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The demand for recreational development has increased all along the Oregon 
Coast in recent years, but it has been particularly intensified in Lincoln County, 
owing to the proximity of major population centers in the Willamette Valley. 

Along with increased recreational demands has come the need for more land. 
The upswing of the economy, the high market value of land, and the resulting 
increase in tax assessments have created pressures to utilize property which pre
viously was considered best suited for timber growing and agriculture. Neither 
developers nor purchasers are always fully aware that much of this property, 
because of adverse geologic or soil conditions, is unsuited for development. 

Examples of poor site selection for development are numerous and highly 
visible in L incoln County. They occur along the ocean front, along river banks, 
and in view locations. All of these are prime building sites in terms of recrea
tional or aesthetic value, but unfortunately such land is often subject to erosion, 
landslides, floods, or other serious geologic hazards. As a result, major financial 
losses accrue to individuals, corporations, and government agencies involved with 
such I ands--all because of lack of pub I ic awareness of these hazards or because 
development on such areas is not regulated. 

This study provides a wealth of much-needed information on the geologic 
conditions of [ incoln County, and it should be of great benefit to many persons 
concerned with land usage. For example, County officials can use it to adopt 
proper zoning, issue building permits, and evaluate development plans. Con
sulting geologists and engineers can use the information for preliminary studies 
at particular sites. Developers can plan improvements with the knowledge of 
potential geologic problems to be encountered. And private citizens can become 
aware of geologic hazards inherent in the type of property being considered for 
i nvestm en t. 

It is only through the application of information such as this report provides 
that safe, efficient, and objective land development can take place in Lincoln 
County. 

Ill 

Lynn Steiger 
County Planner 
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E N V I R O N M E N T A L G E O L O G Y  O F  L I N C O L N  C O U N T Y , O R E G O N  

I N TR O D U C T I O N  

P u r p o s e  a n d  S c o p e  o f  R e p o r t  

Development along the Oregon Coast is reaching the proportions of a " l and rush . "  The rapid ly  growing 
demand for coasta l ,  river-front,  and view properties has resul ted in increased use of geol ogical ly hazardous 
terrain; without strong bui lding contro l s ,  the resu l t  cou ld  be disaster . The hundreds of coasta l homes and 
properties lost or damaged in t he rece nt past , suc h as Bayocea n ,  Jumpoff Joe , Sa lishan ,  K iwanda Spit , 
and numerous isol ated local ities are insignificant compared with what might happen under the present trend 
of developme nt unl ess adequate building contro l s  are instituted . 

This investigation was initiated by Linco l n  County to assure that in t he future al l potentia l  geo logic 
problems wil l be recognized and heeded by those concerned with l and use p lanning and zoning . The 
resu l ting report and maps are designed to provide geologic information for use by county and city official s ,  
p lanners, developers, engineers , and private citizens . 

It should be emphasized t hat this study is general in its scope . It del ineates broad areas where hazardous 
geol ogic conditions may exist, but it is not sufficient ly detail ed for loca l ized site eval uation and many 
unsafe areas may occur that are too smal l to fal l  within the content of t he report or t he sca le  of the maps . 
Devel opment of a particul ar site should proceed only after a careful , detail ed eval uation is made of its 
geologic and engineering characteristics . 

N umerous exampl es of poor devel opme nt practices can readily be see n in Lincol n County . I n  nearly 
every instance , financial losses have accrued to the devel oper and the general publ ic . Unfortunate ly ,  
some of the  major losses have had to  be borne by purchasers of  property within a deve lopment . 

It is hoped that the avail abil ity of geologic hazard information in this report and the accompanying 
interpretive maps wil l he l p  reduce substantia l l y  t hese losses in future projects , 

R e s p o n s i b i l i t y  o f  G o v e r n m e n t  R e g a r d i n g G e o l o g i c  H a z a r d s  

The experiences of local governme nts in Cal ifornia are summarized here to show how geological ly 
hazardous conditions can perpetrate l aw suits against a county and cause it  to be responsib le for damages . 
It has been determined through t he Cal ifornia courts that the issuance of construction permits by a govern
menta l agency for l and development impl ies that no dangerous or seriously damaging conditions wil l occur 
as a resul t of such construction or in rel ation to the presence of the development . 

I n  a court case between Sheffet and Los Angeles County (Los Angeles Superior Court Case N o .  32487) ,  
the court ruled that t he  county was responsib le and must pay damages caused by  water a nd mud flowing 
from a 1 2-lot subdivision above the p ia  inti ff's property . In its decision , the District Court of appea l s  
decl ared: " . • •  where a pub lic entity approved p lans for a subdivision inc l uding a drainage system , and 
there is damage to an ad jacent property as a resul t of those improvements, the publ ic e ntity , not the sub
divider ,  is l iab le . The fact that t he work is performed by the contractor, subdivider ,  or private owner 
does not necessari ly exonerate the pub l ic agency if [they] fol low the pl ans and specifications furnished or 
approved by the publ ic agency . 

"When the work thus p lanned , specified , or authorized resu lts in inj ury to adjacent property , the 
I iabil ity is upon the pub I ic agency under its obi igation to compensate for the damage resul ting from the 
exercise of its governmental power . "  
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The Sheffet decision was uphe ld  by Superior Court Judge W i l l iam Fox of  Pasadena , Cal i forni a .  I n  
add it ion, the  County ' s  pet i t ion for a rehear i ng was refused by t he State Supreme Court . Refusal to  rehear 
the case by t he Supreme Court establ ishes a j ud ic ial precedent . 

I n  brief, t he Sheffet decision p l aces the responsib i l i ty on the permit-grant i ng agency . These age ncies, 
i t  appears, are now faced w ith the necessity of obta in ing adequate i n formation on hazardous condi t ions 
for the pro tection of both the local government and the unwary publ i c ,  who tend to mi n imize or ignore 
these hazards unt i l  the casua l ty occurs . 

Construction by County Pub l i c  Works Departments can a l so resul t  i n  I iabi l  i ty . The Los Ange les  Superior 
Court (Case No .  684595) ru led that road bui l d i ng by Los Angel es County had triggered further damaging 
l andsl ides in the Palos Verdes H i l l s  and that the County must pay damages of approximate ly  $6 m i l l ion .  

Many Cal i fornia counties now reta in  geo logists for staff consul tants as we l l  as to review devel opment 
p lans and make on-site i nspections . Certai n  counties , prompted by l awsuits, unscrupul ous deve lopers , and 
a series of major d i sasters brought about by both the bui l d i ng boom and a lack of control , have enacted 
ord i nances requiri ng that developers h ire engi neers and geologists to exami ne devel opment proposa l s  and 
recommend safe design construction . If geo log ic  hazards are i nd i cated , t he county t hen  requires a geo
log ic  report prepared by a certi fied engi neer ing geologist and a professional registered engineer . Pl ans 
for adequate ly hand l i ng construct ion probl ems are submitted for county approval , and i nspection is cont inued 
during construction . 

T he cost of geo log ic  reports and construction surve i l l ance is m i nimal on a per unit basis for mu l t i -lo t  
deve l opments and can be considered an i nexpensive form of insurance . The va l ue of havi ng such  studies 
has been made apparent in Cal i fornia (S iosson,  1 969) .  Dur i ng the torrential  rai nfal l of 1 969, al most $6 .5  
m i l l ion damage was done to approximate ly  1 , 400 s i tes .  S ites upon wh ich  no  geology and eng ineering was 
requ ired had a 1 0 . 4  percent fai l ure , sites with soi l s  eng ineering and l im ited geology and gradi ng regulat ions 
had 1 . 3 percent fa i l ure , and t hose constructed under new grad i ng codes requir ing engi neering and engi neer ing 
geol ogy dur ing design and construction had a fa i l ure of only 0 . 1 5  percent . 

The use of hazardous ground by developers and the need to protect the genera l  publ i c  from loss is neces
sitat i ng the formu lation of local and statewide regul at ions in the nat ion .  It is recommended t hat such 
l eg isl ation be considered i n  Oregon .  

An  i ni t ial  step i n  t h i s  d irection has been achieved i n  Senate B i l l  1 00 passed i n  1 973 by the Oregon 
Legisl ature . The b i l l  creates and authorizes a Department of Land Conservation and Deve l opment to promul 
gate and impl ement state-wide pl ann i ng goa l s  and to adopt comprehensive p l ans and ordi nances for zon i ng 
and subdivision . 

I t  makes each county , through its governi ng body , responsible for coordi nat ing al l p l anni ng act ivit ies 
affecting l and uses wi th in  t he county , i nc l udi ng cit ies, special  d i st ri cts, and state agencies,  to i nsure an 
i ntegrated comprehensive p lan  for the ent ire area of the county , but it excl udes c i t ies of more than 
300, 000 popul ation (Port l and ) .  

Activities o f  state-wide s ignificance i nc l ude the p lann ing and si t i ng o f  pub l i c  transportat ion fac i l i t ies,  
publ ic sewerage systems, water-supply systems, sol id-waste d isposal fac i l i t ies ,  and pub l i c  school s .  

I n  prepari ng and adopting state-wide pl anni ng goa ls  and guidel i nes, the newly  created department 
wi l l  g ive considerat ion to a number of areas and act ivit ies , inc lud ing estuari ne areas , tide marsh and 
wet land areas , beaches, dunes , coastal headl a nds and re l ated areas, flood p la ins ,  and areas of geo log ic  
hazard , so a s  to protect l i fe and property where fl oods,  l andsl ides , and other natural d i sasters mi ght occur . 
It a l so recommends that any l and use p lan  or zoni ng, subdivision or other ordi nance adopted by a county 
shal l take i nto consideration l ands that are , can ,  or shou ld be uti l ized for sources or process ing of m ine ra l  
aggregates .  

A p p l i c a t i o n  o f  t h e  S t u d y  b y  C o u n t y  P l a n n e r s  

P lann ing offices have assumed an i ncreas i ng ly l arger funct ion i n  recent years by attempti ng to provide 
t he pub l i c  w ith i nformation on the characterist ics of the l and , but th i s  service can be performed only to 
the extent that p lan ni ng commission members and staff are sufficient ly i n formed . 

To fac i l i tate the app l i cation of these engineering geology studies by the p l anning staff, a p lann ing 
i nterpretat ion has been i nc l uded with th is  docume nt (Appendix  E ) .  By usi ng the p l ann i ng i nterpretat ion 
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and the geologic hazards maps of this study , the pi anni ng commission and staff can advise devel opers 
about part icu lar l and problems wh ich may ex ist on the i r  property . The p l anning personnel can a l so requ i re 
that t he developers emp loy an experie nced professional engi neer i ng geo logist or a regi stered so i l s  engineer ,  
o r  both i f  warranted , to perform a site analysi s ,  Such a n  analysis wi l l  determi ne the feasib i l i ty o f  t he 
proposed deve l opment and provide guide l i nes for corrective eng ineering design and construction . 

It becomes the responsib i l ity of the county personnel and county-retai ned consul tants to review the 
proposa l s  and construction procedures and to requ i re any necessary changes before approvi ng t he deve lop
men t  p lans . 

P r e v i o u s  W o r k  

Previous geolog ic  mapping i n  L inco l n  County i ncl udes stud ies i n  the Newport-Waldport area by Vokes 
and others ( 1 949) ,  t he coastal area north of Cape Foulweather by Snave ly  and Vokes ( 1 949) ,  the Marys 
Peak and Al sea quadrangl es by Bal dw i n  ( 1 955) , and t he Newport area by S nave ly and others ( 1 969, 1 972a , 
1 972b ,  1 972c ) .  The geo log ic  map by Wel l s  and Peck ( 1 96 1 ) covers t he entire County on a reconnaissance 
l eve l . Topical stud ies have bee n conducted on the coastal dune a reas (Cooper ,  1 958) , the Tyee Formation 
(Snave ly  and Wagner,  1 961 ) ,  and the S i l etz R i ver Vol canics (Snave ly  and others , 1 968) .  Coastal erosion 
is d i scussed by North and Byrne ( 1 965) ,  and the U;S . Army Corps of Engineers ( 1 97 1 a, 1 97 1 b ) .  

The pre I im inary bedrock geo logic maps o f  the Cape Foul weather and Euchre Mounta i n  quadrangles 
(Snave ly  and others, 1 972a) ,  the Yaquina and To l edo quadrangles (Snave ly and others, 1 972c) ,  and t he 
Wal dport and Tidewater quadrangl es (Snave ly  and others, 1 972b) cover t he major area of t he study and 
were used excl usive ly for informat ion on bedrock outcrops and geo log ic  structure for this report . 

S o u r c e s  o f  D a t a  

The bedrock geology show n on the accompanying geo log ic  maps was taken from the work of Parke D .  
Snave ly ,  Norman S .  Macleod , Hol ly  Wagner , and Weldon Rau of the U . S .  Geo log ical Survey . Dis
tribution of the Quaternary units a l so shown on the geologic map was constructed from pub I ished and 
unpubl ished data and from addit ional fie l d  mapping by the authors . Sand dunes were stud ied and mapped 
by Frank Reckendorf (U . S .  D .  A . ,  Soi Is Conservat i "on Service,  personal communi cation) . Logs of water 
wel l s  and petro leum expl oration we l l s  and exp loratory dr i l l i ng records of governmental agencies and 
private consul t ing firms were t he source of considerable add it ional geologic i nformation for t he study . 

I nvest igation of soi l s  has i nc l uded the mappi ng of soi l  variations i n  the fie l d  by the U . S . D . A. Soi l s  
Conservat ion Service and the study o f  publ i shed and unpubl ished i nformation . Laboratory test data presented 
in the text provide add i t iona l i n formation on the properties and be havior of t he various soi l s  and geo logic 
units . The i nformat ion was obta ined from the Oregon State Highway Division; the office of the State 
Eng ineer; the U . S . D , A . , Soi l  Conservation Serv ice; the U . S .  Forest Service; t he U .  S .  Department of 
Transportation; Port land and Seattl e District offices of U . S .  Army , Corps of Engi neers; and with the he lp 
of city p lanners, county p lanners ,  county san i tarian , county engineer,  and personnel of  private consu l t ing  
firms . 

-

The geolog ic  hazards maps show l andsl ides and areas subject to flood i ng . Other hazards d i scussed i n  
t he study i nc l ude near-surface ground water ,  areas o f  compressib le  c lay and soft organic so i l s ,  and destructive 
shore I i ne processes, K now I edge of these geologi c probl ems was obtai ned through fie ld  stud ies and i nter
views with c i ty ,  county , and state personnel , as wel l as pri vate cit i zens . I n  add i t ion,  much of t he deta i l ed 
flood data was accumul ated through personal i nterviews with i nnumerab le  local residents . 

A l t hough t he aut hors col l aborated i n  t he preparat ion of much of th is report , certa in  subjects are l arge ly 
the responsib i l ity of  one person:  descript ion  of geologic un i ts i s  by John Beaul ieu; the d i scussion of aggre
gate and jettystone by Herbert Schl i cker , ground water by Gordon O l cott , oil and gas possib i l i t ies by 
Vernon Newton,  and economic land uses by Jean Randa l l ;  the engi neering section i s  by Herbert Schl i cker , 
flood ing by Gordon O l cott, and earthquakes by Robert Deaco n .  A spec ia l  section on p lanning,  by Lynn 
Ste iger and Herbert Sch l i cker, comprises Appendix E .  
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The Tertiary geology of the County was prepared by U .  S .  Geological Survey geo logists Parke D .  
Snave ly ,  J r . ,  N orman M cC i eod , Hol ly Wagner ,  and We ldon Rau, who graciously p l aced the i r  maps on 
open fi le  in order to make them ava i l ab le  for th is study prior to publ i cation by t he U .  S .  Geolog ical 
Survey . References to Tert iary geology in L i ncol n County shou ld  g ive credit to the U .  S .  Geologi cal 
Survey open-fi l e  geologic maps os l i sted in the bib l iography of th i s  report . 

Frank Recke ndorf, U. S . D . A . ,  So i l  Conservat ion Service , hel ped i n  mappi ng the sand dunes . 
Wesley G .  Bruer,  State Geo logist and C hief of the Cal i fornia Divi sion of Mi nes and Geol ogy , review

ed part of this  report a nd made he l pful suggest ions . 
Rona ld  McReary, U . R . E . C .A .  I nc . ,  and Robert Dodge, Portl and Distr ic t ,  U . S . Army Corps of Engi

neers, provided data and gave assi stance concern i ng jettystone . Data concern ing rock quarr ies and so i l s  
were provided by E l mer Ostl i ng of Yachats; Joseph P .  Roh l eder , geo log i st w i th the U . S .  Forest Service; 
L loyd Wool fe and Robert Forrester of the Oregon H ighway Division . 

Ground-water i nformation was contributed by John R .  G urton,  County Exte nsion agent; Ted Swensen ,  
Sanitarian; E d  Loftquist , Water Resources Coord i nator; and Al i ne Mi l l er ,  County Assessor ' s  office , a l l  of 
L i nco l n  County ; C het O l cott ,  Centra l  L i nco l n  P. U. D . ;  D ick Bowers of Agate Beach ,  W i l ber Day of 
Roads E nd ,  Kenneth Bach of Kernvi l l e ,  a nd Lester Fo l ts of L incol n C ity .  

Eng i neer i ng reports were suppl ied by Wal ter Wright o f  Shannon and W i l son; Kenneth Robb i ns and 
I rv ing Olsen of Dames and Moore; Georg ia Pacif ic  Corp .; Cascadia  Lumber Co. ;  Port of Newport ; 
S urftides Condom in i um Deve lopment ; Yaqu i na Devel opment Corp . ;  Mar ion A .  Craft o f  the Oregon H igh
way Division ,  and D.  H.  Gosge n, U.  S .  Army Corps of Eng i neers . Soi l  tests were furn ished by Fred 
Yarborough and C l arence G regg of t he Oregon Highway Divi sion and A l bert Petska of the State Engi neer's 
office . 

C l i ff Gray of the Cal i fornia Division of Mi nes and Geo logy furnished data con cerni ng court cases 
i nvo lv ing geologic hazards . I nformation on flood i ng came from Pete Wright of the County Road Depart
ment; Arthur Bense l ! ,  Mayor of S i l etz; Joe Steere , County Engineer; Mike Mi l ler ,  L incol n County Com
missioner; Tim Mi l l e r ,  S i l etz R iver Val l ey resident; Dona ld  B iggs and Brad Jeffreys of L i ncol n C i ty . James 
Haw ley , W i l l iam de Pew , and Gera ld  Burdwe l l  provided i nformation on tsunam i s .  K enneth Kauffma n ,  
former L i ncol n County San i tar ian, provided a deta i l ed h istory of sept i c  tank  problems i n  the County, and 
Paul Brookhyser,, L i ncol n County Pl ann ing Department,  provi ded data concern ing fl ood i nsuranc e .  

Soi l s  maps a nd l aboratory data provided by Mel vi n  R igdon o f  the U .  S .  D .  A . , Soi l s  Conservation 
Service were greatly  appreciated and used extensive ly  in the report a nd maps . 

Aerial photographs were l oaned by Gary Potter ,  Oregon H ighway Division. Don Leach ,  U . S. D .  A . , 
Soi l s  Conservation Servi ce of Astoria , provided pub I i cat ions on sand dune stab i f  i zation . P hotographs 
were suppl ied by Wal ly McC l ung of Port l and , G len  Edenfie ld of Newport , the Capital Journa l of Sal em , 
Pacif ic S tudio of Newport, and the L i ncol n County H i stor i ca l  Soc iety. 

Cartography and drafti ng was performed by Steven Renaud , Lynne Lawson , and W i l l iam Pokorny of th e 
S tate Department of Geol ogy and Mi neral I ndustri es ,  and by Paul O l tman,  L i ncol n County P lann ing 
Department . Greg Paul photographed and processed the ma jor portion of pictures . 

Margaret S teere, Staff Geol og ist , was responsibl e for tech n ical edi ti ng of the manuscr ipt  and was 
assisted in the copy edi t ing by Carol Brookhyser; Ruth i e  Pav lat  d id copy preparation . 



G E OG R A PH Y  

L o c a t i o n  a n d E x t e n t  o f  A r e a  

The study area i nc l udes a l l of L incol n County (F igure 1 ) .  I ts northern boundary l ies near the Sal mon 
R iver a nd Cascade Head at about 45° 2 '  l at i tude; i ts i rregul ar eastern boundary fol lows rough ly the crest 
of the Coast Range; its southern boundary is near Cape Perpetua south of Yachats R iver at about 44° 1 7' 
l ati tude .  Its western boundary is the Pac ifi c Ocean .  The County is approximate ly  50 m i l es long,  1 5  to 
25 mi les  wide , and has a total area l extent of 998 square m i l e s .  

L incol n County i s  serviced by  U .  S .  H ighway 1 01 al ong the Coast and  U .  S .  H ighway 20 east of  
Newport . State H ighway 18  extends eastward from Ot i s  and State H ighway 34 eastward from Waldport; 
State H ighway 229 fol lows the l ower S i l etz R iver . N umerous c ounty and c ity roads serve the coastal 
marg in ,  and l oggi ng roads provide unpaved access to the mounta in  areas . The Southern Pacif ic Rai l road 
connects the Newport area w ith  Corval l i s  and the ce ntral Wi l l amette Va l l ey to the east . 

The study area is covered by al l or parts of t he Hebe, Grand Ronde , Cape Foulweather , Euchre Moun
tai n ,  Val setz , Yaqui na ,  To ledo , Marys Peak, Waldport , T idewater, and Al sea quadrangles (see index 
map , F igure l). 

P o p u l a t i o n  T r e n d s  

Accordi ng to the U .  S .  Census, the populat ion of permanent  residents i n  L incol n County i n  1 970 was 
25 ,755 . Over hal f of the County's populat ion l i ved withi n i ncorporated cit ies,  i nc l ud i ng Newport 
(5 , 1 80), L i nco l n  C ity (4, 1 98),  Tol edo (2 , 8 1 8) ,  Waldport (700),  S i letz (596),  and Yachats (44 1 ) .  Out
s ide these communities the population is concentrated pr imari l y  al ong the coast and secondari l y  along the 
narrow val leys of the Sa lmo n ,  S i l etz, Yaqui na ,  and Al sea R ivers . 

Agate Beach Division 
Newport 

Del a ke Divil;ion 
L i ncol n C i ty 

Depoe Bay Division 
Eddyv i l l e  Division 
S i l etz Division 

S i l etz C ity 
Tol edo Division 

Tol edo C ity 
Wal dport Division 

Waldport C i ty 
Yachats 

Tab le  1 .  Permanent populat ion of municipal it ies 

1 960 

7 , 594 
5 , 344 
4 , 790 

1 , 068 
956 

1 , 369 
583 

5 , 445 
3 , 053 
3 , 41 3  

667 

1 970 

7 , 3 1 0  
5 , 1 88 
6 , 228 
4 , 1 98 
1 , 27 1  

820 
1 , 283 

596 
4, 936 
2 , 8 1 8  
3 , 907 

700 
441 

Percent change 

- 3 . 7  
- 2 . 9  
+30 . 0  

+ 1 9 . 0  
- 1 4 . 2  
- 6 . 3  
+ 2 . 2  
- 9 . 3  
- 7 . 7  
+ 1 4 .5  
+ 4 . 9  

5 
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Figure 2 .  Popul ation Trends i n  L incol n County 
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As shown in F igure 2 ,  the rate of i ncrease of popul ation in L inco l n  County has diminished i n  recent 
years . Projections by Jack Jarvis and Co . and the L inco ln  County P lanning Department , however ,  point 
to a marked i ncrease in the future (Figure 2). 

The trend in popul ation for i ndividua l  munic ipa l ities of L incol n  County i n  the l ast decade vary con
siderabl y ,  as shown i n  Tabl e 1 .  Genera l l y  the county�wide trend is away from the i nterior and towards 
the coast . Tol edo, S i l etz ,  and Eddyvil l e  registered decl ines between 1 960 and 1 970,  whereas Waldport, 
Depoe Bay , and Delake registered increases . N ewport showed a sl ight dec! ine, which resulted from 
popul ation movement toward new housing developments outside the c i ty l imits . A trend toward rapid 
urbanization of t he north coasta l part of the County is evident . 

Superposed on the trends i n  permanent population is t he effect of non-tourist summertime residents . 
Tab le  2 was prepared using vacant housing i n  April as a basis for est imating potential peak resident pop
ulation in the summertime . The coastal areas receive most of the impact of summertime residents . 

I n  addition, the tourist population has a considerable impact on the County . Tourists occupying mote l s ,  
hote l s ,  tra i ler camps, and campgrounds are not incl uded in the above estimates, a l though they number in 
the thousands at any one time i n  the summer months . 

Lincol n County 
L incol n Ci ty 
Si l etz 
Newport 
Toledo 
Wal dport 
Yachats 

Table 2 .  Summertime populat ion 

Vacant housing 
in Apri l 
3 , 01 4  

727 
1 0  

257 
88 
1 9  
90 

Additional population 
in summer 

9 , 042 
2 , 1 81 

30 
771 
264 
57 

270 

Estimated summer 
peak population 

34, 797 
6 , 379 

626 
5 , 979 
3 , 082 

757 
7 1 1 
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C l i m a t e  a n d V e g e t a t i o n  

The cl imate of L i ncol n County i s  moist, mari ne ,  and temperate . Precipitation ranges from 60 to 90 
i nches a l ong the coast to as much as 1 80 inches in some parts of the Coast Range . Average ra infa l l  in most 
i n l and areas ranges from 80 to 1 00 i nches . At Cape Perpetua and adjacent i n land areas , average rainfa l l  
exceeds 1 00 i nches . Throughout the County, approximate ly  80 percent of the annual ra infal l comes 
betw een Oc tober and March . Most preci pitation occurs from w i nter storms,  some l asti ng several days . 
The month l y prec ipi tation for Newport is l i sted i n  Tabl e 3 .  

Tabl e 3 .  Average monthly precipitation at N ewport 

Month 

January 
February 
March 
Apr i l  
May 
June 
J u l y  
August 
September 
October 
November 
December 

Precip i tation (inches) 

1 0 . 0 1  
8 . 38 
8 . 38 
4 . 1 6  
2 . 93 
2 . 39 
0 . 8 1  
0 . 92 
2 . 3 1  
6 . 1 2  
8 . 80 

1 1 . 02 

Temperatures i n  the i nterior parts of L i ncol n County sel dom drop to zero i n  the w inter and sel dom 
exceed 1 00° i n  the summer . Condi tions along the coast are genera l l y  more moderate . T he average January 
temperature for Newport is 43 .7°  a nd the average Ju ly  temperature is 57 .6 ° . For the County as a whole , 
the average mi n imum temperature for January is 30° to 40° and the average Ju ly  m i n imum is 50° to 55° .  
The low of - 1 1 ° , recorded at Depoe Bay i n  December of 1 972, was unprecedented i n  recorded h i story; 
the previous al l -time l ow for that city was 1 0° .  

I n  L incol n County , summer w i nds are gent I e out of t he northwest and w inter w i nds are gusty out of the 
southwest . Average w ind velocit ies range from 1 5  to 25 m i l es per hour , but w inter gusts of up to 1 00 
mi I es per hour have been reported . 

Conifers dom i nate the woody vegetation i n  L ineal n County . Near the coast and i n  mature stands the 
forests are composed main ly  of shade-resistant varieties such as Western heml ock (Tsuga hete.rophyl l a ) .  
I n land nearer the crest o f  the Coast Range and i n  youthful stands the predomi nant species i s  Douglas fir 
(Pseudotsuga menziesi i ) .  Common ly  assoc iated species i nc I ude Western hemlock and Western red cedar 
(Thuja pli cata) . 

T o p o g r a p h y 

L incol n County I ies on the western fl ank of t he Coast Range . The region is characterized by rugged 
mounta ins with steep-sided stream vo l l eys in the upl ands, by narrow flood p la i ns i n  the interior, and by 
bays w i th sp its, narrow sandy beaches , and bol d  headlands a long the coast . T he major drainages are the 
S i letz ,  A l sea , and Yoqu i no Rivers, which hove cut steep and narrow val leys across the Coast Range to 
empty i nto smal l  bays.  
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Coastal margi n  

Most o f  the coast i s  bordered by marine terraces , which typical ! y range from 5 0  to 1 00 feet above 
mean sea l evel (msl ) ,  but local l y  are up to 200 feet . Th e terraces form vertical bl uffs a long the coast and 
extend as much as a m i l e  in l and . The continu ity of coastal terraces is broken by bold  headlands at 
Cascade H ead , Cape Fou lweather-Otter Crest, Yaquina H ead, and Cape Perpetua . Smal l bays at the 
mouths of the Al sea , Yaqui na, and S i l etz R ivers are a mile or so in width and extend i nland for 3 to 4 mi l es; 
they cover areas of 2 to 5 square m i l e s .  Narrow t idal flats occur near sea l evel along the bays. 

The head lands rise abruptly  from sea l evel on the coast to e l evations of 400 to 700 feet .  Cascade Head 
fronts t he sea with a nearly vertical bl uff of 400 feet,  Cape Foul weather has c l i ffs 300 to 500 feet in height , 
and Cape Perpetua has steep slopes up to 700 feet in he ight . 

Upl ands 

Upl ands extend from the eastern boundaries of the terraces , head lands, and bays to t he eastern part of 
the County and i nc !  ude the mounta i nous terra in  of the area . Near the coast, the mountains have moder
ate ly rounded to e l ongate slopes with e levat ions of 200 to 300 feet .  Easterly ,  the terra in becomes steep 
with narrow rugged ridge crests 500 to 700 feet above stream val l eys , with e levations rangi ng from 1 500 
to 2000 feet msl . R idges are randomly oriented,  but some fol l ow strong northwest-southeast trends (strike 
ridges) . Igneous rocks underl i e  the higher peaks, which incl ude (from north to south): Bald Mtn . , e lev .  
2 , 890 feet; Saddleback Mtn . , e lev .  3 , 359 feet; Stott Mtn . ,  e lev .  3 , 1 28 feet ;  Deadwood Mtn . , e lev .  
1 , 439 feet; Euchre Mtn . , e lev . 2 , 446 feet; Diamond Peak , e lev .  2 , 453 feet; Table Mtn . ,  e lev . 2 , 804 
feet; and Cannibal Mtn . , e lev .  1 ,  946 feet . 

Topographic i rregul arities on slopes i n  the upl and area are the resul t  of ancient landsl ides . The land
sl ide areas are characterized by fl atter slopes, irregular mounds and swa les,  ponds, randomly oriented 
c losed depressions, and youthful drai nage that contrasts with the older establ ished stream patterns . 

D r a i n a g e  

The S i letz,  Yaqui na , and Al sea R ivers, the major streams of the area , orig i nate near the crest of the 
Coast Range and flow westward through steep-sided canyons to the ir bays. Meander patterns indi cate 
that these streams were establ i shed prior to the upl ift of the Coast Range . Other signi ficant streams are 
the Sal mon R iver at the north edge of the County and the Yachats R iver in the southern part of the County . 
Smal l er streams whi ch reach the ocean i ncl ude Dri ft Creek , Schooner Creek, Spencer Creek , Big Creek , 
and Beaver Creek .  

T he drainage pattern of t he  area i s  predomi nately dendrit ic w i th  local areas of paral l e l drainage and 
entrenched meanders along the major streams . 

Dev i l s  Lake , j ust east of L i nco l n  C ity , is a natural impoundment of water .  The lake is approx imatel y  
hal f a m i l e  w ide and extends northwesterl y for approximate ly  3 m i les . The orig in  of the depression i s  
uncl ear . The depression was apparent ly developed as a stream val l ey ,  but present streams i n  the upper 
reaches of the l ake are too sma l l  to account for i t . The only nearby stream that seems to have the capac
i ty to erode such a val ley i s  the Sa lmon R iver to the north ,  which flows westerly to the coast . Possibly 
the val l ey occupied by Devi l s  Lake i s  an abandoned channel of the Sal mon River . Ancient lands! ides at 
the head of the l ake may have d iverted the stream to its present course . 

E c o n o m i c  L a n d U s e s  

L incol n  County has tradi t'ional ly had a natural -resource economy; the primary activit ies i nc !  ude 
agri cul ture , fi shing and fish processi ng, l umbering and forest products, and recreation and touri sm . 

Shifts i n  employment d istribution among various sectors of the economy i nd i cate recreation and tourism 
is growing in importance whi le  the other tradi tional i nd ustries, agricul t ure , l umberi ng and forest products , 
are dec! i ning . 
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Agri cui ture 

L incol n County was or igina l l y  sett led by homesteaders who farmed at the headwaters of the coastal 
streams,  in the river val leys,  and finally on the coastal pl a ins .  Farming ,  ranching,  and dai ry ing were 
once the primary economic  act ivi ties i n  the County, but it has become i ncreasingly difficul t for a farmer 
to base his l ive l i hood on farmi ng a lone beca use of increasing operational expenses and l and costs i nflated 
by recreational demands . 

The County agri cul tura l extension agent has estimated that only 25 percent of the l a nd i n  the County 
suitab le  for agri cul ture is be i ng used for that purpose . In 1 964, 68, 378 acres, or 1 0 . 8  percent of the 
total l and area,  were in farm production; in 1969 this had decreased to 47 , 390 acres, or 7 .5 perce nt . 
Most of the farm land i n  the County is cl assified as wood l and or pasturel and . 

Although total acreage decreased,  tota l product revenue i ncreased from $91 2 , 428 ($8, 773 per fami ly )  
i n  1964 to  $ 1 ,59 1 , 799 ( $ 1 3 , 841 per  fami ly)  in  1 969 . This i s  attributabl e  partia l ly to the  shift to  more 
special ized product ion ,  such as nurseries , tree farms , and berry farms . 

Successful farmi ng operations i n  the County are primari l y  those of long-time residents who own their 
l and and condition the soi l .  Because of the high acid ity and low nutrient content of the so i l s  in  many 
areas, preparation for production may be as high as $ 1 50 per acre . 

Commercial fishi ng and fish processi ng 

The majority of fishing activity in the County is centered around Yaquina Bay and Depoe Bay . Yaquina 
Bay ranks third among Oregon fishing ports; Astoria, 1 40 m i l es to the north ,  is the lead i ng port, and 
Charl eston,  1 00 m i l es to the south , ranks second . A l together these three fi shing ports a ccount for at l east 
85 percent of the total commercial landi ngs in Oregon.  

The major fish and shel l fish l a nded in  L i nco l n  County are a l bacore , sa l mo n ,  fl atfish (flounder and sol e ) ,  
rock fish ( inc l ud ing ocean perch) ,  Dungeness crab , and shrimp . Dungeness crab and  coho and Ch inook 
sal mon are considered to be fished at or near maximum leve l s  with current fish ing technol ogy and methods . 

An estimated 675 commercia l  fishi ng boats current ly operate out of Yaqui no Bay . About 275 of these 
are l arge vesse l s  that operate on a ful l -time basis and part ic ipate in several fisheries during the year . 
About 400 are sma l l er boats used for part-time sal mon fishi ng . A significant part of the catch is processed 
outside the County , i nc l ud i ng about 90 percent of the sa l mon and a l bacore and 30 percent of the crab . 
Most of the shrimp and bottom fi sh are processed loca l l y .  

The growth o f  the fishing industry i n  L incol n County i s  l imi ted by the avai l ab le  resources, the number 
of vessel s  the support fac i l i t ies can hand le , and the abi l ity of processors to hand le  the product ion .  

L umbering and forest products 

The forest products industry is the most exte nsive user of l a nd i n  L i ncol n County . I t  is estimated that 
more than 90 percent of the County is suitable for growi ng t imber,  with a productive capacity of over 
1 ,  000 board feet per acre per year or better .  T imber l ands are a l so used for outdoor recreation ,  watershed 
protectio n ,  and forage and habitat for w i ld l i fe .  

The major species grown for timber product ion are softwoods i nc I udi ng Doug las fir, Western hemlock,  
S itka spruce , Lodgepo le  pine , a nd Western red cedar . Doug I as fi r is the principal species with a 60- to 
80-year cycle .  The most abundant hardwood species is A lder, with a 20-year cycl e .  A l though Alder is 
not genera l l y  grown for production , good stands are frequently harvested for manufa cture of furni ture . 
Alder and other hardwoods wi l l soon be used l oca l ly in the manufacture of kraft paper .  

After a 1 0-year decl i ne i n  timber production ,  the County is experiencing an increase i n  log harvest 
l argel y  owing to nationa l demand for new construction .  There are 1 2  wood processors in the County; one 
major p lant producing studs,  paperboard , and plywood employs about 950 peop le . 

Recreation and tourism 

The Paci fi c  Ocean ,  rugged coastl i ne ,  sandy beaches, numerous c l ear streams and r ivers , and scen ic 
mountains make L inco l n  County a major recreational area of the Paci fic Northwest . Al though there i s  
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l i tt le statistical information on the overall extent and character of recreation and tourism, there is l itt le 
doubt that i t  wil  I continue to be on important element in the economy of the County. 

The tourist and recreational demand is oriented towards such activities as sightseeing, swimming, booting, 
sport fishing, picnicking, camping, and non-foci I ity activities such as hiking, hunting, and nature study . 
These activities generate demands for overnight accommodations, restaurants, gift shops, marine exhibits, 
dry and wet moorage faci l ities, charter boot services, equipment and repair establishments, and other 
supporting activities. 

The majority of tourist use occurs within four months, June through September, with July and August 
the peak season.  Efforts ore under way to make tourism a year-round activity, particularly through attract
ing the convention trade. 

The number of annual recreational visitors to Lincoln County is projected to increase by 74 percent in 
the next decode as income levels and leisure time increase . This could result in the conversion of the 
entire coastal area from current uses to recreation-centered industries. 

Photo 1 .  Cope Foulweother from Devils Punch Bowl in early 1 900's .  (Courtesy of 
Pacific Studio, Newport) 
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STRAT IGRAPH IC T IME CHART FOR TERT IARY U N I TS 

GEOLOGIC U N I T  

Nye Mudstone 

Toy Yaqui na Formation 

Toa 
s i l tstone of Al sea 

basal t of Cascade H ead---basa I t  of Yachats 

Nestucca Formation 

Yamh i l l  Formation 

Tyee Formation 

S i letz River Vo lcanics 

Tsr 

F igure 3. Chart show i ng the stratigraph ic positions, map sym bol s ,  and rel ative 
ages of the bedrock formations in  l inco ln  County . 
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S u m m a r y o f  G e o l o g i c  U n i t s 

I ndurated rock units rangi ng in age from ear ly Eocene through midd le  Miocene a nd unconso l idated 
deposits of Q uaternary age underl ie the project area (Figure 3) . The conso l idated units total more than 
40, 000 feet in composi te thickness and i nc l ude submarine and subaerial basa l tic flows, bre ccia,  tuff, 
marine si l tstone ,  c l ayey si l tstone, sandstone and intrusive rock . The two most extensive Tertiary bedrock 
units are the Si l etz River Vol cani cs (Tsr) , and the Tyee Formation (Tet) . Most of the other units can be 
grouped on the basis of their engi neering characterist ics into five categories: s i l tstones, sandstones, basa l ts, 
intrus ive rocks, and surficial  deposits . Al l but the surficia l  deposits are of Tertiary age . 

S i l etz River Vo l canics (Tsr) 

The Si letz River Vol canics consists of a l ower unit of basa l t  flows and breccias simi l ar to that of the 
und iffere ntiated floor of the present-day Pacifi c Ocean , over lai n in p laces by part ly  subaeria l basal ts 
such as those exposed at Bal l Mounta in  (Snave ly  and others , 1 968) .  Exposures i n  the study area are con
tiguous with the type section of Snave ly and Baldwin ( 1 948) and form a horseshoe-shaped outcrop in the 
southern Hebo , Euchre Mounta in ,  and Va l setz quadrang l es covering approximate l y  1 25 square mi le s .  

The thickness of  the Si letz River Vol canics is not we l l  estab l i shed . The un i t  is surrounded by younger 
units and the base is not exposed . Snave ly and others ( 1 968), however,  estimate a thickness of up to 
1 0, 000 feet for the unit i n  areas of former vol canic centers . 

Fine-grained to porphyrit ic  basa l tic fl ow rock, pi l low basal ts , wel l -cemented zeol i tized massive 
l api I I i  tuffs and tuff breccias are the most common rock types .  Vesicu lar to amygda loidal textures are 
characterist ic . The dominant minera l s  inc !  ude labradorite, augite , titaniferous magnetite , and g lass . 
Augite is the most common phenocryst . 

I nterbedded with the vol canic rocks are appreciab le  thicknesses of dark greenish-gray tuffaceous sil t 
stone and sandstone w i th  mi nor amounts o f  shal e .  

I n  places the vol canic rocks are domi nated by pyroclastic material s, as a t  Bal l Mounta i n  a short d istance 
i nl and from C ut ler C ity, where the rocks inc l ude a l ka l i c  basa l t ic flows and abundant tuff and breccia . 
These rocks are i nterpreted to represe nt seamounts extruded during the l atter stages of S i letz River deposition 
(Snavel y  and others , 1 969) . 

Avai lab le  data ind icate an early Eocene to possible early midd le  Eocene age for the S i l etz Ri ver 
Vo l canics . Baldwin ( 1 955) documents a l ower Umpqua, lower Capay , Crescent age for the upper part of 
the unit on the basis of fossi l s  found in the K ings Val l ey Si I tstone member to the east . Snave ly  and others 
( 1 969) present foraminiferal I ists w hich correspond to lower and midd l e  Eocene stages . The profound environ
mental changes i nd icated by the l i thology of the overlyi ng Tyee Formation signify an  appreciab le  uncon
formity or period of erosion and nondeposition fol l ow ing the deposition of the S i l etz River Vo l canics . 

Weatheri ng of the vol canic rocks yie l ds a th in,  reddish-brown c lay soi l  on steep s lopes and thicker 
soi l s  on sadd l es , fl attish hi l l tops ,  and spurs . Breakdown of the rocks causes co l l uvi um (tal us) to accumulate 
downslope . Weatheri ng of the i nterbedded s i l tstone, sandstone , and sha le  produces sha ly c l aystone having 
spheroidal pattern; dark manganese sta in ing occurs a long some of the fracture surfaces. 

Tyee Formation (T et) 

The Tyee Formation consists of up to 6 , 000 feet of a l ternat ing sandstone and s i l tstone beds . It is the 
most widespread unit in central and southern l i ncol n County and forms a conti nuous exposure covering 
a lmost 600 square m i l es in the A l sea, Tidewater ,  Marys Peak, To l edo , and Euchre Mounta i n  quadrang l es . 
The Tyee Formation defi ned by Di l l er ( 1 898) was mapped as the Burpee Formation in southern L inco l n  
County by Vokes and others ( 1 949) . The name Tyee was extended to the Newport area by S nave ly and 
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Photo 2. Graded bedding in Tyee Formation showing sharp contact below sandstone 
layers and 'gradational contact above. 

Photo 3 .  Yamhi l l  Formation exposed in roodcut on H ighway 1 01 near the Lincoln
Ti l lamook County l ine.  Note characteristic slope ravel in  talus deposits at 
bose of cut.  
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Photo 4. Nestucca Formation in high 
cl iff north of Roads End. Sma l l 

- basa l t  dikes cut across bedding . 

Photo 5 .  Basalt breccia (upper left) in 
probable fau I t  con toe t with Nes-1 Iucca Formation (lower right) in  
headland north of Roads End . 

• 
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others ( 1 969), and the Euchre Mounta i n  and southern Hebe quadrangles by Snave ly and Vokes ( 1 949) . 
Iso l ated blocks of Tyee down-faul ted i nto the S i l etz R iver Vol can i cs are preserved near Euchre Mountai n  
and Lambert Poi nt . 

Sandstone beds of the Tyee Formation range from hard and wel l i ndurated to semi -friab le  and poorl y 
consol idated . They consi st predomi nantl y of m i caceous, arkosic ,  medium-gra ined sandstone . The a l ter
nati ng s i l tstone beds are softer and conta i n  abundant pl ant debris i n  p laces . Lateral persistence of i nd i 
v idual sandstone beds and other re l ated features indicate emplacement by turbidity currents on the sea 
floor . So l e  marki ngs i ndi cote a norther ly d i rection of transport (Snavely and others , 1 964b) . The un i t  
represents a ser ies of coa l esc ing submar ine fans which spread northward from a topographic  h igh at the 
site of the present-day K I amath Mountai ns .  

Steep canyons cut i n  the resistant sandstone characterize much of  the topography devel oped on the 
Tyee Formation . The l ower-most Tyee strata exposed in  the eastern part of the County consist of 2- to 
1 5-foot thick sandstone i nterbedded with very thi n l ayers of s i l tstone . E l sewhere the sandstone i nterbeds 
average 5 feet i n  th ickness and are separated by near ly equal thicknesses of s i l tstone . 

Foramin i fe ra (smal l fossi l  shel l s) re covered from the basal and top s i l tstone uni ts of the Tyee Formation 
and from finer grai ned i nterbeds throughout the un i t  i nd i cate a midd le  Eocene age . The fossi l s  give a 
remarkab ly  consistent age determi nation , suggest i ng rap id deposi tion . T he strat i graphic  position of the 
Tyee Formation farther to the south a l so i nd i cates that the p recise age of the unit  is probably l ate midd l e  
Eocene . The Tyee Formation i n  L i nco l n  County i s  conformably over l a i n  by rocks assigned to the Yamhi l l  
Formation by Snave ly and others ( 1 969) .  

The Tyee Formation weathers t o  s i l ty and sandy so i ls .  I n  genera l , the so i l  cover i s  th in owing to the 
preval ence of steep slopes from which the so i l  is eas i ly  eroded . Loca l l y ,  th ick col l uvia l  deposits are 
present at the base of slopes .  

Tertiary s i l tstones 

The four s i l tstone units are grouped together in recognition of the i r  common engineering properties . 
They i ncl ude the l ate Eocene Yam hi l l  (Tey) and N estucca (Ten)  Format ions, the ear ly to m iddle O l i gocene 
si l tstone of  A l sea (Too) ,  and the early Miocene Nye Mudstone (Tmn) .  The O l i gocene Yaq uina Formation 
(sandstone) l y i ng stratigraphica l l y  between the Nye Mudstone and the o lder s i l tstone units is d iscussed l ater .  

Yamhi l l  Formation (Tey) :  The Yamhi l l  Formation consists o f  several thousand feet o f  i ndurated , massive 
to thi n-bedded cl ayey si l tstone with m i nor i nterbeds of arkosic ,  basa l ti c ,  and gl auconit ic sandstone . 
Exposures are located near L i ncol n  C ity, north of To ledo , and at scattered local it ies beneath younger s i l ts 
in the northeastern corner of the Euchre Mounta in  quadrang l e .  The rocks were previously mapped as part 
of the lower To ledo Formation (Vokes and others,  1 949) i n  the south coastal area and as part of the Nestucca 
Formation i n  the north coastal area ( S nave ly and Vokes , 1 949) . 

Forami ni fera i n  the Yam h i l l  Format ion  i nd icate a middle Eocene to upper Eocene age (Snave ly and others , 
1 969) . The Yamhi l l  Formation is conformab le over the Tyee Formati on and is unconformabl y  overl a i n  by 
the younger Nestucca Formation . Weatheri ng of the Yam hi I I  rocks produces a I ight-colored clayey so i l  
that is prone to sl id ing on  moderate to  steep slopes . 

Nestucca Formation (Ten) :  The Nestucca Formation consists of 800 to 5, 000 feet of indurated th in
bedded tuffaceous clayey sil tstone and subordi nate amounts of ash and i nterbedded arkosic , basal t ic ,  and 
g lauconi t ic  sandstone . Sma l l  sandstone d ikes and si l l s ore common i n  the upper part of the sect ion . Ex
posures of the N estucco Formation are located at L incol n C i ty ,  in the Tol edo area, and south of Yoquino 
Boy . I t  was previous ly mopped as port of t he l ower Tol edo Formation in the south coastal area by Vokes 
and others ( 1 949) .  

Foramin i fera i n  t he Nestucco Formation are o f  upper Eocene age ( Snave ly and others, 1 969) .  The 
Nestucco Formation on lops Yamhi l l ,  Tyee , and S i l etz R iver strata and is l ess deformed than the under
ly ing units . An unconformity is interpreted to separate the Yamh i l l  and the N estucco Formations (Snavely  
and others, 1 969) .  Weather ing produces a l ight-col ored c loy-rich so i l  that is prone to sl id ing . 
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S i l tstone of A l sea (Too): Mass ive ,  fine-grai ned i ndurated sed imentary rock of O l i gocene age i n  the 
Newport and Waldport areas is referred to i nformal ly  as t he "si l tstone of A l sea" (Toa) by Snave ly  and 
others ( 1 969) .  The uni t  is part icu l ar ly  wel l -exposed at Al sea Bay and forms a 1 -m i l e-wide band which 
extends northward past Toledo to the mouth of the S i l etz River , The exposures were origi nal ly  i ncl uded in 
the upper part of the Tol edo Formation by Vokes and others ( 1 949) . 

The s i l tstone of A l sea is 1 ,500 feet th ick at Yaqui na Bay and is predominate ly  a mass ive , tuffaceous 
s i l tstone with subordi nate fine-gra ined sandstone , Concret ions are common . Exce l lent exposures in the 
bl uffs along the bay at Waldport inc l ude beds of tuff, tuffaceous s i l tstone , and mud flow breccia . 

At Yachats and a short d istance in land , the massive s i l tstone passes l atera l l y  and downsect ion into 
firmly cemented , th ick-bedded , basa l t i c  sandstones which grade downward i nto poorly sorted basal t i c  
conglomerates .  These coarse sedimentary rocks, about 250 feet th ick , occupy the  base of the Ol igocene 
section . 

The s i l tstone of A l sea overl ies the Nestucca Formation i n  the centra l parts of the County and l ate 
Eocene vo l canic rocks in the southern part of the County . On the basis of m icrofossi l s  recovered at 
numerous local i t ies an 01 igocene age is i nterpreted for the si l tstone (Snave ly  and others , 1 969) . 

Nye Mudstone (Tm n): The N ye Mudstone was defi ned by Schenck ( 1 927) and was l ater mapped i n  
southern L incoln County by Vokes and others ( 1 949) and central L i nco l n  County by Snave ly and others 
( 1 969) .  The unit  is exposed a long the sea c l i ffs and coasta l creeks of the southern Yaquina quadrang le  and 
extends 8 m i l es north of Yaqui na Bay , w here it is on lapped by the Astoria Format ion in l and from Cape 
Fou lweather . Exce l l ent exposures are l ocated i n  t he bl uffs along the north side of Yaqui no Bay . I n  the 
northern part of the County, the Nye Mudstone is exposed for 5 m i l es from S i l etz Bay southward to a 
promi nent bend i n  the S i letz R iver in l and from Depoe Bay . 

The Nye Mudstone is 4 , 400 feet thick at Yaqu ina Bay and th ins to 500 feet 4� m i l es north of the Bay 
(Snave ly  and others , 1 969) ,  

The unit  consists of i ndurated , massive to i ndistinctly bedded clayey s i l tstone rich i n  organic matte r .  
Th in  cal careous lenses and sandstone i nterbeds are common low i n  the section and l a rge concretions are 
present i n  the upper parts of the un it . Fresh samp les at an outcrop on the north side of Yaqu ina Bay emit 
a petro l i ferous odor when broken .  

Tal us deposits o f  sha ly  rubbl e are common a long steep cuts i n  the Nye Mudstone . Iron sta in ing empha
s izes the c lose joint ing i n  s l i ghtly weathered outcrops, and c lay-rich soi l  prone to sl id ing is characteristic 
of the deeply weathered terra i n .  

On the basis of a thorough i nvestigation of foramini fera l  samp l es recovered from throughout the Nye 
section ,  Snave ly and others ( 1 964a) concl ude that the unit i s  e ntirely of earl y Miocene age . The . Nye 
Mudstone is conformab le over the Yaqui no Formation and unconformabl e beneath the Astoria Formation . 

Tertiary basa l ts 

Four basal t ic un i ts are grouped together i n  recogni tion of their common eng ineeri ng properties . They 
i nc I ude Eocene basal t at Cascade Head (Tech) , Eocene basa l t  at Yachats (Teyb) , the M iocene Depoe Bay 
Basa l t  (T mdb) , and the Miocene Cape Foul weather Basal t (Tmcf) . 

Basa l t  of Yachats (Teyb) and basa l t  of Cascade H ead (Tech) : Late Eocene vol canic rock of basal tic 
composition forms the head l ands south of Yachats (Teyb) and at Cascade Head (Tech )  in northernmost 
L inco l n  County . The total areal  extent of these units is approx imate l y  30 square m i l es .  They were i n
c l uded in the Nestucca Formation by  Snave ly  and others ( 1 969) .  

Vol canic rocks a t  Cape Perpetua are 2 , 000 feet thick and consist o f  basa l t i c  flows, breccia, and l api l l i  
tuff. F lows are genera l l y  1 0  to 20 feet th ick; oxid ized zones i nd i cate subaerial extrusion . P lagiocl ase 
is the most common phenocryst . D ike rocks are genera l l y  basa l t ic  but range to daci tes l ocal l y .  

T he vol canic rocks at Cascade Head consist primar i ly  o f  fi ne-gra i ned to gl assy basa l t i c  breccias and 
l ap i l l i  tuffs wi th  i ntercal ated �i l tstone , Scattered phenocrysts consist of pl agiocl ase , augite , and o l iv ine .  
Weathering of these rocks produces a th in granular so i l  on steep slopes and th in  cl ay-bear ing , redd ish 
residual soi l s  el sewhere . 
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Photo 6 .  Si l tstone of Alsea exposed on Yoquino Boy rood ot junction with H idden 
Volley rood near Toledo. 

Photo 7. Nye Mudstone on Yoquino Boy rood showing characteristic ravelling that 
produces talus ot foot of cuts. Light-colored beds about I foot thick ore limy 
concretions. 



GEOLOGY 

Photo 8. Headland north of Roads End composed of basa l t  of Cascade Head and vol
canic sediments. Note large landslide in area of sediments not fronted by 
basal t ic rock. 

Photo 9. Massive basa l t  headland at Cape Foul weather resists erosion by the sea. 
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The  stratigraphic  posi tion of the basa l t  at Yachats over the Nestucca Formation and beneath the  Ol i go
cene s i l tstone of Al sea i ndicates an uppermost Eocene age for the uni t .  A sim i l ar age is inferred for the 
basal t at Cascade H ead . 

Depoe Bay Basa l t  (Tmdb):  Snavely and others ( 1 969) referred i nformal l y  to exposures of midd l e  Mio
cene basalt in the Depoe Bay area which unconformably overl ie the Astoria Formation and which under! ie 
the "sandstone of Wha le  Cove " as the "basa l t  of Depoe Bay . "  Subsequent ly  the unit was elevated to forma
tional status (Snavely and others, 1 973) as the Depoe Bay Basa l t .  Exposures extend about a m i l e  north 
and south of Depoe Bay and are l ess than 2 square mi l es i n  area . 

At Depoe Boy the unit consists of approximate ly 75 feet of submarine basal t ,  wh ich  is made up of basa l t i c  
p i l lows up  to 4 feet i n  diameter set i n  a matrix of orange-brown pl agonit ized basa l t ic  glass. A short 
distance to the south the pi l lows pass l atera l ly i nto -a subaerial flow of col umnar , jointed , med i um- to 
dark-gray , fine-gra ined basal t .  N umerous dikes and si l l s  i n  the immediate v ic ini ty attest to the l ocal 
orig in  of the uni t .  

Vol canic rocks o f  s im i l ar age and l it hol ogy are exposed to the north a t  Cape Lookout , Cape Meares, 
and Ti l lamook Head . Al l are equival ent petrochemical l y  to the Yakima Basa l t  of Waters ( 1 96 1 )  in eastern 
Oregon . Stratigraphic  relat ionships i n  L i neal n County i nd i cate a midd le  Miocene (Sauces ian) or younger 
age for the Depoe Bay Basal t, and foramin i fera recovered from sediments associated with simi lor vol conic 
rocks at Cape Meares i nd icate a middle Miocene (Re l iz ian) age . 

Cape Foulweather Basa l t  (Tmcf) : T he basal ts and rel ated rocks which form the head lands at Cape Foul 
weather and which overl ie the " sandstone of W hale Cove " at Depoe Bay and Government Point are referred 
to as t he Cape Foulweather Basa l t  (Tmcf) . They were orig ina l l y  referred to i nforma l l y  as t he "basa l ts of 
Cape Foul weather " by Snavely  and others ( 1 969) . Tota l areal extent of the unit  is approximately  3 square 
m i l es .  

The un i t  consists mainly of basa l t ic  breccias and water-laid fragmental rocks; pi l l ow lavas and massive 
flows are subord i nate . Much of t he unit was extruded subaerial l y .  The peripheral water-laid breccias 
such as those at Government Poi nt probably represent material eroded off t he growi ng vol canic center . 
The numerous feeder d ikes surround ing Cape Foulweather i ndicate a local orig i n  for t he uni t .  

The Cape Foulweather Basa l t  i s  l i t hol ogical l y  simi l ar to some of the basa l ts to the north a t  Cape Lookout 
and Ecola State Park . Scattered yel l owish plagioclase phenocrysts are d ist i nctive (Snave ly and others, 
1 969) . The unit  is petrochemica l l y  simi l ar to the late Yakima basa l t  flow of Waters ( 1 96 1 )  in eastern 
Oregon (Snave ly  and others, 1 973) . 

The Cape Foulweather Basa l t  unconformably overl aps the "sandstone of Whale Cove , "  the Depoe Bay 
Basa l t ,  and the Astoria Formation. A midd le  Miocene (Rei izian) or younger age is i nferred for the unit 
(Snave ly and others, 1 969) . 

Tert iary sandstones 

T hree sandstone units of m iddle Tertiary age are grouped together in recogni t ion  of their common 
engi neering properties . T hey inc  I ude the 01 i gocene and earl iest Miocene Yaquina Formation,  the midd l e  
Miocene Astoria Format ion, and "sandstone o f  Whal e Cove . "  The Yaqu ina Formation I ies stratigraph ical ly  
between the  s i l tstone of A l sea and the  Nye Mudstone . The Astoria Formation and the " sandstone of  Whale 
Cove " are separated by the Cape Foulweather Basa l t .  

Yaqui na Formation (Toy): The Yaqui na Formation consists of del taic sedimentary rock up  to 2 , 000 feet 
thi ck. I t  i s  exposed i n  a band 1 to 5 m i l es wide from S i letz Bay southward through t he up lands immediate ly 
west of  Toledo to the coastal parts of  the Waldport quadrangle south of  Wal dport . The un i t  was first d i s
cussed by the firm of Harrison and Eaton i n  1 920 and was subsequently treated by Snave ly  and Vokes ( 1 949) 
i n  t he northern part of the County and by Vokes and others ( 1 949) in the southern part of the County . 
Most recent mapping was done by Snave ly and others ( 1 969; 1 972a , b, c) . 

The Yaqui na Formation exhibits a diverse I i tho logy . It consists of m icaceous , tuffaceous, arkosic 
sandstone that is hard but local ly  friable ,  massive to wel l bedded and cross bedded; pebbly sandstone; 
conglomerate; massive tuffaceous s i l tstone; and coaly deposi ts .  Cut and fi l l  structures , ash horizons, 
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Photo 1 0. P i l low breccia in basalt of Depoe Bay exposed adjacent to H ighway 101 . 
P i l lows formed by sudden cooling of lava entering the sea . (Photo from 
Snavely and Macleod, 1 971) 

Photo 1 1 .  Spheroidal weathering of sandy part of "si l tstone of Alsea" near Yachats; 
core of unweathered sandstone surrounded by weathered rock. 

2 1  
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Photo 1 2 .  Wel l -bedded sandstone of Yaquina Formation exposed along Yaquina Bay 
road east of Newport . 

Photo 1 3 .  Massive, irregular jointing i n  sandstone of Yaquina Formation on Yaquina 
Bay road east of Newpor t .  



G EOLOGY 

Photo 1 4 .  Hard sandstone layer i n  Astoria Formation a t  Beverly Beach; weathering 
and erosion of jointed rock has produced this mosaic pattern . 

... �' ... , - .. 

Photo 1 5 .  Fossil bed exposed in sea c l i ff of Astoria Formation near Beverly Beach 
State Park. Locality attracts many tourists . 
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pumi ceous fragments, and si l ic ic  vol coni c fragments ore noted local l y .  Thi cknesses range from l ess than 
1 , 000 feet at Beaver C reek north of Alsea Boy and at S i l etz Boy to 1 , 700 feet at Yoquino Boy , and 2, 000 
feet i n l and from Cope Foulweother (Snavely and others, 1 969) . Weatheri ng produces sandy so i l s  which ore 
l ess prone to sl iding than the so i l s  of the adjacent Al sea and Nye units . 

Gross l i thology , thi ckness patterns, and fossi l  types i nd icate that the Yoqui no Formation was l a id down 
as a l arge del ta . I ts thi ckest port is i n  central L incol n County and it th ins to the north and to the sout h,  
(Snave ly and others . 1 969) .  The unit  is r ich in  megafossi l s near Kernvi l l e at S i l etz Boy and at Beaver 
Creek in t he southern Yoq uino quadrangl e .  

The Yoquino Formation conformab ly  overl ies the si l tstone of A l sea and i s  conformab ly overl a i n  by the 
Nye Mudstone . To the north and south it posses l atera l l y  i nto fi ne-gra i ned sediments assigned to these 
units . Megafossi l s and mi crofossi Is i ndi cote I ate 01 i gocene age for much of the unit ,  but earl iest Miocene 
age for the upper port of the uni t .  

Astoria Formation (Tmo) : The Astoria Formation consists of a var iety of nearshore mar ine sandstones and 
subordinate s i l tstones of middl e Miocene age which overl ie  the Nye Formation and which underl ie  the 
middl e Miocene vol canic rocks at Depoe Bay . Al though the l i thol ogies are distinc t from the dom inant 
claystones of the type section of the Astoria Formation of Howe ( 1 926) at Astoria , oppl i cat ion of the term 
"Astoria"  to sands i n  the Oregon mid-coast region is we l l  estab l i shed ,  Previous studies i n  L inco l n County 
i ncl ude those of Weaver ( 1 937) , Vokes and others ( 1 949), Moore ( 1 963) ,  and Snave ly  and others ( 1 964a; 
1 964b; 1 969) . The Astoria Formation crops out local ly  at Jumpoff Joe and at the Yoq ui no Bay l i ghthouse 
in Newport and at Beverly Beach in the northern Yoqui no quadrang le . Farther north l a rger exposures 
extend 2 mi les in land from near Depoe Bay . Exposures of the unit would be more extensive were it not 
for a mant l i ng of younger terrace deposits (Qmt) along much of the coast of central L ineal n County . 

The Astoria Formation consists primar i ly  of hard massive , ol ive-gray , f ine- to med ium-gra ined, micaceous , 
a rkosic sandstone and i nterbedded dark-gray , carbonaceous si l tstone . In the Depoe Boy area where the 
tota l section is exposed, the Astoria Formation i s  approx imate ly  2 , 000 feet thick . About 500 feet of 
strata represe nti ng the bose of the section crops out to the south at Beverly Beach . 

Ledge -formi ng cal careous sandstone i nterbeds, basa l t ic  sandsto ne interbeds , and beds r ich i n  megafossi l s  
are common low in  the section . Local ly l i ght yel l ow-gray waterl aid tuff beds of ondesit ic and docit ic 
composition stand out as promi nent r ibs.  The format ion as a whole becomes coarser gra ined and more 
massive in the upper port of the section .  The unit weathers to produce sandy to clayey so i l s  which ore 
subject to local sl id ing,  espec ia l ly  where unfavorable d ips occur i n  steep sl opes . 

The Astoria Formation rests unconformab ly  on the Nye Mudstone . At Jumpoff Joe near Newport an 
angul ar contact of about 3° can be observed between the two units . Regiona l l y  the Astoria Formation 
onl ops the Nye Formation between Yoqu ina Boy and Depoe Boy . Megafossi l s  recovered from the Astoria 
Formation ind icate a midd le  Miocene age and foramin i fe ra recovered from the unit i nd icate a Saucesian age . 

" Sandstone of Wha le  Cove" (Tmwc): Exposures of th ick-bedded, semi-friab le sandstone overl y ing the 
Depoe Bay Basa l t  a re referred to i nformal ly as the "sa ndstone of Wha l e  Cove" by Snave ly  and others ( 1 969). 
The unit is restricted to the sea c l i ffs in the Depoe Bay and Wha le  Cove area and is mant led by a thi n 
cover of mari ne terrace sand . 

The "sandstone of Wha le  Cove " consists of 200 to 300 feet of massive to thick-bedded, medium- to 
fine-gra ined, arkosic sandstone and thin-bedded, carbonaceous, very fine-gra ined sandstone and s i l tstone . 
Cross bedd ing,  cut and fi l l  structures , and s l ump features i ndicate deposition in a shal low water environ
ment . The unit  is unconformab le  beneath the terrace sands and the Cape Foul weather Basa l t ,  and it rests 
upon the Depoe Bay Basa l t  with sl i ght unconformity {Snavely and others, 1 969) . 

Tertiary intrusi ve rocks (Ti b ,  Tis,  T ig,  Tic) 

I ntrus ive rocks representing  at I Elast three ma jor episodes of igneous activity form a wide variety of 
d ikes and si l l s in L incol n County . Much of the i nt rusive rock of l ate Eoce ne and midd le  Miocene age 
can be re lated to contemporaneous vo l canic rock units .  Large midd le  O l i gocene si l l s and dikes in the 
Euchre Mounta i n  quadrangl e ,  however are local i ntrusions unrel ated to extrusive vol canic acti v i ty .  
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Late Eocene basa l t ic  d ikes (Tib) are common in the Wal dport , Marys Peak , and A l sea quadrangles and 
probably represent feeders for l ate Eocene vol canism sim i lar  to that preserved al ong the coast . T he d ikes 
genera l ly are t h i n  and e longate . One series of col i near d ike segme nts in the Marys Peak quadrang l e  is 
7 mi les long . 

Swarms of midd l e  Miocene basa l t i c  d ike rocks (Tib )  are present t hroughout much of the Cape Foul 
weather and Yaquina quadrang les .  The intrusions are fine gra i ned , sl i ght ly porphyr i t ic  in p laces, and 
are massive to col umnar joi nted . Dikes cutt ing strata as young as midd l e  Miocene are probably of the 
same or igin as the nearby midd l e  Miocene basa l ti c  a ccumul at ions at Cape Foul weather and Depoe Bay . 
Farther south at Sea l Rocks, middle Miocene basa l t ic  si l l s i ntrudi ng the westerly d ipp i ng Yaquina Forma
tion form sma l l  rocky head l ands . 

L ight-col ored , fine-gra ined di kes , smal l stocks ,  and si l l s  of nephel ine  syen ite (Tis) are exposed at Bl od
gett Pea k in the Wal dport quadrang l e ,  a nd a nephel ine syenite si l l  approx imately 300 feet th i ck  occurs on 
Tabl e Mountai n i n  th e Tidewater quadrangl e .  The B lodgett Pea k syen i te  consists of 50 percent a l bi te 
m i crol aths ,  1 0  to 15 perc ent each of al bite, nephel i ne ,  and ana l c i te ,  5 to 10 percent aeg i r i ne ,  3 to 5 
percent ol iv ine and opaques, and 1 to 2 percent riebeckite , according to Snavely and others ( 1 969) .  
These ro'cks are be l ieved ta be l ate Eocene i n  age . 

Large s i l l s  of granophyric gabbro (T ig) i ntruded the S i l etz R iver Vol canics at Euchre Mounta i n  and 
Lambert Poi nt a nd the Tyee Formation and l ate Eocene sedime ntary rocks at Stotts Mounta in  i n  the Euchre 
Mounta in quadrangle in L i ncol n County . The rock consists of dense , fresh gabbro made up of ol ivine , 
ferro-augite ,  and quartz-fe l dspar i ntergrowths . Strong d ifferenti at ion, however ,  has produced a variety 
of a pi i t ic  d ikes near the tops of the si l i s .  Geolog ic  rei ationships suggest a late Eocene or younger age 
for the intrusions . Radiometr ic  age dates at Lambert Poi nt reveal an age of approximately 30 mi I I  ion years 
(midd le  O l i goce ne )  (Macleod , 1 969) . 

I ntrusions of camptonite (Tic )  and rela ted a l ka l i c  rocks are present between the S i l etz and Sa lmon R ivers 
a nd at Cougar Mounta in  24 m i l es northeast of N ewport . Camptonite is an al ka l i c ,  i ron-rich d ike rock 
consist i ng of hornb lende , augit e ,  and pl agiocl ase . At Cougar Mounta in  it is a porphyr it i c ,  medi um-gray 
rock consist i ng of black , stubby c rysta l s  of random ly oriented a l ka l i -ri ch  hornbl ende set in a fi ne -gra ined 
gray groundmass . The camptoni te is l ate Eocene to earlymost O l igocene i n  age . 

Q uaternary marine terrace deposits a nd o ld dune sands (Qmt) 

F lat- lying mar ine terrace deposits, overl a i n  in pl aces by semiconsol idated dune sand , form a di scon
tinuous series of coastal exposures a long the ent ire l e ngth of L i nco l n  County . The deposits mant le wave 
cut be nches on t i l  ted Tert iary strata . The marine terrace deposits are predomi nantly massi ve , fi ne- to 
medium-gra ined ,  friable sandstone of beach origin w ith  th in  i nterbeds of si l tstone . Horizons of pebbl es 
are common low in  the section and old d une sands commonly over I ie t he deposits . A l t hough rock types 
a re remarkab ly sim i la r  to parts of t he Astoria Format ion ,  d isti nct ion from that unit  can be made on the 
basis of geomorpho logy , hori zontal atti tude , and comparative I ack of i ndurat ion of the terrace deposits . 

Mar ine terrace depos its range i n  th ickness from 50 feet or more i n  the L i ncol n C ity area to 20 feet or 
l ess in the Wal dport quadrang le . E levat ions of the upper surfaces range from l ess than 80 feet above mea n 
sea level i n  the Waldport quadrangle to 1 00 feet at L i ncol n City, and 1 50 to 200 feet immediate ly  sout h 
of Yaquina Bay . 

Weatheri ng of the mar ine terrace deposits deve lops a sandy soi l  a few feet thick . Al ong the coastal 
marg i n ,  ocean erosion has produced nearly vert ical  c l i ffs in t he terrace deposits by undercutt ing and 
subsequent rockfa l l .  At i ntermi tte nt breaks in the sea cl iffs , the marine terrace deposits form stable sl opes 
covered with  vegetat ion .  

T he age of the marine terrace deposits has not bee n definitely establ i shed , but the i r  e l evated posit ions 
i nd i cote that they are carrel ative wi th  marine terrace deposits in t he Coos Bay a rea for wh ich  a I ate P I  io
cene or early P le istocene age have been interpreted (Ba ldw in ,  1 964) . A mol l uscan fauna co l l ected near 
the base of the deposits at Hi nton Poi nt (SE� sec .  1 6 ,  T .  1 6  S . ,  R .  1 1  W . )  on the south side of Yaquina 
Bay by P. D .  Snave ly ,  Jr . ,  ·and W .  0. Addicott , both of the U . S .  Geological Survey , i nd icate a 
P le istoce ne age (writte n communi cat ion ,  1 973) . 

Old stab i l ized dune sands overl ie  the mar ine terrace deposits i n  much of L i ncol n C ity and Newport . 
T hey extend south from N ewport through the Wal dport area and th in  out a few mi l es north of Yachats . 
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Photo 1 6 .  Sandstone beds of Astoria Formation over l a i n  by marine terrace sediments 
(upper third of photo) at Beverly Beach . 

Photo 1 7 .  Seaward dipping beds of the Astoria Formation overlain by flat- I ying 
marine terrace deposits near Jum poff Joe . 
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The topography o f  t he  o l d  dune sand areas has been mod i fied, but north-trehd i ng h i l l s  and swa les  are 
common .  The dune sands are massive cross bedded , f ine gra i ned, friab l e  to l oca l ly cemented with i ron 
oxide; o ld soi l  profi les  are common in the upper section . T he deposits range i n  th i ckness from a few feet 
to more t han 20 feet and commonly average 1 0  to 15  feet . 

Unconsol idated surfic ia l  deposits 

In many pl aces , the o l der units of L i nco l n County are mant led with thi n ,  unconsol idated Hol ocene 
(recent) deposits . These i nc l ude a l l uv ium on terraces (Qtg) a l ong the major streams, the fl ood-p la i n  
deposits (Qa l ) nearer the mouths of t he  major streams , the sand wh ich  makes up  t he  beaches, spits, and 
active dunes (s) a long the coast , and the mud and si l t  on t idal flats (tf) with i n bays and estuaries . 

Terrace and flood-p la i n  a l l uvi um (Qtg, Qal ):  Al l uvial  terraces (Qtg) border the Yachats R iver ,  the 
Al sea R iver ,  F ive R ivers , Dr ift Creek , Beaver Creek , the Yaquina River, E l k  Creek , the S i l etz River, 
t he Sal mon River, and numerous sma l l er r ivers and tributar ies . T he terraces se ldom exceed 1 , 000 feet in 
width, except al ong the S i l etz R iver where t hey are a m i l e  or more wide . 

Al l uvia l  terraces were formed w he n  r ivers cut downward through fl ood-p la i n  deposi t s .  As downward 
and l atera l erosion withi n the val l ey produced a younger stream channe l  at a l ower leve l , the e l evated 
flood p la in  was l e ft behi nd as a terrace a long the sides of t he va l l ey . 

T he composi tion and texture of the terrace deposits depends on the type of bedrock ava i lab le for erosion  
and redeposit ion and the  ab i l ity of the stream to carry it . I n  the southern hal f of the  County , where the 
terra i n  is deve l oped main ly  on Tyee Formation ,  the terrace al l uvi um is predominant ly  sand and s i l t  wi th  
m inor amounts of c l ay and th in  pebbly  i nterbeds . I n  contrast, the terrace deposits a long the S i l etz and 
the Salmon R ivers are characteri zed by abundant cobb le and boulder grave l beds . Terrace al l uvi um adjoin
i ng Al sea , Yaquina , and S i l etz Bays contains s ignifi cant amounts of i nterbedded organic  matter and c lay 
as wel l as sand and si l t .  

F lood-p la i n  a l l uvium (Qa l )  consists predomi nant ly o f  mixtures of sand , s i l t ,  c l ay ,  and orga nic matter 
under la i n  in  the upper reaches by gravel . T he soi l s  in the l ower e nd of the f lood p la ins  a re fine gra ined, 
consisti ng of sandy si l t  (ss ) ,  cl ayey s i l t  (cs) and s i l ty c lay (sc) with l ocal areas of  peat (pt ) .  T he flood
p la i n  gravel deposi ts occur main ly in the upper areas of the Sal mon ,  S i letz , A l sea, and Yachats R ivers . 
The th ickness of t he flood-pi ai n deposits ranges from 1 0  feet or I ess to about 40 feet . 

Beach sand and primary dunes (s): Beach and pri mary dune sand a long t he coast consists of unconso l i 
dated, fine- to medi um-gra i ned sand with occasiona l layers o f  peat . Because the sand i s  genera l ly loose l y  
conso l idated , i t  i s  extreme ly suscept i b le to wave and w i nd erosion . The erosiona l character istics o f  th e 
sand are discussed i n  greater detai l under "Geo logic Hazards . "  

Sand is  present in termi ttent ly a long the length of th e Lincoln County coast l i ne as a series of narrow 
beaches . I t  is a lso present as a series of larger deposits near A lsea Bay , at the mouth of Beaver Creek, 
immediate ly south of Yaqui no Bay , at Si I etz sp i t ,  and south of Sal man R ive r .  Accardi ng to Cooper ( 1 958), 
the migrat ing sands were responsib le for divert i ng the mouth of the Yaqui na R iver northward a mi le or more 
at Yaquina Bay . O ld  time residents of S i letz Bay report that the base of the spit at S i l etz Bay covers the 
former channel of the S i l etz River . Count less logs scattered over the surface of parts of t he S i l etz spit 
i nd icate t hat the area i s  subject to extreme wave action and possib l e overtopping at t imes . Buried logs 
in S i l etz spi t  wi th  sawed ends i nd icate that much of  the present spit probab ly  devel oped a fter loggi ng 
began in the S i l etz River dra inage i n  the early 1 900' s .  

T idal -flat so i l s  (tf): Tidal fl ats are located a t  the mouth o f  t he Sa lmon R ive r ,  the east end o f  S i l etz 
Bay , parts of Yaqui no Bay , and in land a l ong t he l ower reaches of the Yaqui no and A l sea Rivers . Most of 
the t idal flats cons ist of f ine sand and cl ayey s i l t  with i ntercal ated organi c matter and i nterca l ated l ayers 
of peat . 

Local l y ,  peat and organ ic'  so i l s  form deposits w here a sl ow steady rise in sea leve l  has induced a con
ti nued steady growth of sphagnum moss and other p lants . Peat deposits may a l so occur in the subsurface 
be low younger sed ime nts . Pronounced compressibi I i ty of the organic so i Is makes them sensit ive s i tes for 
construction .  
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S t r u c t u r a l  G e o l o g y  

Lincoln County is  located on the west flank of the Coast Range geanticl ine, a complex structural high 
with a predominant northerly trend but containing strong northeast-trending structural elements. The 
Siletz River Volcanics, the oldest rocks of the area, form the core of northeast-trending anticlinal highs 
in the northeast part of the County. Younger rocks of the Yom hi I I  and Nestucca Formations flank the high 
to the west and northwest and Tyee strata flank it on the south and east. The central part of the moun
tainous terrain contains brood northeast-trending antic! ines in the Tyee Formation. Attitudes are moderate 
with dips general l y  ranging from 5 to 15° .  In  the western part of  the County, bedrock formations younger 
than the Tyee Formation form north-trending outcrop bands and genera l l y  dip at moderate angles to the 
west. 

Foul ting in the bedrock units is extensive. Snavely and others ( 1972a, b, c , ) ind icate o county-wide 
complex of northwest- and northeast-trending normal faults. Lorge vertical displacements are indicated 
on some faults mopped in the central and southern ports of the County . Other mopped faults reveal l i ,ft le 
vertical movement, but may hove considerable horizontal displacement. The length of most faults is less 
than l Omi les .  

Faulting is present in  a l l  of  the bedrock units. Some faults terminate within a formation and others 
terminate at the boundary of a formation, indicating that faulting took place during more than one period 
of deformation. The youngest unit involved in faulting is  the upper Miocene ( ':!:: 20 m . y .  old) Cope Foul
weather Basa l t .  No  faulting is  noted in the marine terrace deposits, which range in age from late Pliocene 
to early Pleistocene, indicating that fau l t  movement is  older than 0 . 5  mi l l ion years. E l evated marine 
terrace deposits and entrenched channels of the major rivers provide evidence for uplift of the coastal 
region in Holocene time. 

Photo 1 8 .  Small  foul t of local extent i n  Tyee Formation exposed along S i l etz River 
rood . Movement along fault plane has offset the bedding . 



2 9  

EC O N OM I C  M I N E RA L R ES O U R C E S  

C o n s t r u c t i o n  A g g r e g a t e  

Construction aggregate (sand , grovel , and crushed rock) is the basic ingredient for concrete and a 
vital commodity , especia l l y  i n  growth areas such as the coastal counties of Oregon .  Concrete is used 
for h ighways, streets, sidewalks, curbs, foundations, bui ld i ngs , bridges,  and numerous other construc
tion purposes . Accord ing to Huntz icker ( 1 970) , every new housing unit generates a need for 1 76 cubic  
yards of concrete . Aside from t hat used for the house i tsel f, concrete is required for t he roods,  uti l it ies, 
school s,  and pub l i c  bu i ld i ngs t hat w i l l be needed to serve the growing community . 

The d irect rel ationship between popu lation growth and aggregate consumption makes it imperati ve that 
l ocal government observe proper p lann ing and zon ing to assure the avai l ab i l i ty of th i s  resource for present 
and future needs . 

County requi rements 

Records from the U .  S .  Bureau of Mines i nd i cate the use of aggregate in L i nco l n  County i ncreased 
from 270 , 000 tons i n  1 960 to about 400, 000 tons in 1 970 . During th i s  period the County ' s  populat ion 
had i ncreased from 24, 635 to only 25 , 755; therefore , the per capita use increased from 1 0 . 8  tons to 
1 5 . 3  tons per year . A h igher average per cap ita use for the ten year period (2 1  • 1 tons) was due in part 
to several years of extensive rood construction in the County during the middl e 60's . 

Popul ation growth i n  the County con be expected to cont inue, al though per capita usage should rema in  
about the same . Construction rel ated to tourist fac i l i t ies and housing starts are expected to  i ncrease . 
S ince most forest road systems are near completion, forest road construction shoul d  decrease in the future; 
however, rock w i l l  be needed for ma i ntenance . 

Usi ng 1 5  tons per cap i ta and the projected populat ion curve (F igure 4 - A) ,  the annual use of aggregate 
in the County is projected to the year 1 990. The curve (Figure 4 - B) shows that i n  1 975 about 400, 000 
tons w i l l  be used , i n  1 980 about 425 , 000 ,  i n  1 985 about 475, 000 tons, and i n  1 990 approx imate ly  
550, 000 tons . The cumul ative production curve ( Figure 4 - C) i nd icates the total amounts which wi l l  
have bee n used by specifi c  future dates, or the amount by which the present total reserves w i l l  have been 
depleted . Beginni ng with 1 970, about 2 mi l l ion tons wi l l  hove been used by 1 975 , 4 mi l l ion by 1 980, 
6 . 2  m i l l ion by 1 990 . 

County resources 

Because of the l im i ted supp ly of sand and gravel i n  L i nco l n  County, crushed quarry rock is the major 
source of aggregate . K nown l arge bodies of igneous rock suitabl e for susta i ned commercial production 
of aggregate are l im ited to about six areas, as fol lows:  Widow C reek quarry on Sal mon River; Dev i l s  
Lake Crush i ng operation at Li nco ln  C i ty; Agate Beach quarry , Yaquina H ead quarr ies ,  and  the state-owned 
I ron Mountain  quarry near Agate Beach; and Eckman quarries near Wa ldport . Se lective min ing is necessary 
at a l l  of these quarr ies because of variable rock qua l i ty . The lower-qua l i ty roc k  unsu ited for concrete 
aggregate con be used for rood base and embankme nt . 

AI though other rock bod ies sui table for aggregate may ex ist in L i nco l n  County , their extent and va l ue 
ore not known at this t ime , New sites w i  I I  probably be remote from popul ation centers and thus wi l l  
require h igh-cost devel opment and longer haul routes ,  I t  may become necessary to use sma l l  rock bod ies 
of l imited quantity and short l i fe .  

The need to keep the present quarries operating i s  obvious when the effects of using al ternate sources 
ore considered .  The upper S i l etz R iver area appears to be the only establ i shed grove l source , but the 
quanti ty is l imi ted and is obtained at the expense of destroy ing scarce agricul tural land . Barg ing grovel 
from a d istant source is a poss ib i l i ty but w i l l  resul t in increased cost . 
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ECONOMIC MI NERAL RESOURCES 

Photo 1 9 .  Basalt quarry (No. 33) at  Agate Beach . The rock is one of the major 
sources of crushed aggregate in Lincoln County. 

Photo 20. Calkins quarry (No. 24) . Rock was quarried to extend the 
Yaqui no Boy jetties. 

3 1  
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The most l ikely areas to search for new sources of igneous rock for aggregate are as fo l lows: i n  the 
vicinity of Euchre Mounta in; at Lambert Po int ;  adjacent to the Ca lk i ns quarry #24; the si l l  in sec .  2 1 , 
T .  1 0 S . ,  R . 1 1  W . ,  about 1 � mi I es northeast of Agate Beach; and i n  the Yachats basa l t  i n  the southern 
part of the County . 

Quarries and gravel pits i n  L i ncol n  County are I isted in Appendix A together with laboratory data and 
comments . The l ist i ncl udes quarries which have been depleted, abandoned, or are too sma l l  or remote 
to be economic except for local projects . Quarries i n  sandstone of the Tyee Formation are a l so l isted 
even though the rock qual ity fal l s be low present-day specifi cations for aggregate or jetty rock and is no 
longer used . I ncl usion of these unusable quarries i n  this report should hel p  to el iminate future t ime
consuming eval uation of the sites . 

N e p h e l i n e S y e n i t e 

Nephe l i ne syen ite , a somewhat rare type of igneous rock,  occurs in L i nco l n  County at Table  Mountai n 
and at Bl odgett Peak . The Table  Mounta in  rock is 300 feet thick , covers about 1 square m i le ,  and has 
l itt le overburden .  It is estimated to contai n 700 mi l l ion tons of recoverabl e  syenite .  

Syenites i n  other parts of the nation have been used as a fl ux i n  mak i ng glass, but the Oregon material 
is not suitable  for this purpose because of the i ron content, which produces Q dirty-brown d iscolorat ion. 
Benefic iation tests by the Bureau of Mines (Harris, 1 962) d id not remove the iron; however, the syenite 
could be used in the manufacture of rock wool . 

Because of its neutral grey color, the syen ite cou ld a lso be used for roofing granules . The mai n  factor 
that l imits exploitation of the L i ncol n County syen ite for that purpose is its great distance from the prin
cipal U .  S .  markets . A roofing-granule plant l arge enough to be economica l ly  feasibl e would have to 
produce quantit ies i n  excess of the western market alone .  Whether local and State interests could promote 
such an i ndustry would depend upon resul ts of a feasib i l ity study by manufacturing and marketing experts. 
A plant of this magni tude could have a large impact on the economy of the County . 

L i ncol n County 's nephe l i ne syenite has bee n used successful ly  for jetty rock and is a potential source 
for future supply,  as discussed below .  

J e t t y s t o  n e  

Jettystone i s  needed for the construction of new jetties and for ma intenance , rebu i ld ing,  and exten
sion of exi st i ng jetties . Several classes of stone are used in jetty construction and the quant i t ies of each 
used on a singl e jetty wi l l  vary; the total often exceeds severa l m i l l ion tons . Armor stone (class A) is 
placed on the outside surface of the jetty to resist the force of the l argest storm waves. The i nterior of 
the jetty is bui l t  of sma l l er stone (c lasses B and C) and rubble . 

The size of i ndividual stones used i n  jetty construction is based on a number of considerat ions: unit 
weight of the rock, maximum expected wave he ight, method of placement on the jetty, and side-slope 
angle of the jetty . I n  addition, the s izes used are i n fl uenced by the maximum weight of materia l  which 
can be quarried and handled with ava i lable equipment . 

It is not economical ly  feasible to make every jetty resistant to storm-wave damage . For example ,  to 
withstand the maximum expected wave height of 25 feet common to Oregon , class A select stone of 1 70 
pounds per cubic foot would need to weigh 58, 000 pounds each (K idby and Price , 1 965) .  

Early in  the construction of the jetty a t  Yaqui na Bay , sandstone from the Tyee Formation, quarried 
about 4 mi les southeast of Toledo, was used . Al though l arge stones cou ld be quarried , they were too soft 
to withstand erosion . I n  order to prohibit continued use of this sandstone i n  jetty construction , U .  S .  Army 
Corps of Engineers introduced standards for jettystone which require the stone to have a unit weight greater 
than 1 60 lb/ft3, (Table 4) . S i nce Tyee sandstone weighs less than the mi nimum a l l owabl e ,  it can no 
longer be used, but unfortunately' at l east two other sources of igneous rock were a lso el iminated by this 
requirement . 
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ECONOMIC M I NERAL RESOURCES 

Photo 21 . Nepheline syenite at Blodgett Peak (quarry No. 57) formerly quarried for 
construction of Newport jetty. 
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Photo 22. Thick sil l of nepheline syenite on Table Mountain produces large blocks 
of rock (quarry No.  49) . 
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Tabl e 4 .  U .  S .  Army Corps of  E ng ineers requirements for jettystone 

Uni t wt . Select C l ass A C l ass A C l ass B 
of stone M i nimum Weight Mi n ,  wt . Mi n .  wt . 
l b /ft3 (tons) (tons) (tons) 

* 1 60 27 . 8  1 5 . 2  7 . 6  
1 65 24. 8 1 3 . 5  6 . 8  
170 2 2 . 0  1 2 . 0  6 . 0  
1 75 1 9 . 8  1 0 . 8  5 . 4  
1 80 1 7 . 8  9 .7  4 . 9  

* 1 60 l b/ft;;s is m in imum a l l owab le  

Approximate percentages of  each c l ass of  stone used on  a major Oregon jetty: 

C l ass A stone - not l ess than 40 percent 
C l ass C stone - not more than 17 percent 
C l ass B stone - remai nder 

C l ass C 
M in .  wt . 
(pounds) 

500 
500 
500 
500 
500 

Most quarry ing operations i n  Coast Range basa l t  and gabbro have be�n unsuccessful i n  producing jetty
stone because of c lose jo inti ng i n  t he rock . Even in apparentl y  su itable rock , some operators produce an 
abundance of sizes too smal l to be used because they loose n  big vol umes of rock with a l arge "coyote " 
charge which fractures it extensive l y .  An  alternative method would be to do sel ecti ve dri l l i ng and shoot i ng .  

Nephe l i ne syenite a t  Tabl e Mounta i n  and a t  Blodgett Peak woul d appear to be  suitabl e for j ettystone , 
and i n  fact that from B lodgett Peak had been used on the Yaqui na Bay jetty . The rock on Tabl e Mounta i n  
has except ional ly  wide jo int ing ,  and proper quarry ing should  produce t he  s izes needed for jetty construct ion 
and in  sufficient amount to be economica l ;  should future jetty work be required at Yaquina Bay, this stone 
should be considered as a possible l ocal source of rock . Since most contracts i nvol ve several m i l l ion tons 
of rock at prices approaching $ 1 5  a ton i n  today ' s  market , use of local rock shou ld  reduce costs and be 
good for the economy of t he County . Most recent work on the j etty uti I i zed rock from t he Calk i ns quarry 
on  Cedar Creek i n  the S i l etz R iver drainage . 

R i p  r a p  

Sel ect ive quarry ing of Cape Foulweather,  Depoe Bay and Yachats basa l ts ,  and S i l etz R i ver Vol canics 
w i l l  produce rock of adequate qual ity for shore I i ne and r iverbank protectio n .  These uses do not require 
the rig id standards set by the U .  S .  Army Corps of Engi neers for jettystone . However, the stone shou ld 
be l arge enough to withstand storm waves and flood currents and be resistant to weather ing and erosion . 
For shore I i ne protectio n,  a properly  constructed wal l should be faced w i th a l arge proport ion of i ndividua l ly 
placed angul ar stone , each  we igh i ng a few tons . R iverbank protection can be constructed from sma l l er 
stone weigh ing about one ton .  
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O i l  a n d G a s  P o s s i b i l i t i e s  

Oi l and gas exploration i n  L i ncol n County to date has been l im ited to three shal low w i ldcats dri l l ed 
onshore {Tabl e 5) and two deep tests dri l l ed on the borderi ng conti nental she l f  {Tab le  6 ) .  Tertiary mar ine 
sedimentary rocks probabl y  extend to a depth of 1 0, 000 feet i n  t he onshore area of L incol n County and 
reach a depth in excess of 1 5 , 000 feet offshore {Braisl i n  and others , 1 97 1 ) .  Fol d i ng and foul t i  ng of the 
sedimentary rocks in Tertiary t ime have provided t he necessary structural e l ements for entrapment of hydro
carbons . Gas shows have been  fai rl y  common i n  water wel l s  a nd i n  the few o i l  d ri l l i ngs in the coastal 
reg ion of Oregon {Tabl e 7 . )  

I n  genera l , the coastal geology of Oregon has been  somewhat di scouragi ng to o i l  exploration firms 
because of the abundance of vol can ic  rocks in much of the geologic sectio n .  Sediments derived from 
vol canic rocks y ie ld  considerable  amounts of fi ne , c layey materia l . Sands of M iocene , O l i gocene , and 
Eocene age are present i n  L i nco l n  County , and some are the c lean  arkosic type that have good reservoir  
characterist ics .  

Offshore exploration 

A total of 16 o i l  compan ies took part in oil and gas explorat ions a long the Oregon coast from 1 96 1  to 
1 969 . E l even of these compan ies joi ned forces to dri l l  8 test wel l s ,  one l ocated as far as 30 mi les  offshore . 
It is estimated that the companies spent $60 m i l l ion  d uring the 8-year period , but no d i scoveries were 
made . They did determi ne that the sedimentary section extends to a depth of more than 1 2 , 000 feet . No 
records ,other than those of the Pan Ameri can wel l offshore from Bandon , have been rel eased to the publ i c . 
It has been reported from several sources, however,  that the companies were d iscouraged by the th ick 
sha le  sections encountered and l ack of sand beds in the 8 hol es . 

Recent studies by W .  W . Rau {Washi ngton Divis ion  of M i nes and Geology) in northwestern Washington 
may offer an expl anation for these th ick-shale occurrences . Dr. Rau has investi gated w hat he bel ieves to 
be a shale i ntrusion in northwestern Washi ngton ,  more spec i fi cal l y  a piercement body {d iapir) i ntruding 
Miocene sediments {personal communi cat ion ,  1 973). S ince the oi I companies very I i ke ly  dri I I  ed seism ic  
h ighs offshore , some of the dri l l i ng may have bee n i n  sha le  piercement domes {diapirs) . Sand beds are 
sometimes found off the flanks of these structures, such  as i n  the Gu l f  Coast reg ion .  

S nave ly  and others { 1 969) describes the Yaqui no  Formation a s  orig inati ng a s  a broad submarine fan 
from a shore l i ne 4 or 5 mi les north of Yaqui na Bay . T his de lta formed a construct ional h igh upon which 
the Nye Mudstone and the Astor ia Formation onlapped . Large de l tas ore known to be good oi I and gas 
produc i ng prospects, as many o i l  fie lds hove been found in such o depositiona l environment . The cont in
enta l she lf  bordering L incoln County and the centra l Newport embayment appear to offer the best prospects 
for commerc ia l  production in western Oregon . 

Onshore prospects 

Possib i l it ies for fi ndi ng petro leum onshore i n  L i ncol n County ore probabl y  l ess than for fi nd ing it off
shore . Unconformit ies i n  mari ne sediments are prime targets and i n  L incol n County unconformities prob
ably exist in the late Eocene formations and between th e m idd le and ear ly Eocene formati ons . More than 
5 ,000 feet of marine sed iment is be l ieved to be present in Linco ln  County as suggested by gravity stud ies 
and exposures of lower Eocene mar i ne roc ks in the eastern port of the County . A section of mar i ne roc ks 
rangi ng from Miocene age through lower Eocene age probably ex ists i n  the Newport e.mboyment . 

There are ,  nevertheless, some areas onshore that bear more invest igation and possib ly warrant dri l l i ng 
o deep ho l e  if cl osures can be found . 
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Tabl e 5 .  Oi l and  gas expl oration in  l i ncol n County , Oregon 

Total 
Company Wel l Name location Date Depth Remarks 

Oregon Oi l  & Roberts No . 1 N E:!r sec . 25 ' 1 958 2630 ' H i t  sa l twater flow at 2400' 
Gas Company T .  1 OS . , R .  8W FT2389 - 2569 . Recovered 

8 1  0 '  r ise of gassy mud . 
I P  1 90 psi . FP 380 psi 
HP 1 300 psi . Sa l i nity 535 
g ra i ns per gal lon . 

FT 2 1 58 - 2 1 78 .  Recovered 
1 880' r ise sl ight ly gassy 
mud and sal twater . I P 21 0 psi 
FP  985 psi . HP 1 200 psi 
Sal i n i ty 765 gra i ns per gal lon . 

FORMAT ION TESTS FT 1 739 - 1 8 1 7. Recovered 
1 495 ' total r ise; 995 ' of mud 
and 500' of gassy sal twate r .  
Pressure recorder fai l ed .  
Sa l i n i ty not tested . 

FT 1 53 1  - 1 550. Recovered 
220' r ise of mud . Pressure 
recorder fai led . 

FT 1 1 52 - 1 232 . Fair  b low ,  
gas surfaced i n  1 2  m i nutes 
d ied after � hour . Recovered 
1 025 ' r i se of gassy mud and 
sal twater . IP 225 psi . 
F P  2 1 0  psi . H P  685 psi . Sal i n-
ity 295 gra i ns per ga l lon . 

\.. Gas sampl e (see Tabl e 7) 

Pacifi c  Coast O i l  
De ve I opment Co . ? SE:!r sec .  25 

T .  1 3S . �R . 1 2W  1 9 1 9  1 1 75 '  Encountered smal l amount of 
gas at 900' . Reportedly 
burned with a 6 '  flame 
(Smith,  1 924) . 

? ? Dri l l ed i n  sand Before ? (Smith ,  1 924) 
d unes nort h of 1 926 
Wal dport 

Petrol i ferous O utcrop east of Petrol i ferous sha l e  of the 
sha le  N ewport sec .  1 0  Nye Formation (Braisl i n  and 

T. l l S .  , R .  1 1W oth ers, 1 971 ) 

Johnson l umber Water wel l N E:!r sec . 1 8, 1 948 1 900' H i t  a strong flow of gas at 
Company T . 1 1 S . , R . 1 0N  1 330' . (Dept . fi l e )  



Federal  
Company Wel l Name OCS No .  

Standard , G rebe No .  1 P0 93 
Union O i l  and 
Pan American 
O i l  Companies 

Standard a nd Naut i l us No .  1 PO 1 03 
Union O i l  
Companies 

Zone 
Company Wel l Name Samp led 

Oregon Oi l  Roberts No . 1 1 1 52 - 1 232 '  
and Gas Co . 

Oregon Oi l  Roberts No .  1 2 1 58 - 2 1 78 '  
and Gas Co . 

Table 6 .  Offshore wel l s  

Bonus 
Pr ice pa id Location 

$350, 000 1 6  m i l es off-
shore from 
Wal dport 

$ 1  .5 m i l l ion 1 0  mi les off-
shore from 
S i l etz Bay 

Tab le  7 .  Gas a nal yses 

CH4 N 2 -- --

55 .89% 43-7 1 %  

56 . 50% 42-99% 

Total 
Depth 

1 0, 01 0 '  

1 2 , 285 ' 

Heavy 
Fractions 

0% 

0% 

Remarks 

No data rei eased thus far . 
Dril l ed on Federal l ands . 

No data rel eased th us far . 
Dri l l ed on Federal OCS 
l ands . 
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G R OU N D  WAT ER R E S O U R C ES 

G e n e r a l  C h a r a c t e r i s t i c s  o f  G r o u n d W a t e r  

Ground water i s  the subsurface water that occurs i n  the zone of saturat ion,  so named because al l the 
voids i n  the rock materia l s  are fi l l ed with water . The top of the zone , cal l ed the water tabl e ,  roughly 
conforms to the l and surface topography and may vary from zero at va l l ey streams to several hundred feet 
or more below ridge tops; impervious rock determi nes the bottom of the zone . The water tabl e fl uctuates 
i n  response to recharge and discharge of the aquifer (any water-bearing rock format ion),  general ly  caused 
by the seasonal changes i n  precipitat ion . Between the water tab le  and the l and surface is the zone of 
aerat ion .  

The avai l ab i l ity o f  ground water to wel l s  depends o n  t he porosi ty and permeabi l ity o f  the geologic 
formations and the i r  capacity to absorb , store , and transmit wate r .  A cont inu ing supply  of ground water 
a l so requi res a favorable c l imate to recharge the aquifer  at an adequate rate . 

Recharge of ground water occurs when ra i n  i nfi l trates the zone of aerat ion and, after fu l f i l l i ng so i l  and 
p lant moisture defic iencies, percol ates downward to the water table . The downward movement depends 
primari ly on the porosity and permeab i l ity of the transmitt ing soi l and rock units . Streams are a l so an  
important source of recharge , depend i ng on the e l evation of the  water tab l e .  Art i fic ia l  recharge is prac
t iced by pump ing water d i rectly i nto the aq uifer or by prov id ing l arge impoundment bas i ns from which the 
water percolates downward to the aqu i fe r .  

Discharge of ground water occurs when  ground water moves down-gradient toward and a long the major 
surface drai nage features to poi nts of exi t ,  such as seeps, spr i ngs, streams , and swamps . Natura l ly dis
charged ground water provides much of the base flow to surface streams during the dry season . Water wel l s  
serve a s  a n  art i fic ia l  means of d ischarge . 

Ground water is " confi ned " if the permeable water-beari ng zone is overl a i n  by or sandwiched between 
impermeab l e ,  confi n i ng l ayers such as c l ay or shal e .  W hen  a wel l penetrates a zone of confined ground 
water , the water r ises in the we l l  to a l eve l h igher than where it was encountered . The imagi nary surface 
coincid ing with  the l eve l to which the confi ned water w i l l  rise i n  we l l s  that tap the same confined aquifer 
is cal l ed the piezometric surface . Such water i s  referred to as artesian water . 

Perched water is unconfi ned ground water separated from an underly i ng main body of ground water by a 
zone of impermeab l e  rock . Perched water is general ly  he l d  i n  local , d i scont inuous depressions or in l ocal 
permeable  zones above the main water tab le . Such water may be seasonal and quick ly pumped dry i n  
wel l s; however ,  the I arger bod ies o f  perched water serve as important sources o f  domestic stock water i n  
many areas o f  L i nea l  n County . 

Observation of ground-water leve l s  

The staff of the State E ngi neer monitors and records the  ground-water l eve l s  throughout the  State by 
means of observation wel l s . F ive such wel l s  are mainta i ned i n  L i nea l  n County , al l of whi ch  recover their  
summer dec I i nes during the w i nter months .  No long-term trend of ground-water dec I ine has been detected . 
T he hydrographs and locations of the observation wel l s  are shown i n  F igure 5 .  

Types o f  aquifers 

I n  general an aquifer is any water-bearing rock formation,  or more specifi cal l y ,  " i t  is a body of rock 
that conta ins suffic ient saturated permeable material to conduct ground water and to y ie ld  economical ly  
s ignificant quantities of ground water to we l l s and springs " (A . G .  I .  G lossary of Geology ) .  Aquifers 
d i ffer accord i ng to the geolog ic  un its in which they occur .  The principal types of aqu i fers in L i nco l n  
County are a s  fol l ows: 
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Sed ime ntary rocks: Ground water aqu i fers i n  Tertiary sed imentary rock units occur principa l ly i n  the 
fractures , joi nts , and beddi ng planes , and rarely in the i ntergranu lar  pore spaces separating the rock 
gra i ns .  These voids are so narrow or mi nute tha t the mol ecu lar  attraction on a droplet  of water prevents 
it from be ing re leased to migrate; therefore , both the porosity (percentage of rock occupied by voids) 
a nd permeabi l ity (capacity of rock to transmit fl u ids) of t hese rocks i s  low,  as i s  the i r  ground-water poten
tia l . The Quaternary marine terrace sediments contai n  permeabl e sand l ayers that have i ntergra nu lar  
pore spaces suitab l e  for ground-water storage in  some areas . 

Vo l canic  rocks, Aqu i fers i n  vo l cani c rocks are genera l l y  l imited to joi nts and fractures, bre cciated 
zones , and sed imentary i nterbeds . The potentia l  for ground water is dependent upon the stru cture of the 
rock units . 

Unconsol idated rocks: Aquifers in unconso l idated rocks are unconfi ned and free to move , I n  flood
p la in  areas, aq u i fers may have good ground-water potentia l ,  provided the water does not d ra i n  from them . 
Along the coast l i ne ,  ground water can be see n  escaping i n  numerous p l aces at the contact of terrace a nd 
dune deposits w ith underly i ng impermeabl e bedrock units . 

A v a i l a b i l i t y o f  G r o u n d W a t e r  

The greate r part of L i nco l n  County is under l a i n  by fi ne -gra ined sedimentary and vo l can ic  rocks of low 
porosi ty a nd permeabi l i ty .  Ground-water resources, therefore , are genera l ly poor except for the mari ne 
terraces and possibly some dune-sand areas borderi ng the coast which could y ie ld  substantial quantit ies 
of wate r .  Some a l l uvia l  terrace and flood-p la in  deposits bordering streams serve as fa ir aqu ifers . A l though 
the we l l s i n  most areas yield suffi c ient water for domesti c purposes ,  the qua l i ty sometimes requ i res treat
ment to be made potabl e .  

Data from 1 90 water we l l  logs were a na lyzed i n  part ia l  preparation of this report . The log data are 
summarized i n  Appendix B "Water we l l  log data , "  Appendix C "Geolog ic  formation water-we l l  yiel d 
summary, " and Appendix D "Quadrang le  map water-we l l  y ie ld  summary . "  Al l of the wel l s  a re located 
by number on the engineering geo logy maps accompanyi ng the report . 

Wel l  locations i n  th is report are designated according to offic ia l  systems for the rectangu lar  subdi vision 
of  pub I i c I ands . The numbers and I etters i nd icate the l ocation of the we l l  by townsh ip ,  range , section 
and posi tion w i thi n the section , in that order . The method of we l l  location i s  graph ica l ly i l l ustrated below :  

1 1  1 2  

1 4  13 

23 24 

26 25 

35 36 
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Table 8-a . Chemical analyses of wel l water 

(In parts per m i l l  ion) 

Wel l  Num bers 
1 2  29 46 

Location 6S lOW 33 ab 6S l l W 35cb BS l lW 2 l cd 

Date of anal� 216172 l /1 5/71 6/1 9 172 

Formation Si letz River Nestucca Marine 
Volcanics Terraces 

Map symbol (Tsr) (Ten) (Qmt) 

Temperature ° F N . A .  49° N . A .  

Chemical constituents 

Al uminum (AI) < 0 . 0 1  0 . 2  0 . 01 
Arsenic (As) < 0 . 001 < 0 . 001 < 0 . 005 
Cal cium (Ca) 20 . 0  l . l  4 . 5  
Iron (Fe) 0 . 1 2  0 . 44 0 . 04 
Magnesium (Mg) 0 . 5  0 . 8  3 . 4  
Manganese (Mn) 0 . 02 0 . 004 < 0 . 03 
Potassium (K) < 0 . 2  7 . 2  2 . 5  
S i l i ca (Si02) 2 2 . 0  47 . 1  7 . l  
Sodium (Na) 46 . 0  35 . 0  25 . 6  

Bicarbonate (HC03l 60 . 0  3 . 5  N . A .  
Chloride (CI)  23 . 0  1 9 . 2  44 . 6  
F l uoride (F) 0 . 85 . 0 . 04 0 . 03 
S ul fate (S04) 54 . 0  38.9 1 1 . 2 

Total dissol ved solids 1 82 .  378 . 1 1 7 .  
Hardness a s  C a  C03 N . A .  6 . 1  25 . 4  
Conductance N . A .  N . A .  226 . 

(Microhms at 25° C) 
pH 9 . 4  7 . 4  5 .5 

Note: 
< denotes , . l ess than11 

N . A .  denotes "not avai lable 11 

1 42 I I 
l 2S 8W Sea 

1 0/1 3/63 

Tyee 

(Tel) 

N . A .  

N . A .  
N . A .  
N . A .  

0 . 0  
N . A .  

0 . 0  
N . A .  
N . A .  
28 .8 

N . A .  
0 . 8  

N . A .  
9 . 6  

N . A .  
N . A .  
N . A .  

8 . 6  

I I 

Table 8- b .  Dril l ers' logs o f  wel l s  i n  Table 8-a 

Thic kness 
� 

Wel l No . 1 2  (6S l OW 33ab) Casey Jones Well  Dri l l i ng Co . ,  Nov . 1 971  
Quaternorz deposits 

Top soil 
Red brown clay 

Tertiary rocks 
Hard gray sandstone 
Tan sandstone 
Blue-gray sandstone 
Fractured gray sandstone 
Hard bl ue-gray sandstone 

l 
1 3  

53 
1 7  
75 
39 
32 

Wel l No . 29 (6S l l W 35cb) Charles Panschow Dril l ing Co . ,  Jan . 1 971 
Quaternarz deposits 

Dark top soil 3 
Yel l ow sand and c l ay 25 
Red sand and clay 1 2  
Dark soil 1 5  
Red sand and c lay 3 

Tertiary rocks 
Black lava rock 8 
Black l ava rock, sha l e  and c lay 3 
Sha l e  2 2  
Gray sha l e  a n d  c l ay 43 
Gray shal e  27 
Gray shal e  and clay 23 

Water bearing 
Gray sha l e  and clay 42 

Wel l No . 46 (BS l l W 2 l cd) Dril l er 's  log not avai lable  

Wel l No . 1 42 ( l 2S BW Sea) G.  A.  Pruitt Dril l i ng Co . ,  Aug . 1 962 
Ouaternar)' deposits 

Soil 5 
Yel l ow sandy c l ay 7 

Tertiar)' rocks 
Gray sandstone 24 
Broken bl ue c l aystone 4 
Blue sandstone 32 
Blue cl aystone 8 
Broken gray sandstone, water layer 8 

Depth 
feet 

l 
1 4  

67 
84 

1 59 G) 
1 98 ;;o 
230 0 c 

z 
0 

3 ::2: 
28 )> 
40 -i 
55 m 

;;o 
58 ;;o 

m 
66 (./) 

0 69 c 91 ;;o 
1 34 n 
1 6 1  m 

(./) 
1 84 

( 1 8 1 )  
226 

5 
1 2  

36 
40 
72 
80 
88 

-!>-
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W a t e r  Q u a l i t y 

The qual i ty of ground water i n  L i neal n County varies considerably ,  depending on the type of geo logic 
formation (Tabl e 8-a and b) . In genera l , the water i n  the a l l uvium, dune sand, and terrace deposits is 
good; t hat  in the mar ine sediments is often high in iron, sui fur , and c hloride compounds; and that in th e 
va l coni c  rocks is good . Most of the ground water in the County is potabl e ,  having sat isfactory odor, 
taste, co I or, and temperature . 

Al though ground water characteri stical ly  conta ins more dissol ved sol ids t han does surface water, it is 
genera l l y  preferabl e owi ng to its usua l ly lower temperature , freedom from radio-active fa l l out and other 
air po l l utants, and consistency of chemical and p hysical properties . Iron, su l fur, and chl orides of sod i um,  
cal cium, and magnesi um are the  principal undesirable e lements i n  ground water i n  the County (Tabl e 9) . 
The fact that contami nation from human and animal  wastes is minimal attests to t he efficiency of properly 
seal ed wel l s .  Treatment of the water for removal of the co ntami nants i s  re l ative ly s imp le and i nexpensive . 

One major reta i l  company se l l s  water-cond i t ioning and softenti ng un i ts rang ing from $1 1 5  to $335 . The 
units are capabl e ,  with t he proper fi l ters , of neutral i z i ng acid ic  or a lkal ine water , and removi ng iron, 
clay , s i l t ,  sand , dirt,  and tastes or odors i ncl udi ng those of c hlor i ne ,  swamps, and t he "rotten egg " smel l 
of hydrogen sul fide . Addit ional fi l ters are ava i l able for mult ip le duty . The type of puri fy ing equ ipment 
required is determi ned by a free l aboratory ana lysis of the water .  Mai ntenance of t he equipment is nomi nal . 

We l ls tapping the marine sediments common ly yie ld water conta ini ng disso lved iron released by the 
chem i co I breakdown of iron-bearing rocks during weathering . 

The presence of su lfur in ground water is caused i n  large part by anaerobic bacteria , a group of micro
organisms that grows i n  and receives its oxygen from decay i ng organ ic matter . The bacteria prod uce su lfur, 
which combi nes with hydrogen from decaying pl ants to form hydroge n su l fide gas , read i l y  recognized by 
i ts " rotte n-egg" odor . Chloride or sal ine water is frequently encountered i n  mar ine sed iments i n  which 
sea water was trapped at the t ime the sedime nts were deposited . H igh mi neral concentrations a l so occur 
when ground water remai ns in contact with mi neral -bearing rocks for long periods and is not d i l uted or 
fl ushed out by downward percol ating ground water . 

Water temperatures , as reported i n  69 of the 1 90 we l l  logs reviewed , ranged from 46° F. to 55° F. 
and averaged 5 1  ° F .  The cl ose s im i l arity of the we l l -water temperature to that of the mea n annual a i r  
temperature (51 . 4° F .  at Newport) i ndi cates t hat the downward infi l trat ion of ground water i n  L i ncol n 
County is shal low, a factor d irect ly  attributable to t he impermeable nature of the geologic format ions 
underl y i ng the region . 

Ground water i n  the County is genera l l y  soft because of the near-absence of cal c ium and magnesium 
in the rocks . Hardness is caused al most ent i re ly  by compounds of these minera l s .  The U . S .  Geological 
Survey cl assi fies hardness accordi ng to the amount of cal c ium carbonate or its equiva lent that would be 
formed if the water were evaporated , as: 

Parts per m i l l ion Cl ass Requiring treatment 

0- 60 Soft Unnecessary for most purposes 
61 - 1 20 Moderate ly hard High pressure steam boi l ers , 

some i ndustrial processes 
1 2 1 - 1 80 Hard Laundries and i ndustries 
1 80-plus  Very hard Most purposes 

The ba l ance betwee n acids and al kal ies in water, determined by t he pH va l ue or hydrogen-ion concen
tration, i s  very important because of  i ts effect on both organic and i norganic matter . The pH va l ues and 
hardness c lassifi cat ions for the four chemical  anal yses shown i n  Table 8-a are: 

Wel l log no . 
Hardness 
pH va l ue 

1 2  
N . A. 
9 . 4  

29 
Soft 
7 . 4 

46 
Soft 
5 . 5  

1 42 
Soft 
8 . 6  
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Water with a pH of 7 .  0 i s  neutra l 1 above 7 .  0 is a l ka l ine 1 a nd be low 7 .  0 i s  ac id i c . A pH range of 
6 to 8 i s  common for natural fresh water . We l l s  yie l d i ng acid ic  water cause corrosive probl ems i n  pipes 
a nd bo i lers . Many we l l s  i n  L inco l n  County are known to ca use this prob lem.  

Tab le  9 .  Summary of  n ine we l l s i n  L i ncol n County having poor-qua l i ty water 

Dri nking water standards recommended by the U .  S .  Pub l i c  Hea l th  Serv ice in 1 962 are :  

Chemical Recommended Max imum 
consti tuent l im i t  a l lowabl e 

(ppm) (ppm) 
A l ky l  benze ne sul fonate 0 . 5  
Arsen ic  0 . 01 0 . 05 
C hloride 250 . 0  
Copper 1 . 0 
F l uoride 0. 8 - 1 . 7* 1 . 6 - 3 . 4* 
I ron 0 . 3  
Lead 0 . 05 
Manganese 0 . 05 
N i trate * *  45 . 0  
Sui  fate 250 . 0  
Dissol ved sol ids 500 . 0  

* Varies i nverse ly with mea n annual  temperature . 
* * The publ i c  is warned of the potentia l  danger of using the water for infant feedi ng whe n the ni trate 

content is in excess of the I is ted con centration .  
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W a t e r  U s e  

The avai lab i l ity of ground water i n  the County is i nd i cated by a summary of t he water use of the 1 90 
we l l s reviewed . The one we l l  (no . 1 75) dri l led for i rrigat ion  was for a go l f  course south of Waldport, but 
i ts y ie ld  d im i nished to the extent that water had to be obta i ned e l sewhere . T he 75-foot deep we l l  y ie l ded 
45 gpm with 30 feet of d rawdown w he n  it was bai l e r  tested in 1 969 . 

N i ne wel l s  had bee n d ri l l ed for mun ic ipal purposes ,  b ut on ly  two (no . 23 and 46) are now operat ing . 
Two of the wel l s  (no . 85 and 88)  were dry ,  four wel l s  (no . 45 , 52,  84 a nd 86) were abandoned due to 
i nadequate y ie l d ,  a nd one wel l (no . 87) was abando ned due to contami nation from sept ic  tank s .  Two of 
the three we l l s  d r i l l ed for i ndustria l  p urposes ( no . 1 08 and 1 09) were dry , a l though sal i ne water was struck . 
T hese two wel l s ,  dri l l ed at t he C .  D .  Johnson L umber Company m i l l at To l edo,  reached depths of 975 feet 
and 1 ,  900 feet,  respect ive l y .  

Water we l l  y i e l d  summaries i n  Appendix C a nd D i nd i cate that ground-water supp l ies  i n  the County 
are genera l l y  adequate for domest ic  use . 

A breakdown of the proposed use of the 1 90 we l l s i s  as fo l l ows: 

Proposed use : Domest ic  Munic ipal Recreation I ndustrial Schoo l F i sh  I rrigation 

Tota l we l l s :  1 65 9 8 3 3 

O c c u r r e n c e  o f  G r o u n d W a t e r  i n  G e o l o g i c  U n i t s  

S i nce the geo logy of the reg ion contro l s  i n  l arge part the occurrence ,  movement, quantity ,  a nd qua l i ty 
of ground water, the various rock formations i n  the County are descr ibed for the purpose of stati ng the i r  
water-yie l d i ng capab i l it ies . Un i ts havi ng  s imi l ar l i tho logic characterist ics are grouped togethe r .  

Terrace and flood-pl a i n  a l l uvi um (Qa l )  

L i tho logy: A l l uvia l  terrace and fl ood -pl ai n  deposits border ing the streams are composed of bou lders, 
cobbl es ,  g rave l , sand , s i l t  and c lay .  Terraces are former fl ood p la i ns l eft a t  an e l evated posit ion b y  t he 
down-cutting stream . F lood p la i ns are usua l ly  mantl ed by severa l feet of fi ne -grai ned sed iments l eft by 
receding h igh waters . T he th ickness and composition of the deposits depend on the ava i l ab i l ity of rock 
debr is ,  the  quant i ty and ve l ocity of water t ransport i ng i t ,  the  area ava i l ab l e  for deposi t ion ,  a nd cond i t ions 
conducive to accretion w ithout stream erosio n .  T he width of the al l uvial  deposits se l dom exceeds 1 ,  000 
feet except a long the Si l e tz River where some deposits approx imate 1 m i le .  

C haracter i st ics :  T he more porous and permeable strata or l e nses w it h i n  the al l uvia l  deposits  read i ly 
accept large quantit ies of prec ip i tation as wel l as runoff from val l ey sl opes and i nfi l t rat ion from streams .  
Those un i ts situated be low the water tab l e  genera l ly form good aqu i fers . Water, however, d ra i ns read i l y  
from the  deposits s i tuated above t he water tabl e ,  un l ess c lay strata provide an  impermeabl e l ayer to create 
perched water cond it ions . 

Q ua l ity: G ro und water from these deposits,  excl usive of tidewater areas,  is sat isfactory for most use s .  
Because the deposi ts are genera l ly thi n ,  part icu lar  care must be take n to proper ly seal we l l s  against such 
contamination sources as l ivestock and other farm animals,  fert i l izers, i nsect ic ides,  detergents and human 
waste s .  State l aw requi res that cased we l l s  be at l east 50 feet from a septi c  tank or cesspool and that 
u ncased wel l s  be a m in imum of 1 00 feet away . 

Y i e l d  summary a nd potential  areas: T he two we l l s  produci ng from these a l l uvia l  deposits, (nos . 41  
and.70 i n  Appendix B ) ,  y ield 1 2  a nd 4 gpm , respectivel y .  

Much o f  the terrace and flood p l a i n  area a l ong the County ' s  five major ri vers and l arger  creeks has 
potent ia l  for ground wate r .  Terraces that abut long h i l l s l opes re ceive the prec ip i tation runoff and ground
water f low therefrom a nd form aqui fers that y ie l d  adequate ground -water supp l ies for domest ic use throughout 
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the  yea r .  The S i l etz R iver,  from the  vic i nity of Logsde n downstream , has potential ground -water sources 
adjacent to i ts banks .  Much of the A l sea R i ver  area l ikewise has ground -water potent ia l . 

Dune sand (s) 

Al though only one we l l  log perta i n ing strict ly to dune-sand deposits i s  known to be ava i labl e ,  mention 
i s  here mode of the deposits , i ncl udi ng their ground-water capab i l i ty a nd potentia l . The l one we l l  (no . 1 29 ) ,  
located on  a dune h i l l at South Beach State Pork , went dry i n  1 970 when nearby l akes dried up . 

L i thology : The sand is unconsol idated ,  fi ne-to medium-gra i ned , we l l -sorted, and moderately to h ighly 
porous and permeabre . The sand gra ins  o re mostl y quartz and feldspar with le sser amounts of magnetite , 
mica,  and rock fragments . 

Charocterist i  cs: Dunes ore formed by w i nd erosion of beach sands and deposition l andward . Most dune 
deposits ore l ess than 1 00 feet  th ick . Those of suffic ient th ickness and width absorb and store Iorge quan
tit ies of fresh wate r .  

Qual ity: I n  a reas free of contami nation,  ground water i n  d une deposits i s  usua l l y  potab l e ,  of good 
chemica l  qua l i ty ,  a nd suitable for most purposes . The water is odorl ess , has a satisfactory co lor and taste , 
a nd a temperature approx imati ng the mean annual  a i r  temperature . Wel l s near l akes or marshy areas , however, 
may hove objectionab l e  odor ,  taste , or color caused by decoying organi c  matter . Water hav ing a combi ned 
content of i ron  a nd manganese i n  excess of 0 . 3  ppm (ports per mi l l ion )  is considered obj ectionabl e for 
domesti c  a nd publ i c  supply use by the U .  S .  Publ i c  Hea l th Servi ce . Such water may cause yel lowish or 
redd ish sta ins on pl umbing fixtures, cooki ng ute ns i l s ,  and l aundry , but con be treated at nom i na l  cost . 
T he ground water i n  some of the dune -sand areas may be acidic a nd thus corrosive to i ron  p ipes . 

It i s  importa nt that wel l s  wi thdrawi ng considerable ground water from the dune deposits be located and 
mon itored to ovoid sea-water i nfi l tra tion . Th i s  i s  accompl i shed by mai nta i n i ng a water tab le several feet 
above sea l evel so that the natural hydrostatic pressure a nd seaward movement of the fresh water ho l ds 
bock the sea wate r .  

Y ie ld  summary a nd potent ia l  areas: D une sand deposits occur at the Sa l mon R iver mouth area , the S i l etz 
spit west of S i letz Boy , the South Beach area south of Yoqu i no Boy , the Beaver Creek mouth area , and t he 
H idde n Lake to Al sea Boy area west of U .  S .  H ighway 1 01 .  Most of the dunes ore qu i te th in  except for 
those near H idden Lake , wh ich ri se more than 1 00 feet above sea level . The thicker portions of the deposits, 
with the poss ib le exceptions of the narrow port of Si letz sp i t  a nd the Beaver Creek dune area , are probably 
capab l e  of y ie ld ing water in suffi c ient quanti t ies for domestic purposes . T he dunes ore wel l -suited for 
sha l low sand-po int we l l s  of l ow capacity , provided the a rea con be kept free of contamination . This  prob lem 
becomes greater with the increasi ng hous ing and recreationa l activit ies in dune areas . 

The potentia l  of l arge dune sand aqu ifers is reviewed by Hampton ( 1 963) in a study of the coasta l dune 
area near Fl ore nce in Lane County . The report estimates that 48 inches of the 55 i nches of a nnual re
charge water that dra i ns from the 1 8-squore -mi l e  dune study area is ava i l ab le  to we l l s ,  which i ndi cates 
that about 2 . 3  mi l l ion ga l lons per day per square mi l e  i s  avai l ab le  for w ithdrawal i n  that area . 

The youth camp at the mouth of the Salmon R iver obta i ns i ts suppl emental or emergency water supply 
from a sha l l ow wel l in the dunes north of  the dwe l l i ng areas . These dunes are capable of considerable 
ground-water storage a nd withdrawa l .  

The sand d une area west of U . S .  H ighway 1 01 extend ing nearl y 3 m i l es from Dri ftwood Beach Wayside 
south to A l sea Boy probably conta i ns the largest supply  of  ground water in d unes in L ineal n County . The 
d unes hove apprec iabl e th ickness and oreal extent, and in l arge port ore bounded by smal l l akes abutt i ng 
the i r  east fl a nks . With in this area , the dune deposits s i tuated between H idde n and Lotus Lakes should be 
able to susta i n  we l l s  of considerabl e  production . Unfortunate ly ,  however, much of the ground water i s  
suspect , i f  not unfit for domest ic  purposes ,  due to the rapid ly  i ncreasi ng habitation a nd use of sept i c  tanks 
in much of the dune area . 



46 E NV I R O NM E N TAL G E O LOGY OF L I N C O L N  COU NTY 

Mar ine terrace deposits and o ld dune sand (Omt) 

L itho logy : Mar ine terraces extend a long most of the Li ncol n County coast l i ne ,  reachi ng i n l and a mi le  
and a ha l f  i n  the Devi l s  Lake , Yaqu ina Bay , and Wal dport Bay areas . The terraces vary i n  composi t ion ,  
depending on  the sediments deposited by the ocean o r  by  rivers i n  the bays.  They consist o f  semi
consol idated , fi ne-grained sand , si l t ,  c l ay ,  and  occasional pebbl e l enses . Old dune sand deposits are 
composed of massive, cross-bedded , friabl e sand . 

Characteristics: The deposits are, for the most part, porous and permeable and where suffi c iently th ick 
and saturated could susta i n  rel a tively high-yield wel l s .  

Qual ity: Water derived from marine terraces is general ly of  good qua l i ty .  Any connate o r  sa l ine water 
that was trapped i n  the i ntersti ces between the rock grai ns dur i ng deposition has been fl ushed by the heavy 
rainfa l l .  Wel l s  yiel d i ng water having an iron concentration exceed ing 0 . 3  parts per mi l l ion can be treated 
by rel ative ly  simpl e  and i nexpensive equ ipment . 

The chemica l  ana lysis of we l l  no . 46 ,  l ocated i n  the L i nco l n  Beach area and serving as an emergency 
supply for the Kernvi l l e ,  Gl eneden Beach, and L i nco l n  Beach Water District is shown in Tab le 8-a . 

Y ie ld  summary and potentia l  areas: The 15 we l ls produci ng from marine terraces l i sted i n  Tab le  1 0  
range i n  y ie ld  from 3 to 60 gpm and average 1 9  gpm . This i s  the highest average yie ld of any of the geo
logic formations described i n  this report . The 60 gpm wel l ,  no . 1 28 in Table 1 0 ,  is located in South Beach 
State Park and i s  the second largest producer of the 1 90 we l l  l ogs reviewed . I t s  y ie ld  probab ly could be 
i ncreased by l engthen ing its 1 0-foot i ntake screen .  

Other high-producing wel l s  i n  these deposits are no . 35 in  the Devi ls  Lake area, which ba i l er-tested 
at 24 gpm , and no . 46 i n  the L incol n Beach area , estimated to yie l d at least 30 gpm . 

Table  1 0 . Summation of the 1 5  wel l s  tapp i ng the marine terrace sediments (Omt) 

Draw- Stat ic water 
Wel l Yie l d down l evel Depth 
No . *  gpm feet feet feet Location and remarks 

35 24 30 34 95 L i nco l n  C ity , near D River 
46 30 N .A .  60 1 07 North part L i ncol n Beach ,  munic i pal 
47 1 0  90 30 1 33 South part L i ncol n Beach 
55 23 20 1 0  223 Near Otter Crest , condomin ium 
56 8 72 1 8  200 Otter Rock 
57 1 2* *  1 0  30 84 Otter Rock 

1 26 3 20 1 9 30 East of South Beach 
1 27 1 2  1 0  6 24 0 . S .  U .  Marine Science Center 
1 28 60** 35 1 5  96 South Beach State Park 
1 35 1 8  8 1 4 38 East of Ho l iday Beach 
1 47 8** 4 30 55 East of Hoi iday Beach 
1 48 7 1 0  N . A .  40 North of coastal Beaver Creek 
1 74 1 5  5 8 30 A l sea R iver,  near Eckman S lough 
175 45 30 26 75 Gol f course south of Waldport 
1 76 8 20 35 63 Crest View Drive south of Wal dport 

* Wel l numbers are pl otted on the geo logic maps accompanyi ng the report and are l i sted 
with addi tional data i n  Appendix B .  

** Wel l test-pumped . 



G R OU N D  WAT E R  R E S OU R C ES 47 

T he yie ld range and average and the depth range a nd average of the  1 5  wel l s  reviewed i n  Tab le  1 0  
are as fo l lows: 

Y ie ld  range 
3-60 gpm 

Y ie ld  average 
1 9  gpm 

Depth range 
24' - 223' 

Depth average 
86' 

T he marine terrace deposits offer the best pote ntia l  for deve lopment of ground water by we l l s ,  especia l ly 
where the deposits extend below sea leve l . Because the el evation of the Tertiary bedrock surface beneath 
t he terrace deposits i s  h igh ly  i rregu lar and often wel l above sea l eve l , the depth of we l l s wi l l  vary; i n  
areas w here the bedrock surface i s  encountered above t he water tabl e ,  n o  water w i l l b e  prod uced from 
the terrace deposits . 

" Sandstone of W ha l e  Cove " (Tmwc) ,  Astoria  (Tma) ,  and Yaqu ina (Toy) Formations 

L i t hology: Al though d i ffering stratigraph ica l l y ,  these three rock un i ts are suffi c ient ly s imi lar  in  
composition that their  water-bear i ng capab i l i t ies are comparabl e .  T he units consist primar i ly of fi ne-
to coarse-gra i ned massive sandstone , in part tuffaceous and pebb ly,  and genera l ly th in-bedded s i l tstone, 
in  part tuffaceous a nd carbonaceous . 

The "sandstone of Whale Cove " havi ng m inor t h i n  s i l tstone i nterbeds , is exposed i n  two re l at ive ly 
sma l l  areas at  W ha l e  Cove a nd Depoe Bay . The Astoria Formation crops out  from G lenede n Bea c h  to 
Yaqu ina Bay . The Yaqu ina Format ion conta ins interbeds of congl omerate a nd mi nor low -rank coal 
deposits, and is exposed from S i l e tz Bay to Seal Rock . 

C haracterist ics :  The t ight texture or compactness of t he fi ne-gra i ned rock part i c l es forming these 
three formations prec l udes any but m inor in fi l tration of pre cipitation and storage of ground water . The 
c hance pe netration by the wel l s  i nto fracture or joint zones down wh ich  water has percol ated and co l l e cted 
offP.rs the best potentia l . 

Qual ity: Al though only wel l no . 87 of the 1 4  we l l  logs reviewed for these formations shows water 
qual ity prob lems,  it is known that other wel l s  in  the formations y ie ld  iron ,  su l fur,  or  sal i ne water i n  con
centrations requir ing treatment to be potab le . We l l  no . 87 , dri l l ed in  the Astoria  Formation ,  was abandoned 
due to septic tank contamination . 

Yie ld  summary a nd potentia l  areas: T he 1 4  we l l  logs ,  summarized i n  Tabl e 1 1 ,  range in y ie ld  from 
zero to 20 gpm and average 5 gpm . T he two dry wel l s  are no . 88 at Agate Beach ,  tapping t he Astoria 
Formation to a depth of 1 59 feet ,  a nd no . 1 33 ,  near Fl esher S lough on t he Yaqu i na R iver , tappi ng t he 
Yaqui na Formation to a depth of 230 feet . 

The "sandstone of Whale Cove " (Tmwc)  i s  tapped by we l l  no . 53 that yie lds  4 gpm wi th  an 1 8-foot 
drawdown i n  a 32-foot we l l .  T he we l l  cas i ng extends to 26 feet a nd is not perforated . Perforat ing the 
casi ng wou ld  no doubt i ncrease the yiel d ,  a l though 4 gpm is usua l ly suffic ient for domesti c  use . Deta i l ed 
mapping m ight i nd icate areas w here a we l l  cou l d  be dri l l ed into the underlyi ng Depoe Bay Basa l t i n  the 
vici nity of faul ti ng where a h igher yield cou ld  be obta i ned . However, the area of outcrop i s  sma l l  and 
bare ly sign i fi cant i n  terms of total possib le  yie l d .  

The four wel l s  l i sted a s  tapp ing the Astoria Format ion (Tma) range in  yie ld from a dry hol e to 1 0  gpm , 
for an average of 5 gpm . Only one of the four wel l s , no . 83, is sati sfactory for use . It is a dom estic 
wel l that yi e l ded 8 gpm with 47 feet of drawdown in an 83-foot wel l . The oth er three wel l s ,  numbers 52 , 
87, and 88 , were dri l l ed for the Agate Beach  Water District but were abandoned due to l ack of suffi c ient 
y ie l d  and to contamination from septic  ta nks . 

T he Astoria Formation has no pred i ctabl e potential  for good ground wate r .  AI though four we l l s are 
i nsuff ic ient to make an accurate estimate of water y ie ld ,  the genera l  l ack of permeabi l ity , and the possib le  
contamination from iron ,  su l fur, and  sal i ne water, make the  dri l l i ng of  a moderate ly good we l l  i n  the 
formation unl ike ly . Most domesti c water sources in th is  area are t herefore spri ngs and l arge-d iameter 
dug wel l s .  
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The ni ne wel l s  l i sted in  Tab le  1 1  as tapp i ng the Yaqui na Formation (Toy) l i kewise i nd i cate poor ground
water potentia l . They range in yield from a dry hol e to 20 gpm and average 6 gpm . Wel l depths range 
from 67 feet  to 230 feet, averag ing 1 24 fee t .  The deepest we I I ,  no . 1 33,  is dry . Most domesti c  sources 
of water, as for the twC'I prior-described formations i n  this group , are spr ings a nd l arge-d iameter dug we l l s .  

Tabl e 1 1 .  Summation of 1 4  wel l s  tapping the three sandstone un i ts 

� Draw- Static Water 
Yiel d down L evel Depth 

No . *  gpm feet feet feet Location 

"Sandstone of Wha l e  Cove" (T mwc) 

I 
I 

53 4 1 8  

52** 3 485 
83 8 47 
87** 1 0  2 
88** Dry 

1 1 7 8 U nknow n  
1 30 20 1 8  
1 31 3 1 28 
1 32 3 . 5  Unknown 
1 33 Dry 
1 34 2 Total 
1 37 7 73 
1 49 4 Unknow n 
1 50 4 Tota l  

1 4  32 

Astoria Formation (Tma) 

1 5  500 
23 83 
35 1 0 1 

1 59 

Yaqu ina Formation (Toy) 

32 67 
37 1 00 
70 200 
1 8  1 23 

230 
1 5  90 
22 95 
55 1 09 

8 1 03 

1 . 
2 m1 . S .  of Depoe Bay 

:/r mi . N E .  of Depoe Bay 
1 m i . N .  of Agate Beach 
At Agate Beach 
At Agate Beach 

3 m i . N W .  of  Toledo 
:/r mi . S .  of Yaquina 
� mi .  S .  of Yaquina 
1 m i . S .  of Yaqui na 
1 mi . S .  of Yaqui na 
At Wi nant on Yaquina R iver 
2 mi . E .  of Hoi  iday Beach 
At Seal Rock 
At Seal  Rock 

* Wel l numbers are pl otted on the geo logi c  maps accompanying the report and are l i sted 
w i th addi t ional data in Appendix B .  

* * Wel l dri l l ed for muni c ipa l  use but abandoned due to i nadequate y iel d  or contami nat ion . 

A summation showing the y ie ld  range and average, and the depth range and average , of the 1 4  wel l s  
dri l l ed i n  the t hree un i ts and l isted i n  Tabl e 1 1  fo l lows: 

Formation N o .  of we l l s Y ie l d  range Y ie ld  average Depth range Depth Average 

" Sandstone of 
Wha l e  Cove " (Tmwc) 1 4 gpm 4 gpm 32' 32'  
Astoria (Tma) 4 0-1 0 gpm 5 gpm 83 '  - 500' 2 1 1 '  
Yaqui na (Toy) 9 0-20 gpm 6 gpm 67 ' - 230' 1 24 '  

Cape Fou lweather Basa lt (Tmcf),  Depoe Bay Basa l t  (Tmdb), and basa l t  of Yachats (Teyb) 

L itho logy: The Cape Fou lweather Basa l t ,  Depoe Bay Basa l t ,  and basa lt  of Yachats are composed 
mainly of flow breccias, tuff beds , and basa l t  f lows . Because of their genera l ly com parab le  l i tho logy, 
they have sim i lar water-bear ing characteristics and are therefore discussed togeth er . 
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Characteristics: The Depoe Bay and Cape Foul weather formations are of l im ited extent and therefore 
have only local signi f icance as a source of ground water . T he basal t of Yachats occup ies a considerab ly 
l arger area . Production from basa l t  i s  rel ated to joi nt ing , fractur ing, i nterflow zones,  and faul t i ng . 
Dense , f ine-gra i ned,  underlyi ng sediments cou ld  prevent the escape downward of water and thereby aid 
in the accumul ation of ground water in the porous areas of the basal t  body . 

These units are fine to medi um gra i ned , very dense to open and brecciated , and form the head lands that 
have more successfu l l y  resisted the erosional forces of water  and w ind than have the adjacent softer rocks . 

Qua l ity: Water from these units i s  of excel lent qual ity as there is I itt l e  mi nera l i zation presen t .  

Y ie ld  summary and potentia l  areas : O ne we l l  log i s  l isted i n  Append ix B for each of these three form
ations , wh ich  collectively y ield an average of 8 gpm . 

The Cape Foulweath-er formation wel l {no . 85) ,  dr i l l ed to 3 1  feet ,  was dry . The Depoe Bay formation 
we l l  {no .  48) ,  63 feet deep, yie l ded 1 5  gpm w ith 46 feet  of  d rawdown ,  and the Yachats basal t wel l  {no . 1 89),  
84 feet deep , y ie lded 9 gpm with 80 feet of  drawdow n .  The spec i fi c  capaci ty {gal lons per m i nute yie l d  
per foot of  drawdown) o f  these we l l s  i s  very low . 

As a whol e ,  these formations have a poor ground-water potent ia l . A we l l  tapping a porous area con
tai ning abundant water wou ld  be  a matter of chance . 

Nye (Tmn) ,  Al sea (Toa),  Nestucca {Ten ) ,  and Yamhi l l  {Tey) Formations 

L ithol ogy: These four formations consist of massive to th in-bedded c layey mudstone and si l tstone and 
very f ine -gra ined sandstone with tuffaceous interbeds and local ized concretions . Their  water-bearing 
characterist i cs are simi l a r .  

Character ist ics : L i ke other mar i ne sed ime ntary rocks i n  L i ncol n County , these formations are impermeabl e 
to the extent that most prec ipitation is rejected and very l ittl e infi l tration and storage of ground water 
occurs . A ny movement of ground water would most l i ke ly be along fracture or beddi ng p lanes . 

Excel lent exposures of the Nye Mudstone occur a long the north s ide of Yaqu ina Bay where a th ic kness 
of 4, 400 feet has been measured . The major exposures are located both north and south of Yaquina and 
S i letz Bays . 

Qua l i ty: Ground water produced from these format ions genera l ly requi res some form of treatment for 
i ro n ,  sulfur  or i ts al teration product hydrogen sul fide , or for sal i n ity .  A domest ic  wel l ,  no . 8 1 ,  north 
of Tol edo produced hydroge n sul fide from a depth of 96 feet . Two deep i nd ustrial wel l s  i n  To l edo , no . 
1 08 ,  dri l l ed to 975 feet,  and no . 1 09 ,  1 , 900 feet deep , y ie lded sa l ine water and hydrogen sul fide from 
several zones . A l l  three we l l s  tap the Yamhi l l  Formation (Tey) .  

The chemical ana lysi s o f  wel l  no . 29, tappi ng the Nestucca Formation {Ten) and servi ng a housi ng 
devel opment in the Roads E nd area north of Li ncol n C ity , is shown i n  Tab le  8-a . The water qua l ity of 
th is  we l l  i s  good except for an  i ron  concentration of 0 . 44 parts per m i l l ion ,  0 . 1 4  more than the maximum 
l evel recommended by the U .  S .  Publ i c  Health Service for pub l i c  and pr ivate use . 

Y ie ld  summary and potential areas: The 66 we l l s l isted i n  Append ix C for these units range i n  y ie ld  
from zero to 50 gpm and average 9 gpm . E ight of the  we l l s  are dry,  as  shown i n  the  fo l lowi ng l ist i ng:  

Dry we l l  no . Formation Wel l depth Location 

3 Yamhi l l  {Tey) 1 99 '  N ear Otis  J unction 
27 Yamhi l l  {Tey) 1 1 8 '  N ear Roads E nd 
3 1  Yamhi l l  {Tey) 1 6 1 ' N ear  Neotsu 

1 08 Yamhi l l  {Tey) 975 '  I n  To l edo 
1 09 Yamhi l l  {Tey) 1 , 900' I n  Tol edo 
1 20 Nye {Tmn) 200' East of  N ewport 
1 2 1  Nye (Tmn) 301 ' East of Newport 
1 65 N estucca {Te n) 245 ' N ear Bayview by Al sea Bay 
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Further evidence of t he low ground -water y ie ld  of  the Nye Mudstone formation i s  t he l arge drawdown 
of severa l wel l s  tapping i t . We l l  no . 1 1 9 i n  N ewport yie l ded 2 gpm wi th  1 97 feet of drawdown in a 
200-foot we l l ,  we l l  no . 1 23 east of N ewport yie l ded 2 . 5  gpm wi t h  245 feet of drawdown i n  a 365-foot 
we l l ,  and we l l  no . 1 36 located east of Hol iday Beach ,  4 m i les south of Newport , yie lded 9 gpm wi th  
244 feet of drawdown i n  a 253-foot wel l (Tab I e 1 2) .  

Tab le  1 2 . Summation of 1 1  we l l s  tapping the Nye Mudstone 

We l l  Draw- Stat ic  water 
No . *  Y ie ld  down l eve l Depth 

gpm feet feet  feet Locatio11 and Remarks 

84 1 5* *  1 20 1 7  250 Agate Beach ,  i nadequate for mun . use 
86 9 65 1 1 4 1 79 Agate Beach,  i nadequate for mun . use 

1 1 8 1 2  24 9 48 O ne-ha l f  m i l e  east of N ewport 
1 1 9 2 1 97 6 200 I n  Newport , domestic use 
1 20 Dry 200 One m i l e  east of N ewport 
1 2 1 Dry 301  O ne-ha l f  mi le east  of N ewport 
1 22 1 6  1 0  30 80 J ust east of N ewport on St . Hwy . 20 
1 23 2 . 5  245 1 20 365 1 � m i l es east of N ewport 
1 24 5 50 23 65 One m i l e  east of N ewport 
1 25 3 Unknown 40 1 00 One m i l e  east of N ewport 
1 36 9 244 30 253 One m i l e  east of Hol iday Beac h  

* We l l  numbers are p lotted on the geo logic maps accompanying the report and are l i sted w i th 
add i tiona l data in Append ix B .  

**  We l l  test-pumped . 

A summary of 66 wel l s  dri l l ed i nto the four formations is as fol lows: 

Formation N o .  of we l l s  Y ie ld  range Y ie ld  average Depth range Dept h  average 

Nye (Tmn) 1 1 0 - 1 6  gpm 7 gpm 48 ' - 365 ' 1 86 '  
A l sea (Too) 1 5  1 - 24 gpm 8 gpm 42' - 325 ' 1 1 4' 
Nestucca (Ten)  17  0 - 50 gpm 1 3  gpm 45 ' - 250' 1 44 '  
Yamhi l l  (Tey) 23 0 - 30 gpm 8 gpm 32 '  - 1 ,  900' 1 1 3 ' * 

* The two i ndustria l  wel l s  of 975 feet and 1 , 900 feet are excl uded to give a more representative 
average . 

A ground-water observation wel l ,  no . 1 1 2, tapp ing t he Yamhi l l  Formation is l ocated i n  a be nd of the 
Yaquina R iver one mi le south of Toledo . T he hydrograph show ing the ground-water fl uctuations of th is  
and four other wel l s  i s  shown in F igure 5 .  
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Tyee Formation (Tet) 

L ithology :  The Tyee Formation is t he most widespread rock unit i n  the County . I t  under! ies about 
600 square m i l es ,  pr incipa l l y  in the central and southeastern portions , a nd atta i ns a thickness of up to 
6, 000 fee t .  The formation consists pr incipal ly of a l ternati ng beds of fi ne-grai ned sa ndstone 2 to 1 0  feet 
th ick a nd beds of  s i l tstone commonly 1 to 3 feet th ick . 

Characterist ics :  For the most part, the Tyee is impermeable and rejects the i nf i l tration of precip itation 
a nd therefore has l itt le capabi l i ty for storing ground water . Wel l s  producing appreciable quantities from 
the Tyee have genera l l y  tapped fracture or beddi ng-p lane zones . 

Q ua l i ty :  A l though poor qua l ity water is recorded on only 5 of the 7 1  we l l  logs of the Tyee Formation ,  
i t  can be assumed that consi derably more have poor-qual ity wate r .  However ,  the water from most of these 
wel l s  can be treated a nd made potable . 

Sal i ne water was encountered at 280 to 332 feet i n  wel l no . 67 located three m i l es east of S i l etz , at 
80 to 88 feet i n  wel l no . 1 42 at Harl a n ,  and at 30 to 32 feet  i n  wel l  no . 1 57 at L i ttl e Al bany . 

I ron  i n  we l l  no . 43 near Mack Landi ng on the S i l etz Ri ver was sea l ed off at 94 feet . 
Hydrogen sul fide gas was present i n  wel l no . 82,  two mi l es north of Tol edo . Th is  we l l  a l so had a high 

iron concentration . Hydrogen sul fide i n  we l l s i s  part icu l ar ly preva lent i n  the area genera l ly bounded by 
Eddyvi l l e ,  N ashvi l l e ,  Burnt Woods ,  and Harlan . Some residents, rather than use the water,  obta i n  suppl ies 
from spri ngs . 

The chem ical  analysis of we l l  no . 1 42 dri l l ed for school use at Harl an  i s  s hown i n  Table 8-a .  The wel l 
was abandoned because of the high pH val ue of 8 . 6, mak i ng the water excessive ly a l ka l i ne and di stasteful . 

Y ie ld  summary and potent ia l  areas: The 7 1  we l l s l isted i n  Appendix C for this format ion range i n  y ie ld  
from 0 to 50 gpm and average 10 gpm . Data on six of the wel l s  reported dry are as  fo l l ows: 

Dry we l l  no . 

59 
1 1 5 
1 38 
1 43 
1 80 
1 90 

Wel l depth 

73' 
1 00' 
1 1 5' 
94' 

206 ' 
1 48 '  

Locat ion 

At Nashv i l l e  
Two m i l es south of To I edo 
Three m i l es south of Tol edo 
One m i l e  east of Har lan  
At  B lackberry Campground on Al sea R iver 
At Fisher 

Two observation we l l s ,  an 85 -foot domestic we l l  at S i letz (no . 69) ,  and a 70-foot school we l l  a t  
Eddyvi l le (no . 98\ , monitor ground water cond itions i n  those areas . N either we l l  regi sters an  annual 
water-table fl uctuation exceeding 6 . 5  feet, a nomi na l  cha nge . The hydrographs of these and other 
observation we l l s  are shown in Figure 5 .  

The 1 2  hi ghest yie l d i ng wel l s ,  producing from 20 to 50 gpm , are scattered throughout the formation 
from the S i l etz R iver to the Yachats R iver and from near Wa ldport to near Burnt Woods (Table 1 3 . )  

The y ie ld  range and average and the depth range and average o f  the 7 1  wel l s  reviewed are as fo l l ows: 

Y ie ld  range Y ie ld  average Depth range Depth average 

0 - 50 gpm 1 0  gpm 35 ' - 332' 1 03 '  
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Tab l e  1 3 .  Summary of  the 12  highest-yie ld i ng we l l s tapping the Tyee Formation 

We l l  Draw- Static water 
No .* Y ie ld  down l eve l Depth 

gpm feet feet feet Locat ion 

42 25* *  5 1 9 42 On Si l etz R iver, near Mack Landing 
43 20 94 1 1  1 25 O n  S i l etz R iver, near Mock Landi ng 
58 30 1 8  20 65 On Yaqu ina R i ver , west of Nashvi l l e  
60 20 Tota l 1 5  45 N ear Rock Creek , SE  .of Logsden 
97 40 73 1 9  1 00 One -hal f m i l e  east of Burnt Woods 

1 52 20 U nk nown 35 70 O n  A l sea R iver, near H el l  ion Rapids 
1 56 20 40 1 7  66 On A l sea R iver, near L ittl e A l bany 
1 68 50 1 45 1 0  1 55 O n  Dri ft Creek ,  near Al sea R iver 
1 69 30 22 6 52 On Al sea R i ver ,  1 m i . E .  of  Drift C r .  
1 79 25 2 1  29 6 1  O n  A l sea R iver ,  east of  Stoney Mtn . 
1 84 38 1 95 40 290 On F ive R ivers, north of Fisher 
1 87 27** 28 6 1 35 On Yachats R iver, near grange ha l l  

* Wel l numbers are p lotted o n  the geo log ic  maps accompanying the report, and are l i sted 
with addi tional data i n  Appendix B .  

* *  Wel l test-pumped . 

S i l etz R iver Vol canics (Tsr) 

L i thology : The pr inc ipal rock types of th is  formation are basa l t ic  p i l low l avas , flows, tuff breccia , 
and mud flow breccia with  i nterbeds of  s i l tstone , sandstone, and conglomerate . 

Characteristics: Precip itation read i ly  inf i l trates the fracture zones and the contact zones between the 
i nd iv idual I avo flows of the formation . Porous areas therefore may store s igni ficant quant i t ies of ground 
water l oca l l y ,  but l arge reservoi rs are un l i ke l y .  The formation has not bee n  adequately  tested by the 
d ri l l i ng of water wel l s  because much of i t  is remote from centers of population , 

Q ua l i ty :  Ground water from th i s  formation i s  general ly of good q ual ity with l ittl e ,  i f  any ,  treatment 
requ ired. The chemical analysis of wel l no . 1 2 , supp ly ing a housing devel opment on the north s ide of 
t he Sal mon R iver between Otis and Rose Lodge , is shown i n  Tabl e 8-a . The water has a very al kal i ne 
pH val ue of 9 .4 ,  requ i ri ng the water to be treated . 

Y ie l d  summary and potential areas : The 1 8  we l l s  l isted i n  Appendix C for th is  format ion range i n  yie l d 
from 0 to 1 20 gpm and average 1 1  gpm . The three h ighest yiel d i ng wel l s  i n  the formation for which logs 
are ava i l abl e ,  no . 1 0  produc ing 43 gpm , no . 1 2 with 1 20 gpm , and no . 1 4 w ith 33 gpm , are located i n  
a smal l rectangu lar area spanning _the Sal mon R iver 1 �  m i les  east o f  Oti s  J unction .  

Wel l  no . 1 2  i s  t he l argest producer of the 1 90 we l l s reviewed for this  study . One dry wel l ,  no . 9 ,  
was  reported in  the formation . It i s  355 feet deep and i s  l ocated one mi le  southeast of Oti s  J unction . 
Wel l data are summarized i n  Tabl e  1 4 .  

Two domesti c  wel l s  serve as observation wel l s  for t he State Engineer . We l l  no . 1 4, near the Sal mon 
R iver 1 � m i l es southeast of Otis Junction, is 2 1 5  feet deep and regi sters an annual maximum water-tabl e 
fl uctuation of 9 feet , Wel l  no .  39 , located a long t he S i l etz R iver 3 m i l es east of Kernvi l l e ,  is 1 1 8 feet 
deep and regi sters an annual  maximum water-tabl e fl uctuation of 1 0  feet . The hydro graphs of these and 
other observation wel l s  are shown in Figure 5 .  
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Table 14 .  Summation o f  1 8  we l l s tapp ing the S i l etz R iver  Vol can ics 

Wel l Draw- Stat ic  water 
N o .* Yie ld  down l evel Depth 

gpm feet feet feet Location 

l 0 . 5  40 1 3  68 l m i .  N E .  of Rose Lodge on Sal mon R iver 
2 8 20 1 4  46 l mi . N E .  of Rose Lodge on Sal mon R iver 
9 Dry 355 l mi . S E .  of Otis J unction on Sal mon River 

1 0  43 1 77 l l  220 l mi . S E .  of Otis  J unction on Sal mon River  
l l  8 1 50 1 8  200 � mi .  S E . of Otis J unctionon Sal mon River 
1 2* *  1 20 1 85 25 230 2 mi . E .  of  Ot i s  J unction on Sal mon R iver 
1 3  l 80 1 2  1 20 l �  mi . E .  of Otis J unction on Sal mon River 
1 4  33 1 50 5 1  2 1 5  l � mi . SE . o f  Otis Junction on Sal mon R iver 
1 5  l l  35 1 4  49 l �  mi . SW . of Rose Lodge on Sal mon R iver 
1 6  7 35 22 67 l mi . SW . of Rose Lodge on Sal mon R iver  
1 7  1 5  83 2 1  1 20 � mi . N E .  of Rose Lodge on Sa lmon R iver  
1 8  3 1 09 1 2  1 1 8 At Rose Lodge on Sal mon R iver  
1 9  8 40 8 65 � mi . SW . of Rose Lodge on Sal mon R iver 
20 1 0  1 2  28 44 � mi .  S .  of Rose Lodge on  S l ick  Rock Creek 
33 9 90 6 1 1 0 At Schooner Creek Campground 
37 7 1 9  1 8  41 At North Creek Campground 
38 1 2  20 2 1 0  3 �  mi . SE . o f  Kernvi l l e  o n  S i l etz R iver 
39 1 0  2 1  1 1 8 3� mi . SE . of Kernvi l l e  on S i l etz R iver 

* We l l  n umbers are p lotted on the geo log ic  maps accompanying the report and are l i sted 
w i th addit ional data i n  Appendix B 

** C hemical analysis of water qual ity is shown i n  Tab l e  8-a . Wel l test-pumped; excl uded from y ie l d  
and depth summary to obta i n  more rea l ist i c  figures . 

The y ie ld  range and average and the depth range and average of 17 produci ng wel l s  reviewed i n  
Tab l e  14  are a s  fol l ows: 

Y ie ld  range Y ie l d  average Depth range Depth average 

0 - 43 gpm l l  gpm 41 ' - 355 ' 1 27 '  
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C o n s t r u c t i o n  a n d D e v e l o p m e n t  o f  W e l l s  

We l l s  must be properly constructed and developed i n  order to operate e ffic ient ly and economical l y .  
This assures a maximum yie l d o f  water at the best q ual ity obta i nable at the site . 

State l aw requires that dri l l ed wel l s  have unperforated stee l casi ng seal ed to at l east 1 8  feet below.the 
l and surface to prevent surface contamination from e nteri ng the wel l .  Dug we l l s  greater than 1 2  feet m 

depth must have a watertight surface curbing extendi ng to a depth of 1 8  feet ,  or to with in  3 feet of the 
bottom of the wel l  in we l l s  rangi ng from 1 2  to 21 feet i n  dept h .  

Wel l s  cased their e nt ire depth must b e  a t  l east 5 0  feet from a septic tank ,  d i sposal fie ld ,  seepage beds, 
seepage pits, or cesspool . Wel l s  not cased the i r  e nt ire depth ,  or spri ngs , cisterns, and community or 
pub I ic sources of water must be at l east 1 00 feet  from such sites of contami nat ion; i rr igation we l l s  must be 
50 feet away . . 

State l aw requi res that wel l l ogs of a l l  water wel l s ,  detai l i ng pert inent ground-water data , be fd ed by 
the wel l contractor with the office of th e State Engi neer . The data are ava i l abl e  to the publ i c  from the 
U . S .  Geological Survey i n  Portland and th e State Engi neer ' s  offi ce i n  Sal em . 

Wel l s  dri l l ed  i n  unconsol idated material s ,  such as al l uvi um {Qal ) ,  dune sand {s) , or the marine terrace 
deposits (Qmt),  have greater y ie lds whe n  equipped with a properly  designed wel l screen surrounded by 
an  enve l ope of coarse sand or grave l . The e nvel ope permits use of a scree n having l arger slots which 
admit the water at  a faster rate and at  a much reduced head loss . W here the unconsol idated sed ime nts 
are too f ine to deve lop a natural gravel pack around the wel l screen ,  the wel l  d iameter may be dri l l ed 
l arge enough to permit the arti ficial i ntroduct ion of course sand or grave l . A l though more cost ly ,  this 
type of construction can more t han justify itse l f  in increased production . T he use of we l l  screens is  not 
feasib le  i n  consol idated rock formations . 

Proper we l l  deve lopment may i ncrease t he yie ld  of a wel l by 25 to 50 percent and prolong its l i fe con
siderably . T his  is best accomp l i shed by surg ing,  whereby water is  viol ent ly forced in and out of the we l l  
screen to draw the fi ne material i nto the we l l  and thus increase the permeabi l ity ad jacent to the wel l .  
Other l ess effic ient methods inc l ude pumpi ng at progressive ly higher rates than p lanned i n  regular servi ce 
and backwash ing in which the pump is al ternate ly started a nd stopped to produce sudden changes in the 
pressure head in the wel l  . 

Redevelopme nt of a we l l  may become necessary after a period of t ime d ue to the packing of fi ne material 
i nto the i ntake area or t he encrustation of mineral matter on the wel l  screen and on the rock part ic les 
around the screen .  Encrustation is most severe in we l l s that pump hard water and is pri ncipa l l y  caused by 
the carbo nates of cal c ium ,  magnesi um , and l ess frequently , i ron . These m inera l s  are removed by surging 
the we l l  with d i l uted hydrochloric acid or a strong detergent, or less effect ivel y ,  with dry ice . 
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Each geologic unit  described i n  th is  section is del i neated on the maps accompanying th is  report and 
briefly summarized in the map l egend . See "Summary of Geo log ic Units" pages 1 3  to 27 for a more de
tai led descr iption of the geo logy . Th is  section dea l s  pr imar i ly  w i th the engineeri ng aspects of each unit  
o nd provides information on slope stab i l ity, ease of excavation,  foundation support capabi l ity , use in 
embankments, and -ot her characteri st ics which should be considered i n  us ing these materia l s  (Tab le  1 5) . 
The pl ast ic i ty i ndex ranges for the soi l s  associated with each geo log ic  unit is charted (Figure 6) . Laboratory 
and soi l s  c lassi fication data were obta i ned from the State H ighway Department , U . S .  D .  A . ,  So i l s  Con
servation Service,  U. S. Department of Transportation and the U .  S .  Forest Service , S ius law N at ional 
Forest . 

S i l etz R iver Vo l canics (Tsr) 

The S i l etz R iver Vol canics, the ol dest geol ogic  formation exposed i n  L i ncol n County , crops out in an 
area of about 1 25 square m i l es in the northern part of the County . I t  i s  composed of lavas, breccias, and 
i nterbedded vol can i c  sediment s .  The topography devel oped i n  th is  unit is steep and mountai nous . 

Part of the l avas were ejected onto t he sea floor, formi ng accumul ations of poorly cemented broken 
angular fragments of basa l t , termed breccias . At times , some areas bui l t  up above the sea , formi ng vo l 
can ic  isl ands . Lavas which poured out o n  these is l ands coo led to form dense hard basa l t  or fractured to 
produce breccias and basa l t i c  sandstones . Erosion of the is l ands, together with  vol canic ash fa l l s ,  pro
d uced f lanking deposi ts of tuffaceous s i l tstone . 

The re l ative abundance of each of these rock types varies from p lace to p lace depend ing upon the 
location of vo l canic centers, the depth of the sea at t he time the deposits were l aid down,  and the dis
tance from l and .  Thus the S i l etz R iver Vol can ics should be considered a comp lex unit ,  and its eng ineer
i ng properties vary accord i ng ly . 

A so i l  profi l e  has developed through weathering of the rock together with the add it ion of organic 
matter produced by vegetation . The steepest s lopes are bare or have a very th in soi l  cover . On gent ly 
and moderate ly s loping areas so i l  depths are 3 to 4 feet ; on fl at or concave surfaces the combination of 
weathered rock and soi I s  can total as much as 30 feet . 

The fol lowing soi l cl assifications and l aboratory data are based on two samp les :  

AASHO 

A -4, A -6 

Gradation 
Percent pass ing 200 

65-85 

SO IL CLASS I F I CATI ON 

U n ified Textura l 

ML-CL C l ayey si l t  

RAN GE OF  LABORATORY DATA 

Atterberg L im i ts 
L iqu id L im it Pl asti c ity Index 

30-40 5 - 1 5  

Engineer i ng in areas o f  S i letz R iver Vol canics wi l l  need to consider t he rock types a t  each local i ty .  
Dense basal t requi res dri l l i ng and b lasti ng; i t  i s  genera l l y  suitabl e for road metal . Breccia conta i ns con
siderable c lay and soft m ineral s and usua l l y  is not di fficu l t  to  rip . I t  w i l l  make embankme nt materia l  i f  
the s ize range is  uniform but genera l l y  i s  fa i r  to poor as base rock and unsui tab le  for paving rock . 
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Tabl e 1 5 .  Soi l  c l assi fication , l aboratory test data , 

Tey, Ten, 

Geol og ic  Un i t  Tsr Te lv  Too, Tmn 
S i l etz R iver Tet Late Eocene S i I tstones of 
Vol can ics Tyee Format ion Vo lcan ics Tert iary Age 

N umber of Sam p ies 2 3 2 7 

Soi l  AAS HO A -4, A-6 A-6, A -7 A-S ,A-7-6 A-7-S ,A-7-6 
C l assi fi - U ni fi ed ML -CL ML -CL ML -MH ML-CL-MH 
cation Textura l C l ayey s i l t C l ayey s i l t  & C l ayey s i l t C l ayey si l t  

S i l ty c l ay S i l ty c lay 

Screen Percent pass ing 4 80-1 00 9 1 - 1 00 96-1 00 9 1 - 1 00 
Analysis 1 0  75- 95 9 0- 1 00 92-1 00 86- 1 00 

40 70- 95 86- 99 85- 98 78- 99 
200 65- 85 53- 9 1  6 8 - 9 2  65- 97 

Hydrometer Percent sand 7- 55 2 1 - 4 1  3- 32 
Analysis s i l t  3 1 - 5 1  32- 43 22- 43 

c l ay 1 8- 50 23- 35 28- 63 

S hear I nternal Friction¢ 6- 1 8  9 - 1 3  6 - 1 4  
Strength Coehesion  P. S . l .  C 4- 23 1 1 - 1 4  7- 2 1  

Atterberg L iquid L imit  30- 40 32- 47 49- 76 40- 63 
Limits P l ast ic i ty I ndex 5- 1 5  5 - 27 4- 2 1  1 7- 30 

Proctor Optimum Moisture 1 6- 25 44- 45 2 1 - 38 
De nsity 
( Harvard Dry Density 97-1 09 74- 76 80-1 04 
Min iature ) 

Modified Foundation Rat ing Low on sedi me nts Moderate Low Low 
from S hri nk a nd Swe l l  Moderate Low-Moderate H igh  H igh  
Casagrande I nternal Drainage Fair  Poor Poor Poor 
Soi l Dry Strength L ow to moderate Moderate Moderate Low to moderate 
Charts S l ope Stabi l ity Low to moderate Moderate Low to moderate Low 

Permeab i l i ty m/hr . 0 . 6 - 2 . 0  

I Uses for Sept i c  tank dra i nfie l d  Poor Poor Poor Poor to very poor 
Source of ground water Moderate to good Low yie l d Moderate yie l d Poor yie l d  
Embankment material Variabl e Fair Variabl e Fair to poor 

* Sl 1ght  d 1 screponc 1 es between text data and the fol l ow i ng tabu lat ions are due to variat 1 ons 1n sampl es tested . 
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and performance data for the geologic uni ts* 

Toy , Tma , Tmwc Qmt s Qal  
Sandstones of Q uaternary Stabi l ized tf A l l uvial  Deposits 
Tertiary Mar i ne Dune T ida l  Terraces and 
Age Terraces Sand F lat F lood P la ins 

2 5 4 3 8 

A-6 A -2 ,  A-5 A-2,A-3 ,A-4 A-7,A-8 A-7 
MH ML SM ML -MH-O H - PT ML-MH-CL 
Sandy c lay Sandy c l ayey F i ne sand Peat C l ayey s i l t  

s i  I t  Organic -cl ayey si l t  

1 00 1 00 1 00 1 00 1 00 
1 00 90-1 00 85-1 00 1 00 1 00 

85- 1 00 95 55- 99 95- 99 90- 99 
60- 95 20- 75 0- 45 90- 97 75- 95 

30- 95 99 4 24- 49 
5- 35 1 6 1  33- 58 
0- 25 0 35 1 5- 26 

1 4- 38 32- 37 1 9  50- 60 
4- 7 0 9 1 0- 20 

36 - 50 1 5- 25 20- 33 46- 64 25- 58 
1 0- 20 0- 4 0 1 1 - 2 1  1 1 - 30 

1 9- 23 1 8- 34 5- 1 7  33 2 1 - 43 

1 00-1 05 82-1 04 99-1 09 86 73-1 04 

Moderate to good Poor to moderate Moderate Very poor Moderate 
Low Low to moderate Low Moderate to h igh  Low to moderate 
Fai r Poor to moderate Excessive Poor Low to moderate 
Moderate Low Low L ow Moderate 
Moderate Low to moderate Low Low Moderate 
0 . 63 -2. 0 0 . 6 - 6 . 0  0 . 2 - 0 . 6  0 .6 - 2 . 0  0 . 6 - 2 . 0  

Fai r  to poor Fair to poor No No Variab le  
Moderate Fair t<' ood Fair to exce l l e nt Poor Fair  to good 
Fair Fair to 6ood Good if confi ned Very poor Fair  to good 

I 
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* S i ltstones of Tertiary age (Te n ,  Tey ,  Toa , Tm n) 
** Late Eocene Vo lcan ics (Teyb, Tech ) 

F igure 6 .  Pl astic i ty i ndex ranges for soi l assoc iated wi th geologic un i ts . 
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E N G I N E E R I N G  CHARACTER IST ICS OF GEOLOGIC U N ITS 

Photo 23. Lower part of Tyee Formation with al ternating thick sandstone beds and 
thin sil tstone beds. 

Photo 24. Nestucca Formation exposed at Yocum Point; rock weathers rapidly and 
forms abundant talus at base of slopes. 

59 
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Tuffaceous si l tstone can b e  easi ly excavated and can b e  used i n  carefu l ly engi neered and contructed 
embankments . 

Cut  sl opes i n  the basa l t  and breccias w i l l  stand vert ical l y; however ,  the s i l tstone beds tend to erode 
rapidl y .  Weathered sed ime nts are weak and u nstabl e  in steep slopes, especia l ly where the beds d ip  down
sl ope . 

T he basal t  and breccias of the S i l etz  R i ver Vol can i cs are permeabl e  through fractures; however ,  the 
sediments are s lowly  permeabl e  to i mpermeabl e .  

Tyee Formation (Tet) 

T he Tyee Formation is the most extens ive rock un i t  exposed in l i nco l n County . It crops out south and 
west of Stott Mounta in  and northward to the Ti l l amook County l i ne . Except for a 4- to 5-m i l e  w ide 
coasta l strip , i t  covers t he southern part of the County from about 5 m i l es north of S i l etz . 

T he Tyee Formation i s  composed of al ternat i ng beds of sandstone and s i l tstone . The sandstone is hard , 
gray , mi caceous a nd arkosi c i n  layers from 1 to 5 or more feet th ick . The si l tstone i s  dark brown to b lack,  
conta i n ing considerab l e p lant fragme nts , i n  layers 6 i nches to 2 feet thi ck . T he sandstone is resi stant to 
weather ing,  and areas under l a i n  by the Tyee Format ion are typ ica l l y  mountai nous . T he r idge tops are 
gently rounded wi th  occasional large , ge nt le  d i p  s lopes . W here stream erosion  has bee n act i ve ,  the 
canyon wal l s  are steep to nearly  vert i ca l . 

Soi l  devel oped o n  t he d ip  s l opes and on t he fl atter r idge tops ranges from a few i nches to 4 or 5 feet 
th ick  and is genera l l y  composed of si l t  and sand . T he th icker soi l s  contai n an upper humic zone and a 
c l ayey substratum . The steep areas are usua l l y  devoid of so i l . T he fol lowi ng soi l  c l assi fication and 
labratory data are based on  six samples taken from the wel l -deve loped older fi ne -g ra i ned soi l s: 

Gradation 
Percent 
Passing 200 

53 - 91 

AAS HO 

A-4,  A -7-6 

SO IL CLASS I F I CAT I ON 

Uni fied 

Ml - Cl 

RAN G E  O F  LABORATORY DATA 

Atterberg l im i ts 
l iqu id P I asti city 
l im i t  I ndex 

32-47 5-27 

Textura l  

C layey s i l t  - si l ty cl ay 
Si l ty sandstone 

Proctor Density (Harvard Mi niature) 
Optimum Moi sture Dry Density 
(Perce nt)  l b . /cub i c  feet 

1 6-25 97- 1 09 

Excavation of the Tyee Formation  genera l ly  requ i res d ri l l i ng and b l asti ng where the sandstone beds 
are th ick and unweathered . Beds l ess than 2 feet th ick  can be ripped by heavy equipment . When b last
i ng is requ i red , l arge-diameter auger ho les l oaded w it h  ammon ium n i trate a re most effect ive . Much of 
the energy of t he b last i ng  i s  absorbed by the sandstone a nd resu l ts are frequent ly  erratic .  

T he use of excess ive amounts of l arge sandstone b locks i n  an embankment can pose probl ems i n  com
paction because of the vo ids created between the i nd i vidual chunks of rock . Weather ing  a nd fai l ure a t  
t he contact poi n ts between the l arge blocks cause sett lement to take pl ace at i rregu lar  i nterva l s  for long 
periods of t ime fol lowi ng construction of the embankment . Smal l e r  fragments of sandstone , up to a foot 
or so i n  d iameter,  can be broken down and effe ctively compacted by construction equipment . 

Permeabi l i ty is low for both i n-place Tyee a nd i n  proper l y compacted embankments . 
Cut slopes stand verti ca l l y  i n  ateas where the beds are flat  l y i ng  or d ip away from the c ut . W here 

t he beds d ip  toward the c ut at about 1 5  degrees or more , the hard sandstone I ayers may sl ide i nto the road . 
Large areas of Tyee rocks have become i nvo l ved i n  l andsl ides where t he sandstone l ayers para l l e l  a 

s lope of  about 20 degrees or more . Genera l ly the slope fa i l u re has resul ted from stream e rosion, wh ich  
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F igure 7 .  Bori ng log of residual soi l s  overl yi ng the Yam h i l l  Formation , L i ncol n C i ty area . 
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has a l l owed the Tyee rocks to fa i l  a l ong bedding p lanes . Landsl ides are a l so l ikely i n  p laces w here the 
Tyee is underl a i n  by l ess competent sed iments in the S i l etz R iver Vo l ca nics . Many of the l andsl ides are 
o ld and probably occurred when the stream gradients were steeper and downcutting more rapid dur ing a 
lower ing of sea leve l i n  l ate P le i stocene time . 

I n  flat areas, or where the sandstone beds are nearly horizonta l , the Tyee Formation w i l l  support heavy 
foundation loads . Soi l  and weathered rock must be removed a nd foundations adequately designed , however .  

Road construction invo lv ing excavations i n  terrarn under la i n  by the Tyee Format ion should take i nto 
account the d ip of the beds and a l so the areas of l andsl ide,  espec ial ly where recent movement i s  indicated . 
A l though so i l s  developed from 'Tyee rocks have good i nternal drai nage and construction chara cterist i cs, 
they cou ld  fa i l  in cuts where support has been removed downsl ope . Thick soi l s  i n  re l at ively fl at areas 
can perform adequate ly for sept i c  tank dro i  n fie Ids in a rura l -density popu lation . 

Tertiary s i l tstones (Ten ,  Tey , Too , Tmn) 

Four formations composed primar i ly  of si l tstone crop out in L i ncol n County . They ra nge in age from 
l ate Eocene through lower Miocene and in  order of ol dest to youngest are: the Yamhi l l  Formation (Tey ) ,  
Nestucca Formation (Ten) ,  si l tstone of Al sea (Too), and Nye Mudstone (Tmn) . They are adjacent 
stratigraphica l l y  except for the Nye, which  is separated from the three lower s i l tstone formations by the 
Yaqu i  no Formation , a sandstone unit . The s i l tstones are exposed extensively a long the coast from about 
Yachats northward to the County l i ne . The outcrop widens from a m i l e  or so at each end to about 8 m i l es 
wide east of Newport . The Yaqui na Formation occurs with i n the outcrop pattern of the si l tstone un its 
east of Newport . 

The topography of the si l tstones ranges from moderate ly steep to low rounded foot slopes often modi fied 
by ancient l ands l ides a nd so i l  creep . 

The s i l tstones are thin bedded to massi ve and conta in  thi n l imestone lenses and concretions . The Nye 
is  ofte n i ron-sta i ned in weathered outcrops . F i ne- to medi um-gra ined sandstone l ayers occur with in  the 
Yamhi l l ,  N estucca , and Al sea rocks . So i l s  deve loped on the s i l t stones are usua l l y  thick, except for the 
areas of steep sl ope where soi l s  are th i n  to absent . The upper 1 to 2 feet of so i l  i s  a sandy , c l ayey si l t .  
I t  i s  under l a i n  by about 3 feet  o f  s i l ty c lay, which grades downward through a mixture o f  s i l ty c l ay co n
ta in ing broken fragments of bedrock to i n-p l ace bedrock . Two bor i ng logs of weathered Yam hi l l  Formation 
are shown in F igures 7 and 8 .  

The fo l lowi ng data represent the resul ts o f  analysis from nine soi l sampl es: 

AASHO 

A-7-5 , A-7-6 

Gradation 
Percent 
Passing 200 

6 1 -98 

SO IL CLASS I F I CAT I O N  

Unified Textura l  

ML -CL -MH Cl ayey s i l t ,  s i l ty c l ay 

RAN G E  OF LABORATORY DATA 

Atterberg L im i ts 
L iqu id Plast ic i ty 
L im i t  I ndex 

40-67 1 7-30 

P roctor Density (Harvard Miniature) 
Optimum Moisture D ry Density 
(Percent) l b . / cubic feet 

2 1 -38 80- 1 04 

T he s i l tstones are eas i ly  excavated by construct ion equipment , and i n  most areas of unweathered rock  
the cu t  s l opes stand on 1 to  1 ,  hori zontal to vertical , C uts in  wh i ch  t he  bedd i ng d ips towards the exca 
vat ion at about 1 5  degrees or more. are apt to fa i l  by material s l i d i ng a long weak zones developed i n  the 
bedd i ng pl anes . Where bedding pl anes dip i nto the h i l l side , cuts wi l l  stand steeply and w i l l  rare ly fa i l  
by l ands l id i ng ,  provid ing the c ut i s  not more tha n  about 5 0  feet h igh . 

Embankme nts made from th is  unit  w i l l  need to be placed at very near optimum moisture content . The 
h igh s i l t  content of the Nye Mudstone makes i t  sensitive to smal l moisture changes . The units conta i n i ng 
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considerable amounts o f  weathered vol canic ash have a h i g h  shri nk and swe l l  ratio re lative to changes i n  
moisture content . Embankments o f  t h i s  materia l  need to be properly compacted to prevent moi sture from 
gaining access to the swe l l i ng c lays . 

Erosion of embankment s lopes by heavy rai ns can be l esse ned by p lanting certa in types of vegetation 
and by insta l l ing curbs and catch basins or ditches to carry the runoff on exceptiona l ly long fi l l s .  Natura l 
slopes may be ancient l andsl ides , some of whi c h  have been so modi fi ed that they no longer are read i ly  
recognizable a s  landsl ides . The  s lopes i n  o ld  l andsl ides are subject to fai l ure if d uring construction they 
are over-steepe ned , overloaded , or if the drai nage is modified appreciably . S lopes which are roughly 
para l l e l  to the bedding wi l l  be espec ial ly subject to l andsl ides in cut sections . 

The foundat ion c haracteristics of t hi s  un it  are poor . L ight foundation loads wi l l require normal pre
caut ions to assure satisfactory performance; heavy foundation loads wi l l req uire detai led i nvestigations 
to determi ne the depth of weathering,  the structure , and the load-carry ing capacity of the bedrock . 

Because of t he low permeabi l ity and high w i nter precipitation , dra in  fie lds  and sept ic  tanks wi l l be 
i noperative much of the year, a l though in certain areas of very l ow popul ation density, septic tanks may 
operate properly .  

Tertiary sandstones (Toy, Tma, Tmwc) 

T hree formations composed domi nant ly of sandstone are exposed in  western L incol n County . T hey 
comprise t he Yaqu ina and Astoria Formations and the "sandstone at W ha l e  Cove . "  

T he Yaqui na Formation (Toy) of Ol igocene age crops out in  an arcuate pattern exte ndi ng northeast 
from the coast I i ne at Seal Rock , in l and to about three mi l es east of N ewport , and then trends northwest-
erly to the coast at Gl eneden Beach .  It is  composed of massive to wel l cross-bedded , m icaceous , tuffaceous, 
arkosic sandstone , pebbly sandstone and conglomerate , and layers of massive tuffaceous s i l tstone having 
l ocal thi n seams of low-grade coa l . 

T he Astoria Formation of Miocene age crops out a long the seacoast in the Newport area and is exposed 
exte nsi ve ly a long the shore l i ne from Agate Beach to G leneden Beac h .  I t  i s  composed o f  massive o l i ve 
gray , fine - to medi um -grai ned micaceous, arkosic sandstone i nterbedded w i t h  carbonaceous s i l tstone . 

" Sandstone at Whale Cove " is exposed i n  sea cl iffs at W ha l e  Cove and immediately north of Depoe 
Bay . It is a thick ly bedded , friab l e ,  medium- to fine -grained arkosic sandstone with th in  layers of s i l t 
stone . I t  contai ns cross bedding, cut-and-fi l l  structures ,  and sl ump features . 

Ad jace nt to the coast l i ne ,  the sandstone un its occur in fl at wave-cut terraces and gent ly  s lop ing or 
moderate ly rounded topography . To the east i n  the mounta ins the topography developed on t he sandstones 
is moderate! y steep . 

T he laboratory data and soi l  c lass i fications are based on two samp l es considered to be most typical  of 
weathered rock and soi l  developed from t he sandstone units . 

AASHO 

A-4, A -7 

Proctor Density ( Harvard Mi niature ) 
Optimum Moisture Dry Density 
Percent l b . /cub i c  feet 

1 9-23 95- 1 05 

SOIL CLASS I F ICAT ION 

Unified 

ML , MH 

LABORATORY SUMMARY 

4 

1 00 

S i eve Anal ysis 
Percent Passing Screen 

1 0  40 200 

1 00 88-1 00 60-95 

Textura l  

Sandy cl ayey s i l t ,  s i l ty c l ay 

Atterberg L imits 
L iquid Plast icity 
L im i t  I ndex 

36-50 1 0-20 

Landsl ides are common where the s l opes have bee n  steepened by erosion . This  is especia l l y  true in  
exposures of the Astoria Formation al ong the  coast l i ne ,  where t he un i t  i s  under la i n by  the Nye Mudstone, 
as at Jumpoff Joe in  N ewport . From N ewport northward , the Astoria beds d ip seaward from 10 to 25 degrees .  
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Beddi ng pl ane fai l ures are numerous i n  the b luffs at the back of the beach .  There , wave erosion cont in
ual l y  removes the support from the foot of the  s lopes . These probl ems w i l l  be  discussed in  greater deta i l  
l ater i n  this report . 

For the most part , the sandstones can be excavated by construction equipme nt without b last ing . Al though 
there are strata of fair ly c lean sand , they wi l l  become mixed with s i l ty and c l ayey l ayers during excava
t ion  and the material wi l l  have the c haracteristics of a fi ner-grai ned (cl ayey s i l t )  sed iment . With good 
moisture contro l and proper compacti ve effort, sati sfactory embankme nts can be bui I t .  

T he maximum he ight a nd s lope ang l e  of stabl e  cut sl opes wi l l  vary , depending upon the type of materia l , 
structure of the beds, and degree of weathering . Best results wi l l be in unweathered,  nearly flat-lying 
rocks havi ng few fractures a nd joi nt p l anes . Most problems wi l l  occur in weathered , fractured rock and 
where the beds dip toward the excavation . Site conditions shoul d  be determi ned before cut sl opes are 
designed . Areas of o ld  l a ndsl ides are potential ly  unstabl e  and wi l l  cause problems for a construction 
pro ject . 

Foundation characteristics of the sandstone units vary considerabl y ,  depending upon the type of materia l ,  
dip of the beds, and the nature a nd s lope of the topography . Where foundations are p laced i n  weathered , 
downslope -d ipping strata which l ack toe support or i n  a n  area of active erosion ,  fa i l ure cou ld  occur by 
sl id ing of the foundations only or by i nvol vement of a l arge part of the slope . 

Impermeabl e  l ayers a l ternat ing with  h igh l y permeabl e strata are not sati sfactory for dra i n  field s .  
Effl uents wi l l  flow al ong the top o f  a n  impermeab l e  l ayer i n  t he d i re ction o f  d i p  and emerge a t  the surface 
on a steep s lope adjacent to the beach or a stream canyon .  I n  some p l aces ,  contami nated water could 
e nter an aquifer  be i ng tapped by wel l s  i n  the local area . 

Tertiary basa l ts (Teyb , Tmdb , Tmcf, Tech) 

Four basa l t  units are d iscussed as a group . In geographic sequence from south to nort h ,  they are the 
basa lt  of Yachats (Teyb) , the Depoe Bay Basa l t  (Tmdb), the Cape Foulweather Basa l t  (Tmcf), and the 
basa l t  of Cascade Head (Tech) . 

The basalt of Yachats covers about 30 square mi les  a nd extends from Eckman S lough ,  east of Waldport , 
south to the vic i nity of Yachats and Cape Perpetua , where it forms the promi nent headl ands a long the 
coast . I t  is  composed in part of dense fine-grai ned materia l , some having a l arge perce ntage of coarse 
crysta l s ,  some with numerous rounded cavities a few mi l l imeters to a ce ntimeter in diameter which i n  
p laces are fi l l ed with secondary m i nera l s .  Much o f  the l ava is highly fractured a nd cemented by a weathered 
g lassy matrix . Basa l t ic  sandstone a nd lapi l l i  tuff weathered to a dark orange-brownJ coarse, granular material 
is  common in the vic i nity of Yachats . 

T he Depoe Bay Basa l t  covers onl y about 2 square mi le s .  It is composed mai nly of pi l low basa l t ,  whi ch 
formed where l ava flowed i nto water a nd congeal ed in ovate blobs several feet i n  diamete r .  Coo l i ng of 
the p i l l ows formed brownish gl assy surfaces and rad iating i nternal fractures , A short distance south of 
Depoe Bay , where the l avas apparent l y  did not flow i nto water,  the basa l t  is  col umnar jointed . 

T he Cape Fou lweather Basa l t  covers about 3 square m i l es and forms the head lands at the C ape . It i s  
composed primari l y  of  breccias and  water-l a id fragme ntal rocks; however, pi  I l ow l avas and  co l umnar
jointed flows are l ocal ly present . 

T he Cascade Head basal t ,  centered north of the Sa lmon River i n  T i l l amook County, barel y  extends 
i nto the northern coastal area of L inco l n  County . It is  composed of basa lts  i ntruded i nto Eocene sediments . 
T he more resistant basa l tic  materia l s  form prom i ne nt headl a nds immed iately south of Sa lmon River . 

Eash of the four basa l t  units has been i ntruded by dikes of basal t; in the Yachats area sma l l  camptonite 
a nd dacite d ikes are present a l so .  

South of Yachats and a t  Cape Fou l weather the vo l canics form massive head lands stand ing i n  steep cl i ffs 
up to e levations of about 500 feet above sea l eve l . I n  the vic i nity of Yachats , Whale Cove , and Depoe 
Bay ,  vol can ic  rocks occur in l ow terraces over la in  by a thin veneer of sedime nts (Qmt ) .  

Except for steep headl ands and areas over la in  b y  mari ne terraces, soi l s  have developed direct ly upon 
the vol canics . The soi l s  are usua l l y  about 3 feet thi ck,  but i n  Swa les  a nd fl at up l and areas they can be 
as thi ck as 5 feet a nd the underlying rock may be weathered to depths of 1 0  feet or more . 
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T he fol lowi ng l aboratory data and soi l  c l assifications are c haracteristic o f  the so i l s  developed o n  the 
Tert iary basal ts :  

AASHO 

A -5 ,  A -7 

Gradation i n  Percent 
Sand S i l t  C l ay 

2 1 -41 32-43 23-35 

SO IL CLASS I F ICAT IONS 

Unified 

ML,  MH 

LA BORA TORY SUMMARY 
(2 samples )  

S i eve Ana lysis 
Percent Passing Screen 

4 1 0  40 200 

96- 1 00 92- 1 00 85-98 86-92 

Textura l 

C l ayey s i l t 

A tterberg L imits 
Liq uid P l astic ity 
L imit  I ndex 

49-76 4-2 1 

The engi neeri ng characteristics are variabl e ,  depend i ng upon the type of mater ia l , topography, and 
degree of weathering . The hard , dense rock can be used for road meta l and riprap; however,  good and 
poor rock often occur together in a s ing le  quarry face and m in ing must be se l e ct ive in order to prod uce 
satisfactory materia l .  Quarry rock is di scussed in th e section " Econom ic Minera l Resources . "  

Excavation of the weathered breccias and l api l l  i tuffs can be made with normal construction equipment; 
however, pi l l ow l avas and col umnar- and massi ve-joi nted lavas req ui re dr i l l i ng and bl asting . 

Cut slopes in weathered pyrocl astics wi l l general ly  stand steepl y ,  about one vertical to one horizonta l , 
provid ing the upper high ly weathered rock and soi I zones are s loped on about two to one . 

Embankments made from soi l s  and highly weathered vo l canic material m ust be pl aced at near optimum 
moisture content and wel l compacted . Partia l l y  weathered granu lar material  wi l l  make sat isfactory embank
me nts ; however, erosion of the embankment sl opes coul d be a problem unl ess surface water is d i rected to 
a natural drainage channe l . P l ant i ng of suitab l e  cover i s  recommended on embankment and cut slopes . 

Lands! ides occur main ly  on the sides of deep va l l eys , such as the Yac hats R iver val l ey ,  where weather
i ng has been extensive and s l id ing is o ld  but recurrent . Other areas of l ands! ide are general ly  where 
under ly ing rocks have fa i l ed .  

Marine terrace deposits and o ld  dune sands (Qmt) 

Marine terraces, mostly overla i n  by old dunes, are present al ong much of L incol n County ' s  shore l i ne 
between the rocky headl a nds a nd are the foundation for most of the County ' s coastal development (Figure 9 ) .  

The marine terraces represent ancient e l evated beaches . T he deposits are composed predomi nant ly  of 
sand , but a l so contai n  l ayers of grave l ,  c layey sand, c l ay and s i l t ,  and occasional l enses of peat . Th in  
impermeab le  l ayers of  i ron-cemented hardpan occur near the surface . Pa l eo soi l  horizons l ie at  various 
depths wi thin the terrace deposits . T he deposits are flat-ly ing and range in thickness from less than 20 
feet south of Wal dport to more than 50 feet in p laces to the north . T hey rest on the beveled Tertiary 
mari ne sedimentary rocks, and the contact may be exposed in sea c l i ffs from the beach l evel to as high 
as 50 feet . 

AI though the marine terrace deposits are sem i-consol ida ted and fa ir! y stab! e, the occasional incompe
tent layers of fine-grai ned soi l s ,  organic soi l s ,  and peat in the subsurface can cause stabi l i ty probl ems .  I f  
these materia l s  are within the sphere of l oad infl uence,  they w i l l  sett l e  unpredictabl y .  Th e foundation 
c haracteristics of these soi l s  can be determi ned on ly by dri l l ing and so i l  testi ng . A l og of a bori ng pene
trat ing mari ne terrace deposits beneath dune sand is shown in Figure 1 0 .  

Areas with a sl ight l y  concave surface usual ly  have impermeable  c l ay and organic so i l s  a t  the surface , 
high water tabl e ,  and poor dra inage . Sept ic tanks a re usua l l y  ineffect ive , and without proper storm 
d ra i nage and sewer insta l l at ions even low-density development is impractical . 
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F igure 1 0 . Boring l og of dune sand and mari ne terrace deposits at L incol n Beach . 
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Photo 25. Morine terrace conglomerate just north of Yachats . 

Photo 26. Tidal flat of Salmon River with small  boat harbor . 
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W he n  terrace so i l s  become permeated by so l ut ions conta in ing soaps, detergents, water softeners, and 
other substances found in sept ic-tank-effl uent oxidat ion ponds , sanitary l and fi l l s ,  and other waste-d i sposal 
faci l it i es ,  the resul t  is an i ncreased soi l  sensitivity and reduct ion of strength (Wh ite and Bremser,  1 966) . 
Soi l s  saturated for years by e ffl uents may ,  under certai n  conditions, settl e under bu i ld ings or start l and
sl ides . The continued use of sept ic tanks and effl uent evaporat ion ponds or lagoons s hould be considered 
rei ative to earth stabi l ity . 

The old dune sands over lying the terrace deposits have developed a soi l horizon 2 to 3 feet thick which 
norma l l y supports a thick vegetative cover .  A l thoug h stab i l ized , the sand is unconsol idated and therefore 
easi ly excavated . Removal of t he so i I and plant cover wi l l expose the sand to erosion and transport by the 
wind,  causi ng sand bui l d-up in unwanted areas such as c ity streets, driveways, and l awns . 

Ol d dune sand underl i es the Nel scott-Taft area of l i ncol n City ,  the Newport-South Beach area , the 
l arge stretch of coast north of Wal dport, and much of the area between Yachats and Wal dport . The areas 
occupied by the ol d ,  stobi l  ized dunes hove o chorocter i sti c rol l i ng topography . 

The loose consol idation of the dune -sand soi l s  and l ock of lateral support may resul t in settl ement from 
moderate foundation loads; therefore, only I ight foundation loads on spread footi ngs ore recommended . 
For moderate to heavy structures, foundation p i l i ng or l arge mat foundation may be required; i ts design 
should be based on subsurface expl oration and soi l  testi ng . Three bor ing l ogs of dune sand ore shown in 
F igures 1 1 ,  1 2 , and 1 3 .  

The dune sand is re lat ive ly  c lean and con be washed and screened i f  the i ntended use requires  i t . 
T he fo l l owing so il c lassifications and l aboratory data for the dune sands ore from i nformat ion prepared 

by the U . S .  D . A .  Soi l s  Conservat ion Service : 

AASHO 

A -2 ,  A -5 

S ieve Analysis 
Percent Passi ng Scree n 

4 1 0  40 200 

1 00 90- 1 00 60-95 20-75 

SO IL CLASS I F I CATIONS 

Unified System 

ML -SM 

RANGE OF LABORATORY DATA 

Atterberg L imits 
L iquid Pl ast icity 
L imit  I ndex 

1 5 -25 0-4 

Textural 

Sandy s i l t  

Permeabi l ity 
i n . /hr . 

0 . 6 - 6 . 0  

Severe probl ems of erosion invol ve the marine terrace deposits and o ld  dune sands a long t he sea-cl i ff 
a reas of L i neal n County . During high t ides and storms, pound i ng waves erode the bose of the cl iffs; above 
the reach of the waves,  wind and blowi ng rain and sand are the act ive agents of erosion . Gu l l y ing of the 
sea c l i ff by surface run-off d ur ing heavy ra i ns contributes to the e rosion problems . 

Measurements of erosion rates indi cate that marine terraces norma l ly retreat from 6 inc hes to about 1 �  
feet i n  o s ingle year . However,  i f  u ndercutting by wave erosion oversteepens the sea c l i ff and causes 
l andsl iding, as much as 1 5  or 20 feet of the cl i ff can drop off . W here annual erosion is about 1 foot per 
year and l ands! idi ng occurs every 1 0  or 1 5  years, the sea c l iff con retreat at l east 2 feet per year over a 
long period . 

Lands! ides are most common where the bedrock under ly ing the marine terrace deposits is composed of 
soft sed imentary layers that dip seaward 15 degrees or more , as do the Nye Mudstone and the Astoria 
Formation in  the N ewport area . Terrace recession at N ewport has averaged between 1 � and 8 feet annu
a l ly . See the section on "Geo logic  Hazards " for more deta i l  on t he landsl ides in  t he Jumpoff Joe area 
of N ewport . 

, 
Construction on the terraces should be l ocated where erosion and l andsl iding wi l l not e ndanger the 

bui l d ings within the t ime span of the i r  p l anned purpose . T he removal of vegetation in prepar ing the ground 
for a mu l t i-unit development should be fo l l owed immediate ly by construction; otherwise,  erosion and water 
saturation coul d produce excessi ve runoff a long the c l iff areas and induce s lope i nstabi l ity and accel erate 
erosion .  
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Soi l  Descri tion 

Yel l ow ish-brown fine to medium 
S AN D  (moderatel y compact) (F i l l )  

Becom ing wet and loose 
Water level 4/23/63 

Casing 

B l u ish-gray s i l ty CLAY with 
l ayers of PEAT (very soft) 
(origina l  natural soi l )  

Thin layers of fi ne to medium gray SAND 

Gray fine to medium S AN D  (compact) 

Note: No penetration last l 0 bl ows . 
Probabl e gravel or roc k .  

30---+----------------� 

35---+----------------� 
Bottom of bor i ng 36 . 0  feet 

(Data from Dames and Moore) 

F igure 1 2 .  Boring l og of dune sand at Taft (Li ncol n C i ty) . 
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R iver terrace and flood -p l a i n  a l l uvium (Qa l )  

T he al l uvi um occurs o n  the fl at to gentl y s lopi ng l and i n  the val l eys o f  the major streams and their  
tributaries . The unit incl udes soi l s  of  the r iver bottom land and the upl i fted r iver terraces . T he major 
a l l uvia l  deposits i n  L i nco l n  County occur a long the S i letz,  A l sea , Yaquina , and Sal mon R ivers . Smal le r  
d eposits occur a l ong Schooner, Drift ,  and  Beaver C reeks a nd the Yachats River . 

The al l uvial deposits are predomi nantly s i l t ,  sand , and grave l ;  c lay,  organic soi l ,  and peat may a l so 
be present i n  variab l e  amounts . T he predominance of any o ne of the consti tue nts depe nds upon the re l a 
t ive abundance o f  igneous rocks versus sedimentary rocks i n  the drai nage area, the stream gradient ,  and 
the configuration of the val l ey .  G ravel ca n be expected to be at or near the surface in the upstream part 
of the va l l ey , and to be under a th icken i ng cover of sand and s i l t downstream . Grave l may be absent i n  
the subsurface from about tidewater to the mouth o f  the stream . Grave l  i s  more common i n  the larger 
val l eys of the northern part of t he County . 

T he thi ckness of the al l uvial  deposits ranges from about 45 feet at the mouths of t he major streams to 
as l itt l e  as 8 or 1 0  feet at the upper e nds  of the l arger va l l eys and i n  the sma l le r  stream va l leys . Three 
bor ing logs of a l l uvia l  deposits are shown i n  F igures 1 4, 1 5 ,  and 1 6 .  

T he fo l lowing soi l  c l assi fi cat ions a nd l aboratory data are based o n  s ix samp l es o f  a l l uvial  soi l s : 

AAS HO 

A-4, A -7-5 

Gradation in Percent 
Sand S i lt C lay 

24-49 33-58 1 5 -26 

SOIL  C LA S S IF I CAT I ON 

Unified 

ML -MH 

LA BORA TORY ANALYS IS 

S ieve Ana lys is Percent Pass ing Screen 
4 1 0  40 200 

89- 1 00 84- 1 00 72-99 24-85 

Textural 

Sandy si l t - cl ayey si I t  

Atterberg Lim its 
L iq u id Lim it P lastic ity I ndex 

27-58 2- 1 7  

The flood p la ins are subje ct to inundat ion,  and the l ower terraces flood occasiona l l y .  A l t hough the 
upper terraces rare ly  fl ood , the water tab le  may r i se to with in  a few feet of the surface during the wet 
season . During fl ood i ng ,  erosion occurs al ong the stream banks, and sand and s i l t  are deposited on the 
flood p la ins . 

F lood-pl a i n  uses shou l d  be l imited to such purposes as agri cul ture ,  re creation, or gravel remova l , 
provided the use is in agreement w ith the County ' s  l ong-range comprehensive p lans . 

I n  areas where the upper terraces make attra ctive s ites for housing deve l opment,  strong consideration 
should be give n  to the req uirement for a sewer system . T he seasona l  high water tab l e  and the possib i l ity 
of water contamination w i l l  precl ude the extensive use of sept ic  tanks . The water I eve! on the upper 
terraces can be lowered somewhat by t i l i ng .  

Val l ey a l l uv ium on flood p la ins has l ow foundation strength . Structures bui l t  on the flood p la in  shou ld  
be des igned for l ight  foundation l oads and be abl e to withstand f lood ing . Heavy structures cou ld  be  loca ted 
on flood p la ins if dense gravel or bedrock in the subsurfa ce cou ld  be reached by means of spread footings 
or pi  I ing . 

Weak foundation soi l s  characterist ic of the val l ey al l uv i um wi l l  consol idate under the weight of a 
roadbed embankment producing an uneve n  grade . Often the sett l ement wi l l  be s low pnd the fu l l  e ffects 
not apparent for a year or  more . T he amount of sett l eme nt which wi l l  occur can be determi ned by sub 
surface sampl ing and l aboratory test i ng ,  with an analysis performed by a so i l s engineer . 

T ida l  f lats (tf) 

T ida l  fl ats are composed of fi ne -grai ned sed iments deposited in the brackish water i nterface between 
sea water in the bays a nd estuaries and fresh water brought down by major rivers . Tidal  fl ats occur near 
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Fm. S o i l  Description 

Loose, si l ty fine S AND wi th layers 
of wood c h i ps-fi l l . 

Graphic 
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Soft gray,  c I ayey S ILT with 
organic matter . 

Gray,  weathered S ILTSTON E  
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Data from Dames and Moore 

F igure 1 4 .  Bor ing log of Yag u ina R iver al l uv i um , Tol edo area . 
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Soil Description 

Soft to medi um stiff c layey S ILT 
with shel l s  and occasional organic  
S ILT layers . 

Nye Mudstone i nd i cated at 1 45 ft . 
Bottom of bori ng 1 45 . 0  feet 

Gra p h i c  Elev. l 4 t  
Log Dept h 

r-- 1 50' 

<D Std. Penetrati on Test 
0 50' 100' 

r-- 1 60'-r-- <D Std . Penetratio� T �st . 
B l ows/foot � 

Data from Dames and Moore 

F igure 1 5 . Bor ing l og of bay al l uvi um ,  South Beach dock ,  Newport area . 
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Soi l Descript i on 

Gray and rust dense to very dense 
s i l ty fine to coarse SAN D  and 
GRAVEL . 

Graphic  
Loa Deoth 

CD Std. Penetration Te st 
0 50 100 
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Grey-brown,  hard clayey S I L T .  � �: -�-=�30:....' -+-+-+++++'-�,-+-+---! 
F-.:.:.::-:-:: .. :::.=--: .  :t-· ----+-+-+--+--+--+-+-+4 '- ,.--+-I lkray, very dense part ly cem en��=:�:··
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ed c layey s i l ty fi ne S AN D .  �. : :::::: •,;;,.�;:;�,:. .. G:o'2.'.'·'',,,'-i:_""'::a-----+-+-+-+-+-+--+----l----l-H 
Bottom of bor i ng 33 . 3  feet 

f------I-. CD I
1 4IO l b . wt . 30" drop 

_40'--+--+-+-+-�B:I _ _. o;ws/foot I I 

Data from Shannon and Wi l son, Inc . 

F igure 1 6 .  Boring l og of Sal mon R iver al l uv ium at Pixie land . 
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the mouths of  the Sal mon,  S i l etz, Yaquina, Al sea , and Yachats Rivers . I n  some areas they are i nundated 
dai ly  by the t ides and in other areas on ly by abnorma l ly high tides or storm-borne t ides . During periods of 
heavy run -off and stream flood i ng ,  tidal fl ats rece ive considerab le  amounts of si l t .  Tidal currents bri ng 
in large amounts of sand from the ocea n .  Sometimes l arge waves washing across sandsp its carry large 
amounts of sand into the bays and tidal fl ats . Sand-dune areas a l so contribute w ind -borne sand . Some 
sect ions of the t idal flats are marshy and promote the growth of vegetation i nc l uding peat moss . 

I n  genera l , t idal f lat materia l s  are a mixture of fi ne river-borne sediments , beach sand , and organ ic  
matter in proportions dependi ng upon proximity to the various sources of material . More typi cal i s  the 
organic si l ty c l ay wh ich  the fo l l owing samp l es represent: 

AASHO 

A-7 , A-8 

Gradation i n  Percent 
Sand S i l t  C lay 

4 6 1  35 

SO IL  CLASS I F ICAT IONS 

Unif ied 

ML - MH- O H  - PT 

LABO RATORY SUMMARY 
(3 sampl es) 

S ieve Ana lysis Percent Passing Screen 
4 1 0  40 200 

1 00 1 00 95-99 90- 97 

Textural 

C layey si l t ,  si l ty c l ay 
Organ ic  soi l s  and peat 

Atterberg L imits 
L iquid Limit P lastic ity I ndex 

46-64 1 1 -2 1  

I n  cross section ,  a typ i ca l  t ida l-fl at deposit consists of sandy , c l ayey s i l t  and peat about 6 inches thick 
over ly ing a variab le  but usua l ly thick l ayer of si l ty c l ay conta in i ng lenses of sand and peat . 

T he use of tidal fl ats for construction is l imited because of frequent inundation and the presence of 
thick compressible soi l s .  Areas not flooded by tides have a hi gh water tabl e  and poor dra i nage . T he use 
of these areas for dra in  fie l ds is not recommended . The performa nce of sewage l agoons bui l t  in tidal fl ats 
is questionab l e ;  however ,  some have been constructed i n  t idal fl ats e l sewhere in O regon . The i r  performance 
and effect on the environment shou ld be eva l uated before more such construction is a l l owed . 

Foundation character istics for any kind of spread footi ng are such that sett l ement wi l l  be excessive and 
uneven . Even  moderatel y  heavy structures shou ld be pl aced on p i l i ng .  If the deposits are th in ,  end
bearing p i l ing rest i ng on bedrock can be used, but for th ick deposits fri ction-bearing pi l es wi l l  perform 
satisfactori l y .  

Roads bui l t  over tidal fl ats must necessar i ly  be pl aced o n  several feet of embankment i n  order to be 
above tide and flood-water e levations . The weight of such an embankment , a l though l ow ,  is sufficient 
to cause considerable d i fferential settl ement and give the road a rol l er-coaster effect . The l ow permeabi I ity 
of the tidal muds w i l l  cause sett l ement to take pl ace over a long period of time . Moderate ly high embank
ments may cause the foundation soi l s  to fai l  by sheari ng . 

Soi l s  and foundation eng i neers can,  where necessary , exam ine the foundation soi l s  and recommend 
construction of sand drai ns, counterweight, pre loading,  pi I ing ,  or some other method to assure satisfactory 
resu l ts .  
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G E O L O G I C  H AZARDS 

L a n d s l i d e s  

Landsl ides occur in  a mass of slopi ng soi l  or rock when the sheari ng stress exceeds the sheari ng strength . 
Such s l ope fa i l ures deve lop natura l l y  through several processes: erosion undermi nes and oversteepens the 
slope; excessive rai nfa l l  i ncreases the we ight of the material in the s lope; weathering decreases soi l  strength; 
and ground water leaches the e lements that act as soi l  and roc k  binders . 

Landsl ides can move rapidl y ,  s low ly ,  or i ntermittently dependi ng upon the infl uence of the factors 
caus ing the i nstabi l ity . T hey may beg in  sl owl y  and i ncrease in veloc ity , or they may beg in  abruptly  and 
decrease i n  ve locity . Large l andsl ides may cont inue to creep or move i ntermittent ly for many years . 

I nit ial  fa i l ure of a slope general ly  produces te nsion cracks i n  the ground . As movement conti nues, the 
cracks widen . Thick soi l  wi l l  tear apart and a smal l l i near depressio n may form para l l e l  to the crack . The 
types of landsl ides d i ffer depending upon factors such as sl ope ang l e ,  depth to bedrock , and type of material 
i nvo l ved in sl id ing .  The various types of s l ides are discussed be low . 

T ime te nds to modify and obscure the surface features produced by the landsl ide . T he t i l ted and bent 
trees are repl aced by a new growth of strai ght and vertical trees, the drainage is  reestabl ished ,  and sag 
ponds are dra ined .  Ancient lands! ides may be recognized , however, by subtl e d i fferences in the morphology 
of the terrain .  Gent ly  s loping ,  rol l i ng topography , the displ acement of strata,  and the deranged structure 
of the bedding al l g ive evidence of a pre historic l andsl ide . 

I n  L incol n County much of the geo log ic  terra in  is suscept ible to l a ndsl id ing . I nl and, where the topog
raphy is mountainous and streams cut deep canyons with steep slopes, several rock sequences,  especial l y  
the si l tstone and c l aystone format ions, weather to produce residual so i l s  and thick col l uvi um which fai l  
when oversaturated by moisture or undercut by erosion . Along the coast , the sea c l iffs composed o f  these 
rocks as wel l as unconsol idated terrace soi l s  are constantly undercut by high tides and storm waves.  Steep 
terrai n ,  weak rock material s ,  high rai nfal l ,  weathering , and erosion combi ne to produce extensive s lope 
fai l ure throughout L i  nco! n County . 

I nvestigations of l andsl ides in L i ncol n County was largely  reconnaissance i n  scope , except in se l ecti ve 
areas a long the coast where more deta i led s ite i nspection was done . Landsl ide areas were identi fied by 
geo logic  fie l d  studies, by stereo view ing of aerial photographs of the e nt ire area, and by study of topo
graphic maps . I n  add ition, automobi l e  and foot traverses and air reconnaissance were conducted to study 
specific probl ems and to substantiate i nformation developed by the other methods . 

Cl assi fication of l andsl ides 

Landsl ides in L i ncol n County can be c lassified accord ing to age : ( 1 )  anc ient l andsl ides ( no historica l  
movement, probab ly  several hundred years o ld) ;  ( 2) recent lands! ides (historic movement but  no current 
act ive movement); and (3) active l andsl ides . They can a l so be c lassi fied accordi ng to five ge neral types: 
( 1 )  rotational  sl ump sl ides i n  cohesive materia l s ,  (2) debris sl ides and mudfl ows in granular materials and 
cohesive soi l s ,  (3) bedding p lane fai l ures in rock units, (4) s loughing of vertical slopes, and (5) soi l creep . 

Rotational s l ump s l ides: This term refers to sl ump masses which move downsl ope on a curved basal sl ip 
p lane and contai n numerous back-t i l  ted b locks . The resul t ing topography is hummocky , and some of the 
depressions fi l l  up with water to form sag ponds and smal l l akes . 

Rotational sl ump sl ides commonly occur in the thick residua l  soi l s  that deve lop through weathering of 
t he fine-grained sedimentary rocks of the Yamhi l l ,  Nestucca, A l sea , and Yaquina Formations . They a lso 
occur i n  more l ocal ized areas' of  the  Tyee Format ion and in  unconsol idated mari ne terrace deposits .  

Debris sl ides: Debris s l ides occur on steep slopes covered with granular rock fragments and soi l ;  they 
tend to develop rapid ly duri ng heavy rai nfa l l .  Debris s l ides are eas i ly  reactivated by natural or man-made 
a l terations i n  s l ope , water content , or surface runoff. 
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Photo 27. Landslide i n  roadcut of H ighway 1 01 north of Salmon River.  H eadscarp 
of s l ide can be seen in background.  Sl ide is in residual soils and weathered 
s i l tstone of Yamhi l l  Formation. 

Photo 28. Topography characteristic of an old landslide in Yamhil l  Formation north 
of Salmon River on west side of Highway 1 01 . 



GEOLOGIC HAZARDS - LAN DS L I D ES 

Photo 29 . Lorge boulder from Sil etz River Volcanics loosened during winter rains of 
1973 rolled onto Si letz River Rood at Fun River. 

Photo 30. Seaward-dipping Astoria Formation between Agate Beach and Beverly 
Beach State Pork causes extensive sliding of marine terrace sediments. 

8 1  
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Beddi ng-pl ane sl ides: Beddi ng-p lane sl ides occur where the bedd ing of  rock uni ts s lopes toward a 
bl uff, stream canyon, or man-made cut .  Movement genera l ly occurs a long the water-saturated contact 
of the overly i ng material and the bedding p l ane when  l atera l support is removed by e i ther erosion or ex
cavation . S im i lar fai l ures a l so occur on l ow-angl e  surfaces of slopes i n  residual soi l  or i n  the underlying 
weathered rock zone when sheari ng forces exceed sheari ng resistance . 

I n  L incol n County , beddi ng -pl ane fa i l ure occurs i n  coastal cl i ffs where si l tstone and c l aystone beds of 
the Nestucca , Astoria ,  and Nye units d ip  toward the beac h .  Fai l ure occurs at the water-saturated con
tact of mari ne-terrace deposits and the weathered bedrock uni t .  I n land from the coast , bedd i ng-pl ane 
sl ides are characterist i c  of the Tyee Formation . 

S loughing of steep s lopes: S l oughi ng of steep sl opes is a slow but cont inuous process of sl ope retreat . 
It i nvolves dune sand and mari ne terrace deposits i n  b l uffs fac i ng the ocean and soi l or weathered rock 
along steep-sided stream canyons. Erosion is the primary cause of sl oughi ng, but freez i ng and thawing 
of soi l s  are contributi ng factors . 

Soi l  creep:  So i l  creep is  mass downsl ope movement of soi l s  at an imperceptib l e  rate . Typical so i l  
creep i s  nearly continuous at a rate of about 1 foot i n  1 0  years (Terzaghi , 1 950) . Al though soil creep 
areas have not been d i fferentiated in this study , they occur on hi l l s ides in some local i t ies . They can be 
an important factor in l ong-term s lope stab i l ity , s i nce they ca n re nder a structure total l y  use l ess . 

Summary of lands! ides al ong the coast 

Coastal l andsl ides occur pri ncipal l y  in the b l uffs of the mar ine terraces and rare ly  in the vol canic 
headl ands i n  L i ncol n County . The general areas of coastal sl ides are described , but no attempt is  made 
to analyze in deta i l  any specif ic l andsl ide , Further geo log ic  and engi neering studies wi l l be requi red to 
determ ine the nature of s l ide areas, their pote ntial for future movement (e i ther natural l y  or as a resul t  of 
proposed construct ion), poss ib le damage to property or structures, and the method and effectiveness of 
s l i de correction .  Coastal I andsl ide areas from north to south are as fol lows: 

Cascade Head landsl ide : North and Byrne ( 1 965 ) i ndicate debris and sl ump l andsl ides in vo l canic 
rocks and assoc iated sed ime nts i n  six sma l l  embayments at Cascade Head . The l argest l andsl ide,  accord
i ng to North and Byrne , i nvol ves some 20 acres of pasture l and that sl umped i nto the sea in 1 934. 

Coastal terrace l andsl ides: From Roads End to L inco l n  Beach s ignifi cant s l ump fai l ures occur i n  the 
coastal terrace . The terrace is composed of e levated mari ne terrace deposits over la in  i n  p l aces by older 
stabi l ized dune sand . The deposits are soft to friabl e and are easi ly eroded . Some of the l arger active 
sl umps in  the bl uffs near Roads End j ust south of Cascade Head have caused damage to property . Sl ough
i ng is common i n  the steep and unstabl e  s lopes between Wecoma Beach and the mouth of S i l etz Bay and 
on the south side of S i l etz Bay to Fogarty Cree k .  

At Otter Crest , active s l ump fa i l ure occurs both north and south o f  the Devi l s  Punch Bowl . From Otter 
Rock south to Yaqui na Head , s loughi ng and sl ump fai l ures are numerous along the b l uff and occasional ly  
threaten to  undermi ne developed property . Bedrock strata of the  Nye Mudstone and Astoria Formation 
underl ie the terraces in th is area and provide saturated surfaces a long which s l id i ng occurs , Large sl ump 
fai l ures on both the north and south sides of Yaqui na Head in the community of Agate Beach have damaged 
private property . 

The Jumpoff Joe l andsl ide at Newport is a c lassic exam pl e  of a detached mass s l id ing on a seaward
d ipping bedd ing pl ane . Both north and south of J umpoff Joe, the heads of sl ides have moved landward sev
eral hundred feet and have cut off roads , damaged or destroyed houses, and d isrupted the ground surface . 
The l atest large movement , occurri ng in 1 942 and 1943, involved a crescent-shaped section about 200 feet 
wide and 1 , 000 feet l ong (Al l en  �nd Lowry , 1 943) .  More than 1 6  acres of land have been i nvol ved i n  
the Jumpoff Joe sl ide area (North and Byrne , 1 965) .  

South of  Yaqu ina Bay, betw een Henderson Creek and Grant Creek, a large s l ump mass described by North 
and Byrne (1 965) is 300 yards long and 200 yards wide . Present i nvestigations indicate active s lope move
ment onto the beach , but houses above the headscarp have not yet been affected by h eadword deve lopment 
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Photo 31 . Landsl ides in sea cl iffs at Roods End caused by undermining of weak soi ls  
by wove erosion. Remains of house foundation stil l  visible at head of sl ide in 
sea c l i ff near center of photo. 

Photo 32.  Close-up of same area from beach showing slide that destroyed o house . 
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Photo 33. Eroding terrace i n  north Lincoln City occupied by motels and houses . 
Erosion wi l l  eventual ly underm ine foundations unl ess protected. 

Photo 34 . High marine terraces in Lincoln County show effects of active bluff erosion. 



GEOLOGIC HAZARDS - LAN DS LIDES 

Photo 35. Houses bui l t  on old dune sand on marine terrace in Lincoln City. Wave 
erosion at base of cl iffs removes support for upper part. Note patio foundation 
exposed by erosion . 

' ,  . .... . ' 

Photo 36. Overhanging mat of soil and vegetation ready to drop off characterizes 
the continual sea-cl i ff retreat in lincoln County. 
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_ ,  ... 

Photo 37. Short sections of concrete sea wal l  protect lower slopes of sea cliff from 
wave erosion, but are i neffective for upper, oversteepened portion. 

Photo 38. Wave erosion at base of high sea cliff is continua l ly  destroying the prop
erty along its margin.  
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Photo 39. Active landslide at Agate Beach, lower left of photo, has severely damaged 
house and forced abandonment. Ground movement continues . 

Photo 40. Close-up of house in above photo. Foundation destroyed by breo k in ground 
surface visible in right-center of photo. Breaks in ground at left of photo ore 
heodscorps of the active londsl ide . 
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Photo 41 . Typical exam pie of terrace retreat where thick mot of vegetation curls 
over cl iff undermined by wove and wind erosion .  

Photo 4 2 .  Building i n  center of photo severely damaged when caught i n  active land
slide at Agate Beach . Ground disruption continues. 
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Photo 43.  Active landslide at  Spring Street just north of Jumpoff Joe i n  Newport 
creates a jumble of unstable ground involving many acres of land . 

Photo 44 . Close-up of part of the large londsl ide scarp exposed behind house on 
Spring Street. Extensive damage to house began in 1 961  and slide mass con
tinues to be unstabl e .  
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Photo 45. Spring Street disl ocated by landslide movement. Water flowing down 
right side of street comes from spring, indicating the disturbed subsurface 
drainage of the landslide mass. 

Photo 46. J umpoff Joe landslide in N ewport began in 1 922, but major displacement 
occurred in 1 942. A number of houses were situated on the down-dropped 
block of land . 



G EO LOG IC HAZARDS - LAN DS Ll DES 

Photo 47. Large landslide in marine terrace south of Yaqu!na Bay. Note semicir
cular headscarp along top of terrace with jumbled ground and til ted trees below. 

Photo 48. Vertical escarpment near Yachats characteristic of active erosion of 
marine terrace. 
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of the s l ide .  Numerous other types of s lump fa i lure and s lough ing occur loca l ly in  the coasta l terrace from 
Grant Creek to Alsea Bay . 

South of A l sea Bay to Yachats the terrace is low; however, the soft terrace sands and overlying dunes 
can be attacked by ocean waves and active ly eroded , Just north of Yachats, thin terrace deposits are 
under I a in by basa l t ,  which retards the rate of erosion considerably . At Yachats and to the sout h ,  where 
resistant basalt forms the s lopes and headlands , erosion is minor . Terrace deposits overlyi ng the basa lt  
are th i n  and l arge ly protected from wave erosion by the resistant basa lt . 

Summary of l andsl ides in the upl and areas 

Large l andsl ide sl ump fai l ures are present in the upland areas of L incol n County . They are most abun
dant in formations younger than the Tyee , part icu lar ly in the fine-grained units such as the Yamhi l l ,  A l sea, 
and Nestucca Formations and the Nye Mudstone . The predomi nantly sandstone strata of the Yaquina and 
Astoria Formations are less vul nerable to sl iding in this area . 

In the northern part of the County, l arge areas of ancient s l ump fai l ure are present i n  the major dra i nage 
systems such as Schooner Creek, Drift Creek, S i l etz R iver, the interior drai nage in the h i l l s  between the 
Si l etz and Yaqu i na Bays , and Devi l s  Lake . From Yaquina Bay to Al sea Bay, l ands l ides occur on the sl opes 
of stream val l eys , l argel y in the s i l tstone of Al sea . South of Al sea Bay, sl ump fa i l ures are l oca l l y  present 
in the s i l tstone of Al sea and in weath ered basa l t  of Yachats . 

Most of the upl and mountainous area of the County is underl a in  by relatively competent , resistant Tyee 
sandstone and basalt ic and gabbroic i ntrusive rock . Local ly on steep side slopes, residual soi l s ,  col l uvium, 
and weathered rock wi l l  sl ide when saturated . Such landsl ides are general ly tear-shaped masses whi ch 
occur i n  bowl -l ike val l eys tributary to major streams as  we l l  as  on steep side sl opes of the l arger streams. 
Beddi ng-plane sl ides are common in  the Tyee Format ion , and range i n  size from smal l ,  or less than 1 0  
acres, to massive hi l l side fai l ure of more than 2 square m i le s .  Large hi l l side sl ides i n  Tyee Formation 
are present south of Toledo in parts of sees.  29 , 30, 3 1 , T. 1 1  S . ,  R .  l O W . ,  on the north slope of Scott 
Mountain in parts of sees . 27, 28, 29 , 32 and 33, T .  1 3  S . ,  R .  9 W . ,  and i n  the upper reaches of the 
Sal mon River va l l ey in  the northwest part of the County . 

It is emphasized here that many potent ial ly unstabl e  areas may exist in the upland areas of L incol n 
County that are not shown on the map . For this reason,  pre l iminary site i nvestigations should be made 
to discover the possib i l ity of slope problems prior to modifying sl ope or drai nage for a construction pro ject . 

Catastrophic lands! ides 

Catastrophic landsl ides are sudden or short-term movements of masses of material that create immediate 
danger to people or structures .  For exampl e ,  mudflows or sl ump-type I andsl ides can move rapid l y  down 
slopes , b lock roads, crush build ings, and destroy power l i nes, bridges, and dams.  A l andsl ide moving 
i nto an al ready fi l l ed reservoir can cause overflow of the spi l lway and possible dam fai l ure , Large bl ocks 
of land occupied by houses can move , t ip,  and break up . In 1 95 1 ,  a highway fi l l  j ust east of Newport 
became l iquid during heavy rains and formed a mudfl ow which destroyed an occupied house , fortunate ly 
without harm to the residents .  

I n  some pl aces, landsl ides of the past have moved i nto or across existing stream val leys . Probably 
the movement was slow and the stream was able to maintain its channel . However, there i s  always the 
possibi l ity that some future l andsl ide coul d  temporari ly dam a stream , impound the water, and then 
suddenly re lease i t  to the flood-pla in  areas downstream . Such potential ly endangered areas inc I ude the 
fol l owing: the flood plain of the Salmon R iver from Rose Lodge east to the County border; on Big Creek i n  
the NE� o f  sec . 6, T.  8 S . ,  R .  1 0  W . ,  and the SWt sec . 31 , T .  9 S . ,  R .  8 W . ,  o n  the south side of 
the Al sea River flood plain in the N� sec . 9 and south edge of sec . 4, T. 1 4  S . ,  R .  9 W . ;  and in  the fl ood 
plain  of the Yachats R iver in  the S� of sec . 33, T .  1 4  S . ,  R .  1 2  W .  

There are a number of places a long the coastal terrace of L i ncol n County where houses have been 
destroyed by fa i l ure of the sea c l i ff; the sl ides at Jumpoff Joe are str iking examples . In many pl aces today, 
houses on the marine terrace situated within a few feet of the sea c l i ff could be i nvolved in sudden slope 
fai l ure . Because so much of L i  nco I n  County ' s  devel opment is along the margin of the mari ne terrace where 
soft soil and weathered rock is be ing undermined by erosion at a rapid rate , catastrophi c  landsl ides are 
a serious potential hazard . 
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Photo 49. Embankment failure in recently constructed highway 1 mile 
east of Newport caused by impaired drainage of Nye Mudstone 
at base of fil l .  

Photo 50. House destroyed when newly 
constructed highway embankment 
become saturated and flowed 
rapidly down a sma l l  gully. {Photo 
by Glen Edenfield, Newport) 
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S o f t C o m p r e s s i b l e  S o i l s  

Soi l s  which sett le uneve nly under l ight to moderate foundation loads may be of several categories .  The 
most crit ical of these is peat . Peat co nta ins a l arge percentage of organic matter ,  most ly fibers, and is 
spongy and l ightweight . It is usual ly  water saturated and frequentl y  under l oad wi l l  consol idate to l ess 
than 50 percent of its orig ina l  vol ume . Peat occurs at the surface in swampy areas where the water tab le  
is  rising sl ow ly  enough to  al l ow the vegetation to remain and grow without be i ng submerged . These con
d it ions preva i l  a long the margi ns of bays, estuaries,  and mouths of streams in conj unction with a r is ing 
sea l evel or a subsid i ng seacoast . The bui l d-up of a dune b locking the entry of a smal l stream to the sea 
wi l l cause a rise in water l evel and promote the growth of peat .  Shift ing sands can cover the peat and 
form a buried horizon of compressib le soi l s .  Rece nt and ol d dune areas shoul d be thoroughly investigated 
for buried peat so i l s  if the site is to serve as a foundation for a structure . 

Soft compressib le so i l s  can be several te ns of feet thi ck i n  bays such as S i l etz , Yaqui na ,  and A l sea , 
and thi nner i n  smal l er bays such as Sal mon River, Drift ,  Schooner,  and Beaver Creeks .  These bay soi l s  
are composed o f  cl ays mixed with sand , si l t ,  and organi c material and are subject to flowage under founda
tion l oads such as road f i l l s  or foundation mats . In addi t ion to excessive uneven sett l ement , the so i l  can 
fai l  by sheari ng under heavy embankment l oads,  causing an e l evated ridge to form para l l e l  to the toe of 
the embankment . Counterweights shoul d  be designed to prevent pressure bui l d-up and shearing, and , if 
more rapid sett l ement is desi red , sand drains can be i nstal l ed to drai n off water forced out during the 
consol idat ion of the soi l . 

Fine-grai ned al l uvial soi l s  deposi ted in the t idal  areas of the major fl ood p lains can conta i n  l ayers of 
soft soi l s .  Roads bui l t  on these areas w i l l sett le unevenly and produce an undul ating grade . Subsurface 
i nvestigations are needed to determi ne the extent of such material and the engi neeri ng design necessary 
to min imize the extent of the uneven sett l ement . 

H i g h  W a t e r  T a b l e 

H igh water tab le  in th is section refers to near-surface ground water which can present a problem to 
l and deve l opment and engineeri ng construction . Near-surface ground water may be due to perched water ,  
spri ngs,  h i l l side seepage , natural swampy areas, o r  soi l s  that become saturated during and fo l l owing 
periods of high rai nfal l .  

T idal fl ats and swamps in the l ower flood-p la in  areas are characteristica l l y  wet year round . H igher 
terraces in the stream val l eys may have a high water tab l e ,  except during the la te summer fo l l owing a 
l ong , dry seaso n .  Much of the water in these areas has migrated downslope i nto the adjacent terraces 
from the hi l l side co l l uvial soi l s .  

Marine terraces are usua l l y  composed of fi ne granular materia l s ,  somewhat permeabl e  but with thin 
horizontal strata of impermeable soi l s  which effectively restr ict the downward perco lation of water . S i nce 
the strata are essential ly  horizontal , any mi nor downwarpi ng may produce a c l osed basin capabl e  of hol d ing 
water at or near the surface . 

Sand dune areas are noted for contai ning significant amounts of ground water .  Si nce fresh water is 
l ighter than sea water, the water tab le  remains above sea l eve l and rises l andward by hydraul i c gradient . 
I n  i nterdune areas , the water tab le  w i l l  be sl ight ly be l ow the ground surface or exposed i n  the form of 
I akes or ponds .  

A h igh near-surface water table poses many engineeri ng and deve l opment problems. Hydrostat ic water 
pressure can force empty fuel storage tanks out of the ground and buck le  and fracture sw imming poo l s  and 
basement floors . High water tabl e causes sept ic  tanks to overfl ow and the effl uent to run out on the surface, 
possib l y  contam inating surface streams . The s ides of deep excavations are subject to cave-in from weak 
saturated soi Is under hydrostatic pr�ssure . 

I n  areas where the water tab l e  has seasonal f luctuations , t he maximum water e levations shou ld be 
considered i n  the pi anni ng and design of engineeri ng structures .  The most common method to prevent 
pressure bui l d-up is by i nsta l l i ng gravel mats and t i l e  prior to the pl acement of storage tanks or concrete 
sl abs . 
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S t r e a m  F l o o d i n g 

T his portion of the report provides general i nformation on the flood potentia l  of streams i n  L i ncol n 
County , i nc I udi ng data on the major floods of past years . Because data on the December 1 964 - January 
1 965 stream floods are by far the most compl ete and deta i led,  this flood period is the most ful l y  d iscussed . 
T he flood-prone areas are graphica l l y  shown on the geolog ic  hazards maps accompanyi ng the report . 

The fl ood study , made during the winter of I ate 1 972, is of a reconnaissance l evel because of the 
smal l scal e of U. S. Geol og ical  Survey 1 5-mi nute quadrangle maps ( 1  i nch  to the m i l e )  and l arge contour 
i nterval s  (50 to 80 feet) . Data on the boundaries of maximum recorded flooding,  as wel l as other areas 
now bel ieved suscept ib le  to flood ing ,  were compi l ed from flood maps by t he U .  S .  Geological Survey 
( 1 969) , U . S .  Army Corps of Engi neers ( 1 971c) , U . S . D . A .  Soil Conservation Serv ice ( 1 972) , and from 
data devel oped during th is investigation , wh ich i nc l uded aerial photo in terpretation, interv iews w ith 
numerous residents , and extensive fiel d checking a l ong the streams . Add i tional information was obta ined 
from the L incol n County P lanning Department and other l ocal governmental agenc ies . 

Causes of stream flood i ng 

F loods are t he resul t of various combi nations of heavy ra i nfa l l ,  me l t i ng snow , steep topography , low 
bedrock permeabi l ity ,  l andsl ides, extensive flood p la ins ,  log jams , and high ocean tides driven i n l and 
by the strong westerly wi nds of storms at sea . The partial b lock i ng of stream mouths by sand, such as at 
Beaver Creek is another cause of flood ing . Man-made structures (with the exception of dams and d ikes) 
t hat s low or confi ne fl ood fl ows add to the flood potential . Forest fires and c l ear-cut l ogging pract ices 
cause increased runoff of precipitation i nto stream systems and augme nt flood condit ions . 

Occurrence and frequency of stream f lood ing 

Stream floodi ng is an annual problem i n  L i ncol n County and often occurs more tha n  once a year . 
F loodi ng is most l ikely  to occur during the November to February heavy precipitation period , with Decem
ber and January general l y  experienci ng the l arger floods . Floods are rare in O ctober or Marc h.  

Gage stations that measure e levation and rate of discharge of flood waters are l ocated on  the S i letz 
R iver (at river m i l e  42�) and on the A l sea R iver (at river mile 1 7) .  Of the te n l argest fl oods l isted for t he 
S i l etz River, four occurred i n  December and two i n  January , w it h  other months rece iving one or no floods, 
whereas the A l sea R iver recorded its l argest floods three times in December and six in January (Tab le  1 6) .  

F lood hydrographs (Figure 1 7) show that coastal streams respond quickly to heavy ra i nfal l and that run
off is rapid with peaks of short duration except during the l arger fl oods . Precipitat ion ranges from 60 
i nches per year at N ewport to 200 i nches annual l y  in the N orth Fork S i letz R iver area in the northeast 
corner of the County where e levations reach 3 , 1 28 feet at Stott Mounta i n .  

Two of the l arger floods of record on  the S i letz and A l sea Rivers are designated by the U . S .  Geological 
Survey as "8-year " and " 28-year" floods (Tabl e 1 7) ,  based on records of past floods .  Because fl ood occur
rences are errat ic ,  these designations are more a measure of magnitude of a possible flood than they are a 
measure of a n  expected time i nterval . 

Control of stream flooding 

A l though l evees or dikes have been bui l t i n  the l ower reaches of t he Sal mon,  S i letz , Yaquina , and 
A l sea R ivers flood p la ins for local flood contro l , no flood-contro l  storage reservoi rs have been bui l t  to 
retard flood waters . I t  is unl ike ly  that such protective structures wi l l  be considered for the Oregon coast 
streams , at l east during the near future , because the cost-ratio factor is uneconomic for the expected 
benefits derived . This concept may cha nge with the considerabl e i ncrease in the number of homes, many 
of them year-round residences, that are appearing a long the County ' s  five major rivers and numerous 
streams . 

For the present, major flood protection in the County must be i n  the form of flood-p la in  management 
hav ing strict ly enforced, adequate flood -pl a in  zoning and bui l ding regulations . 
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Extent of stream flooding 

Flood ing i s  most extensive in the tidewater areas of the streams .  Whenever westerly storm wi nds and 
high tides coincide with heavy runoff, upstream discharge of flood water is impeded and damage is partic
u larly widespread and severe . Damage is compounded by the concentration of many homes and commercial 
structures on the flat low-lying flood p la ins and along estuaries, for the most part within the t idewater 
zone in L i ncol n County . 

An ind ication of the extent of tidewater area subject to possib le flooding is the fol lowing l isting (from 
north to south) of the river mi l eage representing the respective heads of tidewater: 

a .  Sal mon River 
b .  S i l etz R iver 
c .  Yaquina R iver 

5 mi les 
22� m i l es 

1 9  mi l es 

d .  E l k  Creek 
e .  Alsea River 
f .  Yachats River 

3 mi les 
1 2  m i l es 
1 �  mi les  

The gent le  topographic grad ient through which much of  the Si letz River flows, from above Logsden to 
the ocean , has caused the river to bui ld long reaches of flood pl a in .  For this reason,  the S i l etz R iver 
floods more acreage above tidewater than any other Lincol n County stream . 

F lood of 1 92 1  

The largest recorded flood i n  L incol n  County occurred on  the Si l etz R iver on  November 20, 1 92 1  
(Tab le 1 6) .  The flood had a peak discharge of  approx imately 54, 600 cubic feet per second (cfs) a t  river 
mi le  1 0, as determined by the U. S. Army Corps of Engi neers (D . H .  Basgen ,  written communication 
Aug . 1 8 , 1 972) . 

Newspaper accounts report that unprecedented ra infal l for several days caused the Si letz River to rise 
32 feet above the low-water mark in three days . Severe floods were a l so reported on the Yaquina ,  A l sea , 
and Yachats Rivers and on various creeks .  Telephone and tel egraph l i nes were down , roads were blocked 
by s l ides and washed-out bridges . The entire county was isolated by the 1 921 storm . 

Perhaps the 1 921  flood is best known for the controversy arising from the opening of the headgate i n  
the mi l l pond dam at Val setz to prevent flooding there of  the town and sawmi l l .  The dam , made of  logs, 
held fast . Down-stream residents c laimed that opening the gate material ly increased the flood waters on 
the Si I etz R iver , and the issue was taken to court as Arthur C .  Crawford vs . Cobb and Mitchel l Lumber 
Co . The Oregon Supreme Court sustained the Circuit Court's decision and rul ed in favor of the p la intiff. 
Twenty-seve n cla imants fi l ed for damages tota l i ng $ 1 1 8 ,5 17 . L inco l n  County 's  c la im of $73, 640 for six 
bridges and associated losses was the largest fi l ed .  

Floods of 1 964-1 965 

Christmas week 1 964 and the l ast week of January 1 965 witnessed the most widespread and devastating 
flooding in the state ' s  hi story . The two periods of ge neral flooding were produced by an unusual combina
tion of meteorological events that in coastal areas cu lminated i n  severe storms December 1 9-23 and January 
2 1 -31 , L incol n County was one of the many hard hit . State and Federal offic ia l s  decl ared the entire 
state a major disaster area . No other catastrophe in Oregon has been as great . 

Although coastal streams are rare ly above flood stage for more than 2 days, the long duration of the 
storms caused many streams to exceed flood stage for 3 to 4 days. At the height of the floodi ng ,  many 
smal l coasta l streams and tributary creeks, some too sma l l  to warrant map recognit ion , turned into rivers 
of mud ,  rocks , and log debris .  A summary of the maximum flows and discharges for the 1 964- 1965 and 
prior floods in the County is shown in Tab le 1 7 ,  

December 1 964 

F lood stages were exceeded on al l coastal streams during the December 1964 flood , with maximum 
stages occurring on December 21 and 22 . Record floods occurred on the Yaqui na and Al sea Rivers, with 
the S i letz River registering its sixth l argest flood of record , The crest flow of the A l sea R iver was gaged 
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Tabl e 1 6 .  Ten largest floods of record , S i l etz and Al sea Rivers, i n  order of magni tude* 

S I L ETZ R IVER ALSEA R IVER 
near Mack Landing near T idewater,  Oregon 
(at r iver mi le  1 0) (at river m i l e  1 2) 

E l evation Discharge Order 
Date of Ft . , M . S . L . c .  F .  s .  of Date of E l evation Discharge 
Crest 1 / 21  Magnitude Crest Ft . ,  M . S . L .  C .  F .  S .  -

N ov .  20, 1 92 1  28 . 1  54, 600 Dec .  22, 1 964 76 . 2  4 1 , 800 

Mar . 3 1  , 1 93 1  26 . 2  45 , 600 2 Jan . 2 1 ,  1 972 74. 6  371 1 00 

Jan . 28, 1 965 25 . 6  43, 1 00 3 Dec .  2 1 ,  1 955 72 .6  32, 200 

Nov . 25, 1 927 25 . 1  4 1 1 1 00 4 Jan . 28, 1 965 72 . 1  30, 800 

Jan . 20, 1 972 24.9 40, 900 5 Jan . 20, 1 964 7 1 . 0  28, 200 

De c .  22, 1 964 24 . 7  39, 900 6 Jan . 4, 1 956 70 . 8  27 , 900 

Feb . 1 7 , 1 949 24 . 4  38, 800 7 Jan . 7, 1 948 70 . 7  27, 800 

Dec .  6 ,  1 933 24. 2  38 ,400 8 Dec .  1 5 , 1946 70 . 2  26 , 400 

Dec .  1 5 ,  1 946 24 . 0  37, 500 9 Feb . 1 7 ,  1 949 70 . 2  26, 400 

De c .  27, 1 937 23 . 5  36, 1 00 1 0  Jan . 1 8 , 1 953 70 . 0  26, 1 00 

* U . S . Army Corps of Engineers, "Special fl ood p la in  information , "  1 972. 
1 / E ievations are from discharge curve . 
2/ Discharges for river mi le  1 0  were estimated from the gagi ng station - at r iver m i l e  42� near S i letz . 



Tabl e 1 7 . Summary of maximum fl ows and discharges for 1 964- 1 965 and prior floods for s ix streams in l i ncol n County* 

Max imum Known Pr ior Flood Maximum Dec .  '64 and Jan . '65 

Discharge 

Stream and Drai nage Period Gage Gage Recurrence 
P l ace of Area of Height Discharge He ight I nterval 
Determi nation (Sq . m i )  Record Date (feet) (cfs) Date (feet) (cfs) (years) 

S l i ck Rock C r .  
near Rose Lodge 8 . 33 1 /27/65 795 

Drift Creek 
near Taft 38 1 /27/65 4 ,530 

S i l etz River 1 905- 1 2 
at S i l etz 202 1 924-64 2/1 7/49 25 . 1 7 37 , 000 1 2/22/64 25 ,74 29 , 800 

1 92 1  1 1 /20/21 3 1 .60 1 / 40, 800 1 /28/65 27 . 32 32, 200 8 -

B ig  Creek 
near N ewport 2 .66 1 /28/65 203 

A l sea R iver 334 1 939-64 1 1 /24/60 24 . 02 32 , 800 1 2/22/64 27 . 44 4 1 , 800 28 
near T idewater 2/ 3/90 29 .50 2/ 1 /28/65 23 . 26 30, 800 -

Yachats River 
near Yachats 39 1 /28/65 5 , 430 

* U . S . G . S . W . S . P . 1 866-A and B, 1 97 1  and 1 970,  
1 / Different datum site t hen used . -
21 Based on floodmark (Feb . 3 ,  1 890) shown by long-time resident . -

---- --- ---
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Photo 51 . F lood waters i n  December 1 972 cover Coyote Rock Trailer Park on S i l etz 
River. 

Photo 52. Flood waters reach edge of Si  I etz River Road about half a mi I e east of 
Highway 1 01 . 
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at  4 1 , 800 cubic feet per second (cfs) on  December 22  a t  6 :30 p . m . ,  the highest i n  36  years of record, 
and that of the S i letz R iver at 39, 900 cfs, a l so on December 22, at 1 :30 p . m .  (Tab l e  1 6) .  F l ood hydro
graphs of the S i l etz and A l sea R ivers for the December 1 964 flood are shown in F igure 1 7 .  Discharges i n  
the smal l  coastal basi ns genera l l y  were not unusua l l y  h igh d ur ing the December fl ood . 

F loodwaters i nundated l ow-lyi ng pasture l ands and farms , forced c losure of schoo l s ,  curtai l ed or tem
porari l y  termi nated many business activities, c l osed a l l  major roads, downed communication l i nes,  and 
isol ated L i ncol n County . Mi l l  ions of tons of l ogs and other debris were swept out of the rivers to wash 
ashore on the beaches . 

Salmon River to S i l etz R iver: In the northern part of the County, the Sal mon River and its tributaries 
c losed travel i n  the Otis Junction area and al ong State H ighway 1 8 . Schooner Creek fl ooded t he tra i l er 
court and school area of the Taft port ion of L i  nco I n  C ity , as wel l as the houses on the flood pi a i n  a long 
Schooner Creek road . Drift Creek flooded extensive l y .  The S i l etz R iver flooded several homes at Si letz 
and washed several away near Kernvi l l e .  

Yaqui na River:  H igh water o n  the Yaqui na River washed away a l oadi ng dock and, augmented by the 
record 1 0-foot t ides, nearly overtopped the docks along the N ewport waterfront . Basements were flooded 
in l ow-lying areas . The oysters in a number of commercial beds in upper Yaquina Bay and lower Yaquina 
River were k i l l ed by si l tation . Upstream at Tol edo several l umber mi l l s  were flooded , and the munic ipal 
water supply  from the Si l etz R iver and Mi l l  Creek was cut off .  During this critical period the l ocal radio 
station , KTDO , went off the air because of high water .  The community of E l k  C ity was flooded . 

A l sea R iver: The A l sea R iver flooded or destroyed 80 to 90 houses and cabi ns from T idewater to Wald
port; 25 to 30 houseboats were l ost . Resort communities situated on the flood pl a i n  were flooded; L i tt l e  
A l bany , a t  r iver m i le 7!, was the most severel y  damaged . Serious sewage probl ems developed , and there 
was a shortage of potabl e water .  At the mouth of the river, the Wal dport waterfront was damaged by the 
high wate r .  

January 1 965 

Prec ipi tation in L inco l n  County duri ng the January 1 965 storm was consis:lerabl y  more prol onged and 
greater than that during the December 1 964 storm . Newport recorded 8 . 2  inches of rain during the 
Decem ber 1 9-23 storm , and 1 5 . 0  inches during the January 2 1 -3 1  storm . Many coastal streams continued 
to be high i nto early February . Th is is i l l ustrated by the d ischarge hydrograph of the A l sea R iver for the 
period December 1 6 , 1 964 t hrough February 1 5 ,  1 965 ( Figure 1 8) .  T he S i l etz River reg istered i ts th ird 
l argest flood of record , cresti ng at 43 , 1 c1o cfs on January 28, whereas on the same date the A l sea R iver 
registered its fourth l argest flood of record by crest ing at 30, 800 cfs (Tab le  1 6 ) .  

Salmon R iver to Dri ft Creek : At Otis,  ra i nfa l l registered 7 . 44 i nches on January 28 to worsen t he 
a l ready floodi ng Salmon River and its tributaries. Some of t he communit ies making up L incol n C i ty faced 
cri t ical water shortages due to flooded pumping stations and br oke n  mai ns . To t he south,  Depoe Bay 
experienced simi lar d i ffi cu l t ies . At C ut ler City, Drift Creek was higher than during t he December flood . 

S i l etz River: Duri ng the January 1 965 flood , t he Si l etz River was over its banks for 3 days . The 
river rose at an average rate of 0 .  7 foot per hour , with a maximum rate of 1 foot per hour, for a 24-hour 
period , and then crested on January 28,  accordi ng to the U . S . Army Corps of Engi neers . Rainfa l l  at 
S i l etz was 5 , 37 i nches on January 27, 5 . 25 i nches on January 28, and t hen d imi nished to 1 . 25 i nches on 
January 29. 

Residents at Logsden stated that the January flood was much higher than the December flood . T he 
Corps of Engineers estimated that the January f lood was about 2 feet lower than t he record flood of 
November 1 92 1 . 

T he Corps, in a re l ease t it l ed "Special F lood P la in  I nformat ion, S i l etz R iver , " states: 
" Duri ng major floods,  mai n  channel ve l ocities wou ld  range from 3 to more t han 6 feet per second . 
Ve l oc i ties over the flood p la in would vary wide ly ,  dependi ng on l ocat ion,  topography , and 
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Photo 53. F lood plain of Si l etz River covered by water during December 1 972 flood. 

Photo 54. Landfill on fl ood plain of Siletz River nearly topped by December 1 972 
flood. 
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vegetation ,  but woul d general l y  be  l ess than  3 feet per second . Vel oc it ies i n  the order of 3 feet 
per second , combined w ith  depths of 3 feet or greater ,  are considered hazardous . 
"Si l etz R iver responds rapid ly to i nte nse rai nfa l l .  Water-surface stages in the lower reach can 
rise from low water to a major flood crest in less than 2 . 5  days . At Kernvi l l e ,  river mi l e  0 . 5 ,  
major floods resul t  i n  maximum water l evel s  that are l ess than 3 feet higher than the stage pro
duced by high t ides, w hereas at river m i l e  1 0  a major flood wi l l  crest as much as 20 feet above 
the stages produced by high t ides . " 

The Corps states that during major floods the average gradient of the Si l etz River a long the l ower 1 0  
mi les  is about 1 . 7  feet per m il e .  

T he high flood flows i n  the Si l etz River i n  January 1 965 swept away homes, barns, trai l er houses,  docks, 
and boats . A l og jam formed against t he bridge at Kernv i l l e ,  and damage to roads and highways was ex
tensive . State Hig hway 229, a l ong the S i l etz R iver, lost approximately hal f a m i l e  of roadway and i ts 
bridge at Skunk Creek , near river m i l e  6 .  T he route was cl osed for about 4 months . S i nce 1 965 , new 
devel opment in the flood p la in  has increased appreciably the potential for greater flood l osses .  

Another form of damage , not a lways ful ly recognized but nonethe less basi cal l y  importa nt , was the 
sediment l oss accompany ing t he fl ood . The suspe nded -sediment l oad observed i n  the river at the S i l etz 
gage 5 hours after the flood peak was equiva lent to 1 02 , 000 tons per day at a concentration of 1 ,  260 
parts per mi l l ion (ppm) ,  accordi ng to the U . S . Geol ogical Survey ( 1 97 1  ) .  Dri ft Creek near Taft carried 
a very high 30, 000 tons per day of sediment at maximum flow . 

Depoe Bay : To the south at Depoe Bay ,  North Depoe Bay Creek washed out Col l i ns Road and stranded 
a dozen famil ies in the area . 

Yaquina R iver: At Newport , dockside load i ng areas i n  Yaqui na Bay were so sil ted by the January 
1 965 flood that dredgi ng was requi red to cl ear t he channel s .  H igh  t ides of 8 . 3  feet on January 29, driven 
higher by storm winds, continued the critical fl ooding a l ong the coast . 

At Toledo , 9 i nches of rai n  fel l  i n  a 42-hour period . Water flooded the Arcadia district i n  the north
west part of town,  causi ng the evacuation of some dwel l i ngs and busi nesse s .  The city was aga in  without 
a munic ipal water supply because of a flooded pumping station and broken mai ns .  Mi l l Cree k ,  a municipa l  
water-supply source for Tol edo , had a peak discharge of 609 cfs on  January 27 . 

At E l k  City, fl ood water iso l ated the community and was reported 1 8  i nches above the floor of the 
grocery store which stands approximate ly  3! feet above street l eve l . A Coast Guard boat was used i n  
evacuation work in  the E l k  C ity area . The three roads out of Harl an were cl osed by flood waters and the 
sawmi l l  community isol ated . F lood waters at Eddyvi l l e  iso lated the communi ty and flooded several homes . 

A l sea River: The l ate January storm of 1 965 caused extreme flood flows i n  the lower Al sea River and 
on many smal l coastal streams . N umerous fam i l ies were evacuated as State H ighway 20 was c losed . The 
discharge hydrograph  for the AI sea River near the community of T idewater for the period December 1 6  -
February 1 5  is shown in F igure 1 8 .  Sediment transport was part icu larly heavy in the A l sea River basin 
as shown by comprehensive studies made of three sma l l  streams i n  the headwater areas o f  Dri ft Creek, 
tributary to the A l sea . Duri ng t he flood period January 27-29 the combi ned sed iment l oad of Deer Creek , 
F lynn Creek , and Needle Branch tota led 1 , 642 tons from a combi ned drai nage area of 2 . 22 square m i l es,  
more than 90 percent o f  t he total suspended load for the ent ire prior 6-year period . Duri ng the flood 
period the maximum dai ly sediment concentration for the three streams tota led 4, 1 37 parts per m i l l ion . 
Graphs i l l ustrating the suspended-sed iment concentration,  and the l oad and stream discharge i n  Deer 
Creek for the periods December 20-30 and January 25 - February 4, are shown in Figure 1 9 .  

Yachats R iver: S imi l ar transport observations near the January 1 965 flood peak i n  the Yachats R iver 
near Yachats indicated a suspende,d -sediment l oad of 2 1 , 200 tons per day at a concentration of 1 , 450 
parts per mi l l ion . The other coastal streams al so carried large quantities of sed iment for short periods during 
the flood peaks . A summary of the maximum suspended-sediment concentrations and loads for various 
streams in the County duri ng the 1 964-1 965 floods is  shown i n  Tab le  1 8 .  
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Photo 55. H ouses bui lt  on flood plain of Si l etz River con expect flood problems 
several times yearly. Photo taken during December 1 972 flood. 

Photo 56. Flood waters of December 1972 rose to level of "Movie House" porch on 
S i l etz River. 
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Figure 1 9 . Suspended sediment concentration and l oad and stream di scharge i n  Deer Creek, 
Dec . 20-30, 1 964 and Jan . 25 - Feb . 4 ,  1 965 . 
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Few areas i n  L inco l n  County were left unscathed by the December 1 964-January 1 965 floods . Raging 
streams damaged homes, farm bui l d i ngs, recreation property , docks, moorages,  boats , summer cottages,  
i ndustrial fac i l i t ies , muni cipal water systems, publ ic  bui l d i ngs, roads,  and bridges; eroded banks and 
fie l ds; si l ted channel s and oyster beds; d rowned w i l d l i fe and stock; and swept away val uable l ogs . Consid
erab le damage to pasture l and was caused by the deposition of tansy ragwort and other noxious weeds .  

The giant logs stranded on the mud flats o f  S i l etz Bay , part i cul ar ly  i n  the area west o f  Kernvi l l e  known 
as Snag Al ley, graphica l l y  attest to the ravages of these and past flood s .  

T he si l tation o f  farm land ,  considered for its general , long-range effect , was be l ieved to be more 
beneficial  t han detrimental by the County Extension Agent and the Soi l Conservation Service District 
Conservationist . A l though a farmer may be temporari ly out of production because of si l tation , the bui ld
up of h is  l and i s  benefi c ial . 

The forest products industry i n  L i ncol n  County was particulary hard hit by the floods . This is i n  part 
shown i n  Tab le  1 9  which presents damages i ncurred a long the S i letz, Yaqui na ,  and A l sea Rivers by the 
1 964-65 floods • 

Flood of 1 972 

The month of January 1 972 experie nced two periods of major flood ing , January 1 1 - 1 2  and 20-21 • 
Storms dropped four i nches of rain i n  24 hours on much of the County on January 1 1 ,  to be fo l lowed a 
week l ater by a 6-i nch snowfal l on January 1 8  and a 9-foot ocean t ide b lown  higher by storm winds on 
January 2 1 . The U .  S .  Army Corps of E ng i neers l ist a peak flow for t he Si letz R iver of 40, 900 cfs on 
January 20, and a peak fl ow for th e Al sea R iver of 37, 1 00 cfs on January 2 1  (Tabl e 1 6) . Of the l argest 
floods on record for the Alsea, the 1 972 flood ranks second; for the S i l etz ,  the 1 972 is the fifth in magni
tude . No other rivers i n  l i ncol n County have gag ing stations . 

Damages caused by the January 1 1 - 1 2 flood were estimated at $848, 000 by the State Emergency Services 
Division and the Federal Office of Emergency Preparedness . Road and br idge restoration costs were esti
mated at $ 1 26 , 500 (Oregonian ,  1/ 1 9/72) . Major damage hayi ng been done by the first fl ood, i t  is 
bel ieved that the January 20-2 1 flood d id not add greatly  to the monetary l oss . President N ixon declared 
the County a national d isaster area . 

The fo l lowi ng information about t he two periods of floodi ng is summarized from the Newport N ews Times 
( 1 - 1 3-72 and 1 -27 -72): 

-- --
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Tab l e  1 8 .  Summary of  maximum suspended-sed i ment concentrations 
and l oads for 1 964-1 965 floods in L i nco l n  County * 

Percent Sed i me nt by Size 
Stream and Drai nage Maximum Sed iment Maximum Cb i l y  C l ay S i l t  Sand 
P lace of Area Concentration �� Sed iment Load . 004- . 062-
Determ ination (sq . m i . )  ppm tons <. 004mm . 062mm 1 . 00mm 

S l i ck  Rock Creek  
near Rose Lodge 8 . 33 1 38 1 /27/65 296 2 1  33 46 

Dri ft Creek 
near Taft 38 2 , 430 1 /27/65 29, 700 23 44 33 

S i l etz R iver 
at S i l etz 202 1 , 260 1 /28/65 1 02 , 000 3 1  46 23 

Big Creek 
near N ewport 2 . 66 752 1 /28/65 4 1 2 -- -- --

Yachats R i ver 
near Yachats 39 1 , 450 1 /28/65 2 1 , 200 2 1  45 34 

* u . s . G . s .  W . S . P .  1 866-A and B ,  1 97 1  a nd 1 970.  

Tab le  1 9 .  F l ood damage i n  L i nco l n  County , December 1 964 
a nd January 1 965 in thousands of dol l ars * 

Stream Agri - Resi - Commercial & Trans- Uti I - Publ i c  C hannel  Emergency 
Bas i n  c ul tural dential I nd ustrial portation i t ies Works Improvement Re l ie f  Total 

S i l etz R iver 82 78 49 1 66 0 1 4  0 2 391 

Yaqu ina R iver 50 1 4  1 47 4 1  0 255 

A l sea R iver 86 2 1 3  48 1 23 0 20 0 2 492 

Grand total 2 1 8  305 244 330 0 35 5 1 1 1 38 

* U . S . G . S .  W . S . P . 1 866-A ,  1 97 1  
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S i letz River: Dur ing the fi rst period of fl oodi ng the S i letz R iver registered a high of 25 .7  feet at the 
river gage 1 m i le east of S i l etz , The river fel l  to 1 8 . 2 feet at 8:00 a .m .  the fol lowi ng day , showing 
the fast runoff characteristi c of coastal streams . State Highway 229 was c l osed by high water about 1 0  
mi les  above Kernvi l l e .  

During the second flood period , the S i l etz R iver crested at 24 . 6  feet ,  near ly a foot l ower than the 
first flood , but floodi ng was worse be low tidewater because of a 9-foot tide b lown higher by storm winds .  

Yaqui na River: E l k  C ity was iso lated by both periods of flood ing .  H igh  water i n  t he Depot S lough 
area of Toledo flooded across o l d  State Highway 20 and entered business bui l d ings and dwe l l i ngs in the 
Arcadia district . The Eddyvi l l e-Nashvi l l e  road was c losed by high water and sl ides . 

During the second flood period , Toledo ' s  water suppl ies from Mi l l Creek and S i l etz R iver were so 
muddied that dr ink ing water had to be supp l i ed by Oregon National Guard tank trucks . 

Al sea R iver: During the fi rst period of f lood i ng the A l sea R iver at the community of Tidewater (river 
mi le 8�) reported ly  rose from 7! feet on the morning of January 1 1  to 1 5 , 8  feet the fol l ow ing morni ng and 
crested at about 20 feet that afternoon or eveni ng . 

Duri ng the second flood period on the Al sea , flood ing was greater and extended from highway mi le
post 3 to head of tidewater (river mi le 1 2) .  The r iver peaked at 25 . 5  feet at  t he Mike Bayer Campground 
(river m i l e  1 8) on January 2 1 . Al l of the housing devel opments and some resorts and campgrounds on the 
flood p la ins of the A l sea River were flooded . A huge amount of debris floated out of t he mouth of the 
Al sea R iver and dr ifted south ,  comi ng ashore on the beaches near Yachats . 

O c e a n  F l o o d i n g 

Causes of ocean flood i ng 

Ocean flooding is unpredictabl e and may occur at any time throughout the year . Dr . J une Pattu l l o ,  
Oregon State University oceanographer, attributes this phenomenon to varying combinations of factors 
such as high t ides, low barometric pressure , changes i n  ocean currents, winds , and storms . Susta ined 
winds of ga le force over a l ong reach of ocean can cause even a moderate 6- or 7-foot tide to bui ld  up 
high enough to be destructi ve when pushed on shore . 

The commonest cause of fl oodi ng is wi nd that keeps the water p i l ed up against the coast to produce 
storm waves and addit ive waves, as d iscussed bel ow . Another cause of ocean flood i ng is the tsunam i ,  a 
sea wave generated by seism ic  activity on the ocean floor . 

Storm waves 

Storm waves are large sea waves caused primari ly by wind pus hing the ocean onto low coasts not 
ordi nari ly subject to i nundat ion . The waves have no re lation to the tide brought about by gravi tational 
forces except that the two may combi ne ,  The wind causing the waves is of ga l e  (39-54 mph) to hurricane 
(exceedi ng 75 mph) force . The i r  size is proportional to the ve locity ,  the duration ,  and the distance the 
wind b lows across the sea . 

On January 3 ,  1 939, one of the g reatest ocean floodi ngs in history occurred when windswept high 
tides caused extensive damage over m uch of coasta l Orego n .  

On December 2 and 3 ,  1 967 , the ent i re L i nco l n  County coastl i ne was battered by unusual ly destructive 
storm waves . The waves were ge nerated by the accumulat ive effect of pro longed 50 mph southwesterl y 
wi nds gusting to 65 mph, and tides exceeding 1 0  or 1 1  feet, the highest of the year . 

Beaches everywhere were cl uttered with l ogs and debri s .  The Newport area escaped severe damage , 
but l ogs were hur led onto the Nye Beach turnaround . High t ides flowed over the new landfi l l  at South 
Beach , but caused l itt le damage . North of Newport , Beverly Bea ch State Park sustained $ 1 , 500 damage 
from logs floated i nto Spencer C reek . South of N ewport , high waves did $4, 700 damage to Ona Beach,  
Beachside,  and Yachats State Parks . Large logs were washed through O na Beach State Park, across U . S ,  
H ig,hway 1 01 ,  and u p  Beaver C ree k .  
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I n  the Wal dport area l ogs and debris were washed over h ighways and seawa l l s ,  and m uch  o f  O l d  Town 
Wal dport was i nundated with  several feet of wate r .  Water covered t he road at t he L i nt S loug h  d i ke ,  and 
surged into several homes . " O l d  t imers "  sa id some areas were flooded that they had never see n  flood . 

Additive waves 

Addi tive waves are potential l y  destructive sea waves that may occur under normal l y  moderate condi
tions . Such waves are w i nd-formed by smal l er waves bu i l d ing upon one another or by the coal esci ng of 
two or more waves mov ing at obl ique ang l es from different storm area s .  These bu i l t- up or mu l tip l e waves 
are the so-ca l l ed " ki l l er "  or " frea k" waves because they give no warni ng . ·  The waves form regul ar l y  at  
sea even i n  m i l d  w inds, and there is  a lways a stati stical chance of their reach ing shore , w here great dam
age may resu l t .  Sh ips at sea have been sunk by such waves . 

On February 1 9 , 1 973, a h igh t ide of  8 . 7  feet was augmented by a rough sea , and " freak " waves 
struck several areas a long t he O regon Coast at approximate l y  the same time of day . The waves k nocked 
one person u nconscious on t he beach at D R iver in L i nco l n C i ty ,  washed another o ff the rocks at Cape 
K iwanda in T i l l amook County , and broke over cars parked on t he beach at Cannon Beach in C latsop 
County . Fortunate ly  t here were no fata l ities . 

An eye -witness described the wave at L i nco l n C i ty as appearing no l arger t han the other I arge waves 
running that day , but t hat this part icu lar wave was fo l l owed immediate l y  by an unbreak ing mound or swe l l  
o f  wate r .  I t  was this additive force that gave t he wave the impetus t o  run h igh onto the beach .  

Tsunami waves / (pronounced " soo-nom-ee " )  

Vol canic  or seismic  activ i ty in  the Pac ific Basi n can generate shock waves tha t  travel at  great  speeds 
(up to 600 m i l es per hour) and can cause catastroph i c  destruction i n  the coasta l areas . These sea waves, 
or tsunamis ,  are imperceptibl e in the open sea , having wave l engths often in excess of 1 00 m i l es and ampl i
tudes of onl y a foot or so . In coastal areas, however , the energy is  concentrated by progressive l y  shal l ower 
water , creating l arge waves, some as much as 1 00 feet i n  h eight,  as the water conti nues to pi l e  upon 
i tsel f .  Grea t damage a l ong beaches and estuaries can resu l t .  

Tsunamis a lmost always i nvol ve more t han  one wave . O ccasiona l l y  up to 9 o r  1 0  waves over a period 
of several hours are i nvo l ved . One of the midd le waves is  usual l y  the l argest . It i s  a matter of record 
that some tsunamis are immediately preceded by an anoma lous ris i ng or l owering of sea l eve l . 

The ve l oc ity of tsunami waves is control l ed by t he depth of the ocean ,  therefore , their arr iva l  t imes 
at various poi nts can be predicted once the generati ng area has been located from seismograph reports . 
N o  re l iab l e  system is yet ava i l ab le  for predict ing the he i ght of tsunami waves or t he i r  effect on the various 
types of shore l i nes and estuaries. Oregon ' s  wide conti nenta l she l f  and genera l ly  h igh and rugged coast
l ine with protrud ing headl ands act to dissipa te considerabl y the speed and impact of the waves . However,  
the location of most of the popu lace in l ow-lyi ng areas and a l ong estuaries makes t he potent ia l  for tsunami 
damage h igh . 

The l argest recorded tsunami wave to hi t the Oregon Coast occurred about midnight March  27 , and 
early morning of March 28, 1 964 (Schatz and others, 1 964) . This tsunami was ge nerated about 6 hours 
earl ier (5 :36 p . m . ,  A l aska Time) by a submarine earthquake i n  the N orth Pac i fi c  Ocean ,  80 m i l es south
east of Anchorage . T he q uake ( known as the Good Friday Earthquake of A l aska) caused waves to move 
t he l e ngth of the Pacific Coast , doing catastrophic damage to some ports, part icu lar ly  a long the A l askan 
Coast and at Crescent C ity , Cal i forn ia .  

Persons i n  the N ewport area who witnessed the tsunami reported unusual churni ng of the ocean, fol lowed 
by a huge wave that broke high and tossed l ogs l ike  matchst icks .  A second wave carried t he l ogs far out 
to sea and exposed the ocean fl oor for an  u nusual l y  l ong d i stance , then was fol l owed by a wave of fa ir ly  
normal size . Some of the reported effects of the tsunami wave in  L inco l n  County were l ogs and driftwood 
wdshed onto beaches, across h ighways i n  l ow areas, and i nto mote l units . Some docks were washed out 
and a l umber barge torn from its moori ngs . An oyster grower in Yaq uina Bay reported loss of oyster beds 
by wave scouri ng and s i l tat io n .  Four tsunami  waves were observed traversing Yaqu ina Bay , causing floating 
logs to change course abruptl y .  Severa l  m i l es up t he Yaqui na River one w itness described the water l eve l 
as goi ng down "as t hough a p l ug had been pul l ed , " l eavi ng the river a narrow stream unti l the next tsunami 
wave surge . 
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Although L i ncol n County escaped the coastal ons laught with l itt l e  damage in terms of monetary loss, 
tragical ly four chi ldren s leeping on the beach at Beverly Beach State Pork were drowned . 

Referring to the Good Friday tsunami , Dr . Peter Dehl i nger, professor of geophysics at Oregon State 
University ,  stated : " Pred ict i ng the possibi l i ty of another wove such as this  is impossibl e .  The only thing 
we hove to go on is post experience . It is known that this was the most severe wave to hit the Oregon 
Coast in recorded history . There is no reason to expect that such waves should become any more frequent . 
However, no one con soy for sure it won ' t  happen again . "  

The tide recorder at the Oregon State University Mor ine Science Center at Newport has recorded three 
tsunam is, a l l  m inor , s ince i nstal l ation of the i nstrument in January 1 967 . O ne series of waves, l asting 
nearly two days , was generated 1 0  hours earl ier by a strong earthquake off northern Japan . The waves 
were sma l l  and caused no serious damage . I t  was determ ined that these waves trave led about 670 feet 
per second , or- 460 m i l es per hour, before slow ing as they entered the sha l l ow coastal waters . 

A tsunami warn i ng system is mai nta ined by the Not ional Ocean Survey at its observatories in Honol u l u ,  
Hawa i i ,  Pal mer, A laska , and N ewport, Washi ngton .  A l erts ore transm itted from the Honol u l u  station to 
a l l  participating notions . The primary receiv ing station for the west coast of the contiguous Uni ted States 
is located at the Son Francisco I nternational Airport which noti fies the coastal states for general d istribut ion . 
The chain of communi cation for Oregon proceeds as fol lows: State Deportment of Emergency Servi ces 
or State Pol ice headquarters in Sol em , County Departments of Emergency Services, County Sheri ff' s  Depart
ments, local pol ice and fire departments, and other local emergency personne l . L i nco l n  County ' s  various 
pol ice units are each responsib l e  for patrol l i ng a designated port ion of the coastl i ne .  

The Environmental Sci ence Services Admi nistration of the U .  S .  Deportment of Commerce gives the 
fol low ing 1 0  safety ru les for coastal residents regard ing tsunamis: 

1 .  Al l earthquakes do not cause tsunamis ,  but many do . When you hear that an earthquake has 
occurred , stand by for a tsunami emergency . 

2 .  An earthquake i n  your area is a natural tsunami warning . Do not stay i n  low -ly ing coastal areas 
after a local earthquake . 

3 .  A tsunami is not a singl e wove , but a series of waves . Stay out of danger areas unt i l  on "al l  c l ear" 
is issued by competent authority . 

4 .  Approaching tsunamis ore sometimes hera lded by a noticeable rise or fal l  of coastal wate r .  Thi s  
i s  nature ' s  tsunami warni ng and shou ld  be heeded . 

· 

5 .  A smal l tsunami at one beach con be a giant a few mil es away . Don ' t  let  the modest size of one 
make you lose respect for a l l .  

6 .  The N otional Tsunami Warni ng Center does not issue fal se al arms . When a warn ing is  issued , a 
tsunami exist s .  

7 .  Al l tsunamis - l ike hurricanes - are potential ly  dangerous ,  even though they may not damage 
every coast l ine they str i ke • .  

8.  Never go down to the  beach to  watch for a tsunami . When you con see the wove you are too 
close to escape i t .  

9 .  Sooner o r  I oter, tsunamis visit every coast I i ne i n  t he Paci fic . Warnings apply to you i f  you I i ve 
in any Pacific  coastal area . 

1 0 .  During a tsunami emergency ,  g ive your I ocol emergency organizations your ful l est cooperation .  
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T r a n s i e n t  S h o r e l i n e s  

T he beaches, spits, head lands, and estuaries of coastal L incol n County represent a natural bal once 
between the i nterrelated processes of wave erosion ,  l ongshore drift ,  river transport of sediments, and 
l andsl id ing.  Beaches and spits are particul arly sensit ive to the migration of sand up and down t he coast; 
mari ne terraces are sensi t ive ,  i n  turn , to the condition of the beaches protecti ng them from the sea . 
Headl ands owe their  presence to the rel ative hardness of the rocks of which they are composed , and 
estuaries record the world-wide rise i n  sea l eve l of the l ast 20, 000 years . 

The features of the coastal strip are the resul t of a compl ex interp lay of many processes with innumer
abl e  l ocal variations . I t  is emphasized that the processes are cont inu ing and that t he coastal area , prob
ably more than any other area, is subject to cont i nuing change , be it natural or man-i nduced . Proper 
l and-use management i n  these areas is needed to i nsure that  future deve lopments are intel l ige nt ly  keyed 
to the geo logic condit ions so as to min imize future l osse s ,  

Beach areas 

Approximate ly  70 percent of the coastl i ne of L i ncol n  County is made up of beaches . T hese i ncl ude 
L incol n Beach, Wecoma Beach ,  and G leneden Beach in the Cape Foulweather quadrangle; the coast l i ne 
between Otter Rock and Yaqui na Head , and between Yaqui na Head and Beaver Creek i n  the Yaquina 
quadrang le ;  and the strip between Seal Rocks and Yachats i n  the Wal dport quadrang l e  (see Figure 20) . 
Because beach areas span so much of L incol n County coast l i ne ,  an understandi ng of t he processes which 
govern the ir format ion and destruction is  cri tical ly needed . 

Beach areas represent a bal ance between erosion and deposition and const itute a natural protection of 
the in l and areas from the ravages of the sea . Offshore bars trip the waves, shal l ow slopes dissipate the ir 
e nergy , and the fl at back-beach areas normal l y  above high tide accommodate most storm activity . The 
dunes , products of wind-blown beach sand , consti tute a final protection agai nst exceptiona l l y  high storm 
waves and tides . 

Wind waves: Waves generated by the w i nd are i nstrumental i n  determi ning the profi le  and local con
figuration of beaches . I n  response to seasonal storm act ivi ty ,  the beaches undergo cycl ic  variation i n  
the ir form . I n  genera l , steep i ntense wi nter waves erode the beach, cutting i nto dune areas, whereas t he 
gent ler summer waves bri ng i n  sand , restori ng th e beaches to th eir former shape . Larger , unrecognized 
cyc les and non-cyc l ic  phenomena (such as tsunam is,  discussed under " Ocean F looding") a l so are impor
tant factors i n  beach stabi l i ty .  

Longshore drift :  Longshore drift is the term appl ied to the d i rection o f  movement of sand a long the coast 
as a result of tidal and wave action . L itt le is known of the longshore drift of the central Oregon coast . 
I t  is general l y  concl uded , however ,  that the gent l e  norther ly currents of long duration of the summer 
months domi nate the brisk southerly currents of short duration dur ing the winter months to g ive a net drift 
towards the south . Wind and swe l l  movements ( K ulm and Byrne , 1 966) , patterns of sedimentation adjacent 
to jetties ( U . S ,  Army Corps of Engineers , 1 971  a, b; Schl icker and others , 1 972),  and the presence of the 
south-flowing Japanese C urrent off t he coast are consistent with this interpretation.  

The presence of offsetting c urrents does not necessari l y  dimi nish t he probl ems i ntroduced by longshore 
drift . In fact , t he operation of two-current systems i ntroduces a hazard to the beaches which is doubly 
d i fficu l t  to contro l . A consideration of this factor i s  di scussed under "Topography " below . 

Topography: I n l ets and headl ands which i nterrupt beach areas are signifi cant to beach stabi l ity because 
they infl uence the supply of sand del i vered to beaches by longshore currents . Tidal currents flowing i n  
and out of i n l ets,  such a s  estuaries , carry drift i ng sand seaward and temporari l y  remove i t  from the beach 
system . 

I n  the undisturbed state , the effect of removing sand at i nl ets i s  bal anced by longshore drift ,  and a 
series of bars and shal l ows i nsures that enough sand passes the i nl et to supply t he beaches farther a long 
the coast . Man , however, can interrupt this bal ance by dredging the channel or constructing jetties .  
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Photo 57. Devi l s  Punch Bowl State Park at  Otter Rock, a marine terrace on  a sand
stone headland. Wave erosion removes terrace sediments foster than the sand
stone, continual ly  reducing the margins of the park area. 

Photo 58. Close-up of Devi I s  Punch Bowl area . Erosion has removed former stairway 
access to the Punch Bowl on right. Remains of old wal kway projects from c l iff 
at left.  
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Photo 59. Wove-cut terraces on resistant basa l t  breccia at  Cope Foulweother extend 
seaward. Basal tic rock is much slower to erode than sedimentary rock. 

Photo 60. Basa l t  sea stock offshore from Cope Foulweother was once port of the head
land. Erosion of l ess resistant rock between has l eft this isolated remnant. 
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Photo 61 . Nye Beach coastline about 1 900. Photo taken from natatorium during 
storm at sea. (Courtesy of Lincoln County Historical Society) 
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Photo 62. Photo taken from approximately same l ocation in 1 973 shows amount of 
recession of smal l  headland and its terrace platform . 
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The resul t  very commonly is the starvi ng of beaches of sand and i ncreased beach erosion .  Bayocean at 
the mouth of Ti l l amook Bay is a case in poi nt (Sch l i cker and others, 1 972 ) .  Any proposed modi fi cations 
of t he shore l i ne should take i nto considerat ion the sand budget of adjacent beach areas . Large-scal e  
removal o f  sand from the beaches should be d iscouraged i n  most i nstances . 

Jetty construction or dredging operat ions w i l l  block sand m igration both to the north and to the south 
a nd could conceivab ly contribute to beach i nstab i l ity i n  both areas . I t  is not uncommon e l sewhere i n  
coastal regions for beach sand to b e  transported by p ipe l i ne or barge from poi nts o f  accumulation across 
dredged i nl ets to po i nts of depl etion on t he other side . Modi fi cation of the coastal topography must pro
ceed only after rigorous i nvesti gations of potent ia l  hazards are made and adequate provi sions are made to 
preserve the flow of sand . 

Sandspits and dunes 

A sandspit i s  a poi nt of l a nd that projects from a beach and cl i ff area i nto an open body of water ,  
usua l l y  between a bay and the  ocean . Spits are a special  class of beaches and are subject to the  same 
processes, i ncl udi ng l ongshore drift and wave and w ind action . Most sand sp its a long t he Oregon coast 
are topped by dunes, which become progressively l ower and l ess stabl e  toward the e nd of the spi t . 

S i l etz Bay spi t ,  project ing northward from t he south shore of S i l etz Bay and occupied by a part of 
Sal i shan ,  is the most notabl e  sandspit in L i nco l n  County . Other spits i nc l ude those at Yaq ui na and A l sea 
Bays . 

The spi t  at S i l e tz Bay i s  undergoi ng crit ical sea erosion on i ts seaward side and i s  subject to a variety 
of other geo log ic  hazards as wel l .  T rough b lowouts of its dunes are deve lop i ng where the vegetative cover 
is i nsuffi c ient . Most of t he spi t  conce ivably cou ld  be topped by high storm waves or tsunami waves . The 
scattered logs throughout much of the dune areas on t he outer spit attest to the potentia l  danger of storm 
waves . 

Long-term residents of the area report that dur ing the ear ly 1 900's the S i l etz R iver passed through a chan
nel at about the center of the spi t .  That channel subsequent ly became p lugged w i th logs and sand , d ivert
i ng the r iver northward . I t  is probable that the low spit has been breached at various p laces in the past . 

Dur ing the high winter and spr i ng tides of 1 973 , parts of the S i l etz sp it were attacked by the sea and 
in some p laces eroded back 75 feet or more . At l east one house fel l i nto the sea and the emergency p lac i ng 
of riprap was needed to preserve several others . The precise cause of the e rosion has not been defi nite ly  
identified , a l though the  dom i nati ng factors probably i nc l uded storm severity ,  the l atera l migration of coastal 
landforms (a phenomenon di scussed at l ength by Sonu , 1 973) ,  and natural variat ions in sand suppl ied by 
longshore currents and by the S i l etz R ive r .  

A team of experts, i nc !  ud ing U .  S .  Army Corps of Engi neers personne l , d ispatched to the site at the 
request of Governor McCal l concl uded that at the present t ime parts of the spi t  are unsu itabl e for permanent 
construction . Properly engineered riprap and seawal l s  cou ld  concei vab ly stab i l ize the sp it . 

The dunes on the spi t  at the mouth of Yaqu ina Bay have undergone a re l at ively comp lex hi story and are 
presently stabl e i n  most areas .  Accord i ng to Cooper ( 1 958) ,  t he deposits of sand south of the Bay fi l i  the 
old channel of the Yaqui na R iver and genera l l y  are stabi l i zed by vegetation .  The dune sand underl y ing 
parts of N ewport was effective ly  cut off from its source of supply when the Yaquina R iver assumed i ts 
present course and i t ,  too , is stab l e . As i n  a l l  dune areas, preservat ion  of the vegetative cover is recom
mended , especia l l y  i n  the dune fie lds  south of Yaquina Bay .  Excavation i nto stab i l i zed dunes could 
expose loose sand to the w i nd and could i n i t iate further dune act iv ity . 

At AI sea Bay , a bl unt spi t  projects southward from the north bank into the estuary . With  the exception 
of the foredune , a l l  dunes on  the spit were bul l dozed fl at for housing devel opment . Preservat ion of the 
foredune and vegetat ion is esse ntial  to m i nimize wind erosion .  Presently  coastal erosion i s  crit ical on 
the seaward side . W i nd erosion a long the major dune axis i s  i ndi cated by the centra l ized absence of 
vegetation and by the presence of ha l f-bur ied trees on  the l andward side of the dune compl ex .  Construc
t ion in the dune area cou ld  be hazardous . Level i ng of dunes, especial ly fored�nes, is contrary to present ly 
accepted pract i ces of dune manageme nt . 

Because spits are subject to the same processes as beaches, they, too , must be regarded as transient 
features of a high ly sensi t ive nature . Any major operations which i nterfere with the coastal sand budget 
cou ld  destroy parts or al l of them . These i nc! ude dredgi ng of i n !  ets and offshore bars, the construction of 
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Photo 63.  Some of the houses bui lt  on the low dunes of S i letz spit .  Photo token in 
fall of 1 972 before severe erosion of spit by winter storms. 

Photo 64. C l ose-up showing house on l eft side of above photo where r iprop placed 
earlier at front of house was not sufficient to w i thstand later storms .  Erosion 
continued to remove sand exposed at either end, requiring additional riprop. 
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Photo 65. Close-up of house on right side of Photo 63 showing riprap placed to 
protect property from further storm-wave damage in  December 1 972. 

Photo 66. Same house as above after continued storms in January 1 973 gouged out 
sand beyond the terminous of the riprap. Waves have al ready removed some 
of the basalt chunks used for riprap. See Photo 84, page 1 34,  showing addi
tional 1973 erosion. 
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Photo 67. View looking south at Siletz spit showing erosion of inner margin of dune 
and masses of driftwood deposited by high seas . 

Photo 68. Logs scattered on S i letz spit indicate the l evel reached by recent storm 
waves . Photo taken during summer of 1972. 
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Photo 69. Dune grass planted to stabi l ize sand is no defense against the might of 
the ocean, which has eroded the dune, exposing buried logs carried i n  by 
previous storms . 

Photo 70. Sawed logs buried under dune sands on Siletz spit indicate that burial 
postdates 1 910, when logging began in upper Si letz River area. 
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Photo 71 . Al l that remained of a house under construction on 
Si l etz spit after winter storm waves destroyed it in 1973. 
(Photo by Lloyd E .  Woolfe, Oregon Highway Department) 

Photo 72. Even riprap placed along a lot frontage failed to prevent wave erosion of 
dune sand. Evidently at this site erosion worked behind riprop boulders. 
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promontories such as jetties, and t he removal of vegetation . I nd i rect l y ,  t he overdraw of ground water 
cou ld  a lso l ead to destruction by i nduci ng sa l t  water encroachme nt into the tap  root areas of t he trees 
which grow on the dunes in many areas . 

Al ternative ly ,  deve lopment of the coasta l strip should not be fl at ly  condemned . Proper jetty construc
tion and d redging,  for instance ,  have contri buted to t he economic wel l -be ing of the Yaquina Bay area . 
L ikewise , proper manageme nt of t he ground water in the C l atsop dunes area to the north (S chl icker and 
others ,  1 972) is regarded as a real ist ic goal and an asset in the future deve lopme nt of t hat part of C l atsop 
County . It is emphasized , t herefore , that what is needed i n  the beach and spit  areas is a basic understanding 
of t he processes that are operat i ng and an appreciation of the magnitude of t hese processes in  p lanning for 
future deve lopment . I n  eval uating spec i fic pro jects ,  more deta i led studies may be required . 

Marine terraces 

Marine terraces are e l evated flat surfaces representing erosion or deposit ion  by the sea a long a former 
shore l i ne .  Their present level  may be a resu l t  of up l i ft ,  variations in abso lute sea leve l ,  or both . A few 
terraces in  Lincoln County are developed upon basa lt ic bedroc k, as a t  Depoe Bay ,  Yaquina H ead , and at 
Yachats . Th ese areas are treated under the discussion of head lands be low . 

E l sewhere in the County, mari ne terraces are developed on bedrock of si l tstone and sandstone , and 
the deposits are composed of semi -consol idated sand , c lay, and gravel loca l l y  manti ed by dune sand . 
Marine terraces genera l ly  l ie immediate ly  i n land from beach areas and are present from Wecoma Beach 
to L incol n Beach in the Cape Fou lweather quadrangl e ,  from Devi l s  Punch Bowl to Seal Rocks (excl udi ng 
Yaquina Head) in t he Yaquina quadrang l e ,  and from Seal Rocks to Yachats in the Wal dport quadrangl e .  
E levations of terraces developed o n  sedimentary bedrock vary from 1 0  to 1 00 feet above sea leve l . 

The seaward margi ns of the marine terraces are undergoing crit ica l  erosion as storm waves seasona l ly 
undercut the soft sediments and in itiate a variety of l andsl ides . Thus much of t he terrace margi n is unsuit
abl e for deve lopment unl ess proper precautions are take n (see previous section on "Landsl ides " ) .  

The hi story o f  Jumpoff Joe, a sma l l  head l and composed o f  sandstone overl a i n  by terrace materia l ,  i n  
north Newport points out the cri tical erosion of t he terrace areas . Between 1 880 and 1 960, Jumpoff Joe 
was reduced progressively from a head land with a cave , to a head land with a tunnel , to a sea stack , and 
fina l l y  to a p i le  of rubble  on t he beach .  I n  80 years the head land and t he terrace upon it retreated 1 67 
feet (Shepard and Wanl ess, 1 97 1 )  to give an average retreat of 2 feet per year . 

With t he head l and thus reduced , the terrace to the north and south became increasi ngly  subject to 
undercutt ing by the sea . Some of t he most extensive terrace fa i l ures are immediate ly  north of J umpoff 
Joe . North and Byrne ( 1 965) document between 35 and 490 feet of terrace retreat in northern Newport 
from 1 902 to 1 964 and between 40 and 220 feet of terrace retreat in southern Newport from 1 9 1 2  to 1 964. 
Average annual rates of retreat i n  th is  area have ranged between hal f  a foot and 8 feet (Figure 2 1 ) .  

S ince the beaches t hat front the terraces offer the on ly protection from the sea , it fol lows that what
ever  affects the stabi l i ty of t he beaches, be it dredgi ng or jetty construction ,  a l so affects t he terraces . 
Modificat ions of the coastal topography must proceed on ly after adequate geological  engineering i nvesti
gations are conducted . 

As a general rul e ,  t he terraces with the narrowest beaches , the steepest slopes ,  and no exposed under
lying bedrock are t he most susceptib le  to undercutting and erosio n .  For these terraces, rates of retreat 
averaging several feet per year can be expected . For other  terraces protected by wide beaches and under-
1 ai n by exposures of bedrock,  I esser rates of retreat are I ike ly . Betwee n J umpoff Joe and Otter Rock,  
where bedrock dips up to 1 8° toward the west , massive s l ides are active ly  affecting l arge parts of t he 
terraces, render ing them unsuitable for permanent development . 

Head lands 

Bol d ,  natura l promontories, or head lands,  are formed in  regions of coastal retreat w here relative ly  
resistant rock erodes more s lowly t han the adjacent terrai n .  The major head l ands of Li ncol n County consist 
of Eocene and Miocene vol canic and intrusive rock and i nc l ude Cape Perpetua , Seal Rocks, Yaquina Head , 
and masses of vol conic rocks from Cape Foul weather to Government Poi nt . 
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Figure 2 1 . Coastal retreat at Newport 1 1 902- 1 964 and 1 91 2- 1 964 
(North and Byrne ,  1 965) . 

AI though the vo l canic head land areas are undergoing erosion, rockfal l ,  and rocks! ide, the rate of 
retreat is negl i gible in most areas . Bu i ld ing on these head l ands is not hazardous i f  the structures are 
placed suffic ient ly far back from the edge of the c l i ffs . Head lands in this category inc l ude Cape Perpetua, 
parts of Yaquina Head , and most of the Cape Foul weather area . 

As waves approach the shore I i ne they are refracted towards areas of shal lower water . I n  effect , they 
are concentrated on the head lands . In times of storm , rising tide , or high waves, dangers al ong the shore 
are most pronounced and beachcombers and boaters shoul d  avoid these areas. To the north at Cape K iwanda 
1 4 l ives have been lost in the l ast 15 years by peopl e unaware of the dangers posed by the head land areas . 

Estuaries 

The major rivers flowi ng through coastal Li nco I n  County from the Coast Range to the sea have been 
drowned by the post-P l eistocene rise in sea l evel to form estuaries .  The S i l etz , Yaquina, and Al sea 
Rivers empty into broad , partia l ly al l uviated bays; the val l ey of Beaver Creek is fi l l ed with sedime nt to 
form marshes; and the channel of Yac hats C reek is upl ifted to produce a series of a l l uvial terraces .  In  
the northern part of the County the dendritic shore l i ne of Devi l s  Lake suggests a former course of the 
lower Sal mon R iver . 

With the geological ly recent rise i n  sea l eve l ,  the gradients of the various streams were reduced and 
the capacities of the streams to carry sed ime nt were dimi nished . Consequently  the lower val l eys became 
a l l  uviated . Presently water depths are shal l ow and sedime nt thicknesses are great , probably exceeding 
1 00 feet in pl aces . As deposition and marsh growth have i nteracted , deposits of organic soi l  have deve loped 
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Photo 73. Jumpoff Joe in three stages of erosion: in  1 900 (top), marine terrace remnant has a small 
arch; in 1 9 1 3  (middle), surface eroded and arch enlarged; in 1 926 (bottom), arch gone and 
outer rock an isolated sea stack. (Photos courtesy of Pacific Studio, Newport) 
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and are now present both a t  the surface and  in  the subsurface (see " Soft Compress ib le  So i  I s " ,  page 94) . I n  
the bay areas,  adequate subsurface investigations shou ld  precede a l l  moderate to heavy construction . 

Use of the estuaries by seagoing vesse ls requires maintenance of adequate channels to the open sea . 
This i n  turn commonly requires dredg ing or the construction of jetties, as at Yaquina Bay . As di scussed 
previousl y ,  however, modifi cations of coastal topography can have adverse effects on beach a nd terrace 
stabil ity . I t  is recommended , therefore , that if dredg ing and jetty operations are ant ic ipated in the future 
devel opme nt of other estuaries , adequate engineering i nvestigations shou ld  be completed before hand . 

The warm brackish waters of the estuaries const i tute the major breedi ng ground for much of the mari ne 
l ife of the Oregon coastal area . It is imperati ve that  the natural state be preserved as much as possibl e .  
Water qua l i ty and circulation m ust be maintai ned and marsh lands must be preserved . I nd iscr imi nate l and
fi l l s  and the i ntroduction of pol l ut ion are not  compatible with such a n  objective . I n  a n  ecological sense , 
the estuaries are among the most sensi t ive areas i n  Oregon a nd a cont inuation of in-depth studies is needed 
before proceed ing with  construction in these areas . 

E a r t h q u a k e s  

Earthquakes i n  western N orth America are bel ieved to be caused by the interacti ng mot ion of two 
l arge I i thospheric p lates , the N orth America n Plate and the Pacific P late .  Off the Gu l f of Cal i fornia , 
earthquake epicenters show that the l ocus of i nteraction of these two plates  is associated with  the East 
Pac i fi c  rise . North of the g ul f, i n  southern Cal i forn ia ,  the l oci  of earthquake epicenters appear to 
d ivide into two branches ,  accordi ng to Barazangi and Dorman , ( 1 969). 

The western branch,  associated with  the San Andreas fau l t  system i n  Ca l i fornia , passes out to sea i n  
the vic ini ty o f  Cape Mendoc ino . Between Cape Mendocino a nd the northern end of  Vancouver I sl and ,  
the locus of epicenters i s  assoc iated w it h  the ridge-rise-tra nsform fau l t  system which exi sts off the coasts 
of northern Ca l i fornia , Oregon ,  Washi ngton ,  a nd Vancouver Is l and . From south to north t he system com 
prises the eastern e nd o f  the Mendoc ino (or Gorda) escarpment , Gorda ridge,  the B l anco fracture zone , 
J uan de Fuca ridge , Sovaco fracture zone , Explorer ridge, a nd the Q ueen C harlotte-Fairweather fou l  t 
system . T he Fairweather fau l t  system and a n  associated major fau l t ,  the Denal i fau l t ,  exte nd i nto southern 
Al aska . 

The eastern branch of epicenters is less wel l defined, appeari ng as a broad zone or bel t extending 
northward through Nevada,  Utah,  Wyomi ng ,  and Montana . T he eastern earthquake zone ei ther ends i n  
northern Montana o r  is d i ffuse ly  con nected t o  the earthquake activity i n  t he Puget Sound region . Oregon 
and parts of Washington and Idaho appear to be a re la tively q uiet isl and between the two zones of p late 
i nteraction .  The major stra i n  release assoc iated w ith  the i nteraction of the two p lates occurs off the 
coast of the Pac i fi c  N orthwest , east of  Idaho, south of  Orego n ,  and extends north-northwest from the 
Puget Sound region . 

Earthquakes are products of deep-seated fau l ti ng a nd subsequent release of large amounts of e nergy . 
Vibrat ions radiating from the fracture are fe l t  or recorded at the earth ' s  surface as earthquakes . I n  some 
places, such as the San A ndreas Fau l t  i n  Cal i forn ia ,  the fau l t  producing the earthquake can be mapped 
at the surface , but in many i nstances the fau l t  is buried (concealed) and cannot be observed at the surface . 
I n  L incol n County , fau l ts are n umerous i n  the bedrock units .  S nave ly  and others ( 1 972 a ,  b ,  c) i nd icate 
a complex system of northwest- and northeast-trendi ng normal faul ts, some of which have l arge vert ical 
d isplacements . The age of  faul t i ng i s  not wel l establ i shed , but the youngest bedrock un it i nvol ved is 
l ate Miocene ( 1 5  m . y .  ). N o  faul t i ng i s  present in  the marine terrace deposits of la te Pl iocene to early 
P leistocene, indicating that fau l t  movement is at l east o lder than 0 . 5  m .y .  A l though faul t i ng i s  exten
sive i n  the County ,  no master earthquake-producing faul t  system i s  i nd i cated .  

Earthq uake summaries by  Berg a nd Baker ( 1 963) and Couch and Lowel l  ( 1 97 1 )  provide the historical 
earthquake data for L i ncol n County . The data i nd icate that t he recorded sei smic history extends back 
on ly  some 70 years to the l ate 1 800's (Tab le  20) . During this period seven earthquakes were reported :  
four at N ewport with i ntensity rat ings (Modified Mercal l i ) of  IV;  one a t  Wal dport, i n tensity rati ng IV; 
o ne at Seal Rock , i ntensity rati ng I l l ; and o ne at A l sea, intensity rat i ng I l l  (see Tab le  2 1  for Merca l l i  
sca le  rati ngs) .  
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Couch and Lowe l l  ( 1 97 1 )  have summarized i nformation on seismic energy release i n  the entire Coast 
Range physiographic provi nce of western Orego n .  They report the se ismic energy rel ease for a 1 00-year 
period ( 1 870-1 970) as 6 . 4x 1 01 6  ergs per year, which they computed as approximate ly equiva lent to one 
magnitude 5 . 0  earthquake (MMV) each decade . This compares w ith 2 . 6x 1 o1 7  ergs per year for the same 
period at Port l and, and an approximate earthquake l evel of one magn itude 4 .8  (MMV) earthquake each 
year or one magnitude 5 . 2  (MMV-VI)  each decade . 

Couch and Deacon ( 1 972) have attempted to eval uate the max imum leve l  of seism ic i ty to be expected 
in B PA service area (Oregon, Wash ington,  Idaho, and western Montana) .  These studies ind icate t hat for 
the N ewport area a maximum i ntensi ty of V I I I  to IX cou ld  be produced from a distant earthquake epicenter 
near Port Orford . These studies a l so i nd i cate that di stant earthquakes, such as in  the Gorda Basi n off the 
southwest Oregon coast, could produce i ntensities of between V I  and V I I .  Ground motion during earth
q uakes, from nearby earthquake epicenters as wel l  as di stant earthquakes, can affect not  on ly  bui ld ings, 
bridges, and sim i l ar structures but al so areas of potential land subsidence and l andsl ides . Granul ar soi l s ,  
especia l ly th ick sections of loose , saturated sand and grave l , wi l l  consol idate and subside as a resu l t  of 
shaking ground motion .  Because subsidence is usual l y  uneven ,  bui l d i ngs on such ground may be tipped or 
destroyed . In regions of moderate to h igh re i i e f  with unstable sl opes and saturated ground conditions (such 
as most of L i ncol n County duri ng w i nter a nd spri ng months) , earthq uake vibrations cou ld start massive sl ope 
fai l ure . I n  add it ion, fl u id response i n  saturated lowl ands so i l s  could resul t in l iqu i faction as downsl ope 
flow , eve n  on gent l e  slopes .  

Y ear 

1 897 

1 902 

1 9 1 6  

1 928 

1 940 

1 941  

1 957 

Tabl e 20. L ist of earthquakes i n  t he L inco l n  County area * 

I ntensity 
Date Locat ion (Mod i fi ed Merca l l i )  

January 26 N ewport IV 

J une 1 4  N ewport IV 

January 4 N ewport IV 

September 4 N ewport IV 
(44 .7°  N - 1 24. 1 °  W) 

May 25 Waldport IV 

O ctober 1 9  Seal Rock I l l  

March 22 A l sea I l l  

* Data from Berg and Baker, 1 963 

R emarks 

Fe l t  for rad i us 
of 1 0  m i l es 

Fe  I t  at Tol edo and 
Depoe Bay; smal l 
objects were moved 
at Waldport 



Tab le  2 1 . Modified Merca l l  i i ntensity sca le  
N ()-. 

(S impl ified for this report) 

Equival ent 
Rossi- shal low 

S cal e Fore! magnitude 
degree Effects on persons Effects on structures Other effects equivalent (Richter seal e)  m 
I Not fe l t  except by few under I z 

favorabl e  circumstances < 
:::0 

I I  Fe l t  by few at rest De l icately  suspended objects 1 - 1 1  2 . 5  0 
z 

swi ng s m 
I l l  Fe lt  noticeabl y  i ndoors Duration estimated I l l z 

-i 
)> 

IV Felt  genera l ly indoors Cars rocked , wi ndows rattled IV-Y 3 . 5  r-

G) 
v Fe l t  genera l ly Some plaster fal l s  D ishes, w indows broken, V-V I  m 

0 
pendu lum c locks stop r-

0 
V I  Felt  by a l l ,  many frightened Ch imneys, pl aster damaged Furni ture moved ,objects upset V I -V I I  G) 

-< 
V I I Everyone runs outdoors, fel t  Moderate damage V I I I  5 . 5  0 ., 

i n  movi ng cars r-

V I I I  Genera l  a larm Very destructive and general Monuments, wal l s  down, furni - V I I I - IX 6 z 
() 

damage to weak structures . ture overturned . Sand and mud 0 
L ittl e damage to wel l  -bui I t  e jected . C hanges i n  wel l -water r-

z 
structures . l eve l s .  () 

IX  Pani c Total destruction weak structures, Foundations damaged , under- I X  0 c 
considerabl e  damage wel l -bui l t  ground pipes broken .  z 
structures .  -i 

-< 
X Panic Masonry and frame structures Ground badly  cracked,  ra i l s  

common l y  destroyed . O n l y  best bent . Water slopped over 
bu i ld ings survive . banks . 

X I  Panic Few bui l d i ngs survive B road fissures, fau lt  scarps. X 8 . 0  
Underground pipes out o f  service 

X I I  Panic Total destruction Accel eration exceeds gravity . 8 . 5  
Waves seen i n  ground . L i nes of 
sight and l eve l d istorted ,objects 
thrown in a i r .  
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S UMMAR Y A N D  R EC OMM E N DA T I O N S 

The geologic ond c l imat i c  environment of L i nco l n  County is attended by a variety of natural hazards 
that have the pote ntial for creati ng serious problems i nvo lv i ng property and , possibly ,  l ives . On the 
other hand , an understandi ng of these hazards and a sensib le  approach to cop i ng w i th them in the p lanning 
stages of deve lopme nt can e l i m i nate much  of the gr ief  that might otherw ise tra nspire . 

T he i nformation and recommendat ions i n  this report are presented as basic guide! i nes for the County so 
that p lanning and deve lopme nt can proceed in suc h a way as to avoid the losses i nd uced by geologi cal ly 
hazardous cond i t ions . It must be emphasi zed that the report is general i n  scope , del i neating only broad 
areas where hazardous geologic condit ions exist . Local sites shou ld be eval uated by qual ified geo logists 
and soi l s engi neers responsib l e  to the County or c i ties i n  order to protect the i nd ividual  land owners and 
i nvestors . Deve lopers of probl em areas should be requi red to employ qual i fied consu l tants . 

The fo l low ing d i scussion reviews the areas i n  L i nco l n  County that are subject to geo log ic  hazards and 
suggests ways these problems ca n be avoided or corrected . The report a l so reviews the ava i lab le  m i neral 
resources needed for cont inued growth of the County . 

A r e a s  S u b j e c t t o  G e o l o g i c  H a z a r d s  

Marine terraces 

Most of the coastal communi ties and recreat ional devel opme nts of L i nco l n  County are si tuated on the 
mar i ne te rraces . These e l evated pl atforms ,  represent ing former strandl i nes of the sea , exte nd the fu l l  
I ength of the County , i n terrupted only by head I ands and bays . T h e  terrace mater ial s consist o f  weakly 
cemented sand, si I t ,  and pebbly sand which are over I a in in many areas by old , fa ir ly stab I e dunes . Bed
rock beneath the terrace and dune sed ime nts i s  ti l ted sharp ly  seaward and is exposed in sea c l i ffs i n  some 
p l aces . 

The marg i ns of these terrace areas ad jacent to the ocean are attract ive pl aces to bu i l d ,  and many sma l l  
beach cottages , perma nent homes , condom in iums , and mote l s  occupy these locat ions . Unfortunate ly  the 
sea c l i ffs at the terrace marg i ns are sl owly  but conti nual ly recedi ng . Wave e rosion duri ng storms and 
high tides undermi nes the cl i ffs , whi l e  ra i n ,  w i nd ,  and frost loosen the upper portions; as a resu l t ,  masses 
of terrace materia l  sl ip  seaward at unpredictabl e rates and i n  unexpected pi aces . 

I n  genera l , mari ne terrace marg i ns can be expected to retreat from 6 inches to 1 foot per year; however,  
i n  certa in  areas, recession can average more than 10 feet  per year . I n  some locations ,  erosion may not be 
evident for a decade and the n 1 0  or 1 5  feet of the cl i ff may drop off i n  a s i ng le  season . O ccasional ly 
very large areas i nvo l vi ng a numbe r of acres of l and may sl ide seaward , suc h as in the J umpoff Joe area 
of Newport . 

Excessive sl ippage al ong terrace marg i ns is due to sl i d i ng of weakened, water-saturated bedrock al ong 
i ts seaward-ti l ted beddi ng p lanes . Of course , the overl yi ng terrace sed ime nts move with i t .  Parti cul ar ly 
vul nerable to bedd i ng-plane fa i l ure is the Nye Mudstone in the N ewport area . This type of movement 
may have vertical and hor izontal components of on ly 2 feet to as much as 50 feet .  At first the surface of 
the sl ide block i s  not d isrupted , but i t  is genera l ly  back-ti l ted , or rotated down ,  on the l andward side . 
Water ofte n accumulates i n  a sag pond at the back of the sl ide . 

The surface of these sl ump areas may range from 50 to 1 00 feet wide and from 200 to 1 ,  000 feet long . 
To the untra i ned eye , such appare ntly leve l  areas of ocean frontage might appear to be desirable bu i ld i ng 
site s .  Unfortunate ly ,  however ,  these areas are extreme ly unstab le  si nee the ground surface must adj ust 
to constant wave erosion at the toe of the sl ide . I n  a short time , the e ntire sl ump block can be eroded 
away . Duri ng the l im i ted l ife of the sl ump block , home owners w i l l  be pl agued with conti nua l problems 
of sett l ement ,  such as cracks in wa l l s ,  jammed doors and wi ndows , and water- and sewer-l ine d i fficul t ies . 



1 28 E N V I R O NM E NTAL GEOLOGY OF L I N COLN COUNTY 

- -

Photo 74. Motel unit  safely situated back from edge of eroding mar ine terrace north 
of San Marine. 

Photo 75. Resistant bedrock underlies mari ne terrace at this site near 
Yachats impeding erosion of the thin layer of terrace sands . 



SUMMARY AN D R E C OMMENDATIONS 

Photo 76 . Sea wal l  a t  Roods End, <.onsisting of Iorge concrete blocks w i th weep holes 
to relieve hydrostatic pressure behind them, provides protection from wove ero
sion. Sloped bonk covered by vegetation prevents seo-cl iff recession . 

Photo 77. Sea wal l s  and riprop protect some ports of low terrace in Lincoln C i ty .  
High unprotected terrace to right of photo suffers from extensive wove erosion 

1 29 
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Photo 78. Sea wal l s  stabi l ize some sections of Lincoln City's coastal terraces, whi l e  
other sections are exposed to wave erosion . 

Photo 79. Sea wal l s  in this part of Lincoln City are effective in protecting houses 
and property on low terrace from wave erosion. 



SUMMARY AND RECOM M E N DATI ONS 

Photo 80. Concrete sea wal l  and sloped and planted terrace bluff provide excel lent 
protection from storm-wave erosion for these buil dings in Lincoln City. 

Photo 81 . Riprop and concrete sea wal ls  ore effective in  preventing wave erosion; 
however, riprap, although l ess expensive to instal l ,  is l ess resistant and 
requires periodic repair .  

1 31 
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I n l ocating structures on ocean-front portions of terraces,  t he rate o f  retreat and the possib i l i ty o f  
extensi ve c l i ff fai l ure shoul d  b e  considered i n  order t o  determ i ne the safe posit ion for bui l d i ngs . W here 
erosion averages 1 foot per year,  a house bu i l t  30 feet from the edge cou ld  l ose foundation support w i th in  
30 years and eventua l ly be destroyed . Destruction cou ld come m uch sooner i f  a l arge mass of sea c l iff 
shou ld  drop off .  T he possib i l ity of such  serious loss shou l d  be heeded by the i ntended purchaser , and a 
careful pre I imi nary study of t he property and its past history of  erosio n shou ld  be made before i nvest i ng 
in such l a nd .  

Where sl id ing is not excessi ve a long t he terrace b l uffs , several methods can be used to retard recession .  
Shapi ng the c l i ff to s lope at an ang l e  that w i l l a l l ow vegetation to take hol d  is one method , but th is m ust 
be done at the expense of va l uab le l and on t he fl at  surface of the terrace . Another method is to preserve 
the c l i ff face by hang i ng wire fenci ng or woven l at h  over it to reta i n  vegetation and to s low erosio n .  
A n  al ternati ve i s  t o  gunnite the e ntire surface; however,  weep ho l es must b e  l eft to rel ieve hydrostati c 
pressure . Septic ta nk drainage and water from roof and storm dra i ns shoul d not be a l lowed to exit on the 
terrace sl opes . 

Wave erosion at the base of t he sea c l iff can be reduced by construction of properl y designed seawal l s .  
The most durabl e and e ffe ct ive seawal l s  are made o f  re i nforced concrete . Large stone ri prap ca n be 
moderate l y  effective; however, most of t he ava i l ab le  material is not suffic ient ly durab l e  to wi thstand 
poundi ng by storm waves for more t ha n  a few years . Rock from the S i l etz R iver Vo l canics un i t  is often 
used,  but i t  tends to fracture and crumble fa irl y quick ly . Better qua l i ty material wou l d  requ i re e i ther 
l ong hauls or se l ective q uarry ing,  both of which  operations wou ld make the cost pro hibit ive for property 
owners . 

O l d  dune areas 

I n  certa in  areas , such as at N e l scott and Taft , large o ld  sand dunes have deve loped a th ick so i l  pro
fi l e  and have remai ned stab l e  for many years . However,  the need for eas i l y  excavated fi I I  materia l  and 
t he preparation of ground for bui l d i ng sites has l ed to the removal of the stabi l i z i ng soi l l ayer and has 
exposed l oose sand . I f  these exposed areas are not immediate l y  stabi l i zed , t he w i nd w i l l  soon erode basi ns 
and troughs, causing t he sand to m igrate to ad jace nt housi ng areas where i t  can cover dri veways , side 
wa l ks ,  streets,  a nd lawns . 

Where stabi l i zed soi l  is removed from a deposi t of dune sand capabl e of b lowi ng, the sand shou ld  be 
covered promptl y  with topso i l  and pl anted .  If t he exposed area is to be used for a bui l d i ng ,  construction 
should begin as soon as practical after excavatio n .  

Sandspits and active dunes 

Sandspits and their active dunes are of recent ori g i n  a nd shoul d  be regarded as re l at ive l y  temporary 
feature s .  Some parts of t he spi ts and dunes are bui l t  up quick l y  by water and w i nd and destroyed by the 
same age nts a few years l ater . The i r  i nstab i l i ty resu l ts from t he i nterp lay of numerous e nviro nmental 
factors incl uding ocea n currents , size and number of storms , volume of stream sed iment e ntering t he ocean ,  
and variations i n  tides and w i nd patterns . 

Other factors t hat affect t he stabi l ity of spits a nd dunes are man-made operations . Remova l of vegeta
t io n ,  especia l l y from the  low foredune near the beach ,  exposes the sand to  erosion and wi nd transport . 
The spits and dunes are i ndirect l y  affected by operations that a l ter the sand budget , such as j etty con
struction , dredg ing of  estuaries , and  damming of ri vers . 

The ma in  areas of sandspits and active dunes are at the mouths of S i l etz , Yaquina , and A l sea Bays . 
The S i l etz spit is undergoi ng cri t ica l  erosion on t he seaward side and the dunes are subject to blowouts . 
Stranded logs on t hese spit  and dune areas is c l ear evidence of the potential  for overtopp ing by storm 
waves duri ng high tides, or by tsunami and addit ive waves . That the l ow dune parts of sandspits c l ose to 
t he ocean are unfi t as sites for permanent const ruction is now wei I k now n .  Such areas t hat are a l ready 
devel oped cou ld  poss ib ly be protec ted from further erosion by properly e ngi neered riprap or seawal l s .  

Preservation of vegetation  o n  the dunes south  of Yaq uina Bay is recommended si nce excavation i nto 
loose sand cou ld  i n i tiate further dune migration . A l l  dunes on the A l sea Bay spi t ,  except the foredune , 
have bee n bu l l dozed for housi ng deve l opment . I t is essential that t he foredune be preserved . Construction 
in  th is dune area cou ld  be hazardous . 
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Photo 82.  Low, vegetated dunes on spit at mouth of Salmon River ore retained in 
natural state by YWCA Camp Westwind. Low dune areas of this type are 
unsuited for permanent structures. 

Photo 83. Well-developed foredune south of Gl eneden provides protection for inter
ior forested dunes and should not be disturbed . Note logs l eft by high tides 
and storm waves . 
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Photo 84. Solishan's development on Si letz s pit was severely eroded by w inter storms of 1 972-73 and 
required repeated placement of riprap to save houses and property from total destruction . 
( Photo by Gerry Lewin, Capital Journal) 
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Hi l l side deve lopme nt areas 

Where housi ng density is,  or eventua l ly wi l l  be , l ess tha n 5 acres per dwe l l ing ,  h i l l side construction 
should be done in accordance with stri ct engineer ing design based on  deta i l ed geologic i nformation . 
Landsl ide areas shou ld be avoided . 

Devel opment of hi l l side properties has a considerable adverse effect on s lope stabi l ity . W henever 
material  is excavated from a side h i l l ,  it resul ts i n  a steeper than natura l sl ope . Material excavated 
from the cut i s  usua l l y  pl aced immediate ly downslope to provide a nearly horizontal area for a yard or 
garden . Both operations create instabi I i ty by oversteepe ning and add ing wei ght to t he s lope . 

Most hi l l s ide housi ng devel opments progress gradua l ly and without the benefi t  of sewerage . By the 
time the deve lopme nt is  compl ete ,  near l y  ha l f  of t he ground surface is  covered by bui l d i ngs, streets, 
driveways, and sidewa lks, preventing normal i nfi l tration of precipitation .  Not only wi l l  the total rain
fal l  be conce ntrated in  sma l l  areas,  but addi tiona l water wi l l  bui l d  up from sept ic-tank drainage , roof 
d ra ins ,  and l awn spri nkl ing,  causing possib le  oversaturation of downslope soi l s  and eventua l s l ope fa i l ure 
i nvo l vi ng large sections of t he total h i l l s ide area . 

Nearly a l l  aspects of hi l l s ide l and development combine to create sl ope i nstab i l ity unl ess the entire 
construction project is proper ly engineered . It shou ld be emphasized that s lope fa i l ure may occur 5 or 
1 0  years after t he start of the deve lopment , by which time the developer may have d ivested himse l f  of 
i nterest and responsib i l ity . 

I n land mountai nous areas 

Construction i n land from the coast of L i ncol n County usual ly  invol ves steep topography along the 
val l eys of the major r ivers and sma l ler  streams . ( F l ood-p la in  developme nt and i ts associated hazards is 
d iscussed under "F lood -prone areas" below . )  S i nce t he ear ly  days of settl ement in L i neal n County , these 
val l eys have provided the best access in I and from the ocean . As a resu l t ,  farms, sma l l towns , roads, and 
highways have fol lowed them . Loggi ng roads have penetrated far i nto the mountai nous areas al ong t he 
steep wal l s  of t he sma l ler  tributary streams, and some of these roads have come i nto permanent use . 

The va l l eys were excavated by streams to great depth during t he i ce ages of the P le istocene when sea 
l eve l s  were considerably lowered . Mel t ing of i ce during i ntergl acial ep isodes caused a r ise i n  sea l eve l 
and gradual drown ing and s i l t i ng up of the lower reaches of the va l l eys . Meanderi ng streams now impi nge 
on the steep wa l l s ,  removing support of the weathered rock and so i l  mant l e  and causi ng new l andsl ides 
and renewed movement of old sl ide masses . Man-made cuts for road construction, basement excavations, 
and other purposes have the same effect on  the potentia l ly  unstable soi l and rock . 

Al teration of active sl ide areas shou ld be avoided if at a l l  possib le . If roads cannot be located el se
where , t he s l ide shou l d  be thorough ly  exam ined and stab i l i zed with in the  economic l imits al l owabl e .  
Treatment coul d i nvol ve subsurface drai nage o f  the toe , protection of the toe from stream e rosion where 
necessary ,  p l aceme nt of a designed buttress , and t he re-routing of surface water from the mai n body of the 
I andsl ide mass . The roadways shou ld be designed so that no material is removed from the toe of the sl ide . 
I f  possib l e ,  a free -draini ng fi l l  across the toe area shou ld  be constructed so that water w i l l not accumulate 
in this  and upslope areas . 

Rural dwel l ings and farm bui l d i ngs should not be bui l t  i n  areas of l andsl ide or soi l creep where recent 
movement is i nd icated by open cracks , bare scarps, active erosion at the toe of the s lope , or bent or 
tipped trees . Rol l i ng or hummocky topography which has apparently remai ned stabl e for a number of years 
and which exhibits none of the previously described i nd i cators of active movement cou l d  be bui l t  upon , 
provid ing the s l ope and d rai nage is not al tered so as to decrease the slope stabi l i ty . 

Al l possib le  geo logic hazards shou ld  be recogni zed and satisfactory sol utions determ i ned prior to any 
construction . If correction wi l l  be uneconomical , t he project should be abandoned . To ignore a geologic 
hazard is to i nv i te disaste r .  

F lood-prone areas 

Stream floodi ng :  F loodi ng of the coastal lowlands in L i nco l n  County is an annua l  menace , occurri ng 
several times in some years . Major floods caus ing extensive damage have occurred at l east ten t imes 
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Photo 85. Kozy Acres, a development 
northeast of Alsea Boy, is situated 
on topography produced by on ancient 
I ondsl ide. Oro i noge ,  excovot ions, 
and embankments w i l l  need to be 
rigidly contro l l ed .  

Photo 86. Homesite development on steep 
hi l lside at Yachats must be planned 
carefully to prevent slope failure in 
weathered volcanic rock and soils 
that manti e bedrock.  
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Photo 87. Building pads stairstepped on hillside in Waldport. Such development 
w i l l  require control of surface drainage to prevent erosion and landsliding. 
Embankments must be proper! y compacted and have adequate subsurface drainage. 

Photo 88. Trailer-site development around Hidden Lake in stabi l ized dune area north 
of Waldport. Such install at ions need sewage treatment to prevent ground-water 
contamination. 
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Photo 8 9 .  Littl e Cove Creek condominium north of  Newport built on  low terrace 
susceptible to dangers of high tides and storm waves. 

Photo 90. C l ose-up of above photo showing abundance of driftwood carried into cove 
area by combined high tide and storm waves. 



SUMMARY AND R E C OMM E N DATI O N S  

Photo 91 . Inn at Otter Crest complex at Cope Foulweather . Upper buildings are situ
ated on basaltic rock .  Restaurant is on eroding marine terrace.  Erosion is 
accel erated by landsl idi ng of terrace sediments on seaward dipping sandstone beds . 

Photo 92. Inn at Spanish Head condominium near Taft. The lower floor is highly vul
nerable to the force of storm waves and driven logs. 
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since 1 921 , genera l ly in December or January ,  but some have been as early as November 20 or as late 
as March 31 . The i nterval between major floods has been from 1 year to as long as 15 years, with the 
average just over 5 years . 

Floods are always associated with periods of heavy rainfa l l ,  especia l l y  after the ground has been soaked 
to near capacity or after the ground has been deeply frozen . Snow mel t  can add considerably to the flood 
intensity . Near t he mouths of streams, flooding can be markedly increased by high tides resu l t ing from 
strong onshore winds duri ng severe wi nter storms . 

Destructive fl ooding by streams occurred in L inco ln  County during the winters of 1 921 , 1 93 1 , 1 964-65 , 
and 1972 . Summarized briefly here , the high water inundated the flood p la ins of a l l  the major streams . 
Houses, barns, and l ivestock were lost; bridges, sect ions of ra i l road , and boat docks were swept away; 
logs and debris from in land were carried out to sea and lodged on distant beaches; residential and business 
areas of some communities were under water ,  as were also some resorts; highways throughout the County 
were bl ocked by floodwaters and l andsl ides. During the 1964-65 floods , the entire County was isol ated . 

Control of flooding in L inco l n  County by construction of flood-control dams appears to be extremely 
unl ikely due to the configuration of the stream va l leys re lative to the cost and effectiveness of a reservoi r .  
Levees and di kes can offer some protection from floods i n  the lower reaches of the streams where the tidal 
effect is pronounced . 

The severity of floods i n  L incol n County together with the i nfeasabi l ity of adequate flood control struc
tures points out that flood control measures must be in the form of flood-pl ain zoning regu l ations . Del ine
ation of flood-prone areas on the environmental hazard maps accompanying this report should be adequate 
for determ ining areas that need to be zoned . 

Development on flood-prone land should be l imited to boat docks ,  fishing enterprises,  and other water
oriented activit ies . Less susceptible areas might be suitabl e for tra i ler and camp sites that are vacated 
duri ng winter flood periods . Fanm houses, barns, and other permanent farm-re lated structures in flood
plain areas shou ld be placed where h igh water wi l l not damage bu i l d ings or contents; el evated roadways 
shou ld be pl anned where necessary . Subdivi sions for permanent homes should be prohibited on fl ood-prone 
land . 

Marginal areas a l ready deve loped should be covered by flood i nsurance . In order to a l l eviate flood 
damage costs , the L incol n County Board of Commissioners has obtained authorization (February 1 6 ,  1 973) 
for federa l ly subsidized insurance through the National F lood Insurance Program of the Department of 
Housing and Urban Development (H UD) . To become el igible for the insurance , the County was required 
to adopt land-use standards i ntended to reduce the potentia l  for flood damage . Flood insurance is now 
avai lable to residents in the uni ncorporated areas of L incol n County and the residents of L inco ln  City .  
Other incorporated ci ties i n  the County can qual i fy for the fl ood insurance by adopting the required l and
use standards . 

The insurance is ava i lable for a l l  bu i l dings existing prior to the authorization date and for their contents; 
bu i l dings constructed after that date can be insured provided the first floor is at l east one foot above the 
height of the greatest known flood in the area and that a l l  construction withi n flood-plain areas be made 
in accordance with floodproofing procedures , A Flood Hazard Boundary Map showi ng flood-plai n areas, 
to be prepared jointly by the County, the U . S . D .A .  Soi l  Conservation Service, the U . S .  Army Corps of 
Eng ineers , and the U . S . Geological Survey, wil l determine e l ig ibi l ity and i nsurance rates for subsequent 
new construct ion . 

Flood-pl a in  zoning and strict construction criteria are imperative if the annual flood l oss is to be re
duced . Sel ected pub l i cations on flood-p lain zoning regul ations and bui l d ing recommendations are l isted 
in the bibl iography . (Bureau of Governmental Research and Services,  1 971 ; Center for Urban Studies, 
1 967; Goddard, 1 971 ; Office of Emergency Preparedness, 1 972; Oregon State Water Resources Board , 
1 970a, 1 970b; Reckendorf, 1 968; Sheaffer, 1 967; Shepard, 1 97 1 ;  U . S .  Department of Housing and 
Urban Development , 1 972; U . S .  Geological Survey , 1 967; U . S .  Water Resources Counc i l , 1 971)  

I t  is essential that l ocal government , the l and devel oper, real estate agent , ' bui lder , and prospective 
lot-buyer become aware of areas of potential fl ooding before committing themselves to developing the 
property . 
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Ocean flood i ng :  O cean flood ing is unpred ictabl e and can occur any time of the year . I ts causes 
i nc! ude storms at sea , strong westerly wi nds, t idal forces ,  and large unusual waves . Large unusual waves, 
a l thou9h of short duration ,  can be very destructive . They i nc l ude tsunami s  caused by earthquakes on t he 
sea floor and addi t ive waves created when the crests of several i n-phase waves are superimposed and 
reach  the shore simul taneousl y .  

I n  t he past 33 years , w i nd and high tides have twice caused excessive flood damage along Oregon ' s  
coast . A third destructi ve wave was a tsunami resul t i ng from the  Al aska " Good Friday " earthquake of  
1 964; sma l l er sei sm ic  waves have occurred si nce t hat time . A l though t here i s  no accurate method of pre
dict ing the frequency and magni tude of ocean flooding,  the occurrence of t hree damaging  floods i n  33 
years suggests an average of about once every 1 0  years . S imi l ar waves i n  the future w i l l probab ly be 
even more destruct ive because of the great l y  i ncreased construct ion of residences, mote l s ,  and condomi ni ums 
at or j ust above the normal high-tide l i ne .  The presence of logs above normal h igh-t ide l eve l  is cl ear 
evidence of t he e l evations the sea can reach . 

This report recommends t hat maximum wave e l evat ions be determined from past experience and from 
data devel oped by oceanographers and se ismologists, and that sit i ng of future structures be based on such 
criteria . 

M i n e r a l  R e s o u r c e s  

Crushed rock,  sand , and grave l 

Crushed rock , sand , and grave l are needed for construction of roads, h ighways , streets, sidewa lks, 
bui l d i ngs, bridges,  sewage- and water-treatment p lants, and reservoir  spi l lways . 

L i neal n County , at present ,  requires about 400, 000 tons of rock aggregate per year and this  w i l l  i ncrease 
to 480, 000 tons per year by 1 985 . About six m i l l ion tons of rock wi l l  have been used betwee n 1 972 and 
1 985 . I t  i s  doubtful that the present ly known commercial si tes wi l l  be able to fu l fi l l  that need . 

I n  order to delay this anticipated shortage , t he present commercia l  quarries shou l d  be a l lowed to expand 
operations to remove the ava i l ab l e rock at their s i tes . The sites shou ld be quarried accord i ng to a rec la
mation p lan wh ich w i l l  l eave the ground in  a usable condition . Quarries may have future va l ue as  bu i l d
i ng sites, reservoirs , or sani tary l a ndfi l l s .  

As the local  sup p i  ies dec I ine , crushed rock w i  I I  need to be imported . Other sources i n l and do not 
appear to be adequate; therefore , bargi ng of grave l from the upper Col umbia R iver or e l sewhere may be 
required . 

Jettystone and riprap 

Jettystone and riprap require a durabl e  stone that consistently breaks in large , angular pieces and i s  
resistant to  abrasion and weatheri ng . I n  the  earl y days,  jetty construction at  Yaqui na Bay uti l i zed the 
Tyee sandstone . Al though this rock produced stones of suffi c ient size , the rock was not durable  and the 
jetty disi ntegrated . Later syenite was used from B lodgett Peak south of Wal dport . T hi s  rock was apparently 
satisfactory , as much of it can sti l l  be seen i n  the jetty at Yaqui na Bay . In order to excl ude the Tyee 
sandstone from consideration by contractors, t he U .  S .  Corps of Eng i neers rai sed the specific gravity 
requirement for j ettystone to 1 60 l bs .  per cubic foot; however ,  th is al so e l im i nated the syenite from 
consideration . Basa l t  jettystone has bee n produced local ly i n  l im ited quanti t ies . Present jetty construc
t ion  al ong the coast uti l i zes rock barged from Camas , Washi ngton . 

It is recommended that the speci fications for jettystone be reviewed to determ i ne i f  syen i te from ei ther 
B lodgett Peak or Tab le  Mounta i n  can be used on  future projects in L i nco l n  County . 

Rock suitable for riprap to protect ocean -front property and stream banks is avai l ab le  loca l ly from some 
of the basa l t  units . I n  the northern ha l f  of the County , basa l t ic  tuff and basa l t  breccia are quarried from 
the S i l etz  R iver Vo l canics unit . A l though l arge p ieces of rock can be obta ined , much of it breaks down 
fair ly rapid ly . The basa l t  breccia , i f  we l l  cemented,  is the most sati sfactory l ocal materia l  for shore l i ne 
protectio n .  
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G ro u n d - w a t e r  R e s o u r c e s  

Ground-water resources are poor i n  much of inland L incoln County because o f  the low porosity and 
low permeabil ity of the bedrock units. However, the marine terrace deposits and certain dune-sand 
areas bordering the coast could yield substantial quantities of water. Some al l uvial -terrace and flood
plain deposits bordering the streams serve as fair aquifers. Although the wel l s  in most areas yield sufficient 
water for domestic purposes, the quality sometimes requires treatment to be mode potable. 

Photo 93. Small basaltic headland north of Roads End wil l  probably become an iso
lated sea stack as erosion progresses into softer marine sediments behind i t .  
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Photo taken in early 1 900's shows Cape Fou lweother in 
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APPE N D IX A 
ROC K  QUARR I E S  AND GRAVEL PITS 

location Abrasion 
No.  T R s Owner or operator Q/GP* Type of material  Format ion % Loss 

6S 9W 22 Longview Fibre Co . Q Basa l t  Tsr 

2 6S 9W 26 Murphy Loggi ng Co . Q Gabbro s i l l T i g  1 7 . 2  

3 6S l OW 1 9  E l mer Ca lki ns Q Diced basa l t  Tech 1 8 . 1  

4 6S l OW 2 1  Q Tsr 

5 6S l OW 25 New W idow C reek Q uarry Q P i l l ow basal t  & breccia Tsr 

6 65 l OW 25 O l d  Widow Creek Quarry Q P i l l ow basa l t  & breccia Tsr 

6S l lW � �  M & M Crushing Q Diced basa l t  Tech 

7 6S l lW 25 Frazer Ranch Q Weathered basa l t  Tsr 24.5  

8 6S l lW 26 Q Basa l t  Tech 1 0. 9  

9 6S l lW 35 Q Basa l t  Tech 

1 0  7S 9W 1 7  B . L . M .  L indsey R idge Q Basa l t  si l l  T ib  1 4. 6  

1 1  7S l OW 1 1  Mi nski Ranch Q Camptonite intrusive T ic  1 9 . 8  

1 2  7S l OW 27 U . S . F . S . Cougar Mtn . Q Camptonite si l l  T ic  1 4 . 1 

1 3  75 l lW 23 De vi Is Lake Crushing Q Camptonite d ike T ic  1 6 . 7 

1 4  85 l OW 5 Tsr 

1 5  8S 1 (JN 7 M .  E .  Kauffman Q Tsr 

1 6  8 S  l OW 8 Q Tsr 

1 7  8S l OW 20 Pub I ishers Paper Q Camptonite dike T ic  1 3 . 4  

1 8  8S l OW 25 Boise Cascade Q Tsr 1 9 . 7  

1 9  8S l lW Pub I is hers . Paper Q Basa l tic tuff breccia Tsr 

20 8S l lW 1 2  M .  E .  Kauffman Q Basa l t  & bre cc ia Tsr 1 8 . 4  

2 1  85 l lW 1 4  Ocean Lake Sand & Gravel Q Basa l t  i ntrusive T ib  1 3 . 6  

2 2  85 l lW 34 Q Basa l t  d ike Tib 

23 9S 1 00  3 Q Basa l t  Tsr 
* Q, quarry; G P, gravel pi t ;  P ,  prospect - roc k exposed 
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ROC K QUARR I ES AND GRAVEL P ITS,  continued 

Location Abrasion 
No . T R s Owner or operator Q/GP* Type of material Formation % Loss 

24 9S l OW 4 Cal k i ns Quarry (Maceo) Q Gabbro si l l  T ig  1 5 . 1  

25 9S l lW 3 Q Basa l t  intrusive T ib  

26 9S l lW 4 Q Basa l t  intrusive T ib  

27 9S l lW 9 Q Basa l t  i ntrusive Tib 

28 9S l lW 20 Q Basa l t  intrusive Tmcf 

29 9S l lW 29 Q Basa l t  i ntrusive Tmcf 

30 l OS 8W 7 Fish Hatchery Q uarry Q Basa l t  si l l  T ib 

31  l OS l r:JN  1 0  S i l etz River Gravel Pit GP R iver gravel Qal 1 8 . 1  

32 l OS l lW 20 I ron Mtn . Quarry Q Basa l t  p l ug T ib  

33 l OS l lW 20 Agate Beach Quarry Q Basa l t  s i l l & brecc ia Tmcf 14 . 1 

34 l OS l lW 29 Yaqui na Head Quarries Q Submarine basa l t  Tmcf 1 5 . 8  

35 l l S 8W 1 8  T ib  

36 l l S 9W 1 6  Baber Mtn .  p Basal t si l l  T ig  25 . 4  

37 l l S  9W 1 7  W . O .W.  Lumber Co.  Q Gabbro si l l  T ig  

38 l l S l r:JN  26 Q Tyee sandstone Tet 

39 1 2S 8W 5 Q 

40 1 2S 8W 8 Harl an Quarry Q Basa l t  d ike T ib  

41  1 2S 8W 24 Gates Quarry Q T ib  

42 1 2S 9W Q Basa l t  d ike T ib  

43 1 2S l OW 1 1  Q Tyee sandstone Tet 

44 1 2S l lW 1 4  Q Tyee sandstone Tet 

45 1 3S 8W 7 Q Basa l t  T ib 

46 1 3S 9W Georgia Pacifi c  Q Basa l t  Tib 

47 1 3S 9W 26 Q Tyee sandstone Tet 
* Q, quarry; GP,  gravel pit; P, prospect - rock exposed 



Specific N a2s o4 
Gravity % loss 

2 .75 

2 . 86 2 . 1  

2 . 82 1 5 . 8  

2 . 89 7 . 8  

2 . 82 
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Qual ity Quant i ty Use Remarks 

Good Large Jettystone Used on Newport jettys 

Good Sma l l  Logging road 

Good Sma l l  Logging road 

Good Sma l l  Logging road 
A andoned 

Good Sma l l  Road construction Adjacent to o l d  Otter C rest Hwy 

Good Sma l l  Road construction 
Adjacent to road - I im ited area 

Marginal Sma l l  Road construction for pl ant s i te 
I n  river flood plain - several 

Good Sma l l  Commercial p i ts in vic in ity 
Mostly mined out - State H ighway 

Good Medium Road construction use only 

Variab le  Medium Commercial Large producer 

Variab le  Medium Commercial Large producer 

Sma l l  Loggi ng roads Depleted and abandoned 
Prospect Some Tyee overburden -

Margi nal Unknown not developed access road inadequate 
Excessive overburden of Tyee 

Marg inal Sma l l  Loggi ng roads sandstone 
Formerly used for dimension stone , 

Poor Abandoned unsatisfactory qual ity 

Unknown Sma l l  Road construction Depl eted 

Good Sma l l  Road construction Dep leted 
Reported 
good Unknown Commercial Location approximate 

Unknown Smal l Road construction Depleted & abandoned 

Poor Abandoned 

Poor Unknown Abandoned 

Unknown Sma l l  Road construction 

Unknown Unknown Logging roads 

Unknown Abandoned 
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ROC K QUARR I ES AND GRAVEL PITS , continued 

Location Abrasion 
N o .  T R s Owner or operator Q/GP* Type of material Formation % Loss 

48 1 3S 9'N 3 1  He l l ion Rapids Quarry Q Basa l t  dike T ib  
N ep e ine 

49 1 3S HJN Tab le  Mtn . Quarry Q syenite si l l  T i s  1 9 . 0  

50 1 3S l OW 34 Lee Barkley Q Basa l t  d ike T ib  

5 1  1 3S 1 00  35 Q Basa l t  d ike Tib 

52 1 3S l OW 36 Q Basa l t  d ike Tib 
Submarine flows & 

53 1 3S l lW 33 Eckman Creek Q i ntrusive Teyb 20. 1  

54 1 4S 9'N 3 Bear Creek Q Basa l t  d ike T ib  

55 1 4S 9'N 4 Wol f  Creek Q Basa l t  d ike T ib  2 1 . 6  

56 1 4S 9'N 1 8  F ive Rivers Q Tyee sandstone Tet 

57 1 4S l lW 1 8  B lodgett Peak Q Nephe l ine syenite T is 24.6 

58 1 4S 1 2W 25 Yachats Quarry Q Basa l t  d ike Teyb 1 7 . 6  

59 1 5S l OW 29 K l ickHat Q uarry Q Basa l t  d ike Tib 

60 1 7S 1 2W  1 0  Berry Creek Q uarry Q Submarine basa l t  Teyb 
* Q, quarry; GP,  gravel pit; P, prospect - roc k exposed 



Specific N o2S 04 
Gravity % Loss 

2 . 57 1 . 0 

Mod-
2 . 84 erote 

Low 

2 . 64 2 .7 

2 , 88 Low 
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Qual ity Q uantity Use Remarks 

Unknown Depleted Rood construction Abandoned 
Breaks large - produces dusty 

Marg inal Lorge Logging roods roods - reported 0 .  K .  for oi I 
Reported 

Unknown s mal l Commercial 

Unknown Depleted Rood construction Abandoned 

Unknown Unknown Rood construction Abandoned 

Variabl e  Lorge Commercial Major aggregate source 

Depleted Rood construction Abandoned 

Good Medium Commercial Present ly  being developed 
Former y or 

Abandoned jettystone Unsatisfactory quo I ity 
Formerly used as jettystone at 

Margi nal Lorge Bose rock Yoquino Boy 
Remaining rock 

Variab le  Sma l l  Crushed rock poor qua l i ty 

Good Unknown Logging roods Located in Lone County 

Unknown Commercial Being re-opened 
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Map 

APPEN D IX B 

WATER WELL L OG DATA 

Wel l Draw- Depth to Static� Wel l Water-bearing Zone (s) Bedrock 
Location Yiel d dow n Water Level Depth D iameter geolog ic  roc k th i c kness depth to  top 

T .  R .  S .  ;:\-/;:\- gpm feet feet date feet inches formation** type feet feet 

Temp
erature 

Of 
Water 

use 

1 6S 1 0N 25cb 0 .5  40 1 3  8/63 68 6 Tsr Ss 31 7 48 Dom 
2 25cd 8 20 1 4  8/63 46 6 Tsr Ss 1 4  1 4  49 Dom 
3 29bb Dry -- -- (6/69) 1 99 6 Tey -- -- 1 0 -- (Dom) 
4 30ac 9 20 7 4/60 40 6 T ey S I t  1 2+ 1 8  -- Dom 
5 30cb 1 0  1 4  6 5/64 32 6 Tey G 3 1 6  49 Dom 
6 3 1 bc 1 0  49 50 9/71 1 55 6 Tey S i t  1 5  1 7  52 Dom 
7 3 1 cb 2 . 5* 35 1 1 5 7/65 1 55 6 Tey S i t  1 28 -- Dom 
8 3 1 dc 1 0* 52 32 8/64 1 03 6 Tey Ba 42+ 54 -- Dom 
9 32ab Dry -- -- (3/72) 355 8 Tsr -- -- 1 1  -- (Dom) 

1 0  32ad 43 1 77 1 1  3/72 220 8 Tsr Ss -- 1 3  -- Dom 
1 1  32ba 8 1 50 1 8  2/71 200 4 Tsr Ba -- 1 6  53 Dom 
1 2  33ab 1 20* 1 85 25 2/72 230 6 Tsr Ss -- 1 4  -- Doma 
1 3  33bb 1 80 1 2  4/60 1 20 6 Tsr S i t  83+ 1 7  -- Dom 
1 4  33bd 33 1 50 51 8/64 2 1 5  6 Tsr Ba -- 1 5  -- Dom 0 
1 5  34cc 1 1  35 1 4  7/58 49 6 Tsr S i t  3 30 -- Dom 
1 6  34dc 7 35 22 3/60 67 6 Tsr Ss 24+ 1 2  -- Dom 
1 7  35aa 1 5  83 2 1  7/71 1 20 6 Tsr S i t  -- 23 51 Dom 
1 8  35ab 3 109 1 2  5/67 1 1 8 6 Tsr S i t  7 92 49 Dom 
1 9  35bc 8 40 8 1 2/63 65 6 Tsr Ss 28+ 1 8  49 Dom 
20 35db 1 0  1 2  28 1/58 44 4 Tsr S i t  8 1 4  -- Dom 
2 1  6S 1 1W 23ab 6 1 1 5 1 4  4/68 1 45 6 Ten S i t  -- 1 8  54 Dom 
22 24bd 26 91 9 5/71 22 1  6 Ten C&G -- 209 50 Dom 
23 26cc 1 2* 82 5 1  2/70 1 35 6 Ten S i t  -- 1 4  49 Mun 
24 26dc 47* 1 01 1 9  7/65 1 50 6 Ten Sit 1 1 6+ 34 -- Dom 
25 34dd 8* 30 50 8/68 2 1 9 6 Ten Ss 1 97 49 Dom 
26 35aa 25* 1 8  36 7/65 1 70 - Tey S i t  1 0+ 27 -- Dom 
27 35ac Dry -- -- (7/65) 1 1 8 - Tey -- -- 36 -- (Dom) 
28 35bb 50* 1 7  83 7/65 1 20 6 Ten S i t  30 97 -- Dom 
* pum p test made; * * see text; + more than one aquifer; a chem ical anal yses i n  text; 0observation wel l 

Abbrev iations: Ba , basa l t; C ,  c l ay; C&G, c lay and gravel ;  C&S,  c l ay and sand; C&S i t, c lay and s i l t; Dom , domestic; F ish , OSU Mari ne 
Science Ctr . ;  G ,  grave l ;  G&S i t ,  gravel and si l t; l nd ,  i ndustr ia l ;  lrr ,  irr igation; Mun,  mun ic ipal ; Rec ,  recreation; Roc k, no roc k 
type stated on l og; S ,  sand; Sch , school ; S&G, sand and gravel;  S i t, s i l t; Ss, sandstone 
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WATER W Ell lOG DATA , Continued 

No . Wert Draw- Depth to Static Wel l Water-beari ng Zone �s) Bedroc k Temp-
on location Yiel d down Water l evel Depth Diameter geol og ic  rock thic kness depth to top erature Water 

Map r. R .  s .  an gpm feet feet date feet i nches formation* * type feet feet O f  use 
29 6S l lW 35cb 20* 1 01 44 l/71 226 8 Ten S i t  3 58 49 Doma 
30 36ac 7* 24 31  8/64 1 36 6 Tey S ! t  -- 28 - - Dom 
3 1  36bd Dry - - -- (7/63) 1 6 1  6 Tez: -- - - 50 - - (Dom) 
32 36ca 30 1 1 0 40 8/70 1 58 6 Tey S i t  - - 2 -- Dom 
33 7S l ON 2l cb 9 90 6 6/65 1 1 0 6 Tsr Ba -- 1 8  53 Rec 
34 7S l lW l l ca 5 90 25 7/71 1 50 5 Tey S i t  - - 50 52 Dom 
35 l 5ac 24 30 34 7/68 95 6 Omt S &G 69+ 73 50 Dom )> 
36 25ac 3 48 l 4/59 74 6 Ten Roc k 1 0  28 - - Dom -o 

-o 
37 8S I ON  4da 7 1 9  1 8  8/68 41  6 Tsr S i t  - - 1 4  -- Rec m 

z 
38 8dc 1 2  20 - - ( l l/70) 2 1 0  5 Tsr Ba -- 60 52 Dom 0 
39 l 7db 1 0  -- 21 9/64 1 1 8 -- Tsr Ss - - - - - - Dom 0 X 
40 l 9da 5 Total 1 7  3/69 1 25 6 Tet S&G 27 62 -- Dom o::> 

41  l 9dc 1 2  20 l l  3/62 80 6 Qal S &G 1 4  -- -- Dom 
42 20cb 25* 5 1 9  3/71 42 8 Tet Ss 2 1 +  26 48 Dom � 

)> 
43 20cd 20 94 l l  1 J77o 1 25 6 Tet Roc k  - - 87 52 Dom -t m 

(log data is for deepen i ng wel l from 82 to 1 25 feet . Water conta in ing i ron minera l s  cased off to 94 feet . )  :::0 

44 3 l cd l 1 05 28 9/69 1 38 6 Ten S i t  - - 0 - - Dom � 
m 

45 8S l lW 2cd 6 80 1 36 9/64 200 8 Too Rock  22  73 - - Mun r-

(Wel l  abandoned due to inadequate z:i el d . )  
r-
r-

46 2 l cd 30 -- 60 ' 55 1 07 8 Qmt - - - - -- - - Mun° 0 
47 28ca 1 0  90 30 5/68 1 33 6 Qmt S i t  - - 0 - - Dom C> 
48 32db 1 5  46 1 5  8/56 63 6 Tmdb Ss l l  7 -- Dom 0 

)> 
49 36da 4 1 27 28 7/71 1 55 6 Ten Ss -- 44 -- Dom -t 

50 9S 9W 28cb 6 Total 3 1  9/71 52 6 Tet S i t  2 1  30 Dom )> --
51 9S l ON 7bc 1 5  55 22 7/70 77 6 Ten Ss 7 26 -- Dom 
52 9S l lW 5dd 3 485 1 5  5/71 500 6 Tma S i t  - - 8 54 Mun 

(Wel l abandoned due to inadequate yiel d . )  
53 Sed 4 1 8  1 4  9/66 32 6 Tmwc Roc k  8 24 -- Dom 
54 l 2ad 6 38 22 l l/66 60 6 Too Ss -- 8 -- Dom 
55 32ba 23 20 1 0  1 0/70 223 1 0  Qmt S i t  46+ 1 29 49 Dom 
56 32db 8 72 1 8  5/66 200 6 Qmt S i t  5 52 50 l nd 
* pump test made; **see text; +more than one aquifer; 0chem ical anal yses i n  text; 0observation wel l 
Abbreviations: Ba , basal t; C ,  c l ay; C&G , c lay and gravel ;  C&S, c lay and sand; C&S i t ,  c lay and s i l t; Dom , domestic; Fish , OSU Mari ne 

Sc ience Ctr . ;  G ,  gravel ; G&S i t ,  gravel and s i l t; l nd,  industrial ; lrr , irrigation; Mun, munic ipa l ;  Rec ,  recreation; Rock, no rock L11 
type stated on l og; S ,  sand; Sch , school ;  S&G, sand and gravel ;  S i t ,  si l t; Ss, sandstone L11 



WATER WELL LOG DATA, continued 
No . Wel l Draw- Depth to Static Well Water-bearing Zone(s) Bedroc k Temp- tJl 

Location Yie ld  down Water Level Depth Diameter geo log ic  roc k th ic kness depth to top erature Water o-on 
Map T .  R .  S .  *7! gpm feet feet date feet i nches formation* * tz:pe feet feet Of use 
57 9S l l W 32dc 1 2* 1 0  30 1 0763 84 6 Qmt S i t  1 9  65 50 Dom 
58 1 OS 8W 32ac 30 1 8  20 7768 65 6 Tet S i t  26+ 1 7  53 Dom 
59 36cd Dry -- -- (7762) 73 8 Tet -- - - 1 6  -- (Dom) 
60 1 OS 9N 2cb 20 Total 1 5  1 0771 45 6 Tet Ss 8 1 6  - - Dom 
6 1  4ba 3 90 40 9767 1 35 6 Tet S i t  -- 1 3  -- Dom m 
62  6bc 5 60 1 1  3768 1 00 6 Tet Ba -- 1 2  52 Dom z 
63 1 9cb 7 1 0  25 8756 37 6 Tet Roc k  - - 2 7  49 Dom < 
64 29cc 4 35 25 7758 72 6 Tet Ss 3 25 52 Dom ;;o 

0 
65 3 1 da 4 60 30 8769 95 6 Tet Ss -- 1 6  -- Dom z 
66 35cd 1 0  30 1 0  5767 6 1  6 Tet S i t  6 33 -- Dom � m 
67 l OS l OW l ab 1 5* Total 40 1 0767 332 6 Tet S i t  52 40 - - Dom z 

(Sal i ne water encountered at 280- 332 feet) --i 
)> 

68 2dc 4 Total 22 5771 69 6 Tet S i t  3 1  -- -- Dom r-

69 3cc 5 -- 1 7  7761 85 6 Tet S i t  -- 1 7  -- Dom 0 Cl m 
70 4cc 4 25 1 0  7762 3 1  6 Qal S i t  -- 27 -- Dom 0 
71 9ab 0 . 5  1 65 50 9770 2 1 5  6 Tet S i t  -- 1 3  - - Dom r-

0 72 1 7aa 20 35 9 5760 66 6 Tey S i t  1 1  29 -- Dom Cl 
73 1 7ab 5 1 20 30 8771 1 50 6 Tey Ss  -- 31 -- Dom -< 
74 1 9dc 9 56 24 4767 83 6 Toa Ss  1 2  1 6  52 Dom 0 
75 25aa 1 . 5 Total 28 4764 76 6 Tet Ss 2 0 Dom ., -- r-
76 27ca 4 70 20 5762 1 1 0 6 Tet G -- 5 -- Dom -

z 
77 30ab 1 1  22 9 7765 42 6 Toa S i t  1 2  0 -- Dom () 
78 32ac 8 6 20 9762 5 1  6 Ten s 8 5 - - Dom 0 

1 0762 5 Dom 
r--

79 32dc 4 35 6 42 6 Tey G 7 - - z 
80 33cd 1 45 1 2  1 0762 80 6 Tey S i t  -- 5 -- Dom () 
8 1  33db 2 Total 8 5765 96 6 Tey S i t  1 0  0 -- Dom 0 

(Wel l abandoned due to poor yie ld and hydrogen sul fide gas at 96 feet) c 
z 

82 36aa 8 26 6 4764 50 6 Tet S i t  4 1 0  -- Dom --i 

( I ron and hydrogen sul fide gas present) -< 
83 1 OS l lW 20bc 8 47 23 3759 83 6 Tma Roc k 1 7  1 8  -- Dom 
84 29ba 1 5* 1 20 1 7  2764 250 6 Tm n S l  t 1 85+ 59 55 Mun 

(Wel l abandoned due to i nadequate yie ld) 
85 29bb Dry - - -- (5758) 31  6 Tmcf -- - - 3 1  -- (Mun) 
* pum p test made; **see text; +more than one aquifer; achem ical anal yses in text; 0observation wel l 
Abbreviations: Ba , basal t; C ,  c lay; C&G ,  c lay and gravel ; C&S, c lay and sand; C&Si t ,  c l ay and si l t; Dom , dom estic; F ish , OSU Mari ne 

Science Ctr . ; G ,  grave l ;  G&S i t, gravel and si.l t ;  lnd , i ndustrial ; lrr , irrigation; Mun,  munic ipa l ;  Rec ,  recreation; Rock,  no rock 
type stated on l og; S, sand; Sch , school ; S&G, sand and gravel;  S i t, si l t; Ss, sandstone 



WATER WEll lOG DATA , Continued 

No . Wel l  Draw- Depth to Static Wel l Water-beari ng Zone(s) Bedroc k Temp-
on location Yield down Water level Depth Diameter geo log ic  roc k th ic kness depth to top erature Water 

Map T . R . S . !?*  gpm feet feet date feet i nches formation* * t pe feet feet O f  use 
86 l OS 1 1 W 29dd 9 65 1 1 4 5 65 1 79 1 0  Tmn S l t  - - 1 8  48 Mun 

87 30aa 
(Wel l abandoned due to i nadequate yiel d) 
1 0  2 35 5/58 1 01 6 Tma s 1 5  -- -- Mun 
(We l l  abandoned due to contami nation by septic tan ks) 

88 30aa Dry -- -- ( 1 1/58) 1 59 6 Tma - - - - 3 - - (Mun) 
89 1 1 5 fNV 2ba 4 80 1 4  1 68 1 00 6 Tet S l t  1 4+ 1 7  53 Dom 
90 4ab 4 74 1 6  8 66 94 6 Tet S l t  -- 23 53 Dom )> 
91 1 2ba 1 00 8/71 1 25 Tet 5 1  t 27 52 Dom ""'0 

6 25 6 -- ""'0 m 
92 1 3cd 4 -- -- (7/56) 65 5 Tet S l t  37 1 7  -- Dom z 
93 1 5ba 5 35 1 4  3/63 54 6 Tet S l t  20+ 8 48 Dom 0 
94 1 7ab 1 0  36 1 2  8/63 63 6 Tet Ss -- 28 5 1  Dom X 
95 1 8aa 4 88 1 9  1 1/71 1 1 0  6 Tet S l t  27 26 - - Dom OJ 

96 24ba 5 -- - - �7/56) 69 5 Tet S l t  39 22 - - Dom ::E: 
97 24bd 40 73 1 9  6/71 1 00 6 Tet Ss 37 1 4  - - Dom )> 
98 1 1 5 9N 1 0bb 1 0  29 29 8/57 70 8 Tet Ss 1 0  45 46 Sch0 -I m 
99 1 0cd 1 . 5 70 8 2/69 85 6 Tet Ss 48 35 53 Dom ;;:o 

::E: 1 00 1 1 cb 3 50 33 7/65 83 6 Tet Roc k -- 29 - - Dom m 
1 01 1 3bd 8 1 1  20 1 0/56 35 6 Tet Ss 4 24 - - Dom r-

r-
1 02 1 1 5 1 0W5dc 8 25 48 5/59 1 00 6 Tey Ss 5 2 1  - - Dom r-

1 03 6dc 2 50 1 0  5/62 60 6 Toa S l t  -- 3 - - Dom 0 
G'> 1 04 7ad 8 Total 1 2  6/63 45 6 Ten S i t  7 38 - - Dom 0 1 05 8bd 5 36 27 1 1/62 54 6 Tei: S l t  - - 4 -- Dom )> 

1 06 9ad 2 87 1 7  1 2/67 1 05 6 Tet Ss -- 28 -- Dom -I 
)> 

1 07 1 4bb 8 68 1 2  7/71 80 6 Tet Ss -- 2 1  - - Rec 
1 08 1 8aa Dry -- -- (3/48) 975 1 0  Tey -- -- 67 -- ( l nd) 

(We l l  abandoned due to poor yiel d ,  sa l i ne water at 60-67 feet and 450 feet, and h drogen sul fide gas at 720 feet) 
1 09 1 8ab Dry -- - - ( 1 0  48) 1 900 1 0  Tey - - - - - - -- ( lnd) 

(We l l  abandoned due to poor ie l d ,  sal i ne water at 60-65 feet and hydrogen sul fide gas at 335 and 1 330 feet) 
1 1 0  1 9cd 24 0 28 8 58 42 6 Toa S i t  8 34 5 1  Dom 
1 1 1  1 9db 1 . 5 230 20 1/68 250 6 Ten S i t  -- 80 53 Dom 
1 1 2  20ca 25 8 50 9/62 87 6 Tei: 5 1  t 1 7  30 - - Dom0 
* pump test made; ** see text; +more than  one aquifer; achemical anal yses i n  text; 0observation wel l 
Abbreviations: Ba , basa l t; C ,  c lay; C&G , c lay and gravel ;  C&S,  c lay and sand; C &S i t ,  c lay and si l t; Dom , domestic; F i sh , OSU Mar ine 

Sc ience Ctr . ; G ,  gravel ; G&S i t ,  gravel and s i l t; lnd,  i ndustrial ; lrr , irrigation; Mun , munic i pa l ;  Rec ,  recreation; Rock,  no rock lJl 
type stated on l og; S ,  sand; Sch , school;  S&G, sand and gravel ; S l t ,  s i l t; Ss,  sandstone '-1 



WATER WELL L OG DATA, Continued 
tn 
co 

No.  Wel l  Draw- Depth to Static Wel l  Water-bear i ng Zone(s) Bedrock Temp-
on Location Yi eld down Water Level Depth Diameter geo logic roc k thic kness depth to top erature Water 

Map T .  R .  S .  *7! gpm feet feet date feet i nches formation* * tl:pe feet feet Of use 
1 1 3 1 1 5 l ON 20cd 9 -- 59 6/6 1 1 20 6 Tey S i t  - - 24 - - Dom 
1 1 4 20dd 1 0  20 l 1769 1 00 6 Tet Ss - - 33 52 Dom 
1 1 5 29cb Dry -- -- (9762) 1 00 6 Tet -- -- 50 - - (Dom) 
1 1 6 30aa 3 70 30 8768 1 00 6 Ten Ss -- 40 53 Dom m 

z 1 1 7  1 1 5 l lW 2bb 8 - - 32 9762 67 6 Toy S i t  - - 5 -- Dom < 
1 1 8 4dc 1 2  24 9 1 0769 48 6 Tm n S i t  4 l -- Dom ;;o 

1 1 9 5dc 2 1 97 6 9766 200 6 Tmn Ss 1 3  2 50 Dom 0 
z 1 20 9aa Dry - - - - (9768) 200 6 Tm n - - - - 35 - - (Dom) s: 

1 2 1 9ab Dry -- - - (2770) 301 6 Tm n - - - - 98 -- (Dom) m 

1 22 9ba 1 6  1 0  30 1 0763 80 6 Tmn c 28 72 49 Dom z 
-t 

1 23 l Oac 2 . 5  245 1 20 4771 365 6 Tm n Ss - - 29 - - Dom )> 
r 

1 24 l Obb 5 50 23 8762 65 6 Tm n G 1 0  5 -- Dom Cl 
1 25 l Obe 3 -- 40 - - 1 00 6 Tm n Ss - - 39 -- Dom m 

1 26 l 6dc 3 20 1 9  7762 30 6 Qmt S i t  - - - - - - Dom 0 
r 

1 27 l 7aa 1 2  1 0  6 3768 24 6 Omt s 4 -- 50 F ish 0 
1 28 20bc 60* 35 1 5  4771 96 6 Qmt s 26+ - - -- Rec Cl 

-< 1 29 20cb 25* 5 50 6769 94 6 s s 1 0  - - - - Rec 0 1 30 22db 20 1 8  37 6759 1 00 6 Toy S i t  8 44 - - Dom ., 
1 3 1 22dc 3 1 28 70 9766 200 6 Toy Ss 31 l 50 Dom c 
1 32 27aa 3 . 5  -- 1 8  6759 1 23 6 To� Ss -- 1 6  -- Dom z 
1 33 27bd Dr� -- (7762) 230 -- Toy - - -- 1 8  -- (Dom) () -- 0 1 34 27dd 2 Total 1 5  3765 90 6 Toy 51 t 2 1 2  - - Dom r 

1 35 3 l da 1 8  8 1 4  1 1771 38 6 Qmt s 5 36 -- Dom z 
1 36 32da 9 244 30 4770 253 6 Tm n C&S i t  - - 95 50 Dom () 

0 1 37 33cd 7 73 22 9771 95 6 Toy S i t  - - 36 -- Dom c 
1 38 36da Dry -- - - '60 1 1 5  6 Tet - - - - 1 2  - - (Dom) z 
1 39 1 25 8W 4ab 7 43 1 9  3763 80 S i t  40  48 Dom -t 

6 Tet -- -< 
1 40 7ca 3 45 28 1 0760 76 6 Tet Ss -- 1 2  - - Dom 
1 4 1  8bd 7 - - 20 4757 1 00 6 Tet S i t  34 0 - - Dom 
1 42 Sea 1 6  56 1 6  8762 88 8 Tet Ss 8 1 2  - - Sch0 

(Wel l abandoned due to sa l ine water at 80-88 feet) 
1 43 8dd Dry -- - - (9760) 94 6 Tet -- -- 29 - - (Dom) 
* pum p test made; * *see text; + more than one aqui fer; achemical ana lyses in text; 0observation wel l 
Abbreviations: Ba , basa l t; C, c l ay; C&G, c lay and gravel ;  C&S,  c lay and sand; C&S i t ,  c l ay and s i l t; Dom , domest ic; F ish , OSU Mar ine 

Sc ience Ctr . ;  G ,  gravel ; G&S i t ,  gravel and s i l t; l nd ,  i ndustr ia l ;  l r r ,  i rr igation; Mun , munic ipal ; Rec , recreation; Rock ,  no roc k 
type stated on log; S ,  sand; Sch , school ;  S&G , sand and gravel ; S i t ,  si l t; Ss,  sandstone 



WATER WELL LOG DATA ,  Continued 

No . Wel l Draw- Depth to Static · 
-- ·vleiT-----· - Water-bearing Zone(s) Bedrock Temp-

on Location Yield down Water level Depth Diameter geo log ic  roc k th ic kness depth to top erature Water 
Map T .  R .  S .  *1* gpm feet feet date feet inches formation* * type feet feet Of use 
1 44 1 25 9'N 1 2ad 8 -- -- 5/58 90 6 Tet S i t  - - 1 8  - - Dom 
1 45 1 3ba 7 60 7 5768 78 6 Tet S i t  46+ 1 7  - - Dom 
1 46 1 25 l lW 4aa 3 37 33 1 1765 70 6 Toa S i t  - - 4 - - Dom 
1 47 6aa 8* 4 30 6764 55 6 Qmt s 1 9  47 -- Dom 
1 48 1 8bb 7 1 0  - - 7760 40 6 Qmt Ss -- 32 - - Dom 
1 49 1 25 1 2/V  25aa 4 - - 55 6760 1 09 6 Toy Ss -- 60 -- Dom 
1 50 25dd 4 Total 8 5760 1 03 6 Toy S i t  6+ 24 -- Dom )> 

"""0 
1 5 1 1 35 9'N 30dd 1 6  37 24 8770 71 6 let 5 1  t 5 0 -- Dom """0 

m 
1 52 3 1  be 20 -- 35 776 1 70 6 let Ss -- 26 -- Dom z 
1 53 3 1 cc 4 56 28 4765 1 04 6 Tet Ss - - 22 50 Rec 0 
1 54 1 35 l ON  27dd 6 44 25 3769 75 6 Tet Ss 36+ 1 6  55 Dom X 
1 55 30dd 1 5  1 1 0758 68 6 let Ss 43 Dom OJ -- -- --
1 56 32ac 20 40 1 7  8764 66 6 let Ss - - 50 -- Dom � 
1 57 33bb 1 4  38 1 2  9764 64 6 let Roc k  4 52 53 Dom )> 

-I 
(Sal i ne water cased off at 30-32 feet) m 

;;o 
1 58 34ca 7* 56 24 4764 1 38 6 let S i t  1 8  25 50 Dom � 1 59 35ad 2 -- 23 176 1  75 6 let Ss -- 20 -- Dom m 

1 60 1 35 l lW 7dc 1 234 90 1 2771 325 6 loa C&S 50 60 52 Dom r-
r-

1 6 1  7dc 20 80 25 7771 1 30 6 loa Ss 25 80 5 1  Dom r-
0 1 62 9ba 3 1 04 86 4770 203 6 Toa S i t  -- 45 52 Dom Gl 

1 63 9bb 7 4 48 7769 60 6 Toa S i t  4 48 53 Dom 0 
1 64 9bc 4* Total 75 7770 93 6 loa 5 1  t 3 22 - - Dom )> 
1 65 l Occ Drl: (6770) 245 1 7  �Dom) -I - - -- - - Ten -- -- -- )> 
1 66 1 6ac 8 30 1 4  1767 86 6 Too S i t  - - 38 52 Dom 
1 67 1 6bc 1 0  1 20 60 1 1769 1 99 6 Too Ss 5 1 43 53 Dom 
1 68 22bb 50 1 45 1 0  4771 1 55 6 let Ss 53 25 52 Dom 
1 69 26bd 30 22 6 4763 52 6 let Ss -- 37 52 Dom 
1 70 27ac 4 3 1 8  2 6770 320 6 let 51 t 1 0  33 5 1  Dom 
1 71 27ac 1 2  85 1 5  6770 1 00 6 Tet Ss 5 50 52 Dom 
1 72 27bd 1 . 5 87 42 6770 1 30 6 Tet 51 t 43 1 4  - - Dom 
*pump test made; * *see text; + more than one aquifer; achemical anal yses i n  text; 0observation wel l 
Abbreviations: Ba , basa l t; C ,  c lay; C&G, c lay and gravel ; C&S, clay and sand; C&Si t ,  c l ay and s i l t; Dom , domestic; F ish , OSU Mari ne 

Sc ience Ctr . ;  G ,  gravel ;  G&Si t ,  gravel and s i l t; l nd ,  industr ial ; l r r ,  irrigation;  Mun , mun ic ipal ; Rec , recreation; Rock ,  no roc k 
type stated on log; S ,  sand; Sch , schoo l ;  S &G ,  sand and gravel ; S i t ,  s i l t; Ss ,  sandstone ln 

'{) 



WATER WELL L OG DATA , Cont inued o-
0 

No . Wel l Draw- Depth to Static We lf � - Water-bear ing Zone(s) Bedroc k Temp-
on Location Yie l d down Water L evel Depth Diameter geol og ic roc k th ickness depth to top erature Water 
Map T .  R .  s .  �n gpm feet feet date feet inches tormation* * t�pe feet feet O f  use 
1 73 1 3S 1 1W 28ab 1 5  80 20 6770 1 00 6 Ten s 1 5  28 52 Dom 
1 74 28ad 1 5  5 8 9760 30 6 Omt G 1 3  -- -- Dom 
1 75 30bd 45 30 26 4769 75 1 2  Omt G&S l t 3 1+  25 53 lrr m 

1 76 3 1 ba 8 20 35 8767 63 6 Omt s 1 4  0 -- Dom z 
< 

1 77 1 4S 9W 1 bb 1 0  1 03 1 4  7771 1 55 6 Tet Ss -- 1 9  -- Dom ;;o 
1 78 2cd 5 20 1 8  1 2755 50 6 Tet Ss  9 32 -- Dom 0 
1 79 4cc 25 2 1  29 5756 6 1  6 Tet Ss 3 20 54 Dom z 
1 80 7bb Dry -- -- (6768) 206 6 Tet -- -- 30 -- (Rec) � 

m 
1 8 1 1 4S 1 \NI/  8bd 1 9  4 1 7  3765 6 1  6 Tet Ss -- 8 50 Rec z 

-I 
1 82 1 2dd 3 50 31 4769 85 6 Tet Ss 25+ 2 1  53 Dom )> 
1 83 1 3db 5* 1 00 8 8769 21 3 1 0  Tet Ss -- 78 50 Dom ' 
1 84 25bd 38 1 95 40 1 0771 290 6 Tet Ss -- 1 4  -- Dom G') m 
1 85 1 4S 1 1W 5bb 6 20 30 8760 50 6 Too S i t  - - 38 -- Dom 0 
1 86 32cd 1 3* 1 1 4  4765 64 6 Tet Ss 23 48 Dom ' - - 0 
1 87 34ca 27* 28 6 6770 1 35 6 Tet S i t  -- 87 -- Dom G') 
1 88 35ac 3 -- 1 4  3772 1 50 6 Tet Ss -- 4 49 Dom -< 
1 89 1 4S 12W 22dd 9 80 -- (6756) 84 6 Teyb Rock -- 6 -- Dom 0 .., 
1 90 1 5S 1 \NI/  1 da Dry -- -- (7762) 1 48 8 Tet - - -- 20 - - (Sch) � 
* pump test made; **see text; +more than one aquifer; 0chem ical  analyses i n  text; 0observation wel l z (") Abbreviations: Ba , basa l t; C ,  c l ay; C&G , c lay and gravel ;  C &S ,  c l ay and sand; C&S l t , c l ay and s i l t; Dom , domestic; F ish , OSU Mar i ne 0 

Science Ctr . ;  G ,  gravel ; G&S l t ,  gravel and s i l t; l nd ,  i ndustria l ;  l rr ,  i rr i gati on; Mun , munic ipal ; Rec , recreation; Rock, no roc k ' 
type stated on l og;  S ,  sand; Sch ,  school ; S &G ,  sand and gravel ;  S i t ,  s i l t; Ss,  sandstone z 

(") 
0 c 
z 
-I -< 



APPE N D IX C 
GEOLOG IC FORMAT ION WELL-YI ELD SUMMARY 

No . of Yie ld  Yie ld Poor 4 or 5 to 1 0  to 25 to 1 00 or Obser- )> 
Geol ogic  wel l qua l i ty 9 99 Chemical 

-o 
range average Dry l ess 24 more va tion -o m 

formation l ogs gpm gpm water wel l gpm gpm gpm gEm_ gp�-- __-.v_eJ I �-_ana lysi�_ z 
0 

Qal 2 4- 1 2  8 0 0 1 0 1 0 0 0 1 x 
() 

25 0 0 0 0 0 1 0 0 0 (;) m 
Qmt 1 5  3-60 1 9  0 0 1 4 7 3 0 0 0 0 

r-
0 

Tmwc , Tma , Toy 1 4  0-20 5 1 2 7 3 2 0 0 0 0 (;) 
() 

Tmcf, Tmdb , Teyb 3 0- 1 5  8 0 1 0 1 1 0 0 0 0 -n 
0 
:;:o 

Tm n ,  Too, Ten ,  Tey 66 0-50 9 3 8 1 7  20 1 5  6 0 1 1 � 
)> 
-I 

Tet 71 0-50 1 0  5 6 2 1  1 9  1 7  8 0 2 1 0 
z 

Tsr 1 8  0- 1 20 l l *  0 1 3 6 5 2 1 2 1 � m 
r-

TOTAL 1 90 0- 1 20 1 0* * 9 1 8  50 53 48 20 1 5 4 r-
-< 
m 

* A  h igh-yie ld  1 20 gpm wel l is exc l uded to obta in  a more real i stic yiel d average for th is formation . 
r-
0 

* * Average yield (1 0 gpm) obtai ned by d ivid i ng number of wel l I ogs ( 1 90) i nto gpm produced ( 1 , 91 8) duri ng wel l  tests . (/) c F igure may be h igh due to i naccuracy of test ing method (ba i l er rather than  pump) used for 1 68 of the 1 90 wel l s .  � 
� 

Data source: State Engineers ' Office,  Sa l em ,  water wel l l ogs )> 
:;:o 
-< 

o-



APPENDIX D 
QUADRANGL E MAP WEll- YIELD SUMMARY 

No . of Yie ld Yiel d Poor 4 or 5 to 1 0  to 25 to 1 00 or Obser-
wel l range average water Dry I ess 9 24 99 more vat ion Chem ical 

Quadrang le  logs gpm gpm qual i ty wel l gpm gpm gpm gpm gpm wel l ana lysis 

H ebo 32 0- 1 20 1 3* 0 4 4 8 8 7 1 1 2 

Euchre Mtn . 1 5  1 -25 9 1 0 3 6 5 1 0 1 0 

Cape Fou lweather 8 3-30 1 4  0 0 2 1 4 1 0 0 1 

Marys Peak 1 9  0-40 9 1 2 5 8 2 2 0 0 1 

Tol edo 43 0-25 7 5 4 1 7  1 3  8 1 0 3 0 

Yaquina 32 0-60 9 1 5 9 8 8 2 0 0 0 

Al sea 2 5- 1 0  8 0 0 0 1 1 0 0 0 0 

Tidewater 1 9  0-38 1 3  1 2 4 3 6 4 0 0 0 

Waldport 20 0-50 1 2  0 1 6 5 6 2 0 0 0 

TOTAL 1 90 0- 1 20 1 0* *  9 1 8  50 53 48 20 1 5 4 

* A  high yie ld  1 20 gpm wel l is exc l uded to obta in  a more real istic yie ld average for th is formation . 
** Average yiel d ( 1 0 gpm) obta ined by d iv id ing number of wel l logs ( 1 90) i n to gpm produced ( 1 , 91 8) duri ng wel l tests . F igure may be 

h igh due to i naccuracy of testing method (ba i l er rather than pump) used for 1 68 of the 1 90 wel l s .  

Data source: S tate Eng ineer 's Office, Sa l em , water wel l l ogs 
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A P PE N D IX E 

PLAN N I N G  A N D  G E O LO G Y  

by Lynn Steiger and H erbert G .  Sch l i c ker 

Land use p lanning to promote publ i c  hea l th ,  safety , and general wel fare is the responsibi l ity of govern
mental agencies . Each of these human el ements is in some way related to the geologic conditions of t he 
County . Therefore , an effective pl an of development must consider t he poss ib le geo log ic  hazards . 

The land use plan is a document prepared to provide guidance for the order ly growth of a community . 
It i ndi cates the l and uses sui tab le  and desirable for each area for the foreseeable future . The zoni ng 
ordi nance is one of the l egal docume nts used to implement the land use pl an .  The accompanying geolog
i cal  report provides the bas ic  i nformation needed to make recommendations for I and use . 

For p lann ing purposes ,  Lincoln County has been divided i nto three major reg ions: 1 )  the north County 
region, 2) the centra l County region, and 3) th e south County region . The north County region is sub
divi ded i nto five planning areas: Sa lmon River, Li nco ln  C ity , Kernvi l le-S i letz , Depoe Bay-G leneden 
Beach , and S i letz- Logsden . The centra I County reg ion comprises the Newport p Ianning area , the Yaquina 
River p lann i ng area , the To ledo p lanning area , and the Sea l Rock  p lanning area . The south County reg ion 
comprises the Wa ldport planning area , the A l sea River plann i ng area , San Marine-Waconda Beach p lan
n ing area, and Yachats planning area . A map showing the genera l out l ine of th e p lanning areas appears 
on pages 164- 1 65 .  

Geolog ic  conditions i n  any one planning area must serve as the basis for determ in ing the proper use of 
the land . Probl ems encountered in l and development w i l l depend on many factors , such as type of bed
rock ,  condit ion of the soi l s ,  and suscept ibi l ity of areas to l andsl id ing, erosion ,  and flood ing . When these 
problems are· understood , they can somet imes be recti fied . As examples :  l ow wet ground can be t i led;  
hi l l side excavations can be l imited i n  depth to avoid creat i ng l ands l ides; and sewerage systems can be 
i nstal l ed where poor drainage would prevent use of septic tanks . I n  other words, certai n  types of ground 
that  would ord i nari l y  be c l assified as unsui tab le  can be used under appropriate engi neering appl i cations . 

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

The fol lowing is a summary of the character and d i stribution of the various geologic units that make up 
the foundations of L incol n County . The problems i nherent in these units are briefly reviewed . For more 
deta i l ed i nformation, t he text of the bul l et i n  shoul d be consul ted and the geologi c and hazard maps used 
for a visual concept . 

S i l etz R iver Vol canics 

The oldest bedrock unit occupies the mountainous northeastern part of the County . K nown as the Si l etz 
River Vol cani cs , it is composed of lava flows, pi l low basal ts, breccias , and th ick sections of i nterbedded 
vol can ic  sediments . Much of the unit is deeply weathered and in steep terra in . Its interbedded sediments 
are mostly vol canic ash which is susceptible to l andsl ide and erosion . Development in areas of S i l etz R iver 
Vol canics is mai nly a long the Sal mon River Va l l ey east of Otis  J unction and along the S i l etz River Va l l ey 
east of Kernvi l l e .  E l sewhere, areas underl ain by these rocks are remote and undeveloped with the excep
t ion of loggi ng enterprises . 

Basa l t ic  head lands 

Al ong the coast of L inco l n  County masses of basalt ic rock form bol d  head lands ,  as at Cape Perpetua , 
Cape Foul weather,  and Cascade Head . These rocks are in most p l aces resistant to erosion and s lope fai l ure 
but they present problems for deve lopme nt because of steep , mounta i nous terra in ,  high cost of road construc
tion, and expense of sewerage i nstal l ation .  Such areas are by-passed for major development . 
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Tyee Format ion 

The most widespread bedrock formation  is the Tyee,  which underl ies the mountai nous area of southeast 
L incol n County . Because the formation is composed of massive sandstone beds i nterl ayered with l ess com
petent beds of shal e ,  problems in sl ope stabi l i ty occur on steep terra i n  w here beddi ng d ips toward the 
val l eys . Deve lopment i n  the Tyee Formation is ge neral l y  l imited to roads, which extend east from t he 
coast i nto the back country a long the major river val l eys . 

Tertiary s i l tstone units 

F ine-grained sed imentary rocks, i ncl udi ng si l tstone , shal e ,  and mudstone, crop out i n  the hi l l s  immed i
ate ly  east o f  the coast i n  a northerly trendi ng band rangi ng from 2 to  8 mi les  wide . Several rapidly deve l 
oping areas on  these rock units are encounteri ng probl ems: impermeabi l ity of the rocks, unstable slopes, 
excessive erosion, l ack of good ground water, high water table in t he lower slopes and co l l uvial soi l s ,  
and a tendency for the rock to  ravel and produce tal u s  i n  road cuts . 

Marine terrace deposits 

Mar ine terraces para l l e l  t he beaches of L incol n County and extend in land from the coast as much as a 
m i l e  i n  some pl aces .  Most of t he County ' s  devel opment is situated on these terraces .  

The terrace sed iments and overly ing o ld dune sands exposed i n  sea c l i ffs are subject to undercutting by 
storm waves, and landsl ides are common . Even w ithout landsl id ing , the sea c l i ffs are eroded back about 
a foot each year . 

Developments on t he sand dune areas usual l y  encounter excessive permeabi l ity; however,  i n  some areas 
l ayers of i ron-cemented hardpan prevent downward percolation . When the soi l  and vegetation are removed 
from the dunes, exposi ng loose sand, w ind can cause sand to migrate to other areas . Foundations in l oose 
sand w i l l  sett le  under moderate loads . 

Septic  tanks i n  terrace and dune material s can create problems, part i cularly i n  the more dense ly pop
ulated areas, because effl uent perco lates downward to the water tabl e or exits a long the sea c l i ffs onto 
the beaches . Where impermeable l ayers are present i n  the terrace and dune deposi ts, septi c  tanks w i l l  
not drain  properly and -effl uent and other water wi l l  stand a t  the surface ,  creating a hea l th  probl em . C l ay 
soi l  tends to deve lop i n  the depressions on the mari ne terrace and dune deposits, resul ti ng i n  extremely 
slow dra inage . Suc h areas genera l ly have a high water tabl e .  

T idal fl at soi l s  

T idal flat soi l s  wh ich form i n  drowned val l eys are common to al l of the major streams a nd estuaries al ong 
the coast in L i nco I n  County . Tidal muds are soft and compressibl e .  They often conta in  I ayers of peat . 
These soi l s  are very wea k, and foundations for roadbeds or bu i l di ngs w i l l  sett le excessive ly .  The areas are 
subject to fl ooding duri ng ocean storms or during periods of heavy runoff, and major fl oods occur when 
storms and h igh tides occur simul taneously .  Devel opment a l ong the estuaries i s  I im i ted to marine recrea
tional and marine i ndustry . Structures in these areas must be bu i l t  to wi thstand the effects of f loodi ng and 
have adequate foundation design . 

Sandspits and active dunes 

S i l etz , Yaquina,  and Al sea R ivers have we l l -devel oped sandspits and dunes at their mouth s .  These l ow 
transient features are su itabl e onl y for seasonal recreational activi t ies si nce they are h igh ly  vul nerabl e to 
erosion by w ind and storm waves . The abundance of sawed driftwood i ncorporated i nto the spi ts and l ow 
dunes is a good indication that h igh tides and storm waves have carr ied them there in fa ir ly recent tim e .  
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N o r t h C o u n t y  R e g i o n  

Sal mon R iver p lanning areo 

The segment of the pl anni ng area west of 1 0 1  and north of Three Rocks Road is shown on the l and use 
p lan and zoning maps as sui tab l e  for low-densi ty residential  deve lopment . Cond i tions l imit ing development 
in this area are seasonal h igh water tabl e ,  i nadequate so i l s  for subsurface sewage d i sposa l ,  and slopes 
greater than 30 perce nt with a potential for lands! ide and erosion . 

The lowl ands ad jacent to the Sa lmon River are subject to flood i ng ,  even i n  some d iked areas . The 
a l l uvia l  soi l s  along Sal mon River east of Otis  J unction have moderate l im i tations for roads, construction 
and maintenance ,  moderate foundation loads , and subsurface sewage d i sposa l .  Th is area has been zoned 
for recreation resi dent ia l  land uses . The steeper ground adjacent to the river low lands , extend ing east 
to Panther and S l i ck  Rock  Creek,  has a lso been zoned recreat ion res identia l .  

The comprehensi ve land use p lan i nd icates two commercial areas a long Sal mon R iver . The first extends 
from Highway 1 01 east to Otis J unction, between Oregon H ighway 1 8  and the river . The second is  located 
north of Oregon H ighway 1 8  and east of Sl i ck  Rock Creek . L im i tation to development in the first area is 
d ue to danger of flood ing . I n  both areas, bui l d i ngs requir ing substantia l  foundation loads shou ld not be 
constructed wi thout a study of the soi l cond itions . 

L incol n C i ty p lanning area 

This area inc l udes three unincorporated areas . These are al ong H ighway 1 0 1  between C ut ler  C ity and 
Taft , along the West Devi l s  Lake Road , and the Roads End vic i nity and ad jacent watershed . 

Within the i ncorporated area of L i neal n C i ty ,  most of the l and is on marine terrace over la in  by o ld  
sand d unes .  Probl ems normal ly  affecti ng septi c tanks in rapid ly  drai n ing or poorly drai n ing  areas is not 
of concern here because of the i nstal lation of a publ i c  sewerage system .  

Major probl ems occur on the mari ne terraces beca use of erosion by storm waves .  The sea c l i ffs are 
e roded at a rate which sometimes exceeds 1 foot per year . Therefore , bui l d i ngs on the terrace shou ld be 
located far enough from the terrace escarpment to be free of poss ib le  damage from erosion or landsl ide 
within the expected l i fe of the structure . In the sand dune area,  excavations and l evel i ng for bui l d i ng 
sites usua l ly remove stabi l iz ing vegetation and soi l , exposi ng loose sand to wind transport . The sand 
shoul d  be stabi l ized as soon as possib l e  after such excavations ore made . The practice of l e.ve l i ng large 
areas for bui ld ings or parking lots and leavi ng them unstabi l ized for months creates a d i sti nct hazard to 
adjace nt areas which rece ive drifted sand accumulat ions . 

The area around Devi l s  Lake and northward to the Sal mon R iver is under la in  by si l tstone and associated 
c lay soi l s .  This area has rather heavy demand for urbanization; however, the so i l s  ore not suitabl e  for use 
of septi c  tanks . Therefore , before devel opment cont inues, a sewerage system must be i nsta l l ed . There are 
a l so prob l ems of excessive erosion because of the heavy runoff in t he areas underl ai n by impermeabl e  so i l s  
on  steep sl opes .  Landsl ides can a l so b e  i ni t iated where I orge o r  excessive ly  steep excavations are mode . 
The lower slopes adjacent to the l ake have a seasonal high water tabl e .  

S i l tstones and c l ay so i l s  are present i n  t he bedrock east of H ighway 1 01 between Taft and Kernvi l l e  
and o n  the sides of the vol l eys o f  Drift Creek and Schooner Creek . These areas hove l imitat ions simi l ar 
to those surroundi ng Devi l s  Lake . The l owlands west of Highway 1 01 i n  Cutl er  C i ty and i n  Toft ore under
l oi n  by tidal -fl at soi l s .  These soi l s  ore relative l y  compressib le , and excessi ve sett l ement of roads and 
bui l d i ng foundations wi l l require subsurface investi gations for foundation desi gn .  
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Kernvi l l e-S i l etz and S i l etz-Logsden p lanning areas 

T he tidal fl ats adjacent to the l ower end of the S i l etz R iver prese nt problems for highway construction 
because of uneven sett lement i n  the soft , compressib le so i l s  and frequent flood ing . Deve lopment in the 
val l ey area upstream from Kernvi l l e  is l imited by high water tabl e ,  flood ing,  and soft compressible soi l s .  
The wide al l uvia l  terraces i �  the upstream region are satisfa ctory for agricul tura l purposes, but flood ing 
is a potential hazard for other uses such as residential or road construction . 

The upl and area immediately east of Highway 1 01 is composed of si l tstone . Farther east a long the 
S i l etz R iver, the uplands are under la in  by S i l etz R iver Vol can ics and , in the vic i nity of S i letz, by Tyee 
sandstone . The steep s lopes i n  these rocks are subject to l a ndsl id i ng ,  and many areas a long the river 
val l ey have been i nd i cated as l andsl ide topography . Anyone bui l di ng on such terra i n  should be aware of 
the possibi l ity of a high water tab le  and unstab l e  slopes . 

The flood p la in east of K ernvi l l e  is desi gnated on the I and use pl an as recreation residential  and zoned 
mar ine resident ia l . Much of the unincorporated land upstream from the i nfl uence of  tide and from Si letz 
east to Logsden i s  zoned and is expected to remain rural resident ia l  and agri cu l tural . The high areas under
la in  by S i l etz R iver Vo l canics and Tyee Formation are designated as forest land; probl ems of sl ope stab i l ity 
rel ati ve to road construction shoul d  be considered . 

Depoe Bay-G leneden Beach p lann i ng area 

The area from Depoe Bay north to Boi ler Bay is underl a in  by basa l t  and basa l t  breccia . Farther north 
the Gl eneden area is under la in  by marine terraces,  and i n  some pl aces, the terraces are overla i n  by dune 
sand partl y  covered by dense vegetation and thick soi l . The use of septic tanks throughout the Depoe Bay 
and Gl eneden Beach area is not recommended and can be tolerated only where the density of deve lop
ment is extreme ly  low .  Before more inte nse development can proceed , a sewerage system shoul d be 
i nstal l ed . 

The cont inued deve lopment of land on the S i letz spi t wi l l  l i ke ly encounter more of the severe erosion 
prob lems which have occurred for the past severa l years . The marine terraces to the south hove a lso been 
eroding back by wave action , and lands l ides have occurred in some p laces . Some parts of the mar ine  ter
races have a h igh seasona I water tab I e .  

C e n t r a l  C o u n t y  R e g i o n  

Newport p lanning area 

The Newport p lanning area extends from Cape Fou lweather to South Beach south of Yaqu ina Bay . 
Except for t he basa l ti c  headl ands at Cape Fou lweather a nd at Yaqui na Head , the area i s  underl a i n  by 
mari ne sed iments capped by marine terrace sed i ments and sand dunes . At Cape Foulweather t he basa l t  
c l i ffs rise steeply from the beach for several hundred feet . Erosion  is  not a factor i n  the basa l t  head lands,  
but immed iate ly  to the south toward Otter Rock unstab le  sl opes a nd mari ne terraces are erod i ng back at 
various rates . Just north of Otter Rock,  the head of a sma l l  act ive lands! ide extends several hundred 
feet back from the beach . A l though erosion at Otter Rock in the vic in ity of the Dev i l s  Punch Bowl is 
re l ative ly  sl ow ,  i t  has progressed about 1 0  feet in the l ast 20 to 30 years . Just south of the Dev i l s  Punch 
Bowl , a sf ide extends from the beach to the Devi l s  Punch Bowl Road . 

I n  the community of Otter Rock , the water tab le  on the marine terrace stands h igh much of t he year and 
septic tanks do not dra in  properly . Before deve lopment proceeds i n  this area , a sewer system wi l l  be neces
sary . 

Coastal erosion and l andsl ides are extensive from Otter Rock southward to Yaqui na Head . Here the 
abundance of l a ndsl ides i s  due to the steep seaward d ip  of the under lyi ng bedrock .  Probl ems are espec ia l l y  
apparent where highway fi l l s  have been p laced across canyons or sma l l  val l eys . Repai rs are required 
annua l l y  in these areas . S l i d i ng extends east of the h ighway , and in some areas the power l i nes require 
freque nt repair and rea I ignment . 
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There are large l andsl ides on both the north and south sides of Yaquina Head . The l andsl ide on the 
south side has made several bui ld ings unusab l e .  In Agate Beach ,  subsurface drai nage is restricted and 
a publ i c  sewerage system is necessary before addi tional deve lopments are made . 

In the vic ini ty of J umpoff Joe in Newport, the sea coast has retreated as much as several hundred feet 
since the turn of the century . A number of homes have been destroyed or bad ly damaged in recent years 
as a result  of l andsl ides in this area . Before any add i tiona l" shore l i ne areas are developed , the stabi l ity 
of the slope should be studied by so i l  engineers and geo log ists .  Often an apparently stable slope c:an be 
reaotivated by the addition of houses and streets . 

From Nye Beach southward to Yaquina Bay the shore l i ne is be i ng eroded by storm waves , People con
sidering bui ld ing structures on these c l i ffs shou ld  be aware that the c l iffs are eroding back about one foot · 

. . per year, and erosion could be much more severe if l andsl ides occur . The practice of p lac ing embankments 
over steep vegetated slopes is extreme ly  hazardous because the vegetation wi l l  decompose to produce a 
sl ip p la in  at the interface between the embankment and the origina l  ground . 

East of the shorel i ne i n  Newport from about Nye Beach south to the bay , the mari ne terraces are over
la in by loose dune sand . These sands are stabi l ized where covered by vegetation; however ,  where the 
vegetation has been removed or none has grown ,  the sand is exposed to erosion and transport by the wi nd .  
Frequent ly during high winds, the sand can be observed drifti ng across streets and i nto properties adjacent 
to the street . 

J ust east of Newport , i n  t he vic in i ty of McCl ean Poi nt ,  much of the slope has been affected by l and
sl ides , Development in this area shou ld proceed with great caut ion .  The making of steep cuts, removal 
of toe support , the additional weight of embankments on the upper s lopes, and the addition of moisture 
from the deve lopme nts , inc! uding  subsurface sewage disposal , al l add to the i nstabi I i ty of the slope . 
Serious prob lems can arise , especia l ly fo l lowi ng periods of extremely heavy rainfa l l .  Developments in this 
area could suffer serious slope problems unless the sl opes and embankments are properly constructed and a 
publ ic sewerage system is insta l l ed .  

The area south of Yaquina Bay from H ighway 1 01 eastward as far south as Henderson Creek is subject 
to seasonal high water tabl e .  Before devel opment reaches a greater densi ty , a pub l i c  sewerage system 
should be instal l ed .  A high water tab le  creates probl ems for foundations of structures, and in some areas 
the w?ter wi l l stand at t he surface after a heavy rainfal l .  

Yaquina River p l anni ng area 

The Yaquina River pl anning area extends eastward from McCl ean Point to H idden Val l ey j ust west of 
Tol edo . This area is under lain by highly weathered, impermeabl e mari ne bedrock which is subject to 
s lope fai lure , especia l ly where cuts are made . Deve lopment in these areas is present ly l imi ted to rura l 
densities by the steepness of s lope , the wea kness of the weathered rock and soi l horizons, and the suscep
tibi l i ty to lands l ide,  together w i th prob lems of subsurface sewage disposa l .  

Toledo planning area 

This area incl udes the urbanizing l and around Tol edo and portions of Depoe and Ol la la  Creek Va l l eys . 
Most of the area which is being urbanized is either on steep slopes having a potentia l  for l andsl ide or low
lands adjacent to the va l leys wh ich have a h igh water tab le  and wea k  foundation soi ls . Present zoning i n  
most o f  the area a l :aws for maximum one un i t  per acre; however , deve lopment cou ld  conceivab ly become 
denser wi th the i nsta l l ation of a subsurface sewerage system . Some of the steep areas w i th in the c i ty l im i ts 
of To ledo are o ld  lands l ides . A l l  steep s lopes and lands lide topography should be exami ned before deep 
cuts are a l lowed , otherw ise s l iding cou ld  occur . Certa in  p latted streets w i th in  the c ity l im i ts have not 
been constructed because of the steep topography . Deve lopment in these areas shou ld  be l im i ted . Deve l
opment is not pract ica l in many of the areas adjacent to the c i ty unti l a pub l i c  sewerage system and a 
water supp ly have been i nsta l led .  

Most of the area south of the Yaquina R iver and to the west i s  l andsl ide topography . Land deve lopment 
and road-bui ld ing activities �ould easily reactivate erosion and lands l iding, consequent ly home sites in 
this area shou ld be adequately  stud ied and the density of deve lopment shou ld be kept low . 
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Sea l Rock p lann ing area 

The Seal Rock pi anni ng area extends north from Col i i ns Creek to Lost C reek . The area is composed 
of a narrow band of mari ne terrace over la in  by dune sand bounded on the west by the Pacific Ocean and 
on the east by upl and areas . Deve lopment is  occuring most l y  on the marine terrace . Much of the upland 
area is owned by timber producers and not avai lab le for deve lopment . Th e marine terraces are undergoing 
erosi.on by the sea and many areas of s lope fa i lure occur a long the escarpm ents adjacent to the beach . 
Where sha ! low enc losed basi ns are present on the surface of the marine terrace ,  a c lay soi I has deve loped , 
and the water table stands near the surface most of the year . Before development can atta in  a h igher den
sity , i t  w i l l  be necessary to insta l l  dra inage and a pub l ic  sewerage system . Homes bu i l t a long the edge of 
the sea c l i ffs are subject to the damage by lands l i de and erosion and ,  therefore, adequate set bac ks shou ld 
be required . 

The Beaver C reek area is sub ject to fl ooding; there fore, any developme nt or structures i n  the flood 
p la in  should  be designed to withstand this hazard . S ince the sl opes adjacent to Beaver Creek are general l y  
unstabl e ,  land use � l ong the creek should be cont i nued as natural resources and rura l residential . 

S o u t h  C o u n t y R e g i o n  

Wa"l dport p lanning area 

Marine terraces occupy most of the coastal l and in the Waldport area . The terrace margins are retreating 
at the rate of about a foot a year .  Here , as e l sewhere on marine terraces, setbacks for structures w i l l  be 
necessary to assure that they are not premature ly  damaged by landsl ide or erosion . Where terraces are 
over la in by sand , subsurface sewage d isposal i s  l imited, e specia l l y  in the upland areas and al ong steep s lopes . 
Low ly ing areas within Wal dport have a seasona l  high water tabl e ,  and where urban renewal wi l l  resul t  
i n  heavier foundation l oads , foundat ion studies shou ld  be made . 

The l arge sand spit  development j ust north of A l sea Bay wi l l  requ i re a sewerage system , and it is ant ic
ipated there wi l l  be cont i nual problems with dr ift ing sand and possible future erosion a long the shorel i ne 
l i ke t hat at S i l etz Spit . These probl ems should be considered i n  the construction and l ocat ion of bui l d i ngs 
and roads . Sand spits are a l so a possible source for ground water unl ess contami nated by the use of septi c  
tanks . East and north o f  A l sea Bay the lands are either hi l ly upl ands o r  low t idal -flat soi l s .  The l owlands 
are subject to floods both by river and by high tides. The use of septic tanks and prob lems in foundation 
sett l ement are common to the tidal fl at areas whereas erosion and impermeable soi l s  as we l l  as l andsl ides 
a ffect the hi l l s ide properties . 

South of the bay and west of H ighway 1 01 , much of the l and is under la in  by sand dunes and terraces .  
Problems associated w i th this area are wave erosion and , where steep cuts are made , sloughing o f  the sand . 
A publ i c  sewerage system is necessary for deve lopment i n  this area . 

A l sea R iver p lanning area 

The Al sea R iver pl anning area extends east from Eckman S lough to t he confl uence of the A l sea R iver 
with F ive Rivers . Immed iate ly east of Eckman Sl ough the bedrock is si l tstone; the remai nder of the p lan
ning area is under la in  by Tyee sandstone . Most of t he deve loping areas along the r iver are i n  a l l uvia l  
terrace deposits . The low terraces are subject to flooding, and devel opment should be designed accordi ngly . 
The upper terraces sel dom or never flood , and foundation characteristics of the terraces are general l y  good 
for l ight to moderate structures . Erosion of the stream bank is a probl em i n  some areas and should be i nvesti 
gated before structures are p i  aced ad jacent to the river . 

In the upl and areas under la in  by s i l tstone , the rock is impermeabl e  as wel l as subject to l andsl id ing; 
therefore , steep cuts or very high cuts are not recommended . The use of sept ic  tanks w i l l  require I arge 
d ra in  fie lds and low density housi ng . Most of the terrai n under la in  by the Tyee sandstone is mounta inous 
with steep-sided canyons . The very la rge l ands I ides have occurred where the dip of the sandstone beds is 
roughly para l l e l  to the sl ope of the ground . Road cuts or other excavations made into thi s sa�dstone cou ld  
cause sl ides where the beds dip toward the open cut . 
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On al l uvia l  terraces whi c h  sl ope away from the r iver , low ly ing areas with a h igh water tab l e  and an 
impermeab l e  cl ayey soi l s  near the surface can be improved by dra in ing . The use of the l and al ong the 
r iver should be conti nued as re creation resident ia l  i n  the western part and agr icu l tural and farm forest 
to the east . 

San Mari ne-Waconda Beach p lann i ng area 

The San Mari ne -Waconda Beach p lanning a rea is a mar ine terrace over la i n  by dune sand . The terraces 
are low , ranging from 20 to about 30 feet in height and are subject to wave erosio n .  Sometimes dur i ng the 
wet season the water tab l e  is s l ight ly above the ground surface . 

I n  many p laces , the upper surface of the terrace i s  over lai n by a b lue ,  impermeable  c lay whi ch  makes 
septic tanks i noperative . Othe r  areas have an impermeabl e  hardpan layer; if septic ta nks are used , effl uent 
may exit  on t he surface fa rther downslope . Where sept ic  tanks have bee n  operat i ng for a long period of 
time , the sand becomes impregnated w ith organic material s from the effl ue nt and slowly becomes impermeable . 
These probl ems are most apparent where the de nsity exceeds about one unit for each 5 acre s .  

F loodi ng occurs a long B ig  C reek and l andsl i des are common i n  the adjacent up lands . 

Yachats p l anni ng area 

The Yachats plann i ng area is underl a in  by basa l t, except for the northern portion,  whi c h  is under lai n 
by basa l t ic  sandstone and grave l ly sandstone . Much of the low area along H ighway 1 0 1 is over la in  by a 
th in  cover of so i l  composed of sand and gravel . S i nce the soi l s  over lyi ng t he basa l t  and sandstone are th in ,  
they quick ly become saturated by ra infa l l  and  septic tank effl uent . Probl ems i n  development in these areas 
are a seasonal h igh water tab le  and low permeabi l ity . 

The steeply to moderate ly  s lopi ng land east of H i ghway 1 01 and north of Yachats is composed of 
weathered basal t ic  sandstone and breccia . A l though in  some areas the rock is impermeabl e ,  in others 
permeabi l ity is greater and the use of septi c tanks appears to be poss ib le for low density hous ing . Re la
tive ly impermeable so i l s  on the steeper vol canic terra in  i n  the footh i l l s  to the east have moderate to 
severe l im i tatio ns for road or stree t construction and subsurface sewage disposa l . 

A l l uvial soi l s  along the flood p la ins of the Yachats R i ver  are somewhat better dra i ned; however, there 
is a seasonal h igh water tab l e  i n  the a l l uvia l  soi l s .  Before devel opment reaches a hi gher density i n  the 
Yac hats p lann ing area, a subsurface sewerage system shou ld be i nsta l l ed . The l ocation of structures a long 
the shore I i ne shou ld consider the conti nual e rosion of the mari ne terrace , and setbacks should be suffi c ient 
to prevent damage . I n  the steeper terra i n  whe re road construction has caused the removal of vegetation, 
the impermeabl e  soi l s  and the rapid runoff w i l l subject the area to excessive erosion . 

The Yachats R iver area east of Yachats has l and suitabl e for l ow density deve l opment . Be fore density 
can be i ncreased , a subsurface sewerage system w i l l  be requi red . T he steeper sl opes adjacent to the r iver 
have frequently bee n i nvol ved in l andsl ide . Here ,  excavations for road or bui l d i ng construction might 
i nit iate additional I andsl ide s .  
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EXPLANATION 

Unconsolidated surficial units 
Alluuial bottom land depo�its composed primarily of sill. 

sand, <md 1roue/. 

Unconsolidated fine· to medium·frained beach and dune 
sand. 

Flat-lyinf deposits of saturated fine sar1d and clayey silt (tidal 
(luts) at or near sea level. 

Terrucc deposits composed primarily of al/uvia/ grauel, sand. 
and silt. 

Stratigraphic units 

Marine terrace deposits 
up to 75 feel of semi-consolidated uplifted beoch sand 
ouerl<>in locol/y by fine-groined dune deposits. Lenses of 
fTtJUel are present In places. 

Sandstone of Middle Tertiary Age 

Sandstone of Whale Cove 
fine- to coarse-grained m<> ... iue to thick-bedded <>rl,osic 
sandstone <>nd thin-bedded micuceous carbonaceous silt
s/one; sandstone commonly sh<>w& crou-beddi,g, large 
scule lo<>d casts, conuotute beddlnt and dump structure�. 

Astoria Formation 
ma.-.ive to thln·bedded, uery fine- to medium-grained 
micaceous and carbon<>ceous arhotlc sand$1one <>nd silt· 
stone; commonly fossiliferous; loc<>ll)l contains calc<>reous 
concretions ond dacitlc ash beds. 

Yaquina Formation 
th/cll· to thin-bedded sandstone, conglomerate, and tuf
f<>ceous si/lstone with thick glauconitic s<>ndstone beds; 
sandstone is fine- to coarse-tr<>ined and shows cross
bedding, foreset bedding, and scour and fill structures. 
Cong/omerote contains abund<>nt pumice clasts. 

Basalt of Tertiary Age 

Cape Foulweather Basalt 
flows, extrusive breccia, tuff brecci<>, uud lapil/i tuff 
composed of slightly porph)lritlc. gla&s)l or fine- to me
dium-6rained basalt; lntrusiM rock• within the flow and 
breccia sequence not dlfferentioted. 

Depoe Bay Basalt 
isololed pillow breccia, pillow flows. extrusive breccia and 
column<>r-}oinled subaerial flow• of gl<>u)l or fine- to 
medium-grained equigranui<>r b<>$C1It. Some dll<es and sills 
are not differentiated. 

Basalt of Yachats 
subaerial porph)lritic basalt <>nd bosaltic andesite {lows, 10 
to 20 feet thlch, with flow brecclB$ In the upper and 
lower parts of the {low units; commonly dlspla)ls irreg,<lar 
Jointing; includes pillow basalt, bBs<>ltlc conglomerates, 
and basaltic sa,ds/one in nor/hem part of outcrop area. 

Basalt of Cascade Head 
ba..a/1 breccia and lapllli tuff wllh m/.,or interbedded 
siltstone; the basalt is glassy to fine-grained ond conl<>lns 
.ocattered phenocryst� of pl<>glocl<>se. autlte, ond olivine. 

Siltstone of Tertiary Age 

Nye Mudstone 
massive to Indistinctly bedded. gray. clayey sills/one and 
very fine-grained sandstone: contains sandstone interbeds 
neor the bBse and calcareous concretions in places. 

Siltstone of Alsea 
mru6iuc- to thick-bedded /ossilo"ferom tuffaceous sl/lsto"e 
and very fine-grained sandstone; locall)l concretionary and 
with gl<>uconitlc sandstone and P"micc and ash Interbeds. 

Nestucca Formation 
thin-bedded tuffaceous �i/1$/one and $Cindstone with ash 
and g/ouconitlc sandstone interbeds: contain• some sand
done dlhes and sills in siltstone within the upper parb of 
the unit; thick-bedded <>rkos/c sondslone occur�< in places 
neor the base. 

Yamhill Formation 
mas5ive to thin-bedded concretionary siltstone with thin 
interbeds of arlwslc sandstone. 

Other stratigraphic units 

Tyee Formation 
rythmlcally bedded sands/one and siltstone; sandstone Is 
medium-grained. mic<>ceous, and arl<oslc and forms l>ed! I 
to 15 feet thick. siltstone is micaceous and con tams 
organic matter tocBI!y; turbidite structures aN' wide
spN'<>d, 

Siletz River Volcanic Series 
pillow flows, lso/o/ed pillow breccia, mudf/ow breccia, 
tuff breccia. fine to medium tuff conglomerate. b<>saltic 
sandstone a"d siltstone make up this "nit; intrusive 
feeders <>re not differentl<>ted on /he map; bosaltic rocks 
range in composition {rom tholeiitic to alkalic with minor 
more mafic uariants. 

Intrusive rocks 

Intrusive basalt 
includes feeder dikes for lite CBpe Foulwe<>lher and 
Depoe Bay Formations, Bnd the basglt at Yachats and 
C<>scade f/ead: porph)lrillc In placeo. 

Gabbro 
inclined sheets, �ills und dikes of m<>sslve zobbro com· 
poled /argel)l of p/agiocl<>se. (erroaugile. Iron-rich olivine. 
and intergrowths of quartz ond alkali feldspar; includes 
reloled mafic pegmatite&. 

Nepheline Syenite 
•ills. small stocl<s. and dll•es of very fine- to medium
fro/ned troch)ltic, equigranular to porph)lritlc nepheline 
syenite; uery /J<>rd and coarsely jointed In pl<>ces. 

Dacite and Rhyodacite 
dll<es intruding the b<>sa/1 of Yachats. 

Camptonite and related alkalic intrusive rocks 
c<>mp/onlie occurs as glassy to fine-grained locally por
ph)lritlc intrusive rock and /oca/1)1 os zeolite-cemented 
tuff brecclo. 
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EXPLANATION 

Unconsolidated surficial units 

Allu�lal l>ottom land Cl<!posits composed primarily of silt. 
sand, and gra�el. 

S Unconsolidated fine· to medium-grained beach and dune 
r.and. 

tf 1-'/at·lylng deposit� of mturoted fine sond and clayey silt (tidal 

Otg 

flat$) at or near ua level. 

Terrace deposits comPOsed primarily of alluvial travel, sand, 
and sill. 

Stratigraphic units 

Marine terrace deposits 
up to 75 (eel of semi-consolidated uplifted beach sand 
overlain locally by fine-grained dune deposits. Lenses of 
trove/ are present in p/acu. 

Sandstone of Middle Tertiary Age 

Sandstone of Whale Cove 
fine· to coarse-grained massive to thich·bedded arkosic 
sandstone and thin·bedded micaceous carbonaceous sill· 
stone; sandstone commonly shows crou·l>cdding, large 
scale load costs, con1.10lu/e bedding and slump structures. 

Astoria Formation 
massive to thin·bedded. uery fine· to medium-grained 
micaceous ond carbont>ceous arkosic sondstone and sill
atone; commonly fo:uillferous; locally conlaina C(:llcoreous 
concretions "nd dacilic osh beds. 

Yaquina Formation 
tl!lcll· to thin·bedded sandstone, conglomerate, and tuf
faceous siltstone with thicl< glauconitic sandstone beds; 
�ands/one is fine· to coarse-grained and shows cross. 
bedding. foreset bedding, and scour and fill structures. 
Conglomerate contains abundant pumice clasts. 

Basalt of Tertiary Age 

Cape Foul weather Basalt 
flows, extrusiw breccia, tuff breccia, and lapilli tuff 
composed of .•lightly porphyritic, glassy or fine· to me
dium-grained basalt; intrusive rocks within the flow and 

B 
11reccia sequence not differentiated. 

Depoe Bay Basalt 
isolated pillow breccia, pi/low flows, extrusive breccia and 
columnar·ioinled subaerial flows of glauy or fine- to 
medium-grained equigranulor b<lsolt. Some dikes and sills 
are not differentiated. 

r:::l Basalt of Yachats � subaerial porphyritic basalt and bt>sallic andesite flows. 1 0  
to :! 0  feet tilic/1, wilh flow breccias in /he 1/ppcr and 
lower parts of the flow units: commonly displays irregular 
jointing; include& pillow basalt, basaltic conglomerates, 
and basaltic sandstone in northern part of outcrop arM. 

Basalt of Cascade Head 
basalt breccia ond /op/11/ tuff with minor interbedded 
sills/one. the bcua/1 it glauy to fine-grained and contains 
.collered phenocrysts of plagioclase, augite, ond olivine. 

Siltstone of Tertiary Age 

Nye Mudstone 
massive to indistinctly bedded, gray, clayey siltstone and 
WT"f fine-grained sandstone; contains sandston!! interbeds 
neor tl1e bose and colcareous concretions in place•. 

Siltstone of Alsea 
mcusive- to thich·bedded fouiliferous tuf(oceou• siltstone 
ond IU!T"f (ine·eroined sandstone; locally concrelionaT"f and 
with glatsconilic sondatone and pumice and osh i"lerbeds. 

Nestucca Formation 
thin-bedded tu{foceous siltstone and sa11dstom: wilh ash 
and glauconitic sandstone interbeds; contains some sand· 
stoue dil•es and sills in siltstoue within the upper parts of 
the unit; thic/1-bedded arkosic sandstone occurs in places 
near the bose. 

Yamhill Formation 
ma&Sive to thin·!>edded concretionary sitlltone with thin 
interbeds of arhosic sandstone. 

Other stratigraphic units 

r:::---1 Tyee Formation L...:...::...J T"flhmi�ally bedded •ondstone ond siltstone; sandsto11e is 
medium-grained. micaceous. and arkosic and forms beds I 
to 15 feet thicl<; •ills/one is micaceous and contains 
organic matter locally; turbidite Mr<1cture• are wide-

Tiyd 

Tic 

spread. 

Siletz River Volcanic Series 
pillow flows, isolated pillow breccia, mudflow bre��ia, 
tuff breccio. fine to medium luff conglomerate, basaltic 
sandstoue and siltstone mahe up this tmit; intrusive 
{ceders are not dif(ereulioted on the map; !>t>.,altic rocks 
range in composition from tholeiitic to olllalic with minor 
more mafic variants. 

Intrusive rocks 

Intrusive basalt 
includes feeder dille& for 1/w Cape Jo'oulweather and 
Depoe Boy Formations, and the basalt at Yachats and 
Cascade Head; pnrphyritic in places. 

Gabbro 
inclined sl1eets. sills and dil<es of ma .. iue rabbro com
posed large/)' of plagioclase, ferroaugite, iron·rich olivine. 
end intergrowths of quartz and alhali (eldtpor; includes 
related mo{i� pegmatite&. 

Nepheline Syenite 
fills, small stocl<s, and dilles of ueT"f {ille• to medium. 
grained lrachylic. equlgranular to porphyritic nepheline 
syenite: very hard and coarsely jointed in places. 

Dacite and Rhyodacite 
dihet intruding the ba•alt of Yachats. 

Camptonite and related alkalic intrusive rocks 
camptonite occurs as glouy to fine-grained locally por· 
phyritic intrusive rock and locally as �eolite-cemented 
tuff breccia. 
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EXPLANATION 

Unconsolidated surficial units 

Gal Alllwiol bottom la"d daposil• composed primarily of silt, 

' 

sand, and gravel. 

Unconsolidated (iiiC· to mcdlum·gralned !>each and du•w 
SGII<:l. 

tJt Flat-lying deposits of saturated (i11c sand and clayey silt (tidal 

Otg 

Tiyd 

Tic 

flats) at or near sea leuel. 

Terra�e deposits compooed primarily of alluvial gr{luel, sand, 
a11d sill. 

Stratigraphic units 

Marine terrace deposits 
up to 75 feel of semi-consolidated uplifted beach sa11d 
ouer/aln locally by {inc-grained dune dcpo•Us. Lenses of 
grauel are present in places. 

Sandstone of Middle Tertiary Age 

Sandstone of Whale Cove 
fine- to coarse-grained massiue to /ilicl•·bedded arlwslc 
sand&tone and thin-bedded micaceous carbonaceous silt
stone; sandstone commonly shows Cross-bedding, large 
scale load casts, conuo/u te bedding a"d slump structures. 

Astoria Formation 
masslue to ll>ln-bedded, uery (inc- to medlum-gr{ll,ed 
mic{lccou., a"'/ carbonaceoi<S art10slc sa,dMone and silt
stone; commonly (ossllifero11s; locally contains ca/c{lreous 
concretion.• and tlacllic a•h beds. 

Yaquina Formation 
1/llcl:- lo Jilin-bedded so�>dstone, conglomerate. anti tu.f
(acerllls sill•lone with ll>icl' rtalwonltlc s{lndstonc beds; 
sandstone Is fine- to coar�e·rralncd and shows cro.<s
beddillll, foreset bedding, and sc011r anti fill structures. 
Conglomerate conJoins nbundant pwnlce clasts. 

Basalt of Tertiary Age 

Cape Foul weather Basalt 
flows, cx/rusiue breccia, tuff breccia, and lapilli tuff 
composed of stigh tty porpl:yrllic, glassy or fine- to me· 
dium-grained basal/; lutrusiue roclu within the {low {lnd 
breccia sequence not differentiated. 

Depoe Bay Basalt 
isolated pillow breccia, pillow flow•. extrusive breccia a"d 
columnar-jointed s11baerla/ {lows of rtassy or fine- to 
medium-grained equlgranular basalt, Some dikes and sills 
are not dlfferen tiated. 

Basalt of Yachats 
subaerial porphyritic basalt and basaltic andesite [tows, 10 
Jo 20 [eel thlcl•. wilh flow breccias in the upper and 
lower parts of the flow units; commonty displays irregular 
jointing; Includes pillow basalt, basaltic cot�glomerates, 
and basaltic sandstm>C in norll>em part of outcrop area. 

Basalt of Cascade Head 
basal/ breccia and /npi//1 tuff wi/11 minor jnterbetldetl 
silt.• tone; /he basal/ is glassy to fine-grained and contains 
scattered phmwcrysts of ptagioelaoe, a11gite, and otiulne_ 

Siltstone of Tertiary Age 

Nye Mudstone 
massjuc to lndlsllnclly bedded, gray, clayey siltstmw anti 
uery (i,e-gralned sandstone; contai"s sandstone interbeds 
ncar /he base and calcareous concrctio11s in places_ 

Siltstone of Alsea 
massiue- to thick-bedded (osslli(ci'OIIS t11ffaceous siltstone 
and uery [Inc-grained sand&tcne; locally concretionary and 
with g/ouconillc·sandstone and p11mice and as/1 Interbeds_ 

Nestucca Formation 
lhln·bedded Juf{aceous siltstone aud sandstone wllh "sh 
aud glauconitic sandstone Interbeds; contains some sond· 
stone dikes and sills in siltstone within the upper parts of 
/he unit; thleh-bedded arhosie sandstoue occurs ill places 
near the base. 

Yamhill Formation 
massiue to t/1/u-bedded concretionary sills/one with thin 
;,terbeds of arkosic sandstone. 

Other stratigraphic units 

Tyee Formation 
rythmlcally betided •a,tlstonc and siltstone; sandstone Is 
medillm-gralned, miccice011s, and {lr/:osic and forms beds I 
to 15 {eel thicl'; sill<lonc Is micaceous a"d con/{lins 
organic matter locally; lurbltlite str�<clures arc wide
spread. 

Siletz River Volcanic Series 
pillow flows, isolated pillow breccia, mutl{low breccia, 
luff breccia, fine to mc<llmn l11f( con!IIOmerate, basaltic 
sandstone and slltstm>e mal1c up this •mil; intr .. siue 
feeders are no/ dif{cret�lloted on /he map; b{lsa//lc rocl:s 
range in composition {rom lholaiitie lo a/l:alic with milwr 
more mafic uarlanls. 

Intrusive rocks 

Intrusive basalt 
i"c/11des feeder dll<es (or the Cape Fou/weather {lnd 
Depoe Bay Formations, aud lite basal/ a/ Yachats and 
Cascade Head; porphyritic in places. 

Gabbro 
Inclined sheets, sills and dihes of masslue gabbr-o com
posed largely of plagioc/a"", (erroaugite, ir-on-rich oliuine, 
and Intergrowths of quartz a11d a/l:al/ feldspar; include� 
related mafic pegmatite•. 

Nepheline Syenite 
sills, small slochs, aud tlihes of uery (inc. Ia medium· 
grained /rachytic, eq11igra•u•Iar Jo porphyritic nepheline 
syenite; uery l>ard and coar<ely joi,tetl in places. 

Dacite and Rhyodacite 
dihes iulrlltlin!: the basalt of Yad>als. 

Camptonite and related alkalic intrusive rocks 
camplonile occ11rs as glassy to {1"11e-grai11ed locally por
phyritic i•!lruMuc roc/1 at�d locally as u•olite-ccmcntcd 
tuff breccia_ 

' 
T 

GEOLOGIC SYMBOLS 
u ····· 

--D 
Faults 

Dotted where concealed 

+ 

Syncline 
Dotted where concealed 

Folds Anticline 
Dotted where concealed 

Contacts 
Dotted where concealed 

Strike and dip of beds Attitudes Horizontal beds 

Landslide topography 

Bedrocl? Geology by 

Surficial Geology by 

� 

Mines 

P. D. Snavely, N. S. !HacLeod 
and H. C. \Vagner 

fl. G. Schliclter, R. J. Deacon 
G. 1\1. Olcott and J. D. BeaulieH 

gbeck
Plate 1



•�z1(1(1)m N 

! OMOOO fHT 
l�(l!JIHJ 

·�1 

•9!9 
,. 

·�18 

<9[4 

09JJ 

·�10 

Bulletin 8 1  

"' 14. 20'rt 

;!; 
'"" -

·�· 
-' 

·�7 

""' 

""' 

Bose mop by U .S .  Geological Survey 
and Army Map Service 1 956 

Polyconic projection 1 927 North American datum 

Cartograph by S. R. Renoud, E. M. Lawson 
P. K. Oltman and IV. H. Polwrny 

'-' 

+'<1 

+ 

• 
• 
• 
• 

ALSEA 

CONTOUR INTERVAL 80 FEET 
DATUM IS MEA� SEA LEVU 

SHO�ECINE S�OWN REPRESENI$ tHE AOPROXIMAI[ LINE Of MEAN HIGH WAIER 

fH[ AVERAGE RANG£ Of 110!: IS APPROXIMATEVI 6 HEf 

ENVIRONMENTAL 
RIVER SECTION 

., . 
1- , 

} ! 
< 

APP!!OXIMATE MEAN 

0£GUNATI0N, \955 

" 

HAZARD MAP 
OF LINCOLN 

- '� 

CONTOUR INTERVAL SO FEET 
DATil" IS M[AN SEA lEVEl 

1 1 000 1 &100 �1000 FEEl 

OF THE 
COUNTY, OREGON 

(!li>.OIW!GI.E l OCATION 

STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND M I NERAL INDUSTRIES 

R. E. C O R C O R A N .  STATE G E O L O G I S T  

EXPLANATION 
0 ��-"':-:"- . . . . .  
Fault 

Dotted where concealed 

Flood area 

High ground-water table 

Landslide topography 

75<Dc 

Nonpotable water well 
(containing iron (Fe); chloride (CI); hydrogen su!(ide 
(H2 S); septic tank contamination (C)) 

Coastal Erosion 

• • • • • • • • • • •  

Erosion of thin marine terraces over basalt 

Critical erosion of marine terraces and sediments 

'VVVVVVVVvvV 
Critical erosion of sand spits and dune areas 

Non-critical erosion of basalt headlands 

Slope 

0% to 10% 

r 0% to 25% 

259'o to 50% 

>50% 

Environmental Hazards by H. G. Schlicker, R. J. Deacon 
G. W. Olcott and J. D. Beaulieu 

gbeck
Plate 2


	B-081



