nes the ki nds and rates o f  chemica l  processes and the nature 
of the vegetative cover. Sl ope in te ns ity i nf lue nces dra i nage and mass moveme nt , a nd s lope or ientation 
part ly determi nes the ba l a nce of soi l -formi ng processes wi th in  a g ive n area . As time progresse s ,  c l imate 
becomes i ncreas ing l y  s ignifi cant i n  determ in ing soi l  type . 

Soi l types at a site vary wi th  deptn as a function of vary i ng cond i t ions .  T he surface (A horizon) i s  
t he zone of most i ntense organ ic  act iv ity , leaching,  and downward perco la tion  of fine mater ia l .  C ommonly , 
i ron ,  carbonate s ,  a nd c l ay are removed a nd depos i ted i n  the next lower (B)  horizon . T hi s  zone may be 
characterized by re lat ive ly  high concentrat ions of si l i cated c l ay mi nera l s ,  i ron ,  or other mater ia l s .  At 
g reater depths, the C hor izon consi sts of partia l ly weathered a nd decomposed bed rock . Variations in t he 
ba lance of the five so i l -forming factors (parent rock ,  c l imate, topography , vegetat ion , a nd t ime) produce 
t he many variations of so i l s .  Looms, s i l t  looms , and c l ay looms a re most common in the st udy area . 

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

T he Notiona l Cooperative So i l s  Survey of the U .  S .  Departme nt of Agri cu l ture uses the Seventh 
Approximation System of So i l s C lassif icatio n ,  in wh ich  the soi l s  of the nation ore c l a ss i fied i nto a seven
l eve l h ierarchy based upon 1 )  regiona l  c l imate , 2) physica l sett i ng ,  3) un iformity a nd types of horizons , 
4) re lationsh ips of horizons, 5) texture I a nd composi t i  ona I feature s  re Ia ted to p I  ant growth potent ia l ,  6) 
parent mater ia l  and genetic hor izons , and 7) surface texture . 

So i l s  mapp ing done accordi ng to the U .  S .  Departme nt of Agri cu l ture system i s  based primari l y  on  
gra i n  s ize di str ibut ion (Appe nd ix B )  a nd addresses i tems 6 a nd 7 above . T hus,  the Wa l la Wa l la s i l t  l oam 
deve lops on  a paren t  mate ria l  of l oess on gent l e  s l opes a nd consists of s i l t  l oam at the surface . T he Seventh 
Approximation System provides a means  of re lating so i ls maps i n  d i fferent  a reas and of genera t i ng recon
nai ssa nce so i l s maps on  sma l l  sca l e s .  

T he Un ified So i l s C lass i fica t ion System (Appendix C ) ,  used by the U .  S .  Army C orps o f  Engi neers 
a nd the U .  S .  Bureau of Rec lamation, i s  more rigorous a nd p laces  emphasis  on the engi neer ing properties 
of so i l s, i nc l udi ng p l ast ic i ty i ndex (a measure of wate r  content at which a so i l  behaves p lastica l ly) ,  l iq u id 
l im i t  (a measure of water content at wh ich  a so i l  behaves as  a l iq u id ) ,  and organ ic  content . 

T he American Assoc iation of State H ighway Offic i a l s  System (Appendix D) is used to c lassify soi l s  
accord i ng t o  those properties that affect use in h ighway construction a n d  maintenance . Comparison of 
the pa rti c l e-size bounda ries recog nized by the three systems is  given i n  Appe ndix E .  Corre l at ions between 
the three systems a re genera l .  Accurate determ inat ion of the behavior of a soi l  i n  each system requ i res  
test i ng . 
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Texture 
Sand 

Sandy 
loam 
Loam 

S i  It 
loam 
Clay 
loam 

S ilty 
c lay 
loam 
Silty 
clay 

Cloy 

APPENDIX B. GUIDE FOR THE TEXTURAL CLASSIFICATION OF SO I LS 

sandy cloy loom 

20r---------------� 

Dry feel 
I ndividua l groins 
seen and felt 
I ndividual grains 
appear dirty 
Gritty, floury 
feel 
Soft and floury 

Slightly hard, 
little grittiness 

Moderately hard, 
no grittiness 

Hard, no 
grittiness 

Very hard, no 
grittiness 

percent sand 

Moist feel 
I ndividua l gra ins 
seen and fe lt 
Individual grains 
appear dirty 
Gritty, smooth 
s lick 
Smooth slick w/ 
some stickiness 
Smooth slightly 
sticky w/some 
grittiness 
Smooth sticky, 
feel some 
plasticity 
Smooth, sticky 
plastic, faint fin-
gerprints visible 
Smooth very 
sticky - p ostic 
fingerpri nts 

Moist 
sh ine 

None 
None 

Faint 
dul l  
Dull 

Prom-
i nent 
dull  
Faint 

Shine 

Bright 

�"-l" wide, 1/8" 
thick moist plas

ticity (ribbon) 
Wi I I  not ribbon 

Wi I I not ribbon 

Very weak ribbon, 
broken appearance 
Ribbon broken 
appearance 
Ribbon barely 
sustains weight 

Ribbon sustains 
weight & careful 
hand ling 
Ribbon withstands 
considerab le move-
ment & deformation 
Long thin ribbon 

Moist 2"+ long 
plasticity 

(wire) 1/8" 
Wi I I  not wire 

W i l l  not wire 

Very weak wire in 
broken segments 
Weak wire easi ly 
broken 
Wire sustains 
weight 

Wire sustains weight 
& withstands gentle 
shaking 
Wire withstands 
considerable shak-
ing and ro l li ng 
Wire withstands 
shaking, rolling , 
bending, 1/16" 
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APPENDIX C .  UNIFIED SOIL C LASSIFICATION SYSTEM 

Moior dlvhion1 
Group 

1ymbols Typlc:ol nome1 

I ;; 
;. 
0 
. " g, 
g_ 

i" 
a ;  
.0 -: g  " "  

GW 

GP 

Well·groded grovels, grovel-sand 
miAtures, little or no fines 

Poorly graded grovels, grovei
!.Ond mixtures* little or no fines g � G'l � q 1----4--.,..--+--------------1 · & �  ;· ;: 

< " 
" �  =· 0 
� !l �g· 

� 
;,· 
5. 
Q. 

� 
;-� 
;. 
0 
. "' g 

> � G • d 
" "  M l--� � 

Silty grovels, grovel-sand-silt mix

tures 

2. �. � 3' � �. 1---L-+------------!: ;;. 
� 5' 
a !! 

> 
:: � 

2. �. ;. 

GC 

SW 

SP 

SM' 
d 

1-

Clayey grovels, grovel-sand-cloy 
miJiltures 

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

Poorly graded sands, gravelly 
sands, little or no fines 

Sihy sondsf' sond-�h mixtures 

3' � ( , __ ...J._-4--------------- 1 "' tt  ;:. r-
!:. � ;: 0 � 

! 

� 
0 
. 
Q. 

if � 

sc 

Ml 

Cl 

Ol 

Clayey sands, sand-cloy mixtures 

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

Inorganic cloys of low to medium 
plasticity, gravelly cloys, sandy 
cloys, silty cloys, leon cloys 

Organic silts and organic silty cloys 
of low plasticity 

[ �  �--------+------�-------------------------- 1 " "  
§:� 
;:· �· 
. .  3 Q. 
0 • � �  ;. 

0 . 
z 
9 ..., 8 

� 
;,· 
5. 
Q. 

� "' ,; 
0 
� 
;. 
0 
. "' g 

� 
g 
Q. 
n 0 
� 

MH 

CH 

OH 

Pt 

Inorganic silts, micaceous or diato
maceous fine sandy or silty soils, 
elastic silts 

Inorganic days of high plostic1ty� fat 
cloys 

Organic cloys of me-di-um to high 
plasticity. Ofgonk silts 

Peat and other highly organic soils 

. 
� 

., 
.5 

n 0 0 � . .;, 0 
i' Q. 

501----+-

loborotory clouification criteria 

o.. (0 J' 
C ., =  011 g'eoter than 4; C = o,. X D.u between I and 3 

Not meeting oil gradation requirements for GW 

Allerburg limits below "A" 
line or P.l. leu than A 

Alterburg limits a bo.,e "A .. 
line with P.l. greater than 7 

Abo'le "A" line with P.l. b�· 
tween 4 and 7 ore border· 
line cases requiring use of 
dual symbols 

C .. = 01,. greater than 6; C,. = (Doe'�)! between l and 3 OtfJ O,t X Of<O 

Not meeting all gradation requirements for SW 

Atterburg limitl below "A'' 
line or P.L len thon .t 

Atftrburg limiu above "A" 
line with P.l. greater lhon 7 

limits planing in hatched 
zone with P .1. between 4 and 
7 ore hordeNine cases re· 
quiring use of dual symbols. 

CH / 
40 ��----b---b----��----�-+��-+----+--- 1 

vv f 30 
.. L .. •/ OHondMH 

0 ii: .. .-7 20 ���---+----+/-��-�--��-4----4� 
Cl / 

10 �---�---�---��+----+----+----+----+----1---1 
l-----..\,""""',.-11/ 
Cl- Ml���-

Ml ond Ol 

/ -1 
1 0  20 30 40 50 60 70 80 90 100 

liquid limit 

rlosticity Chart 

•Division of CM and SM groups into subdi¥isions of d ond u or� for roods Ol'\d oidields only. Subdivisio" is based on Atterburg limits; 
suffia d U\ed when l.l. is 28 or len ond the P.l. is 6 or l'!!u; th� suffi• v used wohen l.l  tS greol�t than 28. 

,...Borderline clouificotions, used for soils posses�ing chorocteristic' of lwo grovps, art de�ignottod by co"'binotion\ of group symbols. 
For e-.omplt GW·CC, woell·groded 9rovel·sond mi••ure with cloy bindt'!r, 

Reprinted from PCA Soil Primer 
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APPENDIX D .  M\ERICAN ASSOCIATION OF STATE HI GHWAY OFFICIALS 
(AASHO) SOI LS CLASSIFICATION 

General 
classification 

C1> 
> C1> 

0 0 N 
0 � z  

·� § - ..r:. 

� �  c 0 C1> "' E -o  m e  � 0 
C1> C1> c > 
0 0 .... '-(/) 0) 

A-1 

Group 
symbols 

A-1-o 

A-1-6 

Groin size 
(sieve) 

50% max. posses N o .  1 0 

30% max. posses No. 40 

1 5% max. passes No. 200 

50% max . passes No . 40 

25% max. passes No. 200 

Atterburg l imits for 
fraction passing No. 40 

Liquid limit P lasticity index* 

Less than 6 

0 - 1----_, ____ ,_ ______ ,_ ______________________ �------------_, ______________ � E ._ 
... � 

..E c;  cv -o  
c c 

u: � 
50% m i n .  posses No. 40 

A-3 A-3 N . P .  § � 1 0% max. posses No. 200 
0 � l-----4----4-------4-----------------------�-------------4--------------� 

� A-2-4 
(") 

"' "' C1> ....J 

A-2-5 
A-2 

A-2-6 

A-2-7 

A-4 A-4 
:?:--� 1----1-----1 
;;; g A-5 A-5 

� A-6 A-6 
� 1----t--------J � A-7 
>-

..E 
u 

A-7-5 
and 

A-7-6 

35% max . posses No. 200 

Greater than 35% posses 
No. 200 

Less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than 1 0  

Less than 1 0 

Greater than 1 0 

Greater than 1 0 

Less than 1 0  

Less than 1 0  

Greater than 1 0 

Greater than 1 0 

(I) -o 0 0, ..0 ::> "' 
-c 
C1> 
C1> 
v 
X C1> 
2 -o 0 0 0 

C1> -o 
� 
0) _o 
::> "' 

'-0 0 0... 

*The difference between liquid limit and plastic limit; the range of water content through which the soil 
behoves plastic l y .  



Ame1 icon Association 
of Srore Highway 
Officials - soil 
clossificorion 

U . S .  Depoo rmenr of 
Agricu lture - soi I 
clossificotion 

Unified soi I c lossi fico-
tion 
U . S .  Army Corps of 

Engineers 
Bureau of Reclamation, 

Dept. of Interior 

Sieve siles - U . S .  stondord 

Partie le size - mi llimerers 

APPENDIX E .  C O'v\ PARISON O F  THREE SYSTEMS OF PARTICLE-SIZE CLASSIFICATION 

Colloids Cloy Silt  Fine sand Cooose sand Fine 
grovel 

Veoy Vco y 
C loy Silt  fine Fine Medium Coarse COO• se Fine 

sond sand sand sand sand goovel 

Fines (silt oo cloy) Fine sand Medium sand Cooose 
sand 

0 0 0 " 0 " 0 0 0 0 "' "' '() "' "' "' 
I I I I I I I l I 

Medium Coarse 
goovel grovel 

Cooose 
gtovel 

Fine Coarse 
goovel goovel 

N q. � �  
I I 2. � 8 .:!; 8 � - "' M .,.  I 8 �..!. "' IM ... -o co �  0 0 0 0 0 0 0 o o  0 0 �  0 0 0 0 � 0 0 0 0 . . . .  - N M "' a) - "' "" "'  

Boulders 

Cobbles 

Cobbles 

h 

0 0 0 co 

I 

� 
""0 
""0 m 
z 0 
X 

-<> 
<..n 
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C HRONOLITHOGRAPH 
(TI M E  R O C K  C H AR T )  
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EXPLANATION 
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(Boundaries are approximate; st.atemen!S are Generdl; site <!VIIIualions require 
Ott·site investigation) 

Surficial G�ologic Units 

Stream deposits: 
Quatern�r)- alluvium: Unconsolidated grauel, �a.,d, <ill, cuul <"t"y in stream beds 

and (loc>dp/aitl> of major streams; equi�a/cn/ to part of Qy<c <>f Newcomb 
( 1 96�1); 110/ shown a/onJ( <maiiH $/reams OUJiug I<> limil<lliOu< of �cale; <ubjed 
lo <I ream (loodin_l(. 

Q\!a\l!rnary older allU\ium: Uncnuso/idated �ravel, >Orll/. sill. '""' d<l)' lo<·a/cd 
abo11e floodp/ab>< of major streams al!<l a< t•o/1<-y fill O{ smaller </re"m !1(1//eys: 
�q11iua/Ct1/ to Qc>a at1d part of Qya of Newcomb ( 1 !16�/); illcl!ulc.< -«·u�ra/ 
/err<Oce level< of ""r_ving al!•<": �<•mer"lly 1>fJI <11 1>/ec-/ /o fi<JO<Ii01g I'XCCP/ in ,;mallei' druiii<II/<'-< wlwre -•ca/e po·ec/!1(/C� <epora/e "'"l'l>in� o{ Q�l. 

Ql!atcrnary ;d]u,·i"l fan deposits: Um:onwlidr�le<i, pono·/,\' <<!O'/Ild �mvd m><l """' 
oct·w·ritlll ,,_, fan depc>sil• a/ mouiiJ< ()f lm'l'etlli�l {/Clod dlriOHJ<//.<,' <llf;}el'l lo 
/()rJ'etl/ial floorliH�. em.<iOH, ar!rl dep<h·ilion. 

Quaternary older "nu,•ium of H<>od River v�ne�· : Uucou<olidaiPd 1(/ocia/ <wlw'"" 
'""' miowr iulerbedrled /acuslrit�c depO<il< ami dP.bri.< (l"W< (i//illg 1-/0<Icl /{iuer 
Valley; inc/ucle,; ba.<al COOIJIIOmero/1! and {l!ll!ia/ .r1111l at /loot/ Ui11er. 

Wind deposits: 

Quaternary eolian sand; Uncon<olid<llcd ml'dilom-�cain�d <l11nC <and derir.-ed {rom 
wind ero<iOtl of Plei�locene flood depo•its: mi11ratin� dowus/opc aml ca<lwarrl 
;., arpa immedialelv east of 111/1!!<. 

Slide deposits (excluding deep bedrocll failures and soil failures; see 
geologic hazards maps): 

QuaLun�ry thick talus: Uniformly s/opiiiR uncon.<olidale<l r<>('k am/ soil <iebris 
""'"'mu/<1/i"lt of b<lse of cliffs primarily b)l mdt{a/1 aud ro{'k di<lc: cs!imatll<l 
tlliclmeSJ< ��nerall)l greatcr Ill'"' 5-0 ft!el: <wmemu.< associated l•a�ards . 

Pleistocene nood deposits: 

Qualernar)" )!ladal flood gra�el and sand (Qgs) and silt (Ql): U�tcm<so/ida/cd 
Mrauel, sa or</, and sill sc<Wred from IIP<Jrl>y ups/ream lcrmi11 (now s"abla11<1/ by 
1,[/acial mel/water� of upper Columbia Riuer clrai•w�<' �ud <lepc><ilc<l /ocul/y in 
pro/cclcd Ol'f'<M: ai<<> includes ullmapp<'d ('rl'ali<"< /o " ma.�i"""" elct'<llion of 
1150 feel . . 1/ucll //tin /oc.<.<al mMerial <'<l<l of '1'1..- /Julies inclwl<l<l ill •m<IUI)'ill!l 
bc<irocl' •mil.<. 

Bedrock Geologie Units 

High Cascades volcanic rock: 
CHscades Formation: /!osaltic om/ 1!1!(/e<ili� (lnw roc/.-, "��/omro'(lk, /11(( ln·ec<:ia. 

"'"' <leln·is {i<JIIJ< or 1-/igll Co .• ca<le.< IJ<J!canic peol.-.<: include• n•latiuely )'OUUif 
uenl> '""/ io<t,·ucauyon {low.< ;, Moun/ /Jdiall<'l: w·ro om/ Hood Ill.-�,. 1/r�lk_, . 
(Qlw}, ll'inci Uio:et (Qn,• l ,  Qvw:t}, Url<l<•o·wooc/ (Qvu}, "'''/ J'a•·l.-(/ol<• (Qvp) 
ar<:a.<; alw illdr<dc.< <lebri.< flow" in /-loml lli11er I' alley (Q<If) '""' iu/o'(ICOit)'O" 
fi"W" ("""' rid�c cn:sls) .<OU/11 and enol of 'l'/1<• Oal/('s tQ'I'\'); ''"�iiiCIJI'i01g 
pmpNiie.< <lll<l haw rd.< pan'oble . .-\11 o/<irr QL>a 1111il (QL>" l )  "'"' " Y<'>IIIIR<•o· unil 
(Qba:tl "'''' mappr•<l nrar Udell. 

Pliocene volcanic rocks: 

Dalles Formation: '/'l!icl</y I>Nitlrtl a<JCI<!<ili<' cr;•h-(kHII luff,;, 111(( breccia, 
a�g/omcrate. <md (low roc!•. with inter/Jecid<•cl COIII</Om�ro/e MJII/h of .1!o8icr 
:md ·rile /Julies, Rradinlt <>a�tu.•crrd in/(J lhilln<>r Mre(ml-<iCt>O�illld •and.< '""' <ill.< 
wi/11 minor vol"""ic rock; interbedded wi/11 (;olumbiu Uil-'<'1' c<m!(lmu.-ro/e< 
local/_�·- thich •oil.< ee</ of The /)(11/c•· ;r,.·/lak co/iall <m<l lacu<trillc <lcpo,;i/s: 
large, deep be<iroch Mumps ill place.<: -""'"P ond �orth(lou• po/eor!ial /oc<IIIY. 
C8pcciall_,. in areos of chato/!itl!( latld '""· 

Rhododendron Formation: J'uf{ brl'ccia, <IRitiOm<'ral<', aU<I <.-11 <>( local ••x/eul. 
formiuJ{ bcr>ches belu:een T"r and Ql\' in diff.< of Columbia lli11er Cor...-c; 
de<:ply weathered: local m<l-<5 11101-'Cmcn I. 

Pliocene Columbia River deposits (exc/udi11g /hose mappecl as par/ of 
Dalles Formation): 

Troutdale F<•m>��ion: .';emi-c<mso/i<la/e<i. cOIII!Iomemle. )•ellow )lril and .«w<i

.<lonc, cwcl pebble beds fonuiu� local bmu·ilrs betweeu T�r "'"/ QTv io1 clif{8 of 
"'" Columbia lli<•er GoO'/tr: <"ontain< quart�il" prl>ble• i��<licali<·t of Cc>ll<mbicr 
/li.,cr P""'-"'"""ce: dcPp/y ·�·eatlleo·ed: lo<·a/ mas.< mouem<•,t. 

Miocene flood basalts: 

Columbia River Basalt : t.'xlell''il><! (l<lw.< of r/<!11>.,, cli<!·l,•.!fm)' lw.<ullic lcwu <){ UPIJCI' 
"'"' mi<lc//e Yailima /la.<roll: piii<!Wl'<l latUI.<, Iliff>. <om/ 111111 iii iCrbed.< /oe<olly: 
<WCI'a)IC {/<!W 1/l ic/we.<,; S(l {c••/ ; <'XI<'II<iiiC .<eafllan</ I<II!<JI<I'(Ipll)' o/ /<JW('O' 
e/cvMio11.<: <iet•p, {a!l/1-c<lnlro/kd b<'<Lo-c,.-�- f"iil�re• 011 <l<'q> <•alley <ides. 

Early Miocene volcaniclastic rock: 
'"'' glc (;reck Formation: liard, ,·to·c<lm·d<.'Ptl•·ile<l >Wirls/on<• (]Old c<mRiomrrak. '""/ 

ur-mi-cr,.L>Oii<l<l/"rl rlcbri.> {low> "'"' /11{{ /H'Uccio• d�•·iv<•<l (1'0/11 ·'""1/er·c<i 
1>0/co.,ic ce11 /ers nor·/11 of Co/01mbia lli11cr: e.�J"'""" ill 11Plifrr<l ""''" of (;a.<cade 
/la"lt<': a 1•aricly of l.'x/�11-<iue <iN'P be<IMc/1 •1'""1"'' sla()lc ill [Jiilcc•. 

Eocene volcanic rock: 
Ohanap�cosh F(Jrrnation (ol<>/ "-'"P<><c<i in <ll«ly m·c�)' lrllt>ermeubk day-altered 

u11d :eolile-<eemcllle•l vokuuic aud 1/olc<mic/n.<lic roc/•8 mul o·e/<1/c<l sapro/ilic 
cia.'·�: i01fcrred in 8h<lllma <llb·<UI-(ar� of s/WI)• <ll'ea on ba�i• of <Calleo·ed 
Ohattopeco.<h-lihe malcriul ;., ,..,,_.;,.e hcdmc/1 �lump< o"'l <!('arby e.q>OSI<I'i'S "" 
nor/11 .• ide of Columbia llitJCr: in<lrumenlal i11 �CIICI<IfiM< uf ""'""iiiP bed roc/• 
s/1onps ;., Cascade /.ochs area. 

lnlrush•e igneous rock: 
Quaternary and Pliocene intrusi,·e rock: \\'ide •·arK•ty of bo;t;l/!ic ""cl diori/ic 

intr11$il'<' rocks which fed QT•· 1'<'111• lhrouJlhout Quatemary an<! l'lioccn<': 
den.<€ atod coar.<.-.1}' joiuled ill plac<M: itoc/udcs Slid/rod• Mnuulain and quarry 
mcks ea.<! of Cas-cade /.ocl<s: no local <•ent� for Tcr are re.,<">Jtnil<'d . 

GEOLOGIC SYMBOLS 

Contacts 

Definite contact 

Approximate contact ' 

: +-Faults 

Definite fault -,- -{ Approximate fault � -

Inferred fault -t .. l 
Concealed fault ·--i- - - - : - -

Normal fault (bali and bar on doumlhrottm Side) 

Bedding 

.....L Strike and dip of bed 
--<----- Strike of vertical bed 

$ Horizontal bed 

, • Spring 

Folds 

Definite anticline 

Definite syncline 
Approximate anticline 

Approximate syncline 
Inferred anticline 

Inferred syncline 

Concealed anticline 

Concealed syncline 

Bedrock Geology: modified after Allen, 1932 by 
J. D. Beaulieu, 1977 on the Bonneville Dam sheet; 
by J. D. Beaulieu, 1977 on the Wasco sheet 
Surficial Geology by J. D. Beaulieu, 1977 
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Ct1iuf Cnrtographcr. 

WASCO QUADRANGLE 

BONNEVI LLE DAM QUADRANGLE 

ROAD CLASSIFICATION 
l•ght·dufl' 
Unomproved d1rt •••••**"' 

U S Route State Route 

o' 
,. 

.;.'"" ' 

5·15% 

15-30% 

EXPLANATION 

(\.l.ououbrics ar� approximal<.'; stawuwnts ar<' "-'"'eral; sih• ,.,.,lltMlir>llS n"<tn irr• 
••n·sit•• in\·o•slij<:t lion) 

Avetage (AegiooHI!I Slop!! 
Interpreted from maps w•th scale 1 :62.500 

(). 15'1- slopes locally: landforms include \'alley bottOmland. some ridge 
crests. and scablands locally; hazards local and indude stream-bank 
erosion, nooding. and high ground water: land-ust- pott!ntial excellent in 
areas of minimal hazard. 

0-50'"<. slopes locally: landforms include gentle hill� and ridgt• ("rests: 
hazards include moderate erosion potential in un\"egct.llted areas: 
land-use potential good: primarily devoted to agriculture. 

0-50'f;., slopes locally: landforms include rolling hills devoted to 
a�ricltllure: hazards include soil creep and moderate slope erosion 
potenlial; l:1nd·use potenlial variable. 

Greater than 50% slopes locally: landforms include valleys of major 
30-50% streams, volcanic accumulations, and major cttnyons: hazards include 

earthnow ;nul slump. severe erosion potenl.i<il. and creep: land-ust
potential generally limited to very spi1l'SC development and well
managed forestry. 

>50% 

. .  � . 

w � • ' 
. . . .  
... ·:: 

/ 

D 

:)fY">. 1o vertical locally: landforms include steel) canyons. talus. <tlld 
cliffs in the Cascades and Columbia Rh,er Gorl:(e area: local hazards 
include rockfall, rockslide, debris now. and severe erosion potential: 
land-u:-;c generally restricted to well-managed forestry and open space. 

Geologic Hazards 

,\lass Mo\"ement 

Deep bcdroek slides: Large downdropped hlocks of bedrock both active 
and inactive; recognized hy large-scale topographic irteb'lllarities and 
displacement or bedrock units; distribution genernlly determined by 
faull�. joints. or incompetent interbeds or formalions: possible haz:1rds 
may include continued sliding, variable foundation strength. variable 
cutb:mk stability. poor drainage, and others: potential for development 
highly variable . 

Earthnow and slump topography (areus less than 1 0· 20 acres nol 
shown)· Moderately sloping terrain with irregularities of slope, 
dr;tinage. or soil distribution: recent movement. if present, shown by 
tension cracks, bowed trees. and others; most common in <treas of 

stream-hank erosion or active headward migration of streams: pos.�ible 
hazards may include eontinucd movement. low eut.back stability. poor 
drainage. and others: development pos.,.ible locally. but generally may 
reactivate or accelerate sliding. 

Steep slope mass movement: Areas �ubject to lo£·alized debris now. 
rockfall. or rockslide: specific locations <l funttion of ro(·k type and 
strul:lure. joiming. soil properties. soil 1hickness. root support. 
vegetative co\'cr. and others: mitigation may indude structural 
solutions. drainage control. and appropriatC' land·use and forest
management pract.ices. 

Thick talus: Uniformly sloping ro(·k and soil debris accumuhlting al 
base of cliffs primarily hy rockfall and rockslide: m;soci<1le{l hazards 
include shallow subsurface nmoff. !ow cutb<mk stability especially in 
wet season. and debris Oows either in t:tlus orematwling from upslope 
c;myons: deep cuts and development generally not recommended. 

Pol.enlial future mass movemen t ·  In addition t.o ncl.ive slide.�. are:L� or 
highest potential for future mass movement throu�h improper or 
changing land use indude faults in Ter, modNately �lopinl:( to st�pl�· 
sloping or genlly dipping Tpd in Meas of iiH"rtliH;cd in fill.ration . \'Uts in 
deep talus and st.eep slope� of lltH'onsolidat.ed mmPrial, and st(•ep �lopes 
in rlevegetated areas: delineation requires detailed mapping on larger 
scale t.han til at of this study. 

Flooding 

Lowland nooding: Areas for whieh histuril' nooding is imerpreted on 
basis of surficial unit distribution. soils. landforms. driftwood. and 
prolectire structures: minor nooding along smaller streams not shown 
owing to limitations of S(:ale; statistical nood distributions not 
available. 

Torrential nooding: Areas of high probability for tloods cl�;�raelcrized 
by rapidly nowing water with high channel ;md stream·b<tnk erosion 
potential in narrow canyons with lilLie ur no noodpl<tin: generally 
restricted to short. high-gmdient streams nowing through steep terrain 
of high relief into Columbia RiYer; channel deposits gencwll�· Yery 
OO(tTSC, ;mgular. and poorly sorted. 

Erosion 

Slupe erosion. Loss of soil material by movin� \Vat('[ on slopes: favored 
by sandy or silty soils, lack of consolidation. slope gradient. �lope 
length. and absencl:' of vegrtation or other prou·cti\"p eowr: rf'nwvps 
valuable topsoil and causes deposition downslopt•: ITI<1�' raust' siltation 
of streams. municipal water supplies, or otltrr struclUres or df'\'Ciop· 
nwnts: wide variety of enginf'ering and land management techniques for 
control. 

Critical stream-bank erosion tnot including torrential nood channels I ·  
l"ndercutting and caving of rin•r and stream banks hy stream action: 
restrictl'd primarily to outer bt'nds of meanders on larger streams: 
characlerizf'd by sleep slopes. deep watl'r near shore, and actiwly 
growing har or bars on inner bt'nd: mitigation may includ,, riprap. 
channel modHicaLion. and land-use restrictions dt•pendinj! on local 
hydraulics. desired land use. and erosion mti'S. 

Geologic Hazards by J. D. Beaulieu, 1977 

Cartography and Slope Interpretation by C. A. Schumacher, 1977 

Edited by S. R. Renoud, 1977 
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{Boundaries are approx1mate: stMements are �tencr-,11: site "'"'"luations requir� 
on-site in•·..,.tigalion) 

Surficial Geoloqic Units 
Slream deposits: 
Quaternary alh.tVIum: Unco>�soiHialed growl. sand. y//1, tmd day In •trcam !Jed� 

a"'/ floodplains of major streams; cquir"al�nl to par/ of OJM of N�weom b 
( I  !169); not slwwn alo>IS/ smaller stn•ams <JIVI"g lo 1/mitallon.< of scale; subjecl 
to •tr�a/11 flood mg. 

Quatern.try older alluvh•m: U11cousolidat�d �r<wel. <ami. sill. a<r<l c/<1v located 
abO'-"' fl<i<><lp/ai"s of ma}Or stream• ""'/ as •·alley (Ill of """<1/cr stream vul/cys: 
e<11<il'alen l  to Qoa '"'d p"rt of Qya n{ .\'cweomb ( 1 :11;�): illcl,.des sec<'ral 
trrr"'"" l�vds of voryl"t ages: lf•"'erall.v "n/ ""IIJCCI lo {lootlill/1 <'X<"I!VI i<! 
$//Wiler <!millage.• wloere <calc prccirH/Ps «" parv/e 111/JPtml/[ of Qal. 

Q"aternary alluvi�l f"n clcposl\s: /.}IIUI/I&olhlaiNI. ponr"l)' sOtiN/ /[ruv<!l ""d 'W'd 
UCCUIJ"IIr)l I<> (1<11 d<>j)usits a/ 11!0/<liJs <>( /Or"I"C/1/W/ {IO<J</ (/"<llllelj; <11/JjC<:I /u 
lon·e,lw/ f/ooclinf!. ero>�on. a111i depo,·ilum. 

Qu"l"n"'ry older alluvl\lrll of Hood R''""' Vullc': U<�co��<o/idt!ic<l !1/a<:lo/ oulu1a�l1 
Mid nwwr interbedded /acustruw dcpos1/S arr<l <l;•l!nN (/(W'S filli11� 1/ood lliuer 
Valley. iuc/11oles bo>al co,glomero/� ami fluvial sam/ Ill 1/oo<l Ui11�r. 

Wind deposits: 
Quaternary eolian sand: Uncomol/dallul me>11!Wl·/ltain�d dw1c sa11d d�rwcd tram 

wind erosion of 1'/ei>loc�n� flood deposit•: mit.�mlin� dorurrs/opc and �osfOL•ord 
m area rmm�dio tel)' east of ltif//l8. 

Slide deposits (excluding deep bedi"Ocll failures am/ soil failures: see 
geologic hazards maps): 

Qua�cruary th1ck talus: Unifomtl)• s/opiug "nCOIISulidalcd rock uud �oil debris 
a.-.:umulalinSI a/ base of cliffs pmnarily by rockfall and rock •li<ic: cslimaled 
1/tickueu ��11cralh• grco/cr Ilion .';>0 fret: numerous a.s<l<'ia/1'<1 ha�ards. 

Pleistocene 11ood deposits: 
Qua�crnan• l!lacoal flood gra,·el af\d sand (Qg•l und Sill {Ql): trllcOusolldatcd 

II''"'"'· ><md. ""'/Sill .«"oured {rom IlCari>)" "P�lream /erraiu l•to"" •cob/and! b)" 
11/acinl mcl/uu;lcrs of uppu Colum bia llicer drt<i<IOI/C o<UI dcvworle<l locally in 
IHO/ccled areas: also includes ""'"appe<l erratic& to " mo.dmwu cle�ali<m of 
1 1 50 fe�/ . •  lluch tlun /oe,-.,;.a/ maier/a/ <"U<I r,f "1"/w /)al/cs iu(ludr.<l in rmd<'llyln/[ 
b••<lroc/1 uml<. 

Bedrock Geologic Unit.s 
High Cascades volcamc rock: 
Cascades Fonu:Oir<>fl. /Jns(III<C Qll</ nlllle<iric flow roch, U!litl'l"'�'·nt�. /rl{f ln·e< <i(l. 

'""/ <iebri.< flow< of 1/igl, Ca.«""""'" 110/ranlc t><'ab: inc/till�< •�lario•<:ly young 
�<"nls ""'/ <lllraca"}'OII {lows iu Mowr l Dcfiauce <o<•a all(/ //u<n/ lli••e• Valle)" 
(Qba). IV•H<I //io•er (Qq\"1 .  Qvw:!). U<Hicr·wood (Q\•u). ""'/ I'<P"I,<falc (Q'"P) 
<Hens nl«> ind,dc'· debn< /low< in 1/oor/ 1/ic•e•· Valley (Qclf) o>rt<l illlr·�c·<nrynrr 
fi<>W< (nau• ridge �o·esl<) .<oulh tmd e11.ot of "! lur /)(!//<•< iQTI•): No)lmi"<'I"II!JI 
propc•ll"r< urrd hazardo c•Moabl<• t\11 old,.,. Qba 1111d (Qbnl l <m<l n )'01'"'''''""' 

(Qba:!) ar.- mapped near O<le/1. 

Pliocene volcanic rocks: 
Oalles Formalwn: Tlucldy bc<idPd an<I�<Uic as/1 (low luff•. luff iJrN"cra. 

u�/llomerule. <111d {low roch. •vtlll l>�ler·bed<led conglomera/<' sou/It of Mosier 
;md The l)all<'.'. grading ca.</ word i"/Q lhmnn s(rl'al<l·d<>t><J"iled •ami• and <Ill.< 
wilh mirrnr aolcomc roc/1; rMeriJedded with Colrmtbiu flio:er c<,.,�loiiiP/"0/es 
lOcally. thick .<oil• eas/ <>( Th<> J)(l/1••• indu<lt' e<>/r"<�tl ����� l<tCU.<Irinc depo�/1.<: 
/art.�e. deep bt.><lrod< slump� 111 place•. �IUIII/> ""'' rarllr{loo� pol<'nlial /nc<t/1}". 
e<pccrall)" in an"a$ of changing /(lud wu; 

!thvdodendron Formatton: Tuff brccc•a. agSII<>m<'r<tlr. aud ash Q{ local exlcnl. 
forming beuelte• bctwe€n Tcr and Qt\" in cliffs of Columbia 1/iver Gorge. 
deeply w<mlhered. local ma.;-s moo"i'meu/ . 

Pliocene Columbia Rh·er deposits (excluding those nwpped us purl o{ 
Dalles Formation): 

Ttvu\dal� Formation: Semi cons<>li<iate<l c<m�lomcrale. yellow 11ril awl sand· 
slo>le. ami peiJblc beds {<>rmm!llocal be11clles bl'llt'C<I/1 'l"cr am/ Q"l"v In cliffs of 
/he Columbw /lwer Gor11c. C0/1/ains qowr/:1/e t><"l>bl€• iudieMir<C 0( Columbia 
/Uwr prove11on�e. tlel'ply weutlutred. local mus$ mot�'""'" I. 

11"liocene 1lood basalts: 
Cl.>\umbl" R1\cr Sa,;.all : f:xteii<We n""'" of <le"""· darl: f/<"0)" ba.al/rc laC"U "' """"' 

and middle \'ul<im" /Jnsa/1 pr/lowe<l l�vo•. /u{{$. ""'' thin i<ll<•rl!cd< l<>c<IIIY. 
uucr«ll<: (low lh<c/I<IC.<S SO (eel: ex/cu.<we �wbf<rJI(/ lopogr"«IJir}" u/ lowe< 
ekua/WI/5. deep. f<lllll·co"t'·all'ld bc<lrod1 {ailums 011 <I€C/I t•alluy Sltle> 

Early Miocene volcanic!a.<;tic rock: 
r.":;<gle Creek �·ormation. !lard • .  </ream <1<-po."/N/ """'1•/<m<' ami ("(HtJ/I"'""r·au:. an;/ 

<<"mi con•olid<rled debri.< {lows am/ tuff b•·eceia� <kriuu<l f'""' <t:a/lae<l 
co kame c<•u /ers <>or ill of Colw11bw 1/iomr CX/J<l<e<l in "ph/l<•d core of Ca•eude 
lla11ge: u uutic/y o{ exle!18tve d.cctJ bnfl·orl< •lum/)s, Mabl<r 111 t!lac�s. 

Eoeene vokanie rock: 
Ohan:.pccosh Formatwn (no/ ext>ooc<i i" Gllld.v area): '"'IJ�r·me<�bl<" day allcrcd 

""" �eui<le·c••menlctl uolca<�>C and JJ(J/Ca•uclaslic mt"i« ""<I re/Me<i •apro/ilic 
c/a)•S. m{erred in <Ita/low sub·s!<r{ace <>f s/udy ..rea on basi$ of �eal/er<>d 
Ohanapecush·l<lar mal€r<al m ma""''"" l>edroe/1 $/Umt>< <mel urarb)" r.�pos""'" "" 
rwrlh side (>( Columbia Ri•-cr: in>lrlmll'lllal ill RCrll'ra//()n of nw«ill<' bet/roc/1 
slumps in ("a.<ea<le l.ock.< are" 

Intrusive igneous rock: 
Quat�rnary and Pliocene lntrusi\"1' mck: Wide o•arlf"l) of basal//� ami dioritic 

m/rusic<> ro<"ks u•loid> fed QTv '"'nl• ll!rOugltout Qua/ernar)" a<><l /'1/o�eu€; 
<leu.<<> and coars<!ly JO>n/ed '" places: tn<·lud(!$ Slrel/ro�ll .IIOW>Iain aud a�<arry 
rocks <'a•/ of Caseadl' l_oclls; no /o.::al t-ents for 'l"cr are reCOIUir:Cd. 

GEOLOGIC SYMBOLS 
Contacts 
Definite eon tact 

Approximate contact 

Faults 

Definile fault 
_I +
� '- -!-

Approximate fault _ !.... _ _  
Inferred fault t ···+ · 

%:1:��=����l�l�
u

:�a/l and bar on downlhr�;L; ·�;��) 
Bedding 

.....L. Strike and d1p of bed 
--+- Strike of vertical bed 

ffi Horizontal bed 

Spring 

Folds 
Definite anticline 
Definite syncline 
Approximate anticline 
Approximate syncline 

Inferred anlicline 
Inferred syncline 
Concealed anticline 

Concealed syncline 

Bedrock Geology modified afler Waters, 1973 and 
Sceva, 1966 by J.D. Beaulieu, 1977 

Surficial Geology by J. D. Beaulieu, 1977 
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EXPLANATION 

(!Joun<l�rius arc Upproxirnatc: Slalements are �eneral; ,;�c <:V"dluations require 
on-,ite investi�;�li<>n) 

Average ( Regional) Slope 
1.-.terpretcd from mMps with scale 1 :62,500 

0-15% slopes locally; landforms include valley bottomland, some ridge 
crests, and scablands locally; hazards local and include stream-bank 
erosion, flooding, and high ground water; land-use potential excellent. in 
areas of minimal hazard_ 

0-50% slopes locally; landforms include genlle hills and ridge crests; 
hazards include moder<�U: erosion potential in unvegetatcd areas; 
land-use potential good: primarily devoted to agriculture. 

0-50% slopes locally; landforms include rolling hills devoted LO 
agriculture; hazards include soil creep and moderate slope erosion 
potential; land-use potential variable. 

Greater lhan 50% slopes locally; landforms include valleys ol· major 
streams, volcanic accumulations, and major canyons; hazards include 
earth!low and slump, severe erosion potential, and creep; land-use 
potential generally !imited to very sparse development and well
managed forestry. 

50% to vertical locally; landforms include steep canyons, talus, ami 
cliffs in the Cascades and Columbia River Gorge area; local haz;uds 
include rockfall ,  rockslide, debris !low, and severe ero:;ion potential: 
land-use generally restricted to well-managed forestry and open space. 

Geologic Hazards 

Mass Movement 

Deep bedrock slides: Large downdropped blocl-;s of bed rod both active 
and inaclive; recognized by large-scale topographic irregularities and 
displacement of bedrock units; distribution generally determined by 
faulls, joims, or incompetent interbeds or formations; possible hazards 
may include conlinued sliding, variable foundation strength, variable 
cutbank stability, poor drainage, and others; potential for development 
highly variable . 

Earthflow and slump topography (areas less than 10-20 acres not 
51wwn): Moderately sloping terrain with irregularities of slope, 
drainage, or soil distribution. recent movement. if present, shown by 
tension cracks, bowed trees, and others; most common in areas of 
stream-bank erosion or active headward migration of streams; possible 
hazards may include continued movement, low cutback stability, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding. 

Stt>ep slope mas.<; movement: A reus subject to localized debris !low, 
rockfnlL or rockslide; specific locntions a function of rock type and 
structure, jointing, soil properties, soil thickness, root. support, 
vegetative cover. and others: milig<�tion may indude structural 
solutions, drainage control, and appropriate land-use and forest
management practices. 

Thick talus: Uniformly sloping rock and soil debris accumlllating at 
base of cliffs primarily by rockfall and rocks!ide: <�SSOciated haz<�rds 
include shallow subsurface runoff, low cutbank st.a!)ility especially in 
wet season, and debris !lows either in talus or emanating from upslope 
canyons; deep cuts and development generally not recommended_ 

Potential future mass movement: In addilion to active slid!.ls, areas of 
higtwst potential for future mass movement. through improper or 
changing land use include faults in Tcr, moderately sloping to steeply 
sloping or gently dipping Tpd in areas of increased infiltration. cuts in 
deep talus nne! sleep slopes of unconsolidated material , and steep slopes 
in devegetated areas; delineation requires detailed mapping on larger 
scale lhan that of this study. 

Flooding 

Lowland flooding: Areas for which historic !1ooding is interpreted on 
basis of surficial unit distribution. soils, landforms, driftwood, and 
protectil'e structures; minor nooding along smaller streams not shown 
owing to limitations of scale: statistical !1ood distributions not 
available. 

Torrential tlooding: Areas of high probability for !loods characterized 
by rapidly !lowing water with high channel and stream-bank erosion 
potential in narrow canyons with little or no floodplain; generally 
restricted to short, high·gradient streams flowing through steep terrain 
of high relief into Columbia Hiver; channel deposits generallv Yery 
coarse, angular. and poorly sorted. 

Erosion 

Slope erosion: Loss of soil material by mo�·ing water on slopes; fai'Ored 
by sandy or silty soils, lack of consolidation, slope gradient, slope 
length, and <1bsence of vegetation or other protective cover; removes 
valuable top�oil and caust>s deposition downslope; may cause siltation 
of streams, municipal water supplies, or other structures or develop
ments; wide variety of engineering and land management techniques for 
control. 

Critical stream-bank erosion tnot including torrential flood chann('!s): 
Undercutting and caving of river and stream banks by stream action, 
restricted primarily to outer bends of meanders on larger streams; 
characterized by steep slopes, deep waler near shore, and actively 
growing bar or bars on inner bend; mitigation may include riprap, 
channel modification, and land-use restrictions depending on local 
h�'draulics, desired land use, and erosion rates. 

Geologic Hazards by J. D. Beaulieu, 1977 

Cartography and Slope lnterprelation by C. A. Schumacher, 1977 

Edited by S. 1{. Renoud, 1977 
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{Boundaries are approximate; statcmern.s a r� J:�n�rnl: sile cvdluatlons require 
on-site inv..,.tigatioo) 

Surficial Geoloqic Units 

Stream deposits: 
Quaternar� alluvium: Unc<>molidalr>d groo!C/, .,,.d, ··ill. tmd cl�y in •lnumo b,•(/.< 

am/ f/oo<lploin; of mojor .</reom•: equivalent to P"'l of Qyu of Newcomb 
( I  !l6!J). 110/ .<hown along smo/lr>r .</r�ams Olr:illg to limltallnll.< of scale; •ubjrcl 
lo sto·com flooding. 

Quaternar)" older allu•'ium: liii<'OII<olidated 11•·•wd. <aU</, ,<ill. am/ cloy located 
above fl<•odp/aim• o{ major streams uJHI us valley {ill of smaller sir'"'"' <-'alley�: 
cr1uivalen/ to Qoa all(/ part of Q:;" of Newcomb ( / i.Ui9): indudes scve•·a/ 
/err·ace /eve/8 nf varying a)!cs: l(cncm/1:; rw/ •�rbj�cf (() flooding ex<"<:/H in 
·"""/leo· douioUlges wilere .<calc precl�rdc• .«'pam/e ""'P/)inll 0{ QHI. 

Quaternary "lluviill fan dcpo,its: UJOCI'II>oli<luterl, JWO!iy S(H'kll �''"''d om/ <uml 
OC<'W'J'iiUI a.< fon <iepo,,if.; u/ m<>ull!s of /oro·e!lrial flov<l dw,.rt<•l.<; .<!rbjccl to 
/(JrP'Pn/iol flooding, erC>.<iOn, a"d depo.;ilion. 

Quaternary nld�t alluvium of Hood Ri•·er Valle y :  U"crm�oli<lolcd glacial mllwaslo 
and "''"'" illleo·l!eclrlerl lacu>lrine depo>il> '""' de/Jri< flow• filling Hood 1/i,cr 
Valley: i"d"des lw•a/ conglomerate a"d fl•wiul '"''d a/ /load /liv�o·. 

Wind deposits: 

QuaternarY eolian sand: Ullcow•olidate<i me<iium-Jiraii!Pd duo !I' •a11<1 <lcrio·ed from 
willd rno•ion of /'leis/ocenP flood depr,.il•: mil/r"O/illl/ <l<mm.t<Jt>C <IIHI C«•lovao·d 
ill area immedio/e/}' cos/ o{ /Jigl/>. 

Slide deposits (excluding deep bedrock failures and soil failures; see 
geologic lwzMds maps): 

Quaternary thick talus: Uniformly sl<>piUJI lfii<'<HI$(!/idiJ/cd rodo ""'' •oil d<•bri• 
accrmO!llolilll{ at basr of cliff< primaril�· b.•· rodt{ll/1 1111d rock �li<fe; l!•llmu/ed 
llricll."e"' �.!<Jeral/y greater tlwu SO feet: nwn<'NUO< a•'M>r:ialerl IIO�M<I•. 

Pleistocene flood deposits: 

Quaternary �lac1al flood �ta,el and sand IQ�s) and sill (QI): IJucOil�Oiidote<l 
�rov••l, wnd amf <rll scOUI'f'<i from rtearby up.</reMn tvrr•ain (now xwb/arul) by 
glacial ""'//water.< of llpper Colllmhiu Hi•.-cr do·�imute oo>rl <lcpmil"d locally lu 
pro/�<'le<l "'..,""· also ind!rdes '""""1'1""1 ro·rlllic� /0 " m�xlrnrmr c/el'a(iu" of 
1 150 {eel. Muclt lloiot /oes�ul nw/eo·illl �<lsi n{ Tire D"/1�.< incl�r<lcd il! wodel'lyiu� 
bt•<lmck moils. 

Bedrock Geologic Units 

High Cascades volcanic rock: 

Cascad�s !''ormation: /la<altit· '""' nrtrl<.•.<ili<' (/<>ru r·rn/1, Mlllloon<'r<JIC. lu(( /)I'Ct'd". 
rln(/ dclni.< {I<H<'> of 1-/ig/o Ca.«:ade.< uolcomic peal.•" illC/udt••· o·r•lnli•wh• .VO!I"I/ 
vent• '""' into·ac<,>YO!! {low.< ;, .1/<Jrm/ Ocfi<mct• ar·c<• 0"'1 Noo<l 1/io•eo· Vull<:y 
(Qha), Whorl /fil'l:l. (Q1•wl ,  Ql'lv:!). Un<lcru•ood (()••u). <rrtrl l'<rl'iulalt• (Q1·p )  
""'"·" rrl.<o il!du<lcs debo·is flnws ill J/norl 1/ii'CI' Vall•')' (Qdl) "''d /Jr!l·acanyrm 
{In""' ("""' •·i<lgc creo/.<) .<011/h UIUI ('II</ <>( '/'11<.' l)allr'> (QTv): ""11inccrin11 
pmpct·tic.< am/ /oa�ao·ds vuriaflle. A "  ul<ler Qb� 1<1111 (Qha l )  mod " .""""�"'' omit 
(Qha2) ore /OWJ>VC<i "<'"'' O<lc/1 

Pliocene l'olcanic rocks: 
Daile• Formation: '1'/ricldy beddNI u<trlrsilic o.<ll·flow t"ffs. tuff b•·cccia, 

<>!1/llOmerale. and [low rock, with inlcrbcddetl l'0/1�/<uu<:ra/� �01<1/t nf ,\lrHier 
�nd "/'Ire /Julie<. !lrad!ng cas/ward into /l1imrcr �lr•erun <lrpo.<ilcd �trl!d.,· and sills 
urillr minor uo!ca11ic roclr; ill/Prbcd<le<l with Columbia llio'f!r COil/llomerale.< 
local/)': /Irick ,,oil.< ea.</ o f  1'/te Do/leG inrlo�tlt• eolian au</ l11cus/rlnc depn•·its: 
/ar�.-. drep bedrock s/onnps in place�: Mump and eoo·llo(low P<•teu/iul lo>cally, 
<'>'P�cWIIy in arcas of c/oan!lillfi/ lun<l U-'e. 

l{hododcnd<Oo Fo<mation: 'l"lrff br<•<·da, 0)1/llumera/c, m!fl """ <>{ local ex/en/. 
{ormillfl benr!te< between Tcr and Qtv iu cliff• of Columbia Ui<'er Gor�e: 
deeply w<?<>lhered. locol moss rur><remelll. 

Pliocene Columbia River deposits (excluding /hose mapped as pari of 
Dalles Formation): 

Trout<l�le Formation: Sr>mi-cnnsolic/lflf'fl conl(lm"erale, )'el/ortr /Uil aU</ �ami
.<IOIIP, "''rl pebble beds {ormill/l l<>cal be,cloe< betweeu 1'cr a .. d QT•· i11 cliffs of 
/111: Cetlumflia Rim•r Gorge: colllain.< q•wrtzilc pt•bb/es illdiealiue <>f Culumbio 
IIi•"'' pmt!<•na 11ce: deeply wra 1/um?d; I <teal ""'"� "'"'-'''""'n I. 

Miocene fiood basalts: 

Columbia Hi\'er Ba<all: E.\'lellsiV<' flow.< nf r/cJJ,'P, <lad!·l/rtl.\' b«.<(lllic lava o( UJ>J>t:r 
""'I middle Yokima /Ja.-;.:!11; Vi/lowed lava.<. l!rf(.<, am/ /loin in/t•rl>c<l< /nc(ll/y, 
'"'crai!C (II!W 1/ridwes., SO l'c<."l; e.nert,<ive <cnblo<!!d /OJWJ/rlll)ity a/ lnwer 
t•/,••·<rlio"·" dePp, fauil-c<Htt•·o/lc<i b�<l,.,d.- (ail<"."" on >lccp 11(11/cy .•idPs. 

Early Miocene volcaniclastic rock: 

o;:.ogl� Crct•k �·orm�!ion: Hard, st•·eaoll·<iep<>>il<•<l '"""�/0/!C and c<>nlll<>nrro·al", ami 
semi-couso/id"lerl r/ebri• {low� ami l"f{ bl'('<!ciu• <1�,.;.,,<1 frorn .<call<'<'<'d 
.. olc<��•ic ccn tcr• ororllr of Cot .. mblu lliol<!r: "·'"I><><� <I i11 lrl>li(/Pd ""'''' or Ca.<ctule 
llullfi/C." u vt,.·icty o{ es/c,�i�(' de<" I! bc(h·ocl.· •lrrnrp•; .<1(11!/(• In /JI(lcc.<. 

Eocene volcanic rock: 
Ohanapecosh Formation (no/ rxpos.:</ ill G/rul� art,� ): /ll<J'�''""WIJI<' cln.v·al/<•rr•d 

Ulld zeo/itc-cen1<'11/er/ ""/co .. ic and UCJ/rmticla�/ir ro,·lt.< artd relu/cd •aproliti<' 
clay.<: ito{erred In shallow 8<rb·•ur{acc of ,·lud.v 11rC11 on busis of •callerrrl 
OllaniiPl'CO>h·like nralcrial in rna,..iue bed•·oc/1 Gl!rmps attd nearby a.\'/>OSUI"f'.< on 
nnrtlo .<ide of Cn/onnbia River: il1�1r�rmPI!Ial i11 J1r•nr:ruli<>rt of nra••ive bedr"cl' 
'''""!'-' in Ca.<ea<le l.ocl,•s al'l'a. 

Intrush·e igneous rock: 
Quat�rnary and Pliocene intrusi,·e rock: ll'i<le t·arie/)' <>( b<IS<II/ic tonrl dioritic 

inlrusit•e rod<> which fed QT,· ''e"" /ltroi/Rhnut Quaternary all<l l'liuceooe; 
dense ond CO<J,..e/y join led in ploce•: inc/rule• Slrd/rnch .lloo"'/"in uml quarry 
roc/u CO$/ 0{ Cascad� /.ncks: 110 local ve111< {or Tcr r!J'l' l"f'CO�niud. 

GEOLOGIC SYMBOLS 
Contacts 

Definite contact 
Approximate contact ' +-Faults 

Definite fault 

Approximate fault 

Inferred fault 

Concealed fault 

l -, -i-l 

·;+ ...  , . .  

Norm11l f1111lt (boll nnri h<>r nn dnurnlhmnm .�ide) 

Bedding 

...L. Strike and dip of bed 
--+--- Strike of vertical bed 

EB Horizontal bed 

Spring 

Folds 
Definite anticline 

Definite syncline 
Approximate anticline 

Approximate syncline 
Inferred anticline 

Inferred syncline 

Concealed anticline 

Concealed syncline 

Bedrock Geology from Newcomb, 1969 

Surficial Geology modified after Newcomb, 
1969 by J. D. Beaulieu, 1977 
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EXPLANATION 

(Houndarics are "pproxirna<e: stat�n>e.,�s are �cncral; sit� e'"luations rN1uirc 

on-site investijUo tioro) 

Average ( Regional) Slope 
lflterprelcd from maps woth scale 1 · 62.500 

0.15% slopes locally; landforms include valley boltomtand. some ridge 
cre�ts, and scublands locally; hazards local und include slrcnm-b::mk 
erosion, nooding, and high ground Witter; land-use potenti<!l cxcellcni in 
areas of minimal hazard. 

0.50"i. slopes locally; landforms include gentle hills and ridge crests; 
hazards include moderale erosion potential in umegetated areas; 
land-usc potential good; primarily derotcd to agricuH.ure. 

().50o/n slopes locally: landforms include rolling hills devoted to 
agriculture; hazards indude soil creep and moderate slope erosion 
potential; land-use potential variable. 

Greater than 50% slopes locally; landforms include valleys of major 
streams, volcanic uccumulations. and major canyons; hazards include 
carthOow and slump, severe erosion potential. and creep; land-use 
potenlial generally limited to very sparse development and well
managed forestry. 

50'"0 to l·.,rtical locally: landforms include steep canyons, latus, and 
cliffs in the Cascades and Columbia River Gorge area; local hazards 
include rockfall, rockslide, debris now. and SC\'ere erosion potential; 
land-use generally restricted to well-managed forestry and open space. 

Geologic Hazilrds 

Mass tllovement 

Deep bedrock slides: Large downdroppcd blocks of bedrock both :1ctive 
and inactil·e; recognized by large-scale topographic irregularities and 
displacement of bedrock units; distribution generally determined by 
faults, joints, or incompetent interbeds or formations; possible hazards 
may include continued sliding. variable foundation strength. 1·ariable 
cutbank stability, poor dr;1inage. and others: potential for development 
highly variable . 

Earlhflow and slump topography (areas less lhan 10-20 acres not 
shown): l\loderately sloping terrain with irregularities of slope, 
drainage, or soil distribution; recent movement, if present, shown by 
tension cracks, bowed trees. and others; most common in areas of 
stream-bank erosion or actil·e headward migration of streams; possible 
hazards may include continued mo\•ernent. low cutback stability, poor 
drainage, and others; development possible locally. but generally may 
reactivate or accelerate sliding. 

St.cep slope mass movement: Areas subject to localized debris now, 
rockfall. or rockslide: specific locations a function of rock type and 
structure, joint.ing, soil properties, soil thickness, roo!. support. 
vegetative cover, and others; mitigation may include slruclmal 
solutions, drainage control, ;md ;tppropriale land-use nnd l"oresi· 
m;magemeni practices. 

'!'hick talus: Uniformly sloping rod and soil debris accumulating at 
base of cliffs primarily by rockfall and rockslide; associated hazards 
include !il1allow subsurface runoff. low cutbank stability es�cially in 
wet se;�son. and debris flows either in talus or emanating from upslope 
canyons; deep cuts and development genemlly not recommended. 

Potential future mass movement: In addition to actil·e slides, are;t>; of 
highest potential for future lll<ISS mm•ement through improper or 
thanging land use include faults in Tcr, moderately sloping to sl.ceply 
sloping or gently dipping Tpd in areas of increased infiltration. cuts in 
deep talus and sleep slopes of unconsolidated material, ;md sleep slopes 
in deyegetaled areas; delineation requires detailed mapping on larger 
scale than that of this study. 

Flooding 

Lowland flooding: Areas for which historic flooding is interpwled on 
basis o f  surficial unit distribution, soils. landforms. driftwood. ;md 
protective structures; minor flooding along smaller streams not shown 
owing to limitations of Sl:ale: �lalislical !lood distribulions not 
av<�ilable. 

Torrential nooding: Areas of high probability for floods ch;narterized 
by rapidly !lowing water with high channel and stream-bank erosion 
potential in narrow canyons with little or no floodplain: generally 
restricled to short. high-gradient streams nowing through steep terrain 
of high relief into Columbia llh·er: channel deposits generally very 
coarse. angular. and poorly sorted. 

Erosion 

Slope erosion: Loss of soil mau�rial by rno\'ing water on slopes; favored 
by sandy or silty soils, lack of consolidation, slOPI' gr<�di<'nt. slope 
lengtJ1, and absence of vegetation or other proleclivl' CO\'er: remOI'C'S 
valuable topsoil and causes deposition downslope; may causP siltation 
of streams, municipal water supplies, or other snuctures or develop· 
menLS: wide variety of ('1\gineering and lilnd managemem techniques for 
control. 

Critical stream-bank erosion (not including torrential llood channels): 
Undercutting and caving of ri\·er and stream bank� by stream action: 
restricted primarily to outer bends uf meanders on larger streams; 
characterized by steep slopes. deep water ncar shore, and actively 
growing bar or bars on inner bend; mitigation may include riprap, 
channel modification. and land-use restrictions depending on local 
hydraulics. desired land use. and erosion rates. 

Geologic Hazards by J. 0. Beaulieu, 1977 

Cartography and Slope Interpretation by C . .'\. Schumacher. 1977 

Edited by S. H. Renoud, !977 
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EXPLANATION 

HJound;rries are approximate; statcrnents are general; site ewrtu.,tlnos require 
on·sitc ifl••cstigatiofl) 

Surficial GP.olo�ic Units 

Stream deposits: 
Qu,.lernary alluvium: u .. co .. �oli<la/ed �ro<lf!l. sand, silt. and cltry in </ream bed• 

and floodplain� of major stream.: .,quioolenf to par/ of Qyu of N�wcomb 
( 1969); not shown along Rnllll/er •freamo owing to limilations of sc<lle; $UI>}ec/ 
to •lrmm flooding_ 

Qwttcrnary older allu•�um: Uncousolida/ed graue/, saml. sill, am/ cluy located 
a !tOt.'€ floodplains of major •!reams tllld as ualley fill of smaller stream valleys; 
�qu/valent to Qoa and par/ of Qya of Newcomb (1969); itiCIIU/es "''"""'' 
terTace levels of varyillJI aRc<: tcnerol/y owl subject Ia (loo<l/1111 e.�cupt in 
�mulfer <iruillolf�s where •·co/(' pr·edurlc• •cpao·ale mappi11g of Qal. 

Qtt,t.ernary alhrl'ial fan deposit-s: UtocOIIROiidlllcrl. poor·ly sorted /I!UI•fll liroil IIWI<I 
r>ccurr·in!l 011 /VII deposits al mot< /Its of /QrTP.nlia/ f/o<>d chamwh; •ubj<•cl I<> 
lon·e.,tial (/oodi11g, f!ro•ion, '"'" def)osilio/1_ 

Quaternary older allu•ium of !food River Valley: Unconsolidated glacial outwash 
a11d minor interbedded lacus/rin<' dcpu¥iiR and debris nows filling /loot/ Uiver 
Valley; include� ba-'<ll COII/IIomerolf! and fluvial sand at Hnod lliv<!r. 

Wind deposits: 
Qu.:>�crnary eolian "'md: Ullconsolidotgc/ tlle<lium·Jiroiroed dune soml deri�ed from 

u•ind emsio11 of 1'/ei•locelle flood <lliPO•il•: miJiroling downslope ami �as/wurd 
in arf!(J inrnwdiately eus/ o( llillt•· 

Slide deposits (excluding deep bedrock !'allures and soil f'ailures; see 
geologic hazard.� mups): 

Qut<tcl'lwry thick taltn>: Unifomtly s/upi1111 wtcotts<>/idaled roc/1 ""d soil <hlln·i..; 

IICC<mtulflli!ll/ at brise rrf cliff.• Jrrimorily by rocl<f�/1 and mck ;-!ide; �.<lima lei/ 
//lie/meR& ��11crol/y greater /hall 5 0  (c�l: numeror<' ossociutcd hazard�. 

Pleistoeene flood deposits: 

Quaternary ;lacial flood gra•·t•l and sand (Qgs) afld silt (Ql): Unconfolidatcd 
grauel, ..,,d, a11d sill S<'ou"'d from 11earby upstream terrain (11oru •cablallcl/ b)• 
glacil>l ntell<vat'"" n( uf)pcr Co/umbiD /Uv<!r drninoge and dt!posile<f locully in 
protected or.!a$; also iududc• ttumapv,.d errol/co to a maximum fli('L'Illion of 
1150 {e<!l. Much /hi!! /n<Jnol rnu/('r/al east of The Dalles indurlf!d in urulrr/yiufl 
/U!drock tmi/$. 

Bedrock Geologic Units 

High Cascades volc<Hlic rock: 
Cus<:mctes Fnrnr"t.ion: Uasul!ic a11d amle.<ili<: flnw •·od1, IJIU!IOm�r·nle, '"" l!!'ecdu, 

nrtd debr·is (lotus of High Ca.<C!!des vokr,ic pea/1.,; inclw/es rl'lalivP.Iy yo<mg 
11<!1!/s urrd irwucanyon (lotus itt Mouu/ Defiance area a11d /load /liver Vall�)l 
(Qba), Wind River (Qvw l ,  Qvw2), Urt<lcrwood {Q,·u), am/ /'orl<dal<t (Qvp) 
area•: also i,cl,des debris flows i" /loO<I /lir:er Valley {Qdf) a11d tnfracu"Y"" 
flow• (now ridge crests) •outh uml ea.</ of The Dallas (Q'fv); c"l(itteerir>g 
proper/iP• and hazard& uarial>lr. All Oldf!r Qlra Ullil (Qbal) Olld a )'orm�cr rmi/ 
(Qlr.,2) arc mappt!d near Od<"ll. 

Pliocene volcanic rocks: 
Dalles Fonnation: Thickly bt!ddrd audC!Iilic 11sh-f/ow tuff•, '"" breccia. 

a11qlomerole. a11d flow rock, witlt htlcrbe<l<led co,g/omerote so �tilt of Mosier 
.m<l '1'/tc lJal/es, grading easl<u(Jrd /ulo lhim<cr s/rf!IJm·d<tposited «UI<I� ami sills 
wt'llt minor volca11ic rock; interbedded <uilll Columbiu /liuu CO!!I(Iomera/cs 
/oeally; //tick soil.< ea•t n{ '/'h� /)ldl<"• irrclude eoliall a11<1 lucustrine deposits; 
/Qfl/<t, d�,;p bedroc/1 sl,mps ;, pitJC<ts; sltwlp and earth/low f)Oterl tial /oeal/y, 
c<pf!cially in areas of challl/iiiR Ia rod u<e. 

Rhododendron Formation :  Tuff b•···cdt,, <ti!lllo,wr·ate, <m<l aslt of loco/ "xlmol, 
{armill!/ b�nches be/ ween Tcr nr1d Qlv in cliffs 0{ Co/umbi<t lliV()t' GorJ;e; 
d�eply w�a/ltered: /octJI masx m<>•"<!t<te!ll. 

Pliocene Columbia River deposils (excluding those mapped as part o( 
Dalles Formation): 

T'routdale �-onnation: Semi-cor�•oli<latecl cong/omero/e, yellow R•il rmd .,,a. 
Hlone. and pt!bble bf!ds formillg /oc"l bench<ts betwc�11 Tcr and Q1'v In cliffs of 
the Columbia /Urwr GorJic; con/airu rzuor/zile pebble$ i11dicati"" of Columbia 
/li""r prouena11cC; deeply wf!atltered; local mu�s movemeut. 

Miocene flood basalts: 
Colurnlrla lh•·er Basalt : K�tensiu� flows of rlemw. d<Jr/:.g,..,y basal lie la••a of um"" 

(ll!d middle Yakima /J"S<t/1: p!IIO<af!rl luo!O$, luff�. and //til! irolerb.-:rls loctJI/y; 
auerage f/otu 1/ticlmr• . .s 80 feel; e.�lcnsivc .•cab/and /opoJl•W>Ioy "' lower 
{'/Cvtl/itm.<; rl<'ep, {aull-t;O!II,·ol/ml b�drocl,• failur-es 011 s/<'ep c•a/1<1�· sidN. 

Early 1\'Jiocene volcaniclastic rock: 
Eagle Creek �'orma�iofl: /lard, s�r�am·dcpr>si/ed .<arrd•lor<e a11<1 COIIJ1/omerale, and 

$cmi·eou•nlidatcd debris (low� ""'/ luff brecdas derir:ed from scal/ered 
uolc11nic ccu/crs r�ortlt of Cnlumbia Uiucr; exposed in "l'lifled core of Ca!iCa<lc 
ll<m11e; a •'Qriely of e.�lellsill4! deep bedrock slumps; stable in pine,.•. 

Eocene volcanic rock: 
Ohanopeco<h Forntation (110/ exposed itt .<lud)• area): Impermeable clay·oller�d 

and zeo/ilc·cemcn/ed un/canic 011d uo/collic/a.sliC rochs ami related <at>rolific 
clays; illfcr·rcd ;, situ/low sub·6Ur{Qce of .<lud)' Qrea 011 basi• of �callere<l 
OltotWpPcOsh·like material ill ma.,lvc bl'drock slumps Qlld ttetJrby <'.�/JO&urcs 011 
ttorllr •ide of Columbia lliuer: i!l•lrumc�t lal ;, generation of rr1assiv<! be<lmck 

�/'""lis in Ca.carlc tocil.< aretJ, 

Intrusive igneous rock: 
Quatcrnar)' und Pliocene iflln<Sii'C rock: 11'/<lc varie ty of basaltic uH<I diorilic 

i11/rusiu� rocl<s wltich fed QT.- ve11t< IIT•o«�lto!il Quntcrroary und 1'/iocene; 
detts� a...-t coarsely joi,leil in p/r•a.: i11c/ude• Slrf!/lrock Mo<mlairr a11rl Q"arry 
rock< CQsl of Cascade l.achs; 110 local vcn/s for Tcr art! recOflrtired, 

GEOLOGIC SYi.,.IBOLS 
Contacts 
Definite contact 

Approximate contact ' 
t 

Faults ·-, +-
Definite fault - ',- �-Approximate fault 
Inferred fault - t ·�!� 
Concealed fault ... +... ..... 
Normal fault (ball and bar on downtltroJm side) 

Bedding 

....L. Slrike and dip of bed 
--+- Strike of vertical bed 
E9 Horizontal bed 

• Spring 

Folds 
Definite anticline 
Definite syncline 
Approximate anticline 
Approximate syncline 
Inferred anticline 

Inferred syncline 
Concealed anticline 
Concealed syncline 

A' 

Bedrock Geology from Newcomb, 1969 

Surficial Geology by J. D. Beaulieu, 1977 
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EXPLANATION 

(ll<>undarie< ""' "I>Pr<>.ximate: ''"'"'"''nls ""' l(<"n�r.d: 'ito ''''i>IU;lliuns r<•<JUiro• 

nn-site inn,slil',iltion) 

Avet·age ( Regional) Slope 
Interpreted from maps with scale 1 :62_500 

0-15"/. slopes locally: landforms include valley bol.lomland. some ridge 
crests, and scablands loc;�lly: hazurds local and include stream-bank 
erosion, fiooding. and high ground water: lund-use potential excellent in 
areas of minimal hazard. 

0-5if-;, slopes locally; landforms include gentle hills and ridge crests: 
hazards include moderate erosion potential in unvegetated areas: 
land-use potential good; primarily devoted lo agriculture. 

0-5(}';� slopes locally; landforms include rolling hills devoted to 
agriculture: hazards include soil crL>ep and modentte slope erosion 
potential: land-use potential varinble. 

Greater than 50% slopes locally: landl'orms include valleys of major 
30-50% streams. volcanic accumulations, and major canyons; hazards include 

earthfiow and slump, se1·ere erosion potential, and creep: land-use 
potential generally limited to l'ery sparse development and well· 
man<1ged forestry. 

v 

5if,' �o �o.:rtkai loeally: landf.:Jrms includ.:- stei!p c:�nyons, t:�lus, and 
cliffs in the Cascades and Columbia Hiver Gorge area; local hazards 
include rockfall, rockslide. debris flow. and severe erosion potential: 
land-use generally restricted to well-managed forestry and open space. 

Geologic Hazards 

Mass 1\·lo\'C'ment 

Deep bedrock slides: Large downdropped blocks of bedrotk both active 
and inactive; recognized by large-scale topographic irregularities and 
displacement of bedrock units: distribution generally determined by 
faull.s. joints. or incompetent interbeds or formations; possible hazards 
may include continued sliding. variable foundation strength. l'ariable 
cutbank stability. poor drainage. and others; potential for de1·elopment 
highly variable. 

Earthnow and slump topography (areas less than 10-20 acres not 
shown): Moderately sloping terrain with irregularities of slope. 
drainage. or soil distribution; recent movement, if present, shown by 
tension cracks, bowed trees, and others; most common in areas of 
stream·bank erosion or active headward migration of streams; possible 
hazards may include conlinued movement, low cutback stability, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding. 

Sleep slope mass movement: Areas subject to localized debris now. 
rockfall, or rockslide; specific localions a function of rock type and 
structure, jointing, soil properlies, soil thickness. rout support. 
vegetative cover, and others: mitigation may include structural 
solutions, drainage control. and appropriate land-use and forc�t.· 
manngement practices. 

Thick talus: Uniformlv sloping rock and soil debris accumulating at 
base of cliffs primarili' by rockfall and rockstide; associated hazards 
include shallow subsurface runoff. low cutbank stability especially in 
wet season. and debris fiows either in talus or emanating from upslope 
canyons; deep cut.s and development generally not recommended. 

Potential future mas..<; movement: In addition lo active slides, areas of 
highest potential for future mass movement. lhrougll improper or 
changing land use indude fau lts in Tcr. moderately sloping to steeply 
sloping or gently dipping Tpd in area.� of increased infiltralion, cuts in 
deep talus and steep slopes of unconsolidated male rial, and steep slopes 
in devegelated areas; delineation requires detailed mapping on larger 
scale than that of this study. 

flooding 

Lowland flooding: Areas for which historic flooding is interpreted on 
basis of surficial unit distribution. soils. landforms. driftwood, and 
protective structures; minor flooding along smaller streum� not shown 
owing to limitations of scale: statistical flood distribulions not 
avnil(tble. 

Torrential flooding: Areas of high probability for fioods characterized 
by rapidly flowing water with high ch;mnel and stream-bank erosion 
potenlial in narrow canyons with little or no fioodplain: genemlly 
reslritled to short, high-gradient stre;uns !lowing t.hrough steep terrain 
of high relief into Columbia Ril·cr: channel deposits generally 1·ery 
l'O<Irse, angular. and poorly sorted. 

Erosion 

Slop(• erosion: Loss of soil material h�' moving water on slop<.'s; favon•d 
by sand�· or silty soils, lack of consolidation, slope gr11dient, slope 
JengU1. and absence of l'egelation or other prolectiw cover; rrtnOI'E'S 
valuablt' topsoil and causes deposition downslope: may cause siltation 
of streams, municipal water supplies, or other structures or dt.>velop· 
ment.s; wide variety of engineering and land managPmenL tl'chni ques for 
control. 

Critical stream-bank erosion (nol including torrential fiood channels): 
L'ndcrculling and caving of river and stream banks by stream action: 
restricted primarily to outer bends of meanders on larg(•r streams; 
characterized by steep slopes, derp water near shore, and llCtively 
growing bar or bars on innC>r bend; mitigation may include riprap, 
channl'l modification, and land-use restrictions depending on local 
h�·draulics. desired land use, and ero�ion rates. 

Geologic 1-lazards by J. D. Beaulieu, 1977 

Cartography and Slope Interpretation by C. A. Schumacher, 1977 

Edited by S. R. Renaud. 1977 
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CHRONOLITHOGRAPH 
(TIME ROCK C H A R T )  

EXPLANATION 

(Uounclnri"s arc approKimate; statemeni.S are ��n�ral: site cvaluativns req.,ire 
vn·site invc>tigation) 

Surficial Geoloqic Units 

Stream deposits: 

Quaternary allu\�um: llm:onsolida t�d j!rawl. •ami. �ill. ar>d day i11 <lreant bed• 
ar1d floodplaius of major Mn-:am�: eqllil•oiPn/ to 1><"1 of Qya of Nrwcomb 
( 19691: twl �/town along <malle� Mrcams owing lo limiloliotts of uale; .<ubi••cl 
10 stream flooding. 

Quaternary older alluvium; t/IICO.,.<>/ido/cd l(ra�el. sand. silt. and day located 
abow floodplains of mojo� stream� ott</ u.< ''alley (;// of smaller .trcam !lallt•ys; 
<'<llli�al<ml to Qoa ami part of Qyo of ,'l:cu·comb ( 1 96!1); itteiU<Ies <�ll<'ml 
/errau lewis of varyi"l1 ages; ��ueratly 110/ «<bjcc/ to nondinlt e.\·ccp/ i" 
sma/]<,1· draillOI/CS whcr� scale pt�Cilldl's sepnra/c mapping a( Qal. 

Qw•l�rllary Hlhl'•ial fan deposit.-= UII C'OII'Oiido/<;,1. pond)• .<o1·1e<l 11mucl "'"' sanrl 
o,-(•w·rin� us fun de])<>.<il.< at "'""II'" o( to•·'"""fial /1nod d"""'"'·" ""''ic<"l 10 
IOI"t"<!lllinl flood ill!<. emsln11, ami d<•JW.<iil'l!ll. 

Qunl ernary older alluvium of Hood U ivcr V"Lley: Uncnmolirlale<l )llacial OIIIU/a.<h 
Olld mir�or ir�lerb�tlded lael<<lrine d�pOsils ami debri.< flows fi/lilll1 1/0o<l /liver 
Vulley: ineludcs ba.<al CQIU!Imllero!<• (JI!(I fl<u•ial "'"'d ol Hood River. 

Wind deposits: 

Quutcro;u·y eolian sand: Uttconsulidal<'<l mc<liunr-11ruiued duu<"saml derived from 
will</ erosion of l'lei.<loectw flood <lo•j><><ils; millrolinf! dowt�.dope ar>tl <!�<IUII!rtl 
iu urea immcdio/c/y eosl of /liggs. 

Slide deposits (excl!lding deep bcdroc/1 (ailures and soil failures; sec 
geologic l!azurds maps). 

Quatern.uy thick �alu�: 1]/>i(<H"mly .<lopir>� mi<:OIISO/hluled rocl> ami <Qil tl<!bri< 
u<:c<"""l"r;,g a/ I><L<C of cliff.< t>rimtn·iJy loy 1"0ckfull ""'/ rod' <I hie: Nlim"INI 
llric/111<'<.< ��llemlly g1·eul<'r 111(11! 50 f••el: 11 lll!lC/"0/1.< a<.<Ocialcd I!<IU>I"lls. 

Pleistocene nood deposits: 

QuMcrnary �lacial flood grav�l and •and (Qg>) �nd silt (Ql): UllcOr><OIIdal<'<l 
�o-,v.-1. •and. tHICI <UI <COil rod fmm IICUI"b)' upstream !CITQill (uow Ullblo.,l) b.v 
111aciu/ ntcl/":a/ers of um>er Culwt�bill flic•cr draillaj[e ""'/ <lepo<ilr<l l<>cally i11 
prot••eted areas: ol.<o inc/ud<"< "'"'"'I'P"d erratics to a ma.dmwn el<•<-atim< of 
/ 1 5 0  feel . .  llm:l! lhin /ne•<lll muleriol <'a</ <>( Tl•c Dolle< iucl,.ded iu uudcr/yiml 
bcdmch 1111il<. 

Bedrock Geologic Units 

High Cascades volcanic rock: 

CllS<:udu• Formativn: /lasallic ami MlliP<ilic flow mc/1, 111/!!IOII!Nale. l•df bn·cda. 
""'/ 1/eb1·i• flows of Hig/1 Cll<t(l(/<!.< vulcQnic I>C�I": inclwles r<'laliudy ·'""'"'!I 
l'UIII< am/ ilti1"0�QII)"OII {low• in MQtml Udia11ce area '""' Hood f/j!•<H" Voile)' 
(Qi>a). ll'ind fli11er (Qvw I .  Q1•w:!). U�td<•r!!J<>od (Q\"tl). and l'm·ll<ln/e (Qvp) 
<>1"<'11$." a/.<0 fncl11de• debri< "'""" jll 1/ood //ivc1· Valley (Qdf) "'"/ ju/1"(1("1111�""" 
flows {nOll" rid<!" ac.<l<) ;;oull! '""' �asr of "l'l>e Daile.< (QT,·); �ltl/i1tced11� 
pmperlie< and l•azards variable. An older Qh" !mil (Qbal) ""'' a yQIIIIJ:Cr <mit 
(QhH2) arc mapped ncar Otic//. 

Pliocene \'Oicanic rocks: 

u�nes Formation: Tl•ichly b<'<lded ""''�sill<· o<ll·flow luffs. luff brl'ccia. 
Ol<f/lnmeroll!. and flow rock. with /lt/crbed<lcd coutz/omua/e s<Wih of :\/Q<i<•r 
e�u<l 'fl•r Voiles. tzrading ea.tw.,rtl illlo lhilli!Cr stream·depo.<iled <amls a•t<l •ill< 
with mi>tor trolcanic rock. inlcrbedde<l will> Columbia /liver cou�lomerute• 
l<>cl!lly: thick .<oils eus/ of '/"he /)olle• it>clude e<>llan arul lacu.<lritw <lt•posils; 
l<lflle, deep bi•dmch ·''"'""� in plnce<; M<HIIP """ earth flow PO!cr>liol locatly, 
<"<J><!ciall)" in area< of cl>a11!!ir•R h•llfl """· 

!lhododcndrvn Formation: 'l"uff b>·ccda. "!llllomc1·atc. ""'' m;h of 1<":"1 (!.<lc�tl. 
formi"!l b<'ncl"'� belw�c" Tcr '""I Qtv in cliff.,• of Columbia 1/i<,c•· Corgc: 
dC<."IIIY W<'<IIIIPI"�</; lo<·ol "'"·'" IIIOI!CIIIC"I. 

Pliocene Columbia River dcposils (excluding /hose mapped as pari o( 
Dalles Forma/ion): 

1'1-ouldllle Fonnation: s�mi·cor�xoli<IMNI co�>JIIomerore. �·ellow llril oud '""<I· 
<10m•, om! pebble bed• (0r111in� loco/ bc11e/>e� b«�wecn Tcr ami QT� in cliff6 of 
/ltc Colum bia /lit,er Gorge; con lain• ljuarlzile prbble< indica/ic-e of Cn/umbio 
lfi1"Cr proueuunee; d«eply ,.,...,,,,..,.<!;In cui ,.,,.. moc..,me111. 

�liocene tlood basalts: 

Columbia Hi>·cr Basalt: Ex/cn.<i<•c nowx of tl�"'"' <lar/:.gray ba&<llic lat."u of IIJ>/>�r 
wt<l mirldl« Yallimu /Ja<,./1: pillowed lm·a•. 11<({.<. am/ //lin i11 /crb�<l< loc((l/y; 
"''"t"G!I<' flow ll! i<"klle« 81) f<'cl: <'.<ICII'iue <cub/and I<>POI/I"OJ)II)" !II IOml"r 
•·/�ll!l!io"<: d �'t"JI. {a«II·COII/rQ/11'<1 bed•·<>dl fai/ul·,.,. '"' sleep '"'/Icy <itko. 

Early Miocene volcaniclastic rock: 
E"!�l<' Creek Fonnatiuw 1-/tml. slr<'om·dPp"si/�<1 .<(1111is/oll<." and <eOnRI<>tn<·ra!<•. """ 

scmi·cnnsoli<lalcd dd11·is flaw,· anrl luff b1·eccios derive</ fr<�tn <r:M/crc<l 
volcunic <o<'tl/ers uor/1! of Columbia 1/iwr: expo.<ed in l<!>liflrd corP. nf C<«<'<Hie 
U"'>/t�: <i !�lrie/y r>{ i'X/eusiu� ''''l'Jl IIN/r()("il ><lumpg; stable in places. 

Eocene volcanic rock: 

Oh;u>apceu>h Formation (110/ cxp•>sNI iu �tudy orca)' /mperm�able clay-aller�<l 
""<I lN>Iile-cemcu/ed vo/couic ami volcatticla.<lic rock< and related AUprolilie 
clay•; ill(crr.-d ir> shallow .•ul>·sur(ere Q( $/udy area Or! ba<is of <certcrcd 
Olwtwpecos/t-like ma/crial iu mw<<it•e be<lrock <lllmp• a11d IIPorby <'.�J>O�urr• on 
uor/1• <i<le of Coilu><bia Wv�r: i"strumcutal in �enera/iott of !!WS<i<w bedrocl< 
slwnp< iu C<t<eadc Loch• arl'o. 

lnlrusi1•e igneous rock: 
Qu"lcrnnrr and l'liocc•n" intrush·•• r<>�k: ll'i<lc t·to·ic(\" of ba.•11lllc "'1</ di'>dlic 

il1/1"1«i1Jr tile/IS •vilicl• frd QTv C'<"lll< {/p·oll)llwu/ Qua/�1"11(11"�· wul /'linc·er,,: 
<len.<" """ �uar.<ely joi11W<I in pt .. �e•; h1r"ludc< Shellr'>ck M01111 (m"11 and <tllnl·ry 
rnd« ca.< I of Ca.<cadc Lock.<; 110 /r1c<d t•C11/0 (or Tcr ure recognized. 

GEOLOGIC SYMBOLS 
Contacts Folds 
Definite contacl 

Approximate contact ' l Definite anticline 

Definite syncline 

Approximate anticline 

Approximate syncline 

Inferred anticline 

Inferred syncline 

Concealed anticline 

Concealed syncline 

Faulls 

Definite fault 

Bedding 

.....L. Strike and dip of bed 
-+- Strike of vertical bed 
$ Horizontal bed 

-:.• Spring 

Bedrock Geology from Newcomb. 1969 

Surficial Geology modified after Newcomb, 
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EXPLANATION 

(Boundaries �re approximate; statem�nls ar;, �:enera!: silc ""dualions r�<tuire 

nn·site hwestigalion) 

Average I Regional) Slope 
lmerpreted from maps with seale 1 : 62.500 

0-15% slopes locally: landforms include valley bollom!and. some ridge 
crests, and scab!ands locally : hazards toea! and include stream-bank 
erosion, flooding. and high ground water; land-use potential excellent in 
areas of minimal hazard. 

0-50% slopes locally; landforms include gentle hills and ridge crests; 
hazards include moderate erosion potentia! in unvegctated areas; 
land· usc potential good; primarily de\·otcd to agriculture. 

0-50% slopes locally; landforms include rolling hills devoted to 
15-30% agriculture; hazards include soil creep and moderate slope erosion 

potential; land-use potenUa! variable. 

Greater than 50% slopes !oca!!y; landforms include v:dleys of major 
30-50% streams, volcanic accumulations, and major canyons; ha:-:ards include 

earthflow and slump, severe erosion potentia!, and creep; land-use 
potential generally limited to very sparse development and well
managed forest!")'. 
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50% to vertical locally; landforms includ!' str-ep r11nyons. talus. and 
cliffs in the Cascades and Columbia River Gorge area; local hazards 
include rockfal!, rockslide, debris !low, and sc1•ere erosion poiential; 
land-use genera!ly restricted lo we!l·managed forestry and open space. 

Geologic Hazards 

l\11tss Movement 

Deep bedrock slides: Large downdroppcd blocks of bedrock both active 
and inacti\·e; recognized by large-scale topographic irregularities and 
displacement of bedrock units; distribution genera!!y determined by 
faults, joints, or incompetent interbeds or formations; possible hazards 
may include continued sliding, variable foundation strength, \'llriab!e 
cutbank stability, poor drainage, and other.-;; po�ential for development 
highly variable . 

Eanhflow and slump topography (areas less l.han I 0-20 acres not 
shown): Moderately sloping terrain with irregu!arilies of slope, 
drainage, or soil distribution; recent movement. if pre:;ent, shown by 
tension cracks, bowed trees, and others; most common in areas of 
stream·bank erosion or active headward migration of streams; possible 
hazards may include continued movement, low cutback stability, poor 
drainage, and others; development possible !ocal!y , but general!y may 
reacti1•ate or accelerate sliding. 

Steep slope mass movement: Areas subject to localized debris flow, 
rockfall, or rockslide: specilic locations a function o f  rock type and 
structure, jointing, soil properties, soil thickness. root support, 
vegetative cover, and others; mitigation may include structural 
solutions, drainage control, and appropriate !and-use and forest
management practices. 

Thick talus: Uniformly sloping rock and soil debris accumulating at 
base of cliffs primarily by rockfal! and rockslide; associated hazards 
include shal!ow subsurface runoff. !ow cutbank stability especially in 
wet season, and debris !lows either in talus or emanating from upslope 
canyons; deep cuts and development geneml\y not recommended. 

Potentia! future mass movement: In addition to acti\'c slides, areas of 
highest potentia! for future mass movement through improper or 
changing land usc include faults in Tcr, moderately sloping to steeply 
sloping or gent.ly dipping Tpd in ;1reas of increased infill.ration. cuts in 
deep talus and steep slopes of unconsolidated materia!, and steep slopes 
in de\'egetated areas; delineation requires detailed mapping on larger 
scale than that. of this study. 

Flooding 

Lowland flooding: Areas for which historic flooding is interpreied on 
basis o f  surficial unit distribution. soils. landforms. driftwood, and 
protective structures: minor flooding along smaller streams not shown 
owing to limitations of scale; statistical llood distributions not 
available. 

Torrential flooding: Areas of high probability for floods characterized 
by rapidly flowing water with high channel and stream-bank erosion 
potentia! in narrow canyons with little or no floodplain: generally 
restricted to short, high-gradient streams flowing through steep terrain 
of high relief into Columbia River; channel deposits gencral!y \'ery 
t-oarse, angular, and poorly sorted. 

Erosion 

Slope erosion: Loss of soil materia! b�1 moving water on slopes; favored 
by sandy or silty soils, lack of consolidation, slope gradient, slope 
length, and absence of vegetation or other protective cover; removes 
valuable topsoil and causes deposition downslope; may cause siltation 
of streams, municipal water supplies, or other structurt>o or dew·!op
ments; wide variety of engineering and !and management techniques for 
controL 

Critical stream·bank erosion tnot including torrential flood channels): 
Undercutting and caving of river and stream banks by stream action; 
restricted primarily to outer bends of meanders on larger streams; 
characterized by steep slopes. deep water near shore. and actively 
growing bar or bars on inner bend; mitigation may include riprap. 
channel modification, and !and-use restrictions depending on local 
hydraulics, desired land use, and erosion rates. 

Geologic Hazards by J. D. Beaulieu, 1977 

Cartogr11phy and Slope lnterpret�ttion by C. A. Schumacher, 1977 

Edited by S. R. Renoud, 1977 
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