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ENVIRONMENTAL GEOLOGY OF WESTERN LINN COUNTY, OREGON 

I NTR ODUCT I O N 

P u r p o s e  

As deve lopment conti nues , private citizens ,  engi neers, deve lopers, p lanners ,  county , and state 
offic ia l s  are recognizi ng the need for informat ion about geo logic hazards . A knowledge of geo logi c 
hazards promotes safe ,  economica l decisions and efficient p la nning, bot h of whi ch  pay long-range d ivi­
dends . It is the purpose of this study to de l i neate and eva luate the geo log ic hazards of western L inn 
County . It is the further purpose of this study to p lace the hazards i nto proper perspect ive so that knowl­
edge of them may better serve the p lann ing process . 

Senate Bi l l  1 00, passed i n  1 973 by the Oregon Legis lature , creates a Department of Land Conser­
vat ion and Deve lopment for the purposes of imp lementing state-wide p lann ing goa ls and adopt ing compre­
hensive p lans for zoning and subdivision . T he bi l l  a l so makes each county responsi b le for coordi nat ing 
a l l  p lann ing activities affecti ng l a nd uses with i n  the county . This bu l let in wi l l  be a va luable a id  to L inn 
County personne l in  responding rea l istica l ly to this and simi lar directives .  

Lega l trends i n  recent years have been toward the courts p lac ing i ncreas ing responsib i l i t ies on perm i t  
granting agencies . I n  Ca l ifornia recent ly ,  a county road project in i t iated a landsl ide and a county­
approved subdivision l ater adverse ly  affected ne ighbori ng property . I n  both cases ,  I iabi I ity was p laced 
upon the county (Sch l icker and others, 1 973). The i nformation provided in this bu l let in  wi l l  enab le  L inn  
County personne l to  avoid such difficu lties by eva l uating and p lanning future deve lopment more accurate ly . 

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

Earl ier geo logic studies i n  weste rn L inn County i nc l ude geo logic i nvest igations a long the North 
Santiam River (Thayer, 1 936, 1 939), in the Lebanon quadrangle (Fe l ts ,  1 936; A l l ison and Fe l ts ,  1 956) , 
i n  the Stayton quadrang le (O'N ei l l ,  1 939) , in the A l bany quadrang le (A l l i son,  1 953), the nort hwest 
Marco l a  quadrangle (Bristow, 1 959), in the southwest quarter of the Brownsvi l le quadrang le  ( Hauck , 1 962), 
a nd in  western Detroit Reservoir a rea ( Pungrassami ,  1 969) .  Peck and others ( 1 964) i nc I uded the foot hi l i s 
of western L inn County i n  a regiona l geo logy study of the Western C ascades of Oregon . 

Mi nera l resource st udies i nc l ude a genera l survey of mi n ing activities by the Oregon Department of 
Geo logy and Minera l I ndustries ( 1 95 1 ) ,  ground water invest igations by P iper ( 1 942) and H e l m  ( 1 968), and 
a study of subsurface geo logy and 'Oi l -producing potent ia l  by Newton ( 1 969). 

Soi l i nvestigations i nc l ude those by Kocher and others ( 1 924) and Ba lster and Parsons ( 1 969) . Geo­
physica l studies i nc l ude a gravity study for the State of Oregon (Thi ruvathuka l and others , 1 970) and an 
aeromagneti c study of the Leba non quadrangle ( Bromery , 1 962) . Topica l  studies i nc l ude investi gat ions 
of ice-rafted errat ics in thE! Wi l lamette Va l ley (A l l i son, 1 935), fossi I l eaves near Scio (Sanborn , 1 947) ,  
and fossi l wood near Hol ley (Gregory , 1 968) .  

Var ious governmenta l agencies i n  the County cont i nue to produce data pert inent to envi ronmenta l 
and hazards i nvestigat ions . These inc l ude the U. S .  Army Corps of Engi neers (stream-bank erosion and 
floodi ng), the U. S .  Soi l s  Conservat ion Service , the State Engi neer (ground water) , the State H i ghway 
Department (engineer i ng data) and the U. S .  Geo logi ca l Survey (ground water) . 



2 E NV I R O NM E NTAL G E O L O G Y  OF WESTER N L I N N  C OU N TY 

I m p l e m e n t a t i o n  

The recommended use of th is  bu l let in  by the p lanner or other persons in  the p lann ing process is 
out l i ned in F i gure 1. The p lanner must first c lear ly defi ne the problem and determi ne its precise location . 
Th is  i nvo l ves accurate ly locating t he site of proposed construction or out l i n ing a l arger area for genera l 
study and l i st ing the physica l requi rements of t he proposed project or p lan . 

The p lanner must then consu lt the geo logic  map, the hazards map, and, where appropriate, the 
soi ls  map (Wi l lamette Va l ley area) to determine the rock un it, the geo logic hazards, and the so i l  condit ions . 
These features are briefly di scussed i n  the map legends and are treated i n  more deta i l i n  t he text. To 
assist the p l anner, t he text emphasi zes t he recognition, i mpact, and treatment of hazards and is thorough ly 
cross-referenced . For areas in which no hazard i s  specifica l l y  i nd icated, it  is suggested that the hazards 
of surroundi ng areas of simi lar character be studied to fu l ly assess the potenti a l  prob lems . 

After studyi ng the maps and readi ng t he appropriate parts of t he text, the p lanner must assess the 
overa l l  impact of geo logy on the proposed deve lopment or p lan . Where appropriate he must a l so consider 
t he inf luence of deve lopment on loca l geologic processes . Both may i nvo lve requests for more geo logic 
i nput from appropriate personne l  (deve lopers, County road bui lders, State and Federal agencies) or t he 
use of sophist icated p lanning techniques (over lay maps) . 

F i na l ly ,  t he p l anner must integrate t he know ledge of geo logic impact with i nput from ot her disc i ­
p l i nes and with broad community goa ls and gui de l i nes to  arrive a t  a fi na l  dec ision. Th i s  may inc l ude a 
commitment to preserve mineraI resources or to protect ground water from contam i nation or overuse . 
T herefore, natura l resources are a l so d iscussed i n  t he text .  

This  study i s  reconnai ssance i n  nature; boundaries on the maps are approxi mate and conc lusions i n  
t he text are genera l .  For fi na l  decis ions regard ing the prec ise impact of geologic hazards on  specific 
a reas, on-site invest igations are necessary . T h is bul let i n  is a p lann ing too l a nd should not be regarded 
as the final word in i nd iv idual prob lems . Thus, the prob lem-so lv ing process (F igure 1) may i nvo lve requests 
for more i nformat ion as discussed above . 

A c k n ow l e d g e m e n t s  

T he authors great ly appreciate t he cooperation and he lp given by many agenc ies and i ndi vidua l s  in 
t he preparat ion of t his report. Specia l  t hanks are extended to AI Couper, Executive Secretary of t he 
District 4 Counc i l  of Governments, for his  admi nistrat ive assistance and constructive crit ic ism . The efforts 
of Lee C hristiansen, former County P lanner for Li n n  County, were i nstrumenta l  i n  i n it iat i ng t he project . 
Bernard G i l k i son, Linn County P lanner, and other personne l of t he L inn County P lann ing office were very 
hel pfu l  and provided draft i ng assi stance and numerous other servi ces . 

T he office of t he State Engi neer part i c ipated i n  di scussions and fie ld conferences re lat i ng to landfi l l s 
a nd provided va l uable ground-water data. Discussions with personne l of the State Water Resources Board 
in t he early stages of t he project a l so are appreciated . 

Soi ls  information provided by the Tangent offi ce of t he U . S . Soi ls  Conservation Service was he lpfu l . 
T he U .  S . Army Corps of Engi neers provided data on floodi ng, bedrock engineeri ng, and revetments . T he 
Port land offi ce of t he U .  S .  Geologica l  Survey provided ground-water data and i nformation regardi ng erosion 
in t he W i l lamette Bas in . 

I n format ion on loca l prob lems concerning soi l s ,  landfi l l s, and sept ic tanks was provided by t he 
eng ineer i ng offices of the c i t ies of Sweet Home, Lebanon, A lbany, and Brownsvi l le, and by Scio c ity 
government personne l .  

T he authors a l so wish to express appreciation to t he staff members of t he Oregon Department of 
Geo logy and Minera l I ndustries for t he i r  he lp in prepari ng t his  report for pub l ication . Steve Renoud and 
B i I I  Pokorny did t he draft i ng and cartography. Margaret Steere and Caro l Brookhyser edited t he manuscript . 
Typing of the final draft was by Rut h Pav lat. Data on aggregate product ion was provided by Jerry Gray 
of t he Mined Land Rec lamation Division i n  Al bany, and Greg Pau l ,  student at Port land State Un iversity, 
d id most of the photography and prepared most of t he pri nt s .  
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F igure 1 .  Implementation flow chart showi ng how the var ious parts of thi s  bu l leti n shou ld be used 
i n  the p lann i ng process . 

3 



4 E NV I R O NM ENTAL G EOLOGY OF WES TER N L I N N  C OU NTY 

Area i nc l uded i n  this study • Marco la quadrang le 

• A l bany quadrang le • Lyons quadrang le  

• Ha lsey quadrang le • Snow Peak quadrang le  

• Eugene quadrang le • Sweet Home quadrang le 

0 Stayton quadrang le  • M i l l  C i ty quadrang le  

• Lebanon quadrang le  • Quartzvi lie quadrang le 

• Brownsvi l le quadrang le  • Cascadia quadrang le  

F igure 2 .  I ndex map of  western L inn County showing quadrang l e map coverage . 
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G E O GRAPHY 

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

Linn County extends from the center of the Wi l l amette Val ley eastward to t he crest of t he Cascade 
Range . The Santi am and Nort h Sant iam Rivers constitute the northern boundary and the Wi l lamette River 
makes up the western boundary . Borderi ng count ies are Marion County on the north, Benton County on 
the west, Lane County on the south , and Deschutes County on the east . 

T he study area (F igure 2) inc ludes the Wi l l amette Val ley and the foothi l ls of t he Western Cascades 
eastward to an i rregular boundary defi ned on the basis of Nationa l  Forest l andho ldi ngs , river va l leys, and 
access . T he area of investigation covers approximately 1 , 300 square mi les and i nc ludes al l t he land to 
which t he County p lann ing process must address itse l f .  Some sma l l  areas of N at iona l Forest land l ie  wi th in  
t he boundaries of  the study area . Th i rteen  topographic quadrang les are involved (see F igure 2) . 

Severa l t housand m i les of access road are present i n  t he study area . T hey i nc l ude I nterstate 5, U .  S .  
H ighway 99 East , a nd numerous County and private roads i n  t he W i l lamette Va l ley .  U .  S .  H ighway 20, 
State H ighway 226 , and State H ighway 228 provide access a long the Sout h Sant iam,  North Sant iam , and 
lower Ca lapooia R ivers respective ly . Numerous other  unnumbered roads extend up a l l  the major va l leys, 
and pri vate roads and loggi ng roads provide access to the more remote areas of the foot hi l is .  

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

T he c l imate of western L i nn County is temperate owi ng to strong mar i ne i nf luences and is  c haracterized 
by dry warm summers and mi ld wet wi nters. Towards the east , in t he foothi l l s  of the Western Cascades , 
more extreme condit ions prevai I .  

Temperatures typica l ly vary between 20° and 1 00° duri ng the year . The record h igh was 1 04° i n  
1 926 and the record low was - 1 5° i n  1 9 1 9 .  The January and J u ly average temperatures for A lbany are 
39° and 67° respective ly . 

Annua l prec ipitation varies from 40 i nches i n  the centra l parts of the Wi l l amette Va l ley to 80 inches 
at t he hi gher  e levations and in the eastern extrem ities of the i nter ior va l leys.  Prec ipitation for most of 
the foothi l ls area is  between 40 and 60 i nches annua l ly .  Average annua l prec ipitation at A lbany is 39 
i nches . 

T he seasonal variation of precipitation and potent ia l  evaporation is shown i n  Figure 3 .  Moisture 
surp luses during the w i nter months promote flooding and ponding i n  flat land areas . T he overa l l  warm 
moist condi tions promote deep chemical  weatheri ng ,  a process wh ich  favors the deve lopment of th ick,  
c lay-r ich so i l s .  T he warm dry summers are part ly responsib le for t he extensive red co lorat ion of  the soi l s .  

Land cover of western li nn County i s  characterized by  t imber of t he Douglas-fir association i n  the 
up lands and farmi ng in the low lands and the Wi l l amette Va l ley . The Doug l as-fi r assoc iation consists of 
Doug las-fir w ith  subordi nate Western hem lock ,  Western red cedar, and Grand fir . A I so present are Big leaf 
and V i ne maple . 

W i l lamette Va l ley crops inc l ude rye grass , wheat , barley, oats ,  corn ,  and hay . Poor ly drained and 
eas i ly flooded a reas are devoted l arge ly to graz i ng .  

T o p o g r a p h y 

T he landforms of western Li nn County i nc lude the W i l lamette Val ley , the foothi l l s and mountains 
of the Western Cascades, and the numerous stream and r iver  va l l eys which cut into the Western Cascades . 
T he shape and characterist ics of each are products of t he rocks that under l ie  them and the processes that 
a re act i ng upon them . 
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Total surplus 

Total deficit 

27 inches 

1 3  inches 
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Average evaporation 'l'///////. Moisture surplus 
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(Adapted from Johnsgard, 1963) 

Figure 3. Average precipitation and evaporation at Albany , Oregon. A moisture surplus 
is indicated for winter months. 

Figure 4. Looking southwest from Green Peter Mountain across moderately h i l ly  
terrain underlain by mid-Tertiary tuffs and breccias; Foster Reservoir in  middle 
distance. 
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The Wi l lamette Va l ley i n  western L inn  County i s  1 0  to 1 5  mi les  w ide and varies i n  e levat ion from 
approximate ly 1 90 feet on the flood p lai ns nort h of A lbany to 350 feet on gent ly s lopi ng va l ley deposits 
a long the Lane-Li nn County l i ne to the sout h .  T he val ley is extreme ly f lat and was formed by t he 
W i l l amette R iver as it meandered back and forth over its ever en la rg ing flood p la i n .  Other r ivers and 
creeks in the va l ley i nc l ude the North and South Sant iam R ivers, Lake Creek , Muddy Creek ,  Oak Creek , 
and the Ca lapooia R iver . 

T he hi l ls a nd mountains which make up the foothi l l s of the Western Cascades have diverse orig i ns .  
Snow Peak i s  t he h ighest mounta in  (4,298 feet) and i s  the eroded remnant of a P l io-P le i stocene volcano . 
At s l ight ly lower e l evat ions , G reen Peter (3 ,977 feet),  H igh  Deck (3, 566 feet) , and Farmers Butte 
(3,6 1 0  feet) are erosiona l remnants of a once extensive sheet of P l iocene vo l can ic  flow rock .  T he flow 
rock caps a lower,  more gent le te rra in  composed of more easi ly eroded mid-Tert iary tuffs and brecc ias 
( Litt le Butte Formation) (see Figure 4) . Basa lt ic i ntrusions and flows interbedded with t he tuffs form local 
peaks at Shot Pouch Butte , Moss Butte , Washburn Butte , Lone Pi ne Butte , and Peterson Butte . A short 
distance to the west where erosion has comp lete ly removed the softer tuffs the remai n ing basa l ti c  rock 
forms prominent iso l ated buttes ( i . e . , Sadd le  Butte and Ward Butte) in the Wi l lamette Va l ley . In northern 
L inn County ,  resi stant midd le  Miocene flow rock (Co l umbia R iver Basa lt)  caps numerous ridges under la in  
by less resistant bedrock .  

T he major streams of t he footh i l l s ,  inc lud ing the Nort h and South Santiam R ivers, T homas Creek , 
Crabt ree Creek and t he Ca lapooia River, i n  the ir  lower reaches cross f lat- lying val ley a l l uvium . Regiona l 
up l i ft and concurren t downcutti ng have produced a series of terraces i n  the a l luvium in  t he nort hern part 
of t he County . Farther east toward their headwaters , t he streams are more youthful and no flood p la ins 
are prese nt . Instead, the va l leys are characterized by steep narrow canyons .  

P o p u l a t i o n 

T he 1 970 popu lation of L inn County was 7 1 , 194 persons according to the 1 970 census . The popu la­
tion of A lbany , the major urban center, was 1 8 , 1 8 1 . T he popu lat ions of the e leven largest communit ies 
from 1 900 through 1 970 are shown on Table 1 .  A lbany, Harrisburg, Lebanon,  and Sweet Home have shown 
the most rapid popu lation growth ove r the years . A lbany , with  i t s  centra l i zed location i n  t he W i l lamette 
Va l l ey and its cont i nua l ly d ivers ify ing economic  base , w i l l  exert growing i nf luence on the surround i ng 
Va l ley i n  future years . 

The District 4 Counci l of Governments ( 1 973) presents two sets of projections for future populat ions 
i n  L inn  County . T he maximum popu l ation project ion (F igure 5) is obtai ned by extendi ng h i stori ca l  growth 
on a logarithmic rate of i ncrease . Usi ng th is  method , the popu lation of L inn County i s  shown to i ncrease 
by a lmost 80 percent to 1 28,000 by the year 2000 . Th i s  is an annua l  growth rate of a lmost 2 percent . 

More conservative estimates are obtai ned by i ntegrat i ng recent popu lat ion growth trends i nto the 
ca lcu lations . Assumi ng that after 1 975 the rate of popu l at ion growth decreases by 0 . 1 percent per year 
unt i l  an  average growth rate of 1 percent i s  achieved , the project ions shown on F igure 6 a re obta i ned . 
By the year 2000, the popu lat ion of L inn County w i l l  increase from the present popu lat ion of 7 1 ,9 1 4  to 
1 06,000 . T h is represents an average annua l  growth rate of 1 . 6 perce nt . 

Urban areas wi l l  grow more rapid ly accordi ng to the projections. On the m edian growth curve 
( F igure 6) A lbany wi l l  grow to a popu l ation of 37,900, an average annual growth rate of 3 . 6  percent . 

I n  view of nationa l popu l at ion trends i n  recent years ( rate of growth i n  1 973 was 0. 7%) and the 
l ike l i hood of economic s lowdow n i n  future years, the conservati ve projection (F igure 6) of future pop­
u lat ion growth is probably more accurate . Data such as that provided by F igure 6 a re usefu l for est imat ing 
t he demand for nontransportable resources (ground water) and resources of low transportabi I ity (grave I ,  sa nd , 
and crushed rock) .  
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Table 1 .  Popu lation of major communities of L inn County 
1 900 to 1 970 

1 900 1 9 1 0  1 920 

A lbany 3, 1 49 4, 275 4, 840 
Brownsvi l ie 698 9 1 9  763 
Ha l sey 294 337 339 
Harr isburg 502 453 573 
lebanon 922 1 , 820 1 , 805 
Lyons ---- ---- ----

Mi l l  C ity ---- ---- ----

Scio 346 295 300 
Sodav i l le 1 78 1 1 0 72 
Sweet Home ---- 202 1 75 
Waterloo 59 83 82 
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F igure 5 .  Maximum popu lation projections 
for Li nn County and Albany . H igh esti­
mates of popu lation growth obta ined by 
extendi ng histori ca l growth on a loga­
rithmic rate of i ncrease (data from Dis­
tri ct 4 Counc i l  of Governments , 1 973) .  

1 930 1 940 1 950 1 960 1 970 

5 , 325 5 , 654 1 0, 1 1 5 1 2 , 926 1 8, 1 8 1  
746 784 1 , 1 75 875 1 , 034 
300 305 388 404 467 
575 622 862 939 1 ' 3 1 1 

1 , 85 1 2 , 729 5 , 873 5 , 858 6, 636 
---- ---- ---- 463 645 
---- ---- 1 , 792 1 , 289 1 , 45 1 

258 35 1 448 441 447 
77 99 1 57 1 45 1 25 

1 89 1 , 090 3, 603 3 , 353 3, 799 
---- ---- ---- 1 5 1  1 86 
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F i gure 6 .  Median popu lation projec tions 
for Li nn County and A lbany . Med ian 
estimates of popu lation growth obta ined 
by assuming that a trend to a 1 percent 
growth rate wi l l  be achi eved gradua l ly 
after 1 975 (data from District 4 Coun-
c i I of Governments , 1 973) . 
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G e o l o g i c U n i t s  

Summary 

Bedrock geologi c units i n  western L inn C ounty tota l approx imate ly  1 5 , 000 feet i n  compos ite thi ckness 
and inc l ude (F igure 7) 1 0 , 000 feet of O l igocene to ear ly  Miocene dacit ic to andesit ic breccias and tuffs 
and assoc iated basa l t ic  accumu lat ions (Li tt le  Butte Formation, Tol b), severa l hundred feet of midd le  
Miocene flow-on-flow basa l t  (Col umbia River Basa lt, Tcr), 1 , 500 feet of  l ate Miocene to ear ly  P l iocene 
massive to p l aty hypersthene andes i te fl ow rock and breccia (Sard i ne Formati on, Tps), and up to 3, 000 
feet of late P l iocene to P le i stocene andesite f low rock and breccias (Cascades Formati on, Q tv) .  Thi ck 
sequences of O l igocene mar ine sandstone of the Eugene Formation are present in the subsurface of the 
Wi l l amette Va l l ey . Where i nterbeds of mar i ne sandstone are present i n  the L i tt l e  Butte Formati on, the 
symbol T lbe is used in this  study . 

F ive surfi c ia l  geologi c deposits of Pl e i stocene age mant le  the bedrock units i n  the W i l lamette 
Va l ley and adjoi n ing va l ley and foothi l l  areas . I n  order of decreasing age, they are upper, midd l e ,  and 
lower terraces (Qtu, Qtm, Qt l ) ,  lacust r i ne si l ts  a nd c lays (Wi l la mette S i l t,  Q ws) a nd Quaternary a l l uvi um 
(Qa l ) .  

I ntrusive rocks (Ti ) inc l ude basa l t ic feeder d ikes and p l ugs for parts of the Litt le  Butte Formation 
and a p lug for accumu lat ions of Cascades Formation andesite and basa l t  at Snow Peak . 

Litt l e  Butte Formation (Tolb ,  T lbe) 

The Litt le Butte Volcanic Series was defi ned by We l l s ( 1 956) i n  the Medford quadrang le and was 
later extended to i nc l ude a l l  the O l igocene to ear ly Miocene vo lcan ic  rocks of the Western Cascades 
by Peck and others ( 1 964) . I n  western L inn  County, the unit  i nc l udes the Mehama vol canics of Thayer 
( 1 939) and the Ber l i n  vol canics of Fe l ts ( 1 936) . As mapped in this study, the formati on a l so inc l udes 
i nterbeds of mar ine sandstone equiva lent to the Eugene Format ion of Smi th ( 1 924) .  

The Litt le Butte Formation is  the most extensive bedrock un i t  i n  the study area . I t  i s  exposed 
throughout the foot hi l i s of the Western Cascades i n  centra l L inn  County with the excepti on of parts of 
the North Sant iam, Thomas Creek , and C rabtree Creek dra i nages , where it is buried under younger vol­
canic strata . The mar ine equiva lent o f  the l ower and midd le L itt le Butte Format ion under l ies Quaternary 
a l l uvi a l  fi l l  i n  the Wi l la mette Va l ley . 

Present mappi ng in the Sweet Home quadrangle represents a s ignificant revi s ion of the work of Peck 
and others ( 1 964) . Terra i n  mapped as Sardine Format ion by them a l ong ridge crests over looki ng the 
Ca lapooia River and surround ing Green Peter Mounta i n  is here inc l uded i n  the L itt le Butte Formation 
because of the abundance of tuffs, dark basa I ts, and c lay soi Is on gent le s lopes .  

T he Li tt le Butte Formation i s  a n  associat ion of daci t ic  to andesit ic pyroc last ic  rocks and dense , 
dark basa l t ic f low rock havi ng an approxi mate max imum thi ckness of 1 0 , 000 feet . The pyroc last ic  rocks 
i nc l ude coarse greenish to buff breccias in the Midd le  Santiam, South Sant iam, and Ca l apooia drai nages, 
and a variety of fi ner gra i ned lapi l l i tuffs , ash deposits (F igures 8- 1 1  ), and cont i nenta l vol can ic last ic 
sandstone toward the west away from the axi s  of volcanism. 

Bordering the W i l lamette Va l ley , beds of quartzo-fe ldspathi c mar ine sandstone (F igure 1 2) equ iva­
lent  to the Eugene Formation are i nterbedded with the lower and middle parts of  the Litt le Butte Formation . 
Areas i n  which these i nterbeds are known to occur are mapped as T l be .  

The basa lts of the Litt l e  Butte Format ion represent loca l  vol canic accumu lations, i ntracanyon fl ows, 
d ikes, and s i l l s contemporaneous with the more si l ic ic  vo lcanism which produced the tuffs and breccias . 
The basa l t  is dark, dense , and zeo l it ic and disp lays co lumnar ( Figure 1 3 ), b locky, and occasiona l ly 
p laty j oi nting ( F igure 1 4) .  I t  i s  fi ne- to very coarse-gra ined and phenocrysts of pyroxene are common . 
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F igure 7. Stratigraphi c time chart for western Linn County . 
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F igure 8 .  Andes i tic tuffs and breccias of the Litt le  Butte Formation exposed on the 
lower s lopes of Shot Pouch Butte (easter n Sweet Home quadrang le) .  

F igure 9. We l l-i ndurated tuffs of the L i ttl e Butte Formation exposed on the south 
s lope of Moss Butte (eastern Sweet Home quadrang I e). 

1 1  
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Figure 10. Tuffs of the little Butte For­
motion ore composed of innumerab le 
smo II fragments that were blasted 
into the air by volcanic activity. 

Figure 11. Varicolored fine-grained tuffs 
and ash of the Little Butte Formation 
ore well-exposed on the Brush Creek 
!Rood south of Crowfordsvi lie (south­
ern Brownsvi l le  quadrangle) . 
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Figure 12. Massive beds of marine sandstone are exposed at an elevation of 1, 000 
feet on the southeast slope of Washburn Butte (western Brownsvi lie quadrangle). 

Poor exposures preclude the differentiation of intrusive and extrusive rocks and the differentiation of 
basaltic flow rock and pyroclastic rock. 

13 

Differential erosion has produced numerous residual basaltic buttes along the eastern edge of the 
Willomette Valley by removal of the softer enclosing tuffs and sediments (Figure 15). Characteristically 
the buttes consist of a poorly defined core of dike rock flanked with softer flow rock and basaltic tuffs 
and breccias (Figure 16). Peterson Butte, Lone Pine Butte, Washburn Butte and Indian Head are resistant 
basaltic knobs that hove yet to be totally isolated from the foothills by erosion. 

Accumulations of capping flow rock at Bald Mountain, Cougar Ridge, and Horse Mountain are 
basaltic to andesitic in composition and represent a relatively late stage of Little Butte volcanism. Dense, 
dark basalt near Foster Reservoir was mopped as Columbia River Basalt by Peck and others ( 1964) but is 
here included in the Little Butte Formation on the basis of lithologic, stratigraphic, and geochemical 
data (see Columbia River Basalt). 

The Little Butte Formation is assigned an early Oligocene through early Miocene age on the basis 
of stratigraphic position and fossil leaves by Peck and others (1964). The unit overlies Eocene volcanic 
rock to the south and is unconformable beneath the middle Miocene Columbia River Basalt. Fossil leaves 
collected from the unit include middle Oligocene leaves at Knox Butte, late Oligocene to early Miocene 
leaves at Franklin Butte (Scio flora of Sanborn, 1947), and numerous other mid-Tertiary collections (Peck 
and others, 1964). Molluscan fossils recovered from marine interbeds indicate a middle Oligocene age 
at Peterson Butte (Allison and Felts, 1956), and an Oligocene age at the juncture of the South and the 
North Sontiam Rivers (Allison, 1953). 

Weathering of the Little Butte Formation produces rubbly looms over the basaltic rocks and deep clay 
soils over the tuffs on gentle slopes. Deep soil and bedrock failures typify much of the breccia and tuff. 

Columbia River Basalt (Tcr) 

Russell (1893) first used the term Columbia lava in central Washington and modified the term 
to Columbia River lava in a later study in Idaho (Russell, 1901). The unit was restricted to lavas of 



F igure 13. Columnar jointing is well developed in the 
dense basalts of the li ttle Butte F ormation a long 
Wiley Creek (east central Sweet Home quadrangle}. 

Figure 14. Some of the Little Butte basalts have platy 
jointing (quarry in N.EJ Sec. 7, T. 12 S., 
R. 4 W. three miles east of lebanon). 
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Figure 15. Word Butte is one of many 
resistant accumulations of basaltic 
flow and vent rock along the east­
ern edge of the Willomette Volley 
(northeastern Holsey quodrong I e) . 

Figure 16. The quarry at Saddle Butte 
exposes basaltic dike rock, flow rock, 
and breccia (northeastern Holsey 
quodrong I e). 
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post-John Day and pre-Masca l l  ( late M iocene) age i n  centra l Oregon by Merriam ( 1 901 ) .  Waters ( 1 96 1 )  
subdiv ided the unit  into two formations, the Pi cture Gorge Forma tion and the Yakima Basa l t .  Peck and 
others ( 1 964) traced the Yakima Basa l t  in to western Oregon and mapped exposures of the unit  in parts of 
the Western Cascades, i nc luding Linn County. 

The Co lumbia R iver Basa l t  forms gent ly s lopi ng flat-topped ridges a long the North Santiam Ri ver 
and Thomas Creek (F i gure 1 7) in northern L inn County and occurs as severa l resi stant, low- ly ing hi l l s 
immediate ly northeast of A l bany (F igure 1 8 ) .  I n  addit ion, a th ick, e longate intracanyon flow of dense 
basa lt  at Marks Ridge immediately north of Sweet Home (F igure 1 9) is a l so assigned to the unit . 

The Columbia R iver Basa l t  is a dense, dark gray to b lack, tho le i i t ic  basa l t . Sma l l  scattered pheno­
crysts of p lagioc lase and o l iv ine are present i n  p laces, but phenocrysts of  pyroxene are very rare . Columnar 
joi nting is  w e l l  deve loped loca l ly (Figure 1 9) .  At Knox Butte, phenocrysts of p lagioc lase are parti cu lar ly  
large, approach ing 5mm in  l ength . 

N umerous basa l t ic exposures i n  the Sweet Home area mapped as Col umbia R iver Basa lt  by Peck and 
others ( 1 964) are here i nc luded in the Li tt le Butte Format ion . They conta in  abundant pyroxene phenocrysts 
and occur st rat igraphica l ly be low dacit ic tuffs assigned to the Li tt le Butte . Geochemi ca l ana lysis of t he 
trace e lement composit ion of the promi nent roadside outcrop on Route 20 south of Foster Reservoi r  shows 
the basa l t  to be quite d i st i nct from any of the Col umbia River types east of the Cascades (Na than and 
Fruchter, 1 97 4) . 

The Co lumbia R iver Basa l t  is unconformable above the Litt le Butte Formation and occurs stratigraph i­
ca l ly beneath t he Sardine Formation .  Radiometric age determ i nat ions from e l sewhere i n  t he state i ndi cate 
an age of approximate ly 1 5  mi l l ion years (m idd le  Miocene) for the Yakima Basa l t  Formation of the Co lumbia 
R iver Basa It Group . 

The Co l umbia R iver Basa l t  weathers to reddish-brown rubb ly loam so i l s  i n  the North Santi am dra i nage . 
At Marks Ridge weatheri ng is variab le . I n  p laces, the basa lt is leached to a depth of 20 feet to produce 
a l ight-gray crumb ly rego l ith w ith  scattered sphero ids of more resistant bedrock; e lsewhere fresh bedrock 
is exposed at the surface . 

Sardi ne Format ion (Tps) 

As defi ned by Peck and others ( 1 964) , t he Sard i ne Formation i nc l udes a l l  the vo lcanic and vo lcani­
c last ic  un its of  post-Col umbia R iver and pre-Cascades Format ion age i n  the Western Cascades of Oregon . 
The format ion is not to be confused with the Sard ine Series of Thayer ( 1 936) whi c h  was a genera l ized term 
app l ied to what a re now parts of the Litt le  Butte Format ion as we l l  as the Sard i ne Formation . 

The Sard ine Formation is a th ick remnant caprock on the higher ridges of south centra l L inn  County 
at Farmers Butte, High Deck, and Green Peter Mounta in . The most extensive exposures form uniform 
s lopes and steep ridges exte nding from t he north side of Snow Peak northeastward a long the North Santiam 
River to Detroit Dam (F igure 20) . 

The Sard ine Format ion in the study area consists of a maximum of approximate ly 1 , 500 to 2, 000 feet 
of hypersthene andesite flow rock and minor andesit ic breccias . At Farmers Butte, thi ck mass ive flows of 
porphyritic andesite are hard and form steep c l i ffs ( F igure 2 1 ) .  At H igh Deck , the formation consists of 
porphyrit ic andesite flow rock near t he base, p l aty andesite in the midd le, and very fi ne-gra i ned andesite 
and minor basa lt  near t he top . Exposures at Green Peter Mounta i n  cons ist of andesit ic and basa lt ic flow 
rock and represent the southernmost tip of a much l arger exposure extend ing northeastward out of the 
mapped area . 

I n the drai nage of t he North Sant iam River, the Sard i ne Format ion is domi nated by steep s lopes of 
andesit ic  f low rock, but a lso i nc l udes tuffs and brecc ias . Pungrassami ( 1 969) recognizes a lower tuff 
and flow unit, a middle breccia unit, and an upper p laty andesite flow unit in the Detroit Dam area . 
Farther north, breccias a re more abundant i n  the Sard ine Formation (Peck and others, 1 964) . 

T he Sardine Format ion over l ies t he Co lumbia R iver Basa lt  a nd under l ies t he Cascades Formation .  
Late Miocene to early P l iocene leaves have been recovered from rocks assigned to the unit about t he 
periphery of the Western Cascades north of Linn County (Peck and others, 1 964) . No leaf fossi l s  have 
been recovered from the unit in the i nterior of the range (Whee ler and Ma l lory , 1 970) . 

A lead-a lpha age determ ination on zi rcon recovered from a diorite i ntrusion at Detro it Dam i ndicated 
an age of 25± 1 0  mi l l ion years (Peck and others, 1 964) . Jaffe and others ( 1 959) report a lead-a lpha age 
of 23 mi l l ion years for zi rcon recovered from " late Miocene rocks" in Marion County 8 mi les north of 
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Figure 17. F lot-topped ridges of Columbia River Basalt overlook lower 
terrace deposits northeast of Scio (northeastern lebanon quadrangle). 

Figure 18. Extensive quarry operations at Hole Butte indicate that the h i l l  is 
composed largely of Columbia River Basalt (northern Albany quadrangle).  
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Figure 19. Thick flow of Columbia River 
Basalt at Marks Ridge displays classic 
thin columnar jointing in the entab­
lature (upper zone) and thicker 
columnar jointing in the colonnade 
(lower zone) (northwestern Sweet 
Home quadrang I e) . 

Figure 20. Exposures of Sardine Formation 
along the North Santiam River form 
steep slopes with a thin soi I cover 
(northeastern Ouartzville quadrangle). 
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Figure 2 1 .  Massive ondesitic flow rock of the Sardine Formation forms steep cliffs 
on the northwestern side of Green Mountain (Formers Butte) in the southern 
Sweet Home quadrangle . 

Figure 22. The bose of the Cascades Formation on the south slopes of Snow Peak 
includes thin flows of light-gray massive flow rock and intercalated fine­
grained tuffs and breccias (central Snow Peak quadrangle). 

19 
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Detroit Dam . The accepted late Miocene to P l iocene age of  the stratigraphi c units i nvol ved suggests 
that the abso l ute ages provided by the lead-alpha methods are in error .  T he great ha l f- l i fe of the lead 
i sotope i nvo lved and the sma l l  amounts of lead in  the samp les may be sources of error . Jaffe (wr itten 
communication, 1 973) mainta ins ,  however,  that the ages are correct . 

Recent ly  McBi rney and Sutter ( 1 974) re leased potass ium argon dates of 1 5 . 5, 1 5 . 9 ,  and 1 6 . 7  
mi l l ion years for andesite flow rock ,  andesite d ike rock, and basa lt ic flow rock respective ly i n  rocks 
mapped as Sard ine Format ion nort h of Detro it Reservo i r .  T hese ages l ie midway between the age of the 
base of the Sard ine Formation and the age of the top of the Little Butte Formation as presented by Peck 
and others ( 1 964) . C lear ly, the strat igraphy of the i nter ior of the Western Cascades is poorly understood . 

Rocks of the Sardine Formation characteristica l ly form steep s lopes .  Hazards i nc l ude f lash  flooding 
and steep-slope fa i l ure . On ridge crests and ot her gent le  s lopes, thi n rubb ly  reddish-brown si lty loam 
soi l s  are commo n .  

Cascades Formation (Qtr) 

T he Cascades Formati on was defi ned near the Columbia R iver Gorge by W i l l i ams ( 1 9 1 6 ) .  Subsequent ly , 
equiva lent rocks to the south have been referred to as Cascade Andesite, Cascan Format ion, Cascade 
Format ion, High Cascades Lavas and P l io-P leistocene l avas by numerous writers . Recent studies have 
shown the Cascades Formation of parts of the Western Cascades to be considerab ly o lder than the promi nent 
vents of the H igh  Cascades (Wise , 1 969) .  

At Snow Peak the Cascades Formation consi sts o f  up to 3 , 000 feet of massive , l i ght- to medium-gray 
andesite flow rock and breccia wit h m inor basa lt  (F i gure 22) . A deep canyon carved in the north side of 
Snow Peak exposes the feeder p l ugs and numerous sma l ler d ikes of the ancient vo l cano (Figure 23) . 

Farther to the east, massi ve l ight-gray andesite f lows form a protective caprock on the ridge between 
Q uartzvi l l e  Creek and the Midd le Santiam Rive r .  The accumu lat ion is i nterpreted as a series of intra­
canyon flows which have become a r idge top as the rapid ly downcutt ing streams have removed the softer 
tuffs and breccias wh ich  surround them . A rubbly rego l i th  with large andesite bou lders typifies much  of 
the upper surface of the f lows .  Much of the andesite is coarse ly porphyrit ic and ves icu lar , a nd i n  p laces 
c lose ly resembles Cascades Formation flow rock near the base of Mount Hood, situated 75 m i les to the 
nort heast ( F igure 24) . 

T he Cascades Formation is unconformable over the Sard ine Formation and is deep ly dissected . A 
l ate P l iocene to P le i stocene age is assigned to the uni t .  Hazards inc lude rockfa l l  and flash f looding i n  
t he steeper canyons . At Rocky Top , massive bedrock fa i lures i n  the under ly i ng Little Butte Formation are 
undercutt i ng the Cascades Format ion on steep s lopes . 

Tertiary i ntrusive rock (T i )  

Tertiary i ntrusi ve rock i nc l udes numerous basa lt ic p l ugs and di kes o f  O l i gocene to early Miocene 
age which  fed the basa lt ic vents of the Litt l e Butte Formation and the late P l iocene to P le i stocene p lug 
wh ich fed the Cascades Formation at Snow Peak . Withi n Litt le Butte terra in  only the largest i ntrusi ons 
are mapped , These inc lude those at Washburn Butte , Lone Pine Butte , and Shot Pouch Butte (F igure 25) . 
T he presence of innumerable  sma l ler intrusions withi n parts of the Litt le Butte Formation is ind icated by 
t he i rregu la r ,  l umpy topography sout h of Lebanon , the r i ff les in the South Santiam River east of Lebanon, 
and the d ike rock i n  the cores of the buttes located in the eastern part of the Wi l lamette Va l ley .  

T he p l ug at Snow Peak consi sts of massive andesite and basa lt .  T he texture of the basa l t  shows 
many resorpt ion features, which probably were formed through recrysta l l ization brought about by repeated 
passage of l ava through the vent (Peck and others, 1 964) .  A d iorite intrusion at Detroit Dam (F igure 26) , 
immed iate ly east of the study area on the North Sant iam River, penetrates the Sardi ne Format ion and is 
probab ly P l iocene in age (see Sard ine Formation) . Nowhere in  western Li n n  County are feeder dikes 
exposed for the Col umbia River Basa l t . 
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Figure 23. A steep canyon on the north side of Snow Peak exposes the core of the 
ancient volcano; steep slopes on the right and in the center background ore 
intrusive plugs (central Snow Peak quadrangle). 

Figure 24. Lorge boulder of porphyritic andesite assigned to the Cascades Formation; 
the hand specimen recovered from the Cascades Formation near Mount Hood is 
remarkably similar (southern Quortzvi l le quadrangle). 
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Figure 25. Coarsely jointed columnar basa lt forms a large pluglike intrusion into 
the Little Butte Formation at Shot Pouch Butte (eastern Sweet Home quadrangle).  

Figure 26. The radiometr ic  age of the large diorite intrusion at Detroit Dam is 
inconsistent with the identity of the stratigraphic units involved (see Sardine 
Formation in text). 
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Q uaternary upper terrace (Qtu) 

T he Quate rnary upper terrace deposi ts consist of a deep ly d i ssected , e levated grave l fan i n  t he 
east central Lebanon and the west ce ntra l Snow Peak quadrangles, a nd an  e levated terrace surface 
immed iate ly southeast of Hardscrabble Mounta i n  northeast of A lbany .  The terrace unit  is equiva lent to 
the Lacomb grave l s  of Al l i son ( 1 953) and A l l ison and Fe l ts ( 1 956) . 

The upper terrace l ies 1 00 to 200 feet above t he leve l of nearby a l l uvi a l  stream val leys and has a 
maximum e levat ion of 864 feet east of Lacomb . It consists of very coarse to pebb ly fluvia l grave ls ,  sands , 
and si l t s .  Boulders up to 2 fee t i n  diameter are common at t he eastern apex of t he fan .  The deposit mant les 
bedrock units and probably does not exceed 1 00 to 1 50 feet in thi ckness . 

T he e levated topographi c posit ion, advanced degree of dissect ion,  and deep weathering suggest an 
early P le istocene age for the unit (Al l ison and Fe lts, 1 956) . Soi ls  i nc l ude c lay looms i n  the west and 
si l ty c l ay looms in t he east . 

Quaternary midd le terrace (Qtm) 

The Quaternary middle terrace deposits consist of f lat-ly ing ,  moderately e levated pebb le grave ls ,  
sands, and si lts of fluvia l orig in  which l ie be low the upper terraces (Qtu)  and which l ie above the lower­
most terrace leve l (Qt l ) .  They inc l ude the Leff ler grave ls of Thayer ( 1 939) near Stayton and equ iva lent 
terrace leve l s farther  upstream a long the Nort h Sant iam River . A l so inc l uded are t he Leffler grave ls of 
A l l ison ( 1 953) i n  the A lbany quadrang le and the Leffl er grave ls of A l l i son and Fe lts ( 1 956)  in  the Lebanon 
quadrang le . 

E levation of t he terrace gravels varies from 300 feet i n  the west to 500 feet loca l ly i n  the east . 
Thickness se ldom exceeds 20 to 30 feet .  The deposits consi st of moderate ly to deep ly weathered grave I s ,  
sands, and s i l ts .  

I n  we l l -drai ned reg ions, reddish-brown si lty loam so i l s up to severa l feet thick are deve loped on 
the middle terrace grave l s .  I n  areas of except iona l ly flat terra in  and poor dra inage , c lay-rich  soi ls 
deve lop .  North of Scio, coarse grave ls are weathered to soft c lay soi ls  to a depth of 1 0  to 20 feet . 
I nd ividua l bou lders are disti nguishable on the basis of co lor , but a re as soft as the surround ing matrix 
and can be easi ly cut with a knife .  

T he midd le terrace deposits a re intermediate i n  e levation and in  degree of stream dissection between 
the lower and upper terrace deposits ,  A midd le P le istocene age is  i nferred . Thayer ( 1 939) corre lates his 
Leffler grave ls in the North Santiam basi n (Qmt of th is  report ) wi th  poorly sorted grave ls ,  which he terms 
the Mi l l  C ity G lacia l  Mora i ne .  He i nfers a Kansan age for t he mora ine . 

Q uaternary lower terrace (Qt l )  

T he Quaternary lower terrace consists o f  low -lying f l uvia l  grave ls overlooking Q uaternary a l l uvium 
a long the lower reaches of the North and Sout h Santiam Rivers . T he unit a l so inc ludes a l l  the subsurface 
grave l s  of the Wi l lamette Va l ley which  are over la in  by Wi l lamette S i l t  (Qws) and isol ated patches of low­
ly i ng terrace grave l a long many of the foothi l l  streams (F igure 27) .  The unit  i nc l udes the Li n n  grave l s  of 
Al l i son ( 1 953 ) in the Albany quadrang le and of A l l ison and Fe lts ( 1 956) in  t he Lebanon quadrangle . 

T he lower terrace l ies above the leve l  of flood i ng and is characterized by numerous subdued meander 
scars unl ike the smoother areas under la in  by Wi l l amette Si l t .  I n  p laces disti nction o f  t h is unit i s  d i fficu l t  
a nd must be based on subt le drai nage patterns or so i l  type . Between Lebanon and A l bany,  topographic 
contours on the Wi l lamette S i l t  are i nflected toward the northeast as they enter lower terrace terra i n .  
I n  addit ion, stream channe ls i n  the lower terrace grave l between A lbany and Lebanon trend nort hwest, 
whereas streams in the Wi l lamette S i l t  to the west trend in a more wester ly d i rection . Soi ls  deve loped 
on the lower terrace surface are dominated by sands and grave l s  un l ike the si l t  a nd c lays of t he Wi l lamette 
S i l t . 

T he lower terrace deposits consist of moderately to we l l -rounded granu le  pebb le  grave ls and sands 
of f l uvial  origi n .  Average thi ckness in t he east appears to be 20 to 30 feet,  primar i ly  on the basis of 
topographi c expression (A l l ison ,  1 953) .  To the west in the more centra l port ions of t he va l ley, average 
t hickness of the a l l uvia l  fi l l  inc l uding t he over lying Wi l lamette S i l t  i s  approx imate ly 70 feet ( Piper , 1 942) .  
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Fi gure 27. low-lying terraces in the middle reaches of Thomas Creek are assigned 
to the Quaternary lower terrace unit (northern Snow Peak quadrangle). 

Figure 28. The Wil lamette S i l ts overlie most of the floor of the Wi l lamette Valley 
(looking north from Powel l  H i l ls  at Saddle Butte on the left and Ward Butte on 
the right, northeast Ha lsey quadrang le) . 
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T he Porter No .  1 we l l  near Ha lsey penetrated 80 feet of a l l uvia l fi l l  before reach i ng bedrock (Newton , 
1 969) . Approximate ly 200 to 230 feet of a l l uv ia l  fi l l  is present near Junction C ity , and simi lar  thick­
nesses are present at other loca l ized a reas ( Frank,  ora l communication,  1 974) , but these appear to 
exceed the thickness found i n  most of the val ley (P iper, 1 942) . Piper ( 1 942) poi nts out that the e levation 
of t he upper surface of bedrock near J unction C ity i s  40 feet lower than the e levation of bedrock i n  parts 
of the A lbany area , a feature which suggests i rregu lar  variations i n  the a l l uvi a l  thicknesses of t he va l ley 
and which supports the concept of cont i nuing deformation in the val ley . 

On the basis of re lat ive topographic posi t ion ,  degree of di ssect ion, e levation , and stratigraph ic 
position beneat h the W i l lamette S i l t ,  a late Ple istocene (poss ib ly early Wisconsi n or I l l i noian) age i s  
postu lated for the lower terrace grave l s  (A l l i son and Fe l t s ,  1 956) . 

Wi l lamette Si Its (Qws) 

I n  1 935, A l l i son descr ibed numerous i ce-rafted errat ics in t he Wi l lamette Val ley , and in 1 953 he 
proposed the name W i l lamette S i l ts for a l l  " the para l l e l -bedded sheets of si lt a nd assoc iated materia ls 
t hat cover t he greater part of the Wi l lamette Val ley low land . "  Subsequent ly ,  Ba ldwin ( 1 964) assigned 
the lower si l ts to h is  late P le i stocene lakebeds for which he inferred an eustatic ori g i n .  For the surfic ia l  
veneer of  si l ts and errat ics,  he  inferred a g l acial  me l twate r origi n .  G lenn ( 1 965) descri bed numerous 
soi l horizons withi n the Wi l lamette S i l ts of the northern W i l lamette Va l ley and postu lated a series of at 
least 40 floods resu l ting from g l ac ia l  me l t ing to account for the deposition of the si l ts as discussed be low . 

I n  L inn County ,  the W i l lamette Si l ts a re located on the f lat-lying floor (Figure 28) of the Wi l lamette 
Va l ley west of the South Santiam R iver .  At least 27 loca l i t ies of g lacia l erratics have been reported i n  
the County (A l l i son ,  1 935) .  Maximum e levation o f  the depos it i s  350 feet ,  a lt hough the d istribution of 
e rrat ics throughout the va l ley shows that lake e levation at times of maximum flooding approached 400 feet 
(A l l ison and Fe lts,  1 956) . East of the South Sant iam River , A l l i son and Fe lts ( 1 956) mapped W i l lamette 
S i lts on lower te rrace leve l s  (t heir Li nn  grave l s  and Qt l  of this  study) . In this  study , the si lty veneer is 
regarded as too th in  and patchy to be mapped . I n  addition , Ba l ster and Parsons ( 1 969) note that many of 
the soi Is overlyi ng the terraces are too coarse to be regarded as Wi l lamette Si I ts . 

At Ir ish Bend a long the W i l l amette River west of Ha l sey , the type section of the Wi l lamette Si I ts 
consi sts of massi ve to thi n ly bedded admixtures of si l t  a nd c lay . Between 6 and 1 3  feet be low the surface 
the sediment is a m icaceous , quartz and fe ldspar-rich s i lt that is fa i nt ly bedded . Overlying t he s i l t  and 
separated from it by a soi I horizon is a 6-foot layer of gray si I t  and c lay . Although Ba l ster and Parsons 
( 1 969) do not consider the upper si l ts and c l ays to be part of t he Wi l l amette S i l ts ,  they are here consi dered 
to be part of that uni t .  The errat ics  wh ich  typify the concept of Wi l lamette Si lts in L inn County occur at 
or near the ground surface in L inn County . 

T he W i l l amette Si l ts ra nge from 0 to approximately 30 feet i n  th ickness . I n  t he northern part of 
t he County , numerous stream va l l eys with a re I ief of 1 5  feet do not penetrate to the base of t he uni t . I n  
t he southe rn ha l f  of the County , lower terrace grave l s  are wi th in  5 to  10  feet of  the surface . Samples 
taken from scattered hand auger ho les by Ba I ster and Parsons ( 1 969) i nd icate an average th ickness of 
approximate ly 15 to 20 feet . T he tota l th ickness at I r ish Bend is 1 3  feet . 

T he number and th ickness of beds i n  the Wi l lamette S i l ts increases northward toward A lbany (Bal ster 
and Parsons, 1 969) . At A I bony the unit  th ins marked ly . Farther north between A I bony and Port l and , the 
Wi l lamette S i lts approach 1 00 feet in thickness and inc l ude ripp led and cross-bedded sands i n  addition to 
si l ts a nd c lays (G lenn,  1 965) . Heavy -m inera l studies i n  the northern W i l lamette Va l ly (G lenn,  1 965) 
and the composition of errat ics throughout the Wi l lamette Val ley (A l l ison,  1 935 , 1 953) i ndicate a 
Col umbia R iver source for t he sediments . 

T he Wi l l amette Si l ts vary in age from approximate ly 1 8 , 000 years to 1 00, 000 years . Peat deposits 
over ly i ng the W i l lamette Si l t  i n  the Labi sh  Channe l nort h of the study area have bee n  dated at 1 1  , 000± 
230 years, and a l l uvi a l  grave l s  beneath  the si lts are o lder than the age range of the carbon- 1 4  dat ing 
method (greater than 37, 000 years) (G lenn,  1 965) .  The Wi l lamette Si lts of t he northern W i l l amette 
Va l ley over l ie  a terrace a long Mi I I  C reek in the Nort h Santi am drai nage which is equiva lent to the lower 
terrace (Qt l )  of this  report and the Linn grave l s  of Al l ison ( 1 953) .  T hi s  is t he same strat igraphic posit ion 
as  i s  occupied by the Wi l lamette S i  I ts of Linn County; the two deposits are stratigraphi co l ly equiva lent 
and inferences regard i ng the origi n of one can be app l ied to the other .  
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A l l ison ( 1 953) and G lenn ( 1 965) state that g lacia l me ltwater cascading down  the Co l umbia R iver 
was temporari ly ponded i n  the Wi l l amette Va l l ey, where it deposited si l t  and errat ics upon the a l l uv ia l  
f i l l .  On the basis o f  numerous soi l hori zons withi n t he  Wi l lamette S i lts, G lenn ( 1 965) postu lates that a t  
least 40 floods were i nvo lved i n  the deposi tion of  t he  si l t s ,  T he abse nce of  shore l i ne de ltas, beaches,  
and loca l ly derived sediments imp l ies rapid depos it ion over a short period of time . I ce age floods which 
cou ld have de l ivered the sedime nts are described by Bretz ( 1 969) . The oldest occurred about 1 00 , 000 
years ago (Bretz , 1 969), and the most re cent about 1 8 , 000 to 20, 000 years ago (R ichmond and others, 
1 965) . The last flood (Spokane F lood) was the largest . 

Ba ldwin ( 1 964) postu l ates that t he lower parts of the Wi l l amette S i lts were la id down i n  l a kebeds 
generated during the last i ntergl acia l  rise of sea leve l .  The speed of deposi tion as i nferred from the lack 
of shore l i ne features, t he hi gh e levation of much of t he s i l t , a nd the presence of errat ics  as much as 30 
feet be low the surface (A I I i son , 1 935 ) do not appear to be compatib le with th i s  theory . 

Quaternary a l l uvi um (Qa l )  

Unconsol idated deposits of poor ly sorted grave l ,  sa nd , si l t ,  and c l ay which occupy the flood p la i ns 
of the major streams are assi gned to the Quaternary a l luvium . Exposures a long the Wi l l amette River are 
severa l mi les wide southwest of A l bany and are domi nated by lenti cu l ar grave l s  and sands . S i lt mant les 
much of the flood p la i n  away from the main  channe l . Thickness of t he Quaternary a l l uvium varies from 
a feather edge to approximately 30 feet . A maximum thi ckness of 42 feet of a l l uvi um is present i n  a 
we l l  near Corva l l i s  ( P iper ,  1 942) . 

T he flood p la ins of the North and Sout h Santi am Rivers are floored with grave I ,  sand , and si It . 
Farthe r east i n  the foot hi l ls ,  the major va l ley floors are mantled with coarse cobble grave l s  and sands , 
and organic fi ne-gra i ned so i l s  a re present i n  the marshy areas of poor dra i nage . 

Muddy Cree k ,  t he Ca lapooia R iver ,  a nd numerous sma l ler creeks of the Wi l lamette Va l ley are 
l ined w ith  a l l uvi um consi sti ng primari ly of s i l t and c l ay .  T hese deposi ts are genera l ly thi n ,  probab ly 
not exceedi ng 5 to 1 0  feet .  

T he Quate rnary a l l uv ium occupies stream va l l eys which are undercutti ng deposits of Wi l lamette 
Si l ts (Qws) ,  and the a l l uvium c lear ly postdates that unit . An age of less t han 20, 000 years is assigned 
to the Quaternary a l l uvi u m .  

Geologic processes assoc iated with the Q uaternary a l luvium inc lude floodi ng and stream-bank 
e rosion . Ground-wate r production i s  good except in  areas of high s i l t  or c l ay content . 

G e o l o g i c  S t r u c t u r e 

I nte rpretations of the geo logic structure of western Linn County are based on publ i shed maps, 
reconnai ssance mapping, regiona l gravity data , l imited aeromagnet ic data , and the logs of four  deep 
exploratory oi l we l l s .  The structure i s  t hat of a regiona l east -dippi ng monoc l i ne modified loca l ly by 
gentle fo lds and by numerous poss ib le fau l ts . 

Marine sedimentary rock of Eocene through midd le  O l igocene age is present i n  the subsurface of 
the Wi l lamette Va l ley and nonmar ine strata of O l igocene to P l e istocene age are present in t he Western 
Cascades . Dips are gent l e  to the east ; the base of the O l igocene section dives to re lative ly great depths 
in that d i rection (F igure 29) . Cons istent with this structura l i nterpretation,  gravity de creases un iform ly 
from west to east , i ndi eat ing greater crusta I th icknesses under the Cascades (Berg and Thi ruvathuka I ,  
1 967) . 

Fau I ts 

A fau l t  i s  a surface or zone of rock fracture a long which there has been disp l acement . In recon­
nai ssance mapping ,  large faults are dete rmi ned on the basi s of recognizable rock displ acement , signi fi cant 
topograph ic  l i neations,  and shear zones . Us ing these cr iter i a ,  no defi nite fau l ts were mapped in th i s  
study . No shear zones were seen; topograph ic  l ineations were attributed to phenomena other than fau lt­
ing, and apparent loca l offsets of rock units were interpreted i n  terms of the i rregu larit ies of continenta l 
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deposi tion on  irregu lar terra i n . I n  add i tion ,  th ic k vegetative cover , extensive a l l uvia l fi l l ,  and  deep 
weather i ng i n  many areas prec lude th e recogn i tion of fau l ts . 

A l though no defi n i te fau l ts are recogn ized i n  th is study, it shou ld not be conc luded that th ere are 
no fau l ts .  Seism ic data revea l s  at least three earthquake epicenters in  the County (see Geologic H azards: 
Seismic i ty) . More deta i l ed study in  the future may show many of the l i neations w i th in  the County to be 
fau l ts .  Severa l of the more sig nificant possib le fau l ts descr i bed i n  th e l i terature are discussed be low . 

"Wi l lamette V a l ley fau l t " :  Lewis ( 1 950) described the mid-Tert iary rocks of t he Eugene quadrang le 
and noted that t he persistent easterly dips i ndicated an  unusua l ly th ick sect ion . To account for t he great 
apparent th ickness ,  he post u l ated t hat a prominent north-trend ing fau l t a long t he east s ide of the Wi l lam­
ette Va l ley had upthrown rocks to the east . No d i rect fie ld evidence for t he fau l t  was described . 

I n  western Linn County , persistent easter ly dips a l so suggest a very t hick co l umn of Eocene to early 
Miocene rocks . It is doubtfu l ,  however, t hat a major north-trend ing fau l t  is present i n  the subsurface of 
the eastern edge of the W i l lamette Va l l ey . We l l  data show that t he upper surface of the Eocene rocks 
d ives uniform ly to the east at least as fa r east as Lebanon (Newton ,  1 969), severe I mi les beyond t he most 
l ike ly posit ions of the hypothetica l fau l t . Aeromagnetic data (Bromery , 1 962) and grav ity data (Berg 
and Thi ruvathuka l ,  1 967) show no evidence for a major fau l t .  A l though part of t he eastern marg i n  of the 
Coast Range is recognized as a fau l t  (Bromery and Snave ly,  1 964) , there are no gravity anoma l ies unique ly 
associated with  the rest of t he Wi l lamette Va l ley (Thiruvat huka l a nd others, 1 970) . 

T he great apparent thickness of the O l igocene section i n  western Oregon (8 , 000 feet of Eugene 
Formation and 1 0 , 000 feet of Litt le Butte Formation) can be exp la ined i n  terms of a broad reg iona l down­
warp a long the axis of the Cascade Range . This  i nterpretation is consi stent with present geophysica l 
data and deep-we l l  i nformati on . It is conc l uded that there is no major fau l ti ng a long the eastern edge 
of the Wi l lamette Va l ley . 

Other fau l ts :  On  the state map of western  Oregon (We l l s  and Peck, 1 96 1 ) , six norther ly trendi ng 
fau l ts a re shown i n  western L inn County . Two major co l i near fau l ts 5 mi les west of Sweet Home are mapped 
on t he basis of topographic l i neat ions and t he abrupt termi nat ion of t he Co l umbia River Basa l t  uni t .  Re­
mappi ng revea l s  the basa l t  to be Litt le  Butte rather than Col umbia R iver Basa l t . Li neations a lone are not 
regarded as suffi cient evidence to defi ne fau lts , and they are not shown on the geo logic map . 
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The other four  fau l t s  shown  on the state map of western Oregon (We l ls a nd Peck,  1 96 1 ) are south of 
Sodavi l le i n  a north-trendi ng va l ley and at I ndian Head (eastern Ha lsey and western Brownsvi l le quadrang les ) .  
No evidence was acqu ired i n  this study to either support or refute the presence of these fau lts . I f  the 
fau Its are present, they a re probab ly loco I features of I i tt le si gni fi cance i n  terms of hazards to most types 
of deve lopment . 

A northwest-trendi ng magnet ic anoma ly northeast of Lebanon near Golden Va l ley Schoo l is described 
by Bromery ( 1 962) . T he anoma ly passes southeastward a long the steep hi l ls ide slope and is co l i near with 
the va ! ley of Hami I ton C reek . Bramery postu lates a fau I t  a long the anoma ly . I t  seems l i ke ly ,  however ,  
t hat the steep topography of  the hi l lside best exp la ins the aeromagnetic patterns . Magnetic isap leths 
a long Hami I ton Creek trend n orth easterly in marked contrast with those to be expected from the proposed 
fau l t .  Co l i nearity of t he Hami l ton Creek Val ley and the steep s lope to the northwest is probably coi nci­
denta l . 

Li nears: H igh  a lt i tude photography recent ly made avai lab le by the Earth Resources Techno logy 
Sate l l i te (ERTS ) provides geologists with an  addit iona l  tool useful i n  mappi ng fau l ts .  T he synoptic views 
provided by the imagery provide an exce l le nt opportunity for se lecting s ignificant l i neations of possib le  
fau l t  orig in  on the eart h ' s  surface . Such l i neations are cal led l i nears (Short and Lowman ,  1 973); on-the­
spot fie ld checki ng is requi red to determi ne whether the l i nears a re actual fau l ts or if t hey represent man­
made objects , vegetation patterns, opti cal i l l usions, or spurious a l ignme nts of di verse ground features . 

Brief pre l im i na ry i nvestigat ion of sma l l -sca le imagery revea led 24 major l i nears i n  western Li n n  
County (Robert Lawrence , written communi cat ion , 1 973) .  Fie ld  examination showed most of the l i nears 
to be erosiona l escarpments a long terraces and c l i ffs . Many ot hers were re latively stra ight stretches 
a long mounta in  canyons . A l though some of the l i nears may represent fau l ts ,  no fie ld evidence was gathered 
in the course of th i s  reconnaissance study to a l low them to be mapped as fau l ts . The va lue of h igh-a l t i tude 
imagery wi l l  no doubt increase in the future , however,  and more detai led studies are needed . 

Fo lds 

Folds are genera l ly recognized on the basis of measured att i tudes and ou tcrop patterns . I n  th is 
study, measured atti tudes are re latively scarce and random . A l though they do indicate a regiona l easter ly 
dip th roughou t the County, they are not suffic ient for the de l i nation of more loca l structura l features . 
Outcrop patterns pro�ide most of the basis for the fo lds recognized in th is  study . 

T he hi l l s a nd buttes northeast of A lbany are surrounded by surfic ia l  a l l uvia l deposits suggesti ng 
upwarp . Al ternat ively , t he hi l i s cou ld be remnants left be h ind as t he softer surroundi ng bedrock was 
removed by r iver erosion . T hey a re composed of Columbia River Basa lt and are simi lar to Hungry H i l l ,  
Frank l i n  Butte , and Prospect Mountai n  to the east for which no fo ld ing i s  inferred . 

South of Lebanon, the western edge of the Western Cascades is u nder la in  by mar i ne sandstone . 
Outcrop patterns of the sandstone southward through Browns vi l ie and Indian Head Mounta in  suggest an 
ant ic l i ne with a north-trendi ng axi s .  An exploratory oi l we l l  (Esmond # 1 )  on the extended axis  of the 
structure northeast of Lebanon had gas shows and oi I fluorescence at depths between 2, 780 and 3, 990 
feet .  A l ternat ive ly ,  greater appreciation of facies changes and more detai led mapp i ng cou ld  negate the 
possib i l ity of a fo l d .  

Ba ld Mounta i n ,  Cougar R idge , and Horse Rock i n  the southern Brownsvi l le quadra ng le a re capped 
with flow rock be l ieved to be h igh in the Litt le Butte section .  Towards the northeast an isolated exposure 
of Col umbia R iver Basa lt is mapped at Marks R idge north of Sweet Home , and a tongue of Sard ine rocks 
tre nding northeast out of t he mapped area is  exposed at Green Peter Mounta in . Downwarp can account 
for the loca l prese rvation of these re latively young exposures .  A sync l i na l  axis is i ndi cated on the 
geo logic  maps . 

Minor fo lding may a l so occur w ith i n  the Wi l l amette Va l ley .  P iper ( 1 942) notes tha t  the e levation 
of the upper surface of bedrock is 40 feet lower at  J unction C i ty than  where the Wi l lamette narrows near 
A lbany . For the W i l lamette River to have mai ntai ned a northerly course, gentle basin i ng and a l luvia­
tion wou ld have been requi red in the Junction C i ty area dur ing the Quaternary . I n  addit ion , the series 
of terraces in  northern Linn County suggest up l i ft in that area . 
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E N G I N E E R I N G  G E O L O G Y 

E n g i n e e r i n g  C h a r a c t e r i s t i c s  o f  G e o l o g i c  U n i t s  

T he variety of rock types and the various degradational processes i n  western L inn County have 
produced ground conditions d isplay ing a wide range of engineering properties . It is imperative that man's  
activi ties be keyed to these engineer i ng conditions as we l l  as to the act ive geologic processes d iscussed 
under Geo logic Hazards . 

The fo l low ing discussion is regiona l in i ts approach and genera l ized in i ts conc lusions . I t  is i n tended 
for p lann i ng purposes and in no way supplants rigorous on-site investigations required for i ndivi duo I deve l ­
opments . Rather , i t  prov ides the p lanner w i th a guide to some o f  the prob lems  to be cons idered i n  such 
i nvestigations and in the genera l p lanning process . 

T he engi neering properties of the various rock units are summarized on Table 2 .  I n  the text, 
various parts of  the Geo logic  Hazards Section a re referred to where appropr iate . Fo l lowi ng the discussion 
of i nd ividua l rock units is a more deta i led discussion of soi l s  of  the W i l lamette V a l ley . 

Litt le Butte Formation (To lb,  T l be )  

T he Litt le  Butte Formation consi sts of  1 0 , 000 to  1 5 , 000 feet of cont i nenta l vo l canic and vo lcani ­
c last ic strata inc lud i ng flow basa l t ,  breccias of basa lt ic and andes itic composition ,  tuff, ash , and tuff­
aceous sandstones .  A long the western marg i n  of the foot hi l l s ,  interbeds of fe ldspathic mar ine sandstone 
are interbedded with the more preva lent nonmar ine strata . The Litt le Butte Formation under l ies most of 
the foothi l ls area of western L inn County . Because the l i t hology of the unit is h igh ly variab le , its eng i­
neering prope rt ies are very complex . 

Basa lts of the Litt le  Butte Formation i nc l ude flows and unmapped i ntrusions . The basa lt is more 
resistant  to weathering than the surround ing tuffs and forms steep resi stant ledges or loca l i zed knobs as 
i n  the mountai nous region north and east of Brownsvi l ie (F igure 30) . Soi Is over ly i ng the basa It are th in  
and consist of  rubbly loam . Land uses re lyi ng on moderate permeabi l ity for sept ic tanks and ground-water  
production are not recommended i n  most regions of Litt le  Butte basa l t . Loca l ly ,  however,  deep weathering 
on gent le slopes produces acceptable soi I cond itions . Foundation stabi I ity is genera l ly very good, but 
excavations i nto the bedrock requi re b lasti ng . 

T he breccias and tuffs of the Litt le  Butte Formation are weathered to th ick c lay loam and si lty c lay 
loam soi Is in the gently to moderately s lopi ng parts of most of the foot hi l i s ,  but they form steep fresh 
exposures in the canyons of rapidly downcutt i ng streams in the interior (e . g .  upper Midd le  Santiam R iver ) .  
Ground-water production data are incomplete , but low yie lds can b e  expected (see Natura l Resources: 
Ground Water) . I n  addition , water qua l ity is poor in p laces . 

T he tuffs and breccias of the Li tt le Butte Formation are capable of support ing large structures i f  
proper ly engi neered and located . Green Pete r  Dam is  s i tuated on tuffs and basa lts of t he Litt le B utte 
Formation . I n  regions of ve ry low sl opes and deep weather ing,  however,  t he h igh c lay content of the 
thick soi l profi le poses severe engineeri ng d i ffi cu lties . On gent ly s lop ing terra i n ,  moderate ly s ized 
structures such  as houses genera l ly show no foundation d i ff icu l ties . 

Specia l  prob lems associated with the breccias and tuffs of the Litt le  Butte Format ion inc l ude the 
possibi l ity of lands l ides on gentle to moderate s lopes (see Mass Movement: Mass Movement Topography ) ,  
cavi ng i n  deep excavations , and rockfa l l a nd other types of steep-slope fa i l ure i n  t he unweathered out­
crops . T he pervasi ve joi nt ing and loca l fau l ti ng of t he tuffs contribute to the l ast hazard . 

Other engineering d ifficu lties inc l ude t he extreme variabi l ity of rock types with i n  the Litt le Butte 
both l atera l ly and with depth . Loca l ly ,  runoff is i rregu lar  where ground water must pass over and around 
resistant knobs of basa l t  a nd is temporari ly impounded i n  regions of more gent ly s loping tuff . Here deve l ­
opment o f  th ick c l ay soi ls a nd perched water produces severe eng i neeri ng d ifficu lties . A s  a genera l ru le ,  
we I I  -drai ned areas are characte rized by red soi Is a nd orderly topography , whereas the  poorly dra i ned , 
prob lem areas are characterized by variable slopes a nd loca l ly by ye l low or gray so i l s .  



Tab le  2 .  Summary of engineeri ng properties of geologic un i ts 

Estimated 
Bedrock Degradationa l ground-water Foundation 

units Rock type processes Soi ls production stabi l i ty 

F low basa I ts Rock fa l l ,  erosion Rubb l e ,  loam Probab ly  low 
(s low) 

Li tt le Breccia and tuffs Mass movement  C lay loam Probably low Variable depending on 
Bu tte Chem ica I wea th- S i l ty c lay loam bedroc k and topog -
Formation ering raphy 
(To lb) Erosion 

Sandstone Erosion Sand and sandy Very h igh loca l l y  
Mass movement c lay variab le  qua l i ty 

Co lumbia F low-on-flow Chemica l Rubb ly  loam Low to h igh Good 
R iver Basa l t  basa l t  weather ing 
(Tcr) 
Sardine F low rock and Erosion (s low) Rubb ly  loam Low to modera te Good 
Formation breccia 
(Tps) 
Cascades F low rock Erosion (s low) Rubbly loam Probab ly low Fair to good 
Formation Breccia Mass movement Rubbly loam Moderate to low 
(Qtv) 
Upper Sand, grave l ,  Erosion and chem - Grave l ,  sandy Moderate Good 
terrace and s i l t  ica l weather ing loam 
(Qtu)* 
Midd l e  Sand, grave I ,  Chem ica l weath- Loam , si l ty Moderate Poor to good 
terrace and s i l t  ering loam 
(Qtm)*  
Lower Grave l ,  sand Chemica l  weath- Loam , si lty Moderate Poor to good 
terrace and si I t  ering loam 
(Qtl )* 
Wi l lamette S i l ty c lay and Chem ica l weath - Loam , s i l ty loam Wel ls penetrate to Poor to good 
S i l ts (Qws)* c layey s i l t  ering c lay loam under lying un i ts 

Quaternary Grave l ,  sand Erosion Gravel , si I ty H igh in grave l s  Poor to good 
a l luvium si I t  loam 
(Qa l )*  
I n trusive Dense basa I t  S teep s lope fa i lure Rubb le  Very low Good 
roc k _Qi) 

-�- ---- - - ----- ---� 

*See Soi ls of the Wi l lamette Va l ley ,  p .  34 
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E N G I N E E R I N G  GEOLOGY - CHARACTERISTICS OF GEOLOGIC U N ITS 

Figure 30. Soi I overlying basaltic intrusions in the Little Butte Formation is very 
thin; note_ the gentle s lopes developed on this particular intrusion (3 mi les 
northeast of Brownsvi l le) .  

Figure 31 . Differential settling has caused structural damage to the foundation of 
this house; it is constructed partly on compressible soi Is .  
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T he ma ri ne sandstone i nterbeds i n  the westernmost exposures of the Li tt le Butte Formation are gener­
a l ly we l l -sorted and c lea n .  They are semi -conso l idated over most of their extent and are genera l l y  covered 
with vegetat ion . Sand weathered from them is present i n  recent roadcuts or is inferred on the basis of 
abundant sand in gu l l ies a long logging roads . Strippi ng of vegetation in areas under lai n by the mari ne 
sandstone can lead to severe erosion in areas of gent le  s lopes and to erosion and mass movement i n  areas 
of  moderate to steep s lopes . Ground-water production from t he marine sandstone is very high in p laces 
(see Natural Resources: Ground Water) . 

Columbia R iver Basa l t  (Tcr) 

The Columbia R ive r  Basa l t  consists of numerous flows of dark , dense basa lt . It caps many of the 
ridges i n  the north-centra l part of the County and underl ies severa l of the iso lated hi l l s northeast of 
A lbany ,  i nc lud i ng Knox Butte , Hardscrabb le H i l l ,  a nd Ha le  Butte . I n  addition, Marks Ridge immediate ly 
nort h of Sweet Home is i nterpreted to be under la in  by Co lumbia R iver Basa l t .  

I n  most a reas the upper surface of the Col umbia R iver  Basa lt i s  re latively smooth and gent ly s lopi ng . 
Dra i nage is genera l ly good and weatheri ng produces reddish loam and rubb ly loam soi ls . Loca l l y ,  however, 
as on parts of the north side of Marks Ri dge , leach ing proceeds to a depth of 20 feet or more, produci ng 
a l i ght-co lored punky rego l i th . The Co l umbia R iver Basa l t  is c haracterized by moderate to high yie lds 
of high-qua l i ty ground water (see Natura l Resources: Ground Water) . 

The Co lumbia R ive r Basa l t  provides a good foundation for most structures and is genera l ly free of 
hazards . Dra inage is good, pond ing is rare , and mass movement is mi nima l except i n  regions of under­
cutt ing (see Mass Movement: Mass Moveme nt Topography) . So i l s  and s lopes are genera l ly consistent with 
septic tank use and drai nfie lds .  Loca l ly ,  however ,  the soi l s are very th in  and require a lternat ive methods 
of waste disposa l .  Because blasti ng is commonly requi red for excavation ,  deve lopment costs may be 
prohibitive ; 

Sard ine Format ion (Tps) 

T he Sard ine Format ion consists primari ly of p laty to massive andesite flow rock and forms resistant 
ridges and up land areas in t he i nterior of the footh i l l s .  S ignifi cant exposures inc l ude Farmers R idge , 
H igh  Deck , much of the northern s lope of Snow Peak,  and the ridge crests overlooking the midd le reaches 
of the North Santi am R iver .  Hard unweathered tuffs make up much of the unit in the Detro it Reservo ir 
a rea . The un it is  c haracterized by moderate to steep bedrock s lopes and t h in  rubbly so i l s .  Litt le is  known 
of its ground-water potentia l ,  a lthough it is  probably low . 

Much of the terra in  under la in  by the Sard ine Format ion is not sui ted to residentia l  deve lopment . 
A lthough the un i t  consists primari ly of f low rock simi lar in many respects to the Col umbia R ive r  Basa l t ,  
t he steep s lopes and th in  rubbly soi ls a re prohibit ive to deve lopment . Moderately s lopi ng areas, such as  
parts of the north side of Snow Peak , may offer  some potentia l , however . Specia l prob lems associated 
with the Sard ine Formation i nc l ude steep-slope fa i lures , undercutting of s lopes by mass movement with i n  
t he under lyi ng Litt le Butte Format ion , a nd th in  soi ls , 

Cascades Formation (Qtv) 

The Cascades Formation consists of massive flow rock and i nterbedded breccias , It makes up the 
bu lk  of Snow Peak and caps Rocky Top and contiguous ridges in t he upper reaches of t he Midd le Santiam 
R iver in the i nterior . Terra i n  under la in  by the Cascades Formation is  genera l ly rugged and associated 
hazards i nc lude steep-s lope fa i l ure , f lash f lood ing ,  and undercutt i ng by massive fai l ures in t he under lying 
Litt le Butte Formation . 

Weathering produces rubbly soi ls  and looms . Soi l types and t hicknesses are h igh ly  variab le ,  depend ing 
upon parent bedrock and local  topography . Litt le is known of the g round-water potent ia l  of t he uni t ,  

Tert iary i ntrusive rock (Ti) 

Only the larger intrusions are shown on the geologic map; these inc lude the dense basa l ti c  intrusions 
i nto the Little Butte Formation at  Shot Pouch Butte , Washburn Bu tte, and Lone P ine Butte , and the basa lt ic 
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and andes i t ic  p l ug t hat  makes up the core of Snow Peak and wh ich  fed t he Cascades Formation . I nnumer­
able sma l ler i ntrusions are present t hroughout t he Litt l e  Butte Format ion .  

Hazardous condit ions a ssociated w i th the i ntrusions i nc l ude steep-s lope fai l ures, rapid runoff, 
periphera l landsl ides i n  regions of undercutti ng ,  and t hi n  soi l s .  I n  t he Lone Pi ne Butte-Washburn But te 
a rea north of Brownsvi l ie ,  steep s lopes and mass movement must be considered i n  future deve lopments . 
E lsewhere i n  the Litt le Butte Formation, the possib le presence of thi n  soi ls  and impermeable bedrock 
associated with  sma l ler unmapped i ntrusions must be considered i n  a l l  p lann ing . 

Quaternary upper terrace (Qtu) 

T he upper terrace cons ists of a gent ly s lopi ng fan of f luvia l  grave l ,  sand , and si lt l appi ng against 
the foothi l l s of t he Western Cascades i n  t he Lacomb area ,  and of severa l scattered h igh terrace leve ls of  
presumab ly simi lar age e l sewhere i n  centra l  L inn  County . Bou lders, grave l ,  and sand are most common 
i n  the east , and sand a nd si It with occasiona I pebb les or grave I beds characterize depos its in t he west . 
Owi ng to the i r  e levated position i n  the present landscape, the terraces are be i ng rap id ly eroded by streams.  
Th is  faci l itates ground-water migration and produces we l l -drai ned soi l s .  Pond ing and h igh ground water 
are rare . 

Ground-water production is moderate and foundation stabi  I ity is good . Mass movement , flood i ng ,  
and other geo log ic  hazards are m i n ima l  except a long some o f  the major streams .  The un i t  i s  genera l ly 
we l l  suited to most forms of development . Soi ls  are t hick  and excavation is re lat ive ly easy . T he uncon­
t ro l led pro l i ferat ion of sept i c  tanks in reg ions of ground-water recharge cou ld contaminate ground water 
in areas of high permeab i l ity . To date no hydrologic mode ls and few chemica l ana lyses  of ground water 
a re ava i lab l e .  Little is known of t he subsurface aqu i fers . 

Q uaternary midd le  terrace (Otm) 

T he m idd le terrace i nc l udes strips of  f lat-ly i ng fl uvia l deposits a long the edges of major stream 
va l leys over looking l ower terrace depos its in north-centra l  L inn County . T he deposits vary great ly i n  
composit ion both l atera l ly and vert ica l ly and inc l ude grave I ,  sand , si l t ,  and c lay . C hemica l  weather i ng 
proceeds to great depths i n  p laces to produce c l ays,  loams , and si l ty loams (see Geology and Soi ls Maps) . 
I n  some areas drai nage on t he terraces is great ly i mpeded by the very low s lopes , and ponding and h igh 
water tab le are common dur i ng the wet seaso n .  Ground-water y ie ld is moderate to good (see Natura l 
Resources: Ground Water) and foundation stab i l ity is var iab l e ,  depending i n  l arge part on degree of 
weatheri ng . 

T he main problems to future resident ia l  deve lopment a rise primari ly from t he poor dra i nage and 
related phenomena of t he midd le terrace . C lay-r ich  soi ls  produced by rap id chemica l  decay lead to 
septic tank fa i l ures i n  many areas , and poor drainage produces many of the problems assoc iated w ith  
pondi ng  (see Geolog ic  Hazards: Pond ing ) .  I n  a broader sense t he need to  coordinate waste disposa l (sept ic  
tanks, landfi l ls )  w i th  ground-water product ion requires deta i l ed i nvest igat ions , ground-water sampl ing 
a nd monitor ing,  and so l id  po l i cy dec i sions on the State and local  leve l (see Soi l s  of t he W i l lamette Va l ley ) .  

Q uaternary lower terrace (Qt l )  

T he lower terrace i nc l udes broad low land areas lyi ng above t he  flood p lai n but no t  covered by  t he 
Wi l lamette Si lts . T he terrace materia l is of fluvia l  or ig i n  and var ies great ly i n  composit ion both latera l ly 
and vert ica l ly .  It consists of lent icu lar bodies of sand , s i l t ,  a nd grave l ( see Geology and Soi ls  Maps) 
and shows very l it t le  weatheri ng owi ng to its re lative yout hfu l ness . 

Hazards i n  t he lower terrace leve l der ive main ly from its topographic posit ion and expression and 
i nc l ude pond i ng ,  h igh water tabl e ,  and local flood ing .  T he unit is a good water producer,  is easi ly 
excavated , and occupies reg ions for which extens ive deve lopment  i n  future years is ant ic ipated . Prob lems 
arisi ng from confl i c t i ng land use are t reated under Natural Resources (Sand and grave l , Ground Water) 
and Soi ls  of t he W i l lamette Va l ley .  To proper ly  dea l with these prob lems in cr i t ica l  areas, detai led so i l  
surveys,  resource ana lyses, and hydro log ic  models  are needed . Ground-water contami nat ion  through t he 
excessive use of septic  tanks is a s igni fi cant hazard . 



34 E NV I R O NM E NT A L  G E O L O G Y  OF WEST E R N  L I N N  C OU NTY 

W i l lamette S i lts (Qws) 

The W i l lamette S i l ts consi sts of up to 30 feet of f lat- lyi ng si l t  and c l ay wh ich mant le o lder fl uvia l 
deposits i n  the Wi l lam ette Va l ley . The un i t  is a un ique lacustrine deposit (see Geology) and shou ld not 
be viewed as typica l a l luv ium in an engineering sense . 

Dominant processes act i ng upon the Wi l lamette S i l ts inc l ude pendi ng ,  s low circu lation of h igh 
ground water, and chemica l weather i ng . T he soi ls  commonly are gray or  b lack . Regiona l ly they exhibit 
a c l ay-r ich horizon a few feet be low the surface resu lt ing from downward movement of so l ub le  or suspended 
mater ia l  by ground-water perco lat ion . T hus the extensive s i l ty looms i ndicated on the soi ls  maps are 
somewhat mis leading i n  that c lay-r ich  soi ls are present at shal low depths (see Soi ls  of the Wi l l amette Va l l ey) . 

Specia l prob lems associated with the Wi l lamette Si lts inc lude those associated with pending,  high 
ground water and poor dra inage (see appropr iate sections ) .  Caving shou ld  be anticipated and guarded 
agai nst i n  a l l deep excavations. As with the m iddle terrace leve l ,  c lay-rich hor izons in the soi l  can 
cause septic tank fa i lures (see Soi ls  of the W i l lamette Val ley) . 

Ground-water we l l s i n  areas under la in  by t he W i l lamette S i lts tap coarser f luvia l  deposits beneath 
the Wi l lamette Si lts . The mant l i ng s i lts and c lays are characterized by perched water a nd poor dra i nage 
dur i ng the w inter mont hs , 

A specia l  prob lem associated with the W i l l amette Si lts is the loss of land a long streams and r ivers 
t hrough stream-bank erosion (see Geo logi c  Hazards: Stream-bank Erosion) . The vo l ume of land lost by 
stream-bank erosion in recent years is surpris ingly high; t he economic  losses assoc iated with the hazard 
can be catastrophic  for t he ind ividua l landowner . 

Q uaternary a l l uvi um (Qa l )  

F lood-p la i n  deposits a long r ivers and major streams make u p  t he Q uaternary a l luvium . I t  consists 
of a maximum of a few tens of feet of grave l ,  sand,  and si l t  a long t he major r ivers and is  domi nated by 
c lay and c lay-r ich  si l ts a long the sma l ler streams which flow over the W i l l amette Si lts a nd the various 
surfic ia l  terrace depos i ts to the east (see Soi ls Map and Soi ls of the Wi l lamette Va l l ey) . 

T he major hazards i n  t he Q uaternary a l luvium i nc l ude pending,  h igh ground-water tab le ,  flooding, 
and stream-bank eros ion (see appropriate sections) . The unit is easi ly excavated . Ground-water production 
is  very good , especia l ly in the grave ls (see N atura l Resources: Ground Water) . 

Specia l  problems i n  the Quaternary a l l uvium derive primar i ly from its low topographic  position and 
var iab le l ithology . F loodi ng and h igh ground water can cause septic tanks and landfi l l s to fai l .  U nder 
extreme condit ions ,  po l l ution of surface waters and streams is a potent ia l  hazard . The c lay-rich soi ls 
a long the sma l ler streams and in the a l l uv ium of the r ivers and larger streams loca l ly contai n  significant 
amounts of organic mater ia l .  Organic soi l s  are compress ib le and are not suitable for support i ng structura l 
foundat ions . Improper engineer ing of bu i ld i ngs i n  areas of organic soi l  wi l l  lead to di fferent ia l  sett l ing 
and considerab le damage (F igure 3 1 ) .  Roads constructed over compressib le  soi l s sett l e  uneven ly to pro­
duce an unstab le  and often dangerously irregu lar  grade . 

S o i l s  o f  t h e  W i l l a m e t t e  V a l l e y 

A soi l can be defi ned as an  unconsol idated mant le of earth materia l  e it her deri ved from underlyi ng 
bedrock or transported to its prese nt posit ion by natura l processes , The soi ls  of t he Wi l l amette Val l ey are 
r iver, lake , and possibly w ind deposited and thus are transported soi l s .  A l though t here is considerab le  
over lap between the concepts of  so i l s  and surfic ia l  geo logic un its as d iscussed above , i n  soi ls  t he emphasis 
i s  on c l imate , topography , vegetation ,  and t ime , as we l l  as parent materi a l .  Emphasis a l so i s  focused on 
t he uppermost few feet of t he deposit where chemical and other c hanges i nduced by weathering are most 
pronounced . 

I nformation presented i n  t hi s  section and on the soi ls maps is i ntended for regiona l p lann ing use 
and for prel imi nary eva l uations of speci fi c  site s .  Rat her than supp lanti ng on-site i nvestigations ,  the 
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purpose of th i s  section is to provide gu idance concerning the types of soi l conditions present and to po i nt 
out situations where more detai led studies shou ld be made . 

Soi l s  c l assificat ion 

The U .  S. Department of Agricu lture system of soi l s  c lassification adopted in th i s  study (F igure 32) 
i s  based on gra in-size distribution . T he textura l soi l s  in western L inn County i nc l ude 1) c lay and s i lty 
c lay , 2) c lay loam and s i l ty c lay loam,  3) loam and s i l ty loam , 4) sand and sandy loam , and 5) grave l ly 
loam . Su itab i l ity of t he five soi l  types for various land uses is summarized in Tab le 3 .  

A l so shown in  Table 3 ,  co lumns 2 and 3 ,  are the corresponding designations o f  the soi l s  c lasses 
used in th i s  report in two other more rigorous systems of c lassi fication,  the Un i fied Soi l C lassification 
(see Appendix A) and the American Association of State H ighway Offic ia l s  Soi ls C lassification (AASHO) 
(see Appendix B) .  The Unified Sca le is emp loyed by the U. S .  Army Corps of Eng ineers, the U. S.  Army , 
the U .  S .  Bureau of Reclamation, and t he Department of I nterior . 
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F igure 32.  Gu ide for the textura l c lassification of soi ls . 
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Tab l e  3 .  Sai l use c l assification for the Wi l lamette Va l l ey of western Linn County 

Waste disposa l 
Genera l I Septic tank Sewage 

Topography construction use leach fi e lds lagoons 

G enera l ly occupies Not su i ta b l e  for con- Not acceptab l e ,  Not accepta b l e  in 
depressions and struction due to poor very low i nfi l tration l ow areas where 
drainage ways dra inage, flooding, rates, f looding flooding potentia l  

compress i b l e  deposits, potentia l h igh a nd high ground 
moderate to h igh water exist 
shrin k-sw e l l  potentia l 

U n d u l a ti ng to l eve l Lim i ted use to unac- Not accepta b l e  i n  Acceptab le  i n  soi ls 
bottom lands and ceptab le dependent areas subject to f lood- of low permeabi l ity 
basi n l i ke areas, upon topograph ic i ng or  h igh wa ter not in contact w ith 
gent le s loping a l lu - pos i tion,  h i g h  water tabl es .  Accepta b l e  ground water and 
vial fans; in  east- tab le ,  sh r i n k-swel l i n  up land areas of not subject to flood-
ern Lebanon quad- potential  and mod- moderate i n fi l tration i ng 
rang le occupies erate to low shear rates 
large upland areas strength 
Leve l ,  gently s l op- Poor surface drai nage U nacceptable  in low R estr ic ted in perme-
ing to concave sur- and high water tab l es permeabi l i ty and h i g h  a b l e  areas or where 
faces . Primary soi I i n  w i n ter and spring water tab l e  areas . i n  contact w i th water 
type of terrain be- restr i c t  use . I n  other Accepta b l e  in other tab l e .  Some s lope 
tween drai nage ways areas construction is  areas stabi l i ty prob lems 

l im i ted to accepta b l e  when soi I satura ted 
Found in dra i nage Accepta b l e  on terrace Genera l ly not Genera l l y  not 
ways and terrace s lopes and s lopes be- accepta b l e  in areas acceptab l e  due to 
s lopes, or on s lopes low bedrock outcrops . of rapid infi l tration rapid infi l tra tion or 
below bedroc k Lim i ted i n  areas prone where ground water in areas of flooding 
exposures to floodi ng pol l u tion is  l i ke l y  potentia I 

Sani tory I landfi l l s 

Not accepta b l e  in  
areas susceptib l e  
t o  flooding 

Accepta b l e  i n  upland 
areas in soi Is of low 
perm eabi l i ty where 
ground water po i l u-
lion is not l i ke l y  

Limi ted d u e  t o  high 
water tab l e  and poor 
surface drai nage 

Poor to not accept-
able due to f lood ing 
or potentia l  ground-
water po l lu tion 

Comments 

Soi l i s  prom i nent on 
s lopes and u p lands 
east of South Fork 
of Santiam River and 
adjacent to North 
For k of Santiam 
R iver 

The predom i nate soi I 
type in th e va l ley 
area . Primar i l y  
located between 
drainage ways 

Exception to r u l e  i n  
topograph i c  posi tion 
are l i nea r ,  trending 
gravel depos i ts be-
tween Lebanon and 
A l bany 
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Because the three soi l s  c lassi fi cat ions are based upon physi ca l  soi l parameters pert i nent to land use , 
it is desi rab le  t hat the p lanner have a general understanding of t he re lationships betwee n  them , The most 
basic parameter is t he gra in-size distr ibution wi th in  the soi l (texture) .  Th is  parameter is of most i nterest 
in regiona l i nvestigat ions i nc luding most aspects of l and use p l anning . With in the three systems of c lassi ­
ficat ion ,  t he a rb itrary boundary I ines between respective texture I c lasses are somewhat independent 
(Appendix C ) .  Subc lasses are establ ished with in  the Un i fied and AASHO Scales pr imar i ly on the basi s of 
t he Atterburg l imi ts , These i nc lude the l iqu id l imi t  (water content needed to impart l iquid behavior to 
the soi I)  a nd plastic I im i t  (water content needed to impart p la stic behav ior to the soi I ) . Study of the two 
systems (Appendices A and B) shows that arbitrary boundaries between subc lasses i n  the two un i ts di ffer . 
Atterburg l im its are of s ignificance primari ly to the engi neeri ng aspects of i ndividua l projects . 

C l ay and si l ty c l ay 

T he c lays and si lty c l ays of western L inn County occur a lmost exc l usive ly i n  the dra i nageways and 
depressions of sma l ler streams . The few mi nor exceptions w here these deposits occur on a l l uv ia l  terraces 
or in gent le i nterfl uves of the W i l l amette Va l ley i nvolve low-energy environments of loca l  pond ing . 
C l ays and si lty c lays comprise approximately 1 5  percent of t he surface soi l s  i n  the va l ley a reas of western 
L inn County and are among the youngest soi l  groups.  

T he c lay deposits are dark gray , b l uish-gray , to dark brown and are commonly mott led ye l low or 
b lu i sh-gray , reflect i ng reducing to a lternati ng reduc i ng and oxidizi ng cond it ions . As shown in Tab le 3 ,  
Appendix A ,  and Appendix B ,  these soi l s  are genera l ly not su itab le for bu i l di ng sites ,  waste disposa l ,  
septic tanks , or genera l construct ion owi ng to h igh flood potentia l ,  h igh ground water , poor foundation 
properties ,  and hi gh c l ay content . T he i r  use i s  l im ited primari ly to agricu l ture . 

C l ay loam and si lty c l ay loam 

These soi l types occur primar i ly as flat to undulating bottom lands of major dra i nageways, as l i near 
exposures on terraces between drai nageways such as t he lower terrace deposit (Qt l )  between Lebanon 
and A lba ny ,  and as residual mant le over Little Butte tuffs in the uplands . T he soi l  i s  reddish-brown in the 
we l l -drai ned up lands and ye l lowish-brown  to brown in the low lands , Mott l ing is  genera l ly absent ,  i nd i­
cati ng constancy of oxid i zi ng cond it ions . 

Between A lbany and Lebanon ,  dra i nage of much  of the c lay loam and s i l ty c lay loam is poor . Over 
a period of years the physica l properties of th i s  soi l  have changed where agri cu ltura l  practi ces have pro­
moted the use of I ime to improve its qua I ity . Further ,  t he use of agricu ltura l dra i n  t i l e  has changed the 
near-surface re lationsh ip between the water table and the soi l ;  water tables are lower i n  t i led areas . 

Loam and si l ty loam 

Loam and si lty loam make up 45 percent of a l l  t he soi l types in the val ley area and comprise the 
largest so i l  unit . T hey are derived primari ly from the Wi l lamette S i lts a nd form a dark-brown to gray 
terrace mantle between drai nageways . T he topography is  genera l ly flat to s l i ght ly depressed and surface 
drai nage poor . Owing to the recency of deposit ion of the parent W i l lamette S i l t s ,  t he soi l  is young; sur­
fic ia l  loams i nd icated on the map are under la in  by a c lay-rich horizon a few feet beneath the surface . 

P hysica l propert ies of loam and si lty loam are summarized i n  Table 3 and under the appropriate head­
ings in Appendices A and B .  Loam a nd s i lty loam form a fa ir  subgrade and are subject to h igh water tab le  
and pond ing . Potenti a l  for waste disposa l sites is l im ited .  Septic tanks common ly fa i l  owing to the poor 
drai nage and the shal low c lay-r ich horizons . Soi l treatment and i nsta l lat ion of dra i nage ti les are acceptab le 
e ng ineering so l utions in a reas of appropriate topography . 

Sand and sandy loam 

Sand and sandy loam soi ls  form discont inuous deposits a long the undu lat ing a l l uv ia l  deposits of the 
major streams i nc l ud ing the Wi l l amette , Ca lapooia ,  Sant iam, North Santiam , and South Santiam R ivers . 
T he soi l s  a re dark i n  co lor and commonly are i nterbedded w ith beds of grave l .  
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Physica l propert ies of t he sand and sandy looms are summarized i n  Table 3 and under the appropriate 
headi ngs i n  Appendices A and B. Foundation strengt h is genera l ly good and permeab i l ity is voriable . I n  
areas o f  re lat ive ly rapid i nfi l tration, ground water i s  t hreatened , and sept ic  tanks, sewage lagoons and 
sanitary landfi l i s are genera l ly not feasib le or should be a l lowed only with appropriate restrict ions based 
upon adequate on-site i nvest igations . Ground-water contami nat ion t hrough unwise land use shou ld be 
avoided (see Natura l Resources: Ground Water) . Assoc iated hazards such as flood ing shou ld  be considered 
in a l l  eva l uations . 

Grave l ly loam 

The grave l ly loam soi l s  occur as recent a l l uvia l deposits ,  as d i scont i nuous lenses in t he lower terrace 
unit  (Qt l )  between Lebanon and A l bany ,  and as th in  stony residuum surrounding i so lated buttes and f lank i ng 
the footh i l l s .  Eng i neeri ng propert ies are summarized i n  Table 3 and under the appropr iate headi ngs in 
Appendices A and B .  

A l l uvia l grave l ly looms form good foundations , but are of restricted use owi ng to the re l at ive ly 
high flood potentia l .  Use for waste d i sposa l i s  l im ited a l so because of flood potent i a l  a nd genera l ly high 
permeabi l it ies . Grave l ly looms i n  t he lower terrace (Qt l )  between Lebanon and A lbany are we l l -su ited 
to deve lopment , but are a l so l im i ted in t he i r  waste disposa l capaci t ie s .  Loca l ly ,  however ,  high si l t  a nd 
c lay contents of the matrix produce re lative ly low permeabi l it ies . Future potential  for sand and gravel 
production shou ld be considered and land use p lanni ng shou ld i nc l ude reservation of high qua l ity grave l s  
i n  t he grave l ly loam (see Natura l Resources: Sand and grave l )  t o  meet future construction needs . 

Stony looms surrounding i so lated buttes i n  the easter n Wi l lamette Va l ley and situated a long the 
val ley periphery are genera l ly very thin and reflect the characterist ics of t he under lyi ng bedrock . Founda­
t ion strengths are genera l ly high , but permeabi l ity and waste d isposa l potentia l  are very low .  The eng i­
neering properties o f  residua l stony l ooms shou ld be  eva l uated large ly on t he  basis  o f  t he underly i ng bed­
rock . 
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G E O L O G I C  H A Z A R D S 

G e n e r a l  D i s c u s s i o n  

T he geo logic hazards of western L inn County inc l ude a l l  the active natura l processes wh ich tend 
to modify the landscape i n  a geologic sense and which  pose problems of stabi l i ty or safety from the stand­
poi nt of deve lopment , I n  t he low slopi ng areas of t he W i l lamette Va l l ey and its tr ibutaries, t he geo logic 
hazards are chiefly floodi ng ,  stream-bank erosion, high water tab le ,  and pond ing (Table 4) . Hazards i n  
t he foothi l l s areas are mass movement and flash flood i ng (Tab le 5) . Vo lcanic activity and earthquake 
pote nt ia l are minima l ,  but require consi deration under specia l  condit ions. Engi neeri ng condit ions of t he 
ground a l so consti tute geologic hazards i f  improper ly handled; these are discussed under E ngi neer ing 
Geology . 

Locat ions of hazards i ndi cated on the geo logic maps shou ld be regarded as approximate , and i nter­
pretat ions presented in the text should be regarded as genera l . Th i s  is a reconnai ssance study i ntended 
for use as a p lann ing too l and for pi npo int i ng sub jects of concern for more loca l stud ies . I nd ividua l on­
site investigations are required to determi ne the presence or absence of hazards on speci fi c  parce ls of land . 

S l o p e  

T he slope of t he land represents nature ' s  ba lanced response to the i nteract ion of rock type , weath­
ering, mass movement ,  and erosion at  a part icu lar site . A considerat ion of  s lope (see Tab le 6 )  is very 
important in the p lann ing process because many geologic  hazards are di rect ly or i nd i rectly re lated to 
s lope . F ive c lasses of s lope are depicted on t he hazards map and are d i scussed be low . 

C lass 1 s lopes (0- 1 0 percent) 

C l ass 1 s lopes are w idespread throughout the Wi l l amette Va l ley and l arger f lood p la ins lead i ng i nto 
the foothi l ls of t he Western Cascades . C lass 1 s lopes are a l so deve loped on o lder terraces and on f lat 
r idge crests over lyi ng Co lumbia River Basa l t  in the north-cent ral  part of the County . 

Natural  processes domi nant on C lass 1 s lopes inc l ude chemica l  weatheri ng ,  flood ing ,  pondi ng of 
ra i nwater , and high water tab le . With the except ion of chem ica l  weatheri ng ,  these are discussed in  
deta i l  under the appropriate headi ngs in the Geologic Hazards section of t h is bu l let i n .  C hem ica l weath­
ering produces a c lay-ri ch  soi l  hor izon at sha l low depth (see Engineering Geology: Wi l lamette Si lts) . 

I n  areas where f looding and re lated hazards are not a factor, C lass 1 s lopes are genera l ly we l l ­
suited to most forms of deve lopment . Such areas i nc l ude many of the buttes , ridge crests ,  and b road 
s lopes under la in  by Co lumbia River Basa lt in t he northern part of the County . A l so i nc l uded are large 
parts of t he various terraces with the exception of gentle depressions where pond ing is a factor . 

I n  t he W i l lamette Val l ey and other areas of very low slope , s ignificant dra i nage problems can 
arise at large sca le  deve lopment sites . Where subdiv isions ,  park i ng lots , and s imi lar pro jects with exten­
sive impervious surfaces are antic ipated, adequate provis ions for great ly  i ncreased runoff shou ld be requ i red . 
Much of t he flooding diffi cu l t ies experienced in urban areas not sub ject to stream overflow can be traced 
to i nadequate hand l i ng of runoff . 

C l ass 2 s lopes ( >1 0-25 percent) 

C lass 2 s lopes c haracterize parts of  t he o lder terraces, much of the Col umbia River Basa lt terrain 
i n  northern L inn County , and scattered patches of the L it t le  B utte Formation . Natura l  processes act ing 
upon the s lopes i nc l ude variable chemical weatheri ng , e rosion in unprotected areas , and mass movement 
(see Geologic Hazards: Mass Moveme nt Topography) . C lass 2 s lopes are genera l ly we l l  drai ned except 
for loca l i zed patches of lower s lope too sma l l  to be shown on t he hazards map . 
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H azard 

1 %  f lood 
Standard 
proj ect 
f lood 

Estimated 
f lood area 

Stream -bank 
eros ion 

Revetment 

H igh water 
tab le  

Pond ing of 
ra inwater 

Adverse soi I 
condi tions; 
see Tab le 3 

E NV I RO NM E NTAL G EO L O G Y  OF WEST ER N L I N N  C OU N TY 

Tab le 4 .  Summary of low land hazards 

Characteri stics Impac t 
Determ ined by U . S .  Army Damages resu I ting 
Corps of Engineers on basis from standi ng wa ter , 
of probabi l istic ana lysis of current action and 
rainfa l l  data , bas in  ana ly- I si l tation 
ses , and fie ld survey inc lud-
i ng assessm ents of loca l 
topography and struc tures 

Crude projections of 1 %  
f lood and S T P  f loods based 
pr imari ly on topography 

Loca tion on outer bend of Tota l destruction 
curves , deep water near shore,  of  structures and 
grow ing bar on opposi te bank,  loss of land 
h i story of undercutt ing inferred through under-
from o lder maps and aer ia l  cutting and 
photos; a I so i nferred on basis erosion 
of stream p I  an and know ledge 
of dynam ics of stream mean-
dering 

May direct erosion 
Man-made erosion protective to points farther 
devices downstream 

Ground water at or near Contami nation from 
ground surface, especia l ly septic tanks and 
during wet season; posit ion landfi l i s; damage 
during dry season h igh ly  to basements, 
m i s leading underground tanks, 

and sw imming poo ls 

Low regiona l s lopes and gent le  Loca l ized f loodi ng; 
loca l i zed depressions in areas a l so po l luted runoff 
of low permeabi l i ty (c lay and i n  areas of landfi l is 
c lay loam) ;  depressions par- and  sept ic tanks 
t icu lar ly evident in aeria l  
photographs 
C lay-rich soi l s  and compres- Septic tank and 
s ib le  soi l s  h igh in organic l each f ie ld fa i l ure

. 

matter 

I 

I 

I 
j 

Preventive , remedia l ,  
and p lanni ng measures 

Di scourage future incompat ib le use 
of f lood p lains through appropriate 
zon ing ord inances and pub l ic  infor-
motion and education programs , 
possib ly  i nc l uding the placing of 
warni ng si gns; implementation of 
the Fed era I f lood-p la in  insurance 
program; f loodproofing of present 
structures; construc tion of levees 
and di kes in cr i tica l areas; c lose 
coordi nation of f lood forecasting , 
f lood figh t ing , and evacuation 
serv ices 
Di scourage future construction i n  
areas subjec t  to stream -bank 
erosion through appropriate zon-
ing ord inances or other restr ictions; 
construction of stream -bank pro-
tective structures such as revetments 
i n  cr it ica l areas of active eros ion 
or where present structures or farm -
land are threatened ( large-sca le  
correct ion of entire channe l s  i s  not 
feasib le) 
Proper engineer ing and p lanning 
prior to construc tion; rea l i zation 
that meander i ng often f lanks 
revetment structures 
In areas of h igh water tab le ,  
restric t i ncom patib le  deve lop-
ments through appropr iate zoni ng 
ord inances and bui ld ing regu lations 
or requ ire adequate engi neer ing 
and construct ion , such as the 
i nsta ! lo tion of drai nage ti le 
Restric tions on construction; require 
proper ly engi neered terra i n  mod-
ificat ions such as the p lac ing of 
fi l l ;  on-s i te i nvestigat ions required 
to determ ine the potenti a l  for pond-
i ng in  specific areas 
On-site so i l  i nvestigations for 
septic tanks ,  leach fi e lds ,  and 
large construction projects 
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C lass 2 s lopes under la i n  by  basa lt ic  bedrock are we l l  su ited to  most forms of  deve lopme nt . T he 
Powe l l  H i l ls area immediate ly northwest of Brownsvi l le (Figure 33) and i so lated sma l l  va l ley areas i n  the 
i nterior ( F igure 34) are inc luded in t h is category . T he e levated s lop ing nature of t he ground surface 
genera l ly insures agai nst flood ing and other low land hazards . 

Hazards i n  C l ass 2 s lope terrai n general ly i nvol ve regions underl ai n by tuffaceous bedrock or regions 
of steeper s lope in the C lass 2 category (> 15  percent ) .  Where weathering has proceeded to depth i n  non­
basa l t ic  bedrock , c lay-r ich soi l s  are produced . Cuts in this material  may lead to fa i l ure over large areas 
(Figure 35) .  Associated hazards  may i nc lude low foundat ion strengt h ,  poor dra i nage , and low permeabi l ity . 
To determi ne the suitabi l ity of C l ass 2 s lopes to a part icu lar form of deve lopment requi res on-site evaluation .  
To  a large extent, t he nature o f  t he p l anned deve lopment determines t he t horoughness of t he eva l uation . 

An additiona l  hazard i n  C lass 2 s lope terra in  i s  the threat of erosion or gu l lyi ng i n  areas str ipped of 
vegetat ion .  Gene ra l ly the threat is  not great , but to avoid i n itiati ng erosion in areas of steeper s lope , 
care shou ld be exercised i n  any loggi ng, large sca le  deve lopment , or landscapi ng .  

H azard 

Mass 
movement 
topography 

Steep s lope 
fa i lure 

F lash 
f loodi ng 

Tab le  5. Summary of up land hazards 

Charac teri sties 

I rregu lar to hum­
moc ky terrai n ,  mod­
erate s lopes (C lass 2 
and 3),  i rregu lar 
drainage, sag ponds, 
cracked ground, 
bowed trees 

I nc lude rapid run­
off, rocks l ides, 
roc kfa l ls ,  debr is 
s l ides , mudflows, 
and earth flow on 
C lass 4 and 5 
s lopes 

Sma l l  to medium­
sized stream 
channe I s ,  moderate 
to steep gradients 
and side s lopes , no 
f lood p la i n ,  coarse 
stream-bed deposits ,  
th i n  soi l s ,  impervious 
bedroc k 

Potentia l 
impact 

S tructura l damage 
through future 
movement or un­
even sett l i ng ,  
cav ing i n  exca­
vations , poor 
dra inage 

Rapid eros ion , 
structura l dam­
age, road fa i lure 

Tota l destruc tion 
of structures; 
road washouts 

Preventive , remedia l ,  
and plann ing measures 

Require on-s i te i nvestiga tion and/or 
deta i led engi neeri ng i nvestigations 
prior to deve lopment; s tr ict  adherence 
to grading codes; l im i tations on exca­
vations, dra i nage a l terations ,  remova l 
of vegetation and septic tanks or dra i n  
fie lds 

Requi re on-s i te investigation and/ or 
deta i led engi neeri ng i nvestigations pr ior 
to deve lopment; str ict  adherence to 
grading codes; preservation of natura l 
vegetation where poss ib le  

Proh ib it  construc tion a t  or  near stream 
leve l in flash -f lood channels; assure 
adequate engineer ing of a l l  road and 
path crossings 
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Figure 33.  The Pow e l l  H i l ls immediately northwest of Brownsv i l l e  are gently sloping 
and well suited to many forms of development . 

Figure 34. Gently sloping terrain on basa ltic bedrock in the uplands area is stable 
(5 m i les south of Brownsv i l l e ) .  
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C lass 3 s lopes ( > 25-50 percent) 

C lass 3 s lopes are restricted to the up lands and are deve loped on the Litt le Butte Formation ,  the 
Sard ine Format ion,  t he Col umbia R iver Basa l t ,  and t he Cascades Formation . Natura l processes inc l ude 
chemical  weatheri ng , erosion , and mass movement (see Geologic Hazards: Mass Movement Topography) . 
The re lative sign ificance of chem ica l  weather i ng and erosion varies with topographic sett ing and rock 
type . Tuffs of t he Litt le Butte weather quick ly to form th ick c l ay soi l s ,  whereas vo lcanic flow rock 
weathers very s low ly to produce th in  soi l s  ( F igure 36) t hreatened by rapid runoff . 

Overload ing and oversteepening s lopes can i nit iate l andsl i des i n  previously stable C l ass 3 s lope 
terra in  (F igures 37 and 38) . Deep roadcuts and other excavat ions are part icu lar ly  susceptib le  to fa i l ure 
i n  deep ly weathered tuffs of the Litt le Butte Formation.  Sept ic tank effl uent may emerge at t he surface 
on h i l l s ides if units are improperly placed w ith  regard to terra i n  and soi l permeabi l i ty . Stripping of 
natura l vegetation can lead to severe gul ly i ng (see Geo logic  Hazards : F lash F loodi ng) . 

Under extreme conditions of ra i nfa l l  or of freezing and thawing , steep C lass 3 s lopes assumed to be 
stab le can fa i l ,  producing rapid,  deep, catastrophic l ands l ides . An examp le i s  t he Canyonvi l le s l ide of 
1 974 which c l a imed ni ne l ives in  Doug las  County . When  s l ides occur, repair  and mai ntenance operat ions 
should not be i ni tiated unti l the storm passes and unt i l  a qua l i fied engi neer ing geologist or so i l s  eng ineer 
out l ines protect ive measures and pronounces the a rea safe . 

C lass 3 terra i n  is su ited to open-space use , proper ly engi neered road construction ,  and low-density 
residentia l  deve lopment  in p laces . On-site eva l uation shou ld be required for a l l  large deve lopments . 
A l t hough proper engi neeri ng may offer so lutions to most potent ia l  prob lems of stabi l i ty ,  permeabi l ity , 
runoff ,  and gu l lyi ng ,  cost may be prohibi t ive . 

C l ass 4 s lopes (>50-75 percent) 

C l ass 4 s lopes are deve loped on exposures of unweathered resistant bedrock and are most common 
a long escarpments assigned to the Sard i ne Format ion, in canyons carved into t he Cascades Formation, 
and a long headscarps where Co lumbia River Basa l t  over l ies softer bedrock of the Litt le Butte Formation . 
Rapid runoff, erosion (see Geo logic  Hazards: F l ash F lood ing) , rocks l ide and rockfa l l  (see Geologic  
Hazards: Fai l ures on Steep S lopes) are t he most common degradationa l processe s .  

C l ass 4 s lope s are subject to sha l l ow fa i l ures i n  areas of undercutt ing and to severe gu l lyi ng i n  
regions stripped o f  vegetation (see Geologi c Hazards: F l ash F loodi ng) . Septic  tank effluent wi l l  surface 
downslope and septic  tanks are not recommended . Improper ly engineered road fi l i s commonly fai I .  Under 
extreme weather condi t ions deep catastrophic s l ides or muds l ides may occur (see C lass 3 s lopes) . 

Losses t hrough natural hazards on C lass 4 slopes can be min imized through restri ctive zoning , pre­
l im i nary detai led on-s i te invest igat ion , proper gradi ng practices (e . g . , those set forth i n  the Un i form 
Bui ld ing Code) , and proper engineer i ng of a l l  deve lopments . 

C l ass 5 s lopes (>75 percent)  

C l ass 5 s lopes are developed on exposures of unweathered , resi stant bedrock, and their  distribution 
i s  s imi lar to that of C lass .4 s lopes . Major hazards inc lude gul lying, flash flooding (see Geologic Hazards: 
F lash F looding),  rockfa l l ,  and mudsl ides (see Geolog ic  Hazards: Fai lure on Steep S lopes) . 

C l ass 5 s lopes are i 1 1 -suited to most forms of deve lopment . Road fi l i s common ly fai I and most roads 
are notched into the bedrock . Rapid runoff can easi ly lead to road washouts . 
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Figure 35. Roodcuts in gently sloping weathered cloy soils of the Little Butte For­
motion ore prone to failure in places (Brush Creek Rood south of Crawfordsv i l le).  

Figure 36. Thin soi I s  characterize Closs 3 slopes underlain by basaltic bedrock 
(Horse Mountain area south of Brownsvi l ie ) .  
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Tab le  6 .  Summary of slope hazards 

S lope Natura I processes Potentia l  disastrous impact 

Chem ica l wea thering; Poor drai nage; ponding and h igh 
1 no s lope-i n i tia ted water tab le  can cause flood ing ,  

(0- 1  0%) hazards; other hazards septic tank fa i lure , basement 
inc l ude floodi ng,  cracking, floati ng of under-
pond ing ,  h igh water ground storage tanks and water 
tab l e ,  and c lay tab le  pol l u tion from waste d is-
soi I s  posa l leachate; i ncreased run-

off i n  f lat urbanized areas can 
cause f looding 

Modera te chem ica l I n i tiation of s l i des through 
2 weather ing and s l igh t over loading and oversteepen-

( >1 0-25%) erosion under natura l i ng of s l opes (especia l ly in  
condi tions; some mass areas of mass movement topog-
wasting on steeper raphy); gu l lying i n  areas 
s lopes stri pped of natura l  vegeta tive 

cover; struc tura l damage in 
areas of low foundation sta-
bi l i ty (see Lands l ides) 

Chem ica l weathering I n i tiation of s l ides through over-
3 and erosion; a lso mass loading and oversteepening of 

(>25-50%) wasti ng i nc l ud ing s lopes (see Mass movemenf 
earthf low ,  mudflow ,  topography); gu l lying on  unpro-
and creep; gu l lying tected s lopes; caving of exca-
i n  areas stri pped of vations; emergence of septic 
natura l vegetation tank eff luent, etc . on h i  I I  sides; 

road fa i l ure; structura l damage 
in places 

Erosion, rapid runoff, I n i tiation of s l ides through 
4 sha l low s l ides , and over loading and oversteepen-

(> 50-75%) deep s l i des in bedrock i ng of s lopes; pronounced gu l ly-
under extreme condi- i ng i n  areas unprotec ted by 
tions vegetation; road washouts i n  

areas o f  f lash f loods and 
im proper engineering; emer-
gence of septic tank eff luent 
on h i l lsi des; fa i lure of improp-
er ly placed fi I I  

Rapid runoff and era- I n i tia tion of s l ides through 
5 si an; rockfa l l ,  rock undercutting or indiscr imi nant 

(>75%) s l ide and mudflows b last ing; extreme gu l lying i n  
unprotec ted areas; road wash-
outs in areas of f lash f loods and 
im proper engineering; emer-
gence of septic tank eff luent; 
fa i lure of improper ly p laced fi I I  

Remedia I ,  preventive , 
and planni ng measures 
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Promote deve lopments compati b le  
w i th geologic condi tions through 
proper zoni ng ord i nances; requ ire 
deta i l ed geo logic and engi neer-
i ng studies for deve lopments i n  
areas o f  potentia I prob lems; 
requ ire adequa te sol u tions to 
an tic ipa ted hazards (i . e . ,  fi l l ,  
l evees, proper dra inage fac i l i ti es) 
Promote deve lopments compatib le 
w i th geo log ic condi tions through 
proper zon i ng ordi nances; requ ire 
deta i l ed geologic and engi neer-
i ng studies for large developments; 
str ict adherence to grad i ng regu-
lations i n  the Un i form Bui I d ing 
Code 

Promote deve lopments compat ib le 
w i th geo logic  condi tions through 
proper zon i ng ordi nances; requ ire 
deta i led geologic and engi neeri ng 
studies for large deve lopments; 
advise a l l  deve lopers of potentia l 
hazards; str ict adherence to grad-
ing regu l ations in the Un i form 
Bu i ld ing Code 
Lim it deve lopmen t th rough ode-
quote zoni ng ordi nances; stri c t  
adherence to the grading regu Ia-
tions in the Uniform Bui ld ing Code; 
engineering investigations for a I I  
deve lopment; adequate ly sized 
road cu I verts a t  stream crossi ngs 

Restr ictive zon ing ordi nances; 
require appropriate engineering 
studies for a l l  types of deve lop-
ment; str ict adherence to the 
grad ing code; preserve natura I 
vegetation to greatest extent 
possib le; adequate ly sized 
c u I  verts 
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Figure 37. Small sl ides are common along 
roads cut into Closs 3 slopes . 

Figure 38. Scar of a recent lands lide con­
trolled by jointing in partly weathered 
tuffs of Little Butte Formation. 



G E O L OG IC H AZAR DS - F LOOD I N G  47 

F l o o d i n g 

Definit ions 

The inundation of a region by flowing water der ived from a stream or a river is a f lood . Agencies 
i nvo lved in  r i gorous flood de l i neation studies i nc l ude the U ,  S. Army Corps of Eng ineers, the U . S ,  
Geologica l Survey , and the Oregon State Water Resources Board . Pub l ished reports of these agencies 
(see B ib l iography) were used in the construction of the maps . 

The I ntermediate Regiona l F lood (a lso referred to as the 1 00-year flood ) is t he flood having a 1 per­
cent probabi l ity of happening in any given year . The Standard Project F lood is  the flood that wou ld 
occur under the most severe hydro logic  and meteoro logic conditions that reasonably can be expected . The 
Standard Project F lood is larger than  the Intermediate Regiona l F lood and represents the reasonable upper 
l imi t  of f looding . 

I n  areas for wh ich  no i nformation was ava i labl e ,  a t h ird flood designat ion,  Est imated F lood Area , 
was interpreted on the basis of topography , geo logic units, scattered aer ia l  photographic  coverage , and 
extrapo lat ion from known floods . Additiona l  studies shou ld  be conducted to assess f lood potenti a l  more 
accurate ly in areas of estimated f lood ing .  Such studies i nc l ude a consideration of soundi ng data ,  photo­
grammetric interpretat ions , flow data , stream gradient, and channe l roughness ( Ba i ley and Ray, 1 966) . 

Causes 

F looding in western L inn County is a resu lt  of h igh runoff from the upper W i l l amette Bas in or from 
Linn County watersheds brought about by intense cyc lon ic  rain storms, rapid snow me l t ,  or both . A l so 
contribut i ng to flooding are low i nfi l tration rates resu l t ing from rock type , saturated so i l ,  or frozen ground , 
Loca l ly ,  improper watershed management or land use practices can aggravate flood ing .  An addit iona l 
factor contr ibuting to flooding in t he W i l lamette Va l ley is t he extremely low gradient of the streams t here 
as compared to typica l  gradients in t he footh i l l s a nd mountain watersheds . 

Distribution 

A l l  rivers and major streams of low land western Li nn County undergo signi fi cant f loodi ng . These 
i nc l ude the Wi l lamette ( F igure 39) ,  Santiam ,  North Santi am , South Santiam (Figure 40), and Ca l apooia 
(Figure 4 1 ) R ivers and Thomas, Crabtree , Beaver, Oak ,  Muddy, and Lake Creeks . Discharge data of the 
major streams is summarized i n  Tab le  7 .  F loodi ng of the up land streams i s  d iscussed under " F l ash F lood ing "  
(see Geo logic  Hazards: F lash F looding) .  

Owing to the moderate c l imate , f looding i s  a wi nter occurrence restricted to the per iod from October 
through Apri l .  December and January are the most crit ica l  mont hs. Several floods can occur i n  any given 
year . 

Impact 

Past f loodi ng in Li nn County has caused damage resu l t ing in hundreds of thousands of do l l ars in  
losses annua l ly and tota l  losses amounting to m i l l ions of do l lars . F looding destroys structures through 
current action, s i ltat ion,  and water damage (F igure 42) . It i n fl icts losses on agricu lture by scour ing top­
soi l ,  removing acreage through meanderi ngs (see Geo logic Hazards: Stream-bank Erosion),  s i l t ing crop land 
(Figure 43), and k i l l i ng l ivestock . It threatens c i tizens by iso lat i ng dwe l l i ngs,  damaging property , dis­
rupting transportation (Figures 44 and 45 ) ,  and po l lut i ng or disrupt ing water supp l ies . F loodi ng consti tutes 
the greatest geo log ic  hazard in western Linn County .  
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Figure 39. Aerial view 2 m i les west of A lbany showing the distribution of the 
1 964 flood. 

Figure 40. Flooding of central Lebanon during the flood of December 1964. 



GEOLOGIC HAZARDS - F LOODING 

Figure 41 . Flooding of the Colopooio flood plain 3 mi les northwest of Sadd le Butte 
in the Wi l lomette Volley during the flood of December 1 964 (dimensions of 
area approximately 1 m i le by 1 �  m i les). 

Figure 42. Standing flood waters con cause considero ble damage to homes 
and their contents (east of H ighway 99E at Oak Creek, half  o mi le  
south of  Albany). 
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Figure 43. Sti l l  water in the floodway fringe can cause considerable crop 
damage through siltation (looking northwest of Riverside Drive, 2� m i les 
southwest of Albany) . 

Figure 44. F lood waters of January 1 974 immediately east of H ighway 99E 
at Oak Creek, half a mi le south of Albany. 
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P la nning measures 

Federa l dam construction has considerab ly reduced discharge of the Wi l lamette R iver i n  the past few 
decades .  Projects i nc l ude the Cottage Grove ( 1 942) ,  Dorena ( 1 949), Lookout Point ( 1 953),  H i l l s Creek 
( 1 96 1 ) , Cougar ( 1 963) ,  and Sm ith River ( 1 963) Reservoirs in the headwaters of the W i l lamette R iver . T he 
flood of December 24, 1 964 discharged 1 86 , 000 cfs at A lbany , considerab ly less than the 226 , 000 cfs 
figure (Table 7) for the flood of 1 88 1 . T he South Santiam River and other rivers unregu lated by dams in  
1 964 registered the i r  greatest floods i n  1 964 . Discharge of the North Santiam River at N iagara on December 
26, 1 964 was 1 9 , 300 cfs as compared to 63 , 200 cfs (Tab le 7)  duri ng the flood of 1 909 .  Regu lation by the 
Detroit Dam (comp leted 1 953) significantly reduced floodi ng .  In the South Santiam drainage Green Peter 
and Foster Dams were put into operation i n  1 967 . 

Tab le  7 .  Di scharge o f  ma jor streams 

Observation Average Maximum Min im um 
River period discharge discha rge discharge 

iWi I I  amette 1 894- 1 965 1 4, 490 226 , 000 1 , 840 
(at A l bany ) (Jan . 1 4, 1 88 1 ) ( Sept . 1 , 1 940) 

W i l lamette 1 944- 1 965 1 2 , 730 2 1 0, 000 1 ,  990 
(at Harri sburg) ( Dec . 29 ,  1 945 ) (Oct . 30, 1 944) 

Santi am 1 905- 1 9 1 6  7 , 840 1 97 , 000 260 
(at Jefferson) 1 939- 1 965 (Dec . 22, 1 964) (Aug , Sept , 1 940) 

South Santiam 1 905- 1 91 1 2 ,9 1 0 95 , 200 96 
(at Waterloo) 1 923- 1 965 (Dec . 22, 1 964) (Sept . 1 , 1 940) 

South Santiam 1 935- 1 965 826 27 ,600 23 
(Cascadia)  (Dec . 22, 1 964) (Dec . 1 ,  1 936) 

North Santiam 1 908- 1 920 2 , 339 63 , 200 430 
(Niagara)  1 938- 1 965 (Nov . 22 ,  1 909) (Sept . 23 ,  1 9 1 5 )  

Ca lapooia 1 940- 1 965 929 32,700 4 
(Al bany) ( Dec .22 ,  1 955 ) (Oct . 7, 1 952) 

Ca lapooia 1 935- 1 965 450 1 2, 600 1 3  
( Ho l ley) (Dec . 22, 1 964) (Sept . 8 , 1 940) 

T homas C reek 1 962- 1 965 1 6 ,700 1 4  
(Scio) (Dec . 22, 1 964) (Sept . 24, 1 965) 

Crabtree Creek 1 963- 1 965 8 , 4 1 0 1 5  
(Crabtree ) ( Jan . 28, 1 965 ) (Aug . 4, 1 965) 

Wi ley Creek 1 947- 1 965 227 8 , 370 6 
(Foster)  ( Dec . 22, 1 964) (Nov . 26, 1 952) : 
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Figure 45. F l ood waters of the Colopooio flood plain in January 1 974 (look­
ing east from Ookvi l i e  Rood 3 m i les southwest of Albany). 

Figure 46. Because of local pending, this bridge is essential  in the winter months 
(west of the South Sontiom River near the mouth of Crabtree Creek). 
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On the more loca l l eve l ,  flood damage can be reduced through the use of rea l ist ic zon ing codes, 
subdivision regu lat ions , and bui ld ing codes . F loodway uses shou ld  be rest r icted primari ly to open space 
use such  as agricu l ture , parks , go lf  courses, and park ing faci l it ies . Obstruct ions created by bridge abut­
ments, roads, and l arge structures often impound water lead ing to increased flooding upstream . Regul ations 
in the floodway fringe shou ld i nc lude guide l ines for floor e levations, storage restr ictions, waterproofing, 
and anchori ng of  structures .  Water supp ly faci l ities should be protected from contamination, and sewage 
treatment p lants shou ld be designed to prevent po l l ution during flooding . The Oregon State Water Resources 
Board provides assistance in formu l at i ng deve lopment guide l ines and in implementing the F lood I nsurance 
Act of 1 968 . The U .  S .  Army Corps of Eng i neers is parti cipat ing in an extensive revetment and d ik ing 
program i n  the W i l l amette Va l ley and has the capabi l ities to de l i neate floodway and floodway fri nge areas . 

F lood forecasti ng is performed by the U .  S .  Department of Commerce N ational Weather Serv ice 
R iver Forecast Center i n  Port land, Oregon .  F lood fight i ng ,  such as d ik ing ,  r iprapp ing ,  and sandbagg ing ,  
i s  performed by local personnel supplemented by the U .  S .  Army Corps o f  Eng ineers and coordi nated by 
the State Emergency Operations Cente r .  Evacuations are conducted by loca l personne l and the Nationa l 
Guard . 

After a major flood region is decl ared a d isaster a rea , Federal assistance i s  ava i lab le  i n  the form of 
grants for restori ng pub l ic  faci l i ties , loans to i ndiv idua l s  a nd sma l l  busi nesses, and fundi ng to repair r iver 
and creek channe l s .  Assistance of this type is coord i nated by the Office of Emergency Preparedness, the 
State Emergency Serv ices Divi sion , and loca l  officia l s .  

P o n d i n g a n d  H i g h  G r o u n d  W a t e r  

Defi n it ion and causes 

Pond ing refers to the local  accumu l at ion of rainwater on the surface of the ground or to risi ng 
ground water which actua l ly has surfaced . High ground water refers to near-surface ground water which 
can present a prob l em to l and deve lopment and engineeri ng construction .  Pondi ng and high ground water 
result from springs, perched water conditions , high regiona l water tab le ,  or excessive rainfa l l .  

Recognit ion and distr ibution 

Ponding is  restri cted primar i l y  to loca l ized depressions in areas of low s lope (F igure 46 ) .  Addit iona l 
dist i nguish ing features may inc lude b l ack , organic so i l ,  c l ay soi l s ,  and the abundance of coarse grasses 
and reeds ( Figure 47) .  High water tab le is a genera l wi nter cond ition over much of the W i l lamette Va l ley . 
On-site investigations are needed to assess the capabi l i t ies and l iabi l ities of i ndividua l parce l s  of l and 
and these hazards a re not specifica l ly indicated on t he geo log ic hazards maps . Many areas of the flood­
way fri nge are subject to ponding or high water table when the flood subsides ( Figure 48 ) .  

Impact 

The presence of water at  or near the ground surface has produced adverse so i l  condit ions over large 
areas of the Wi l l amette Va l ley;  a c l ay-r ich zone a short di stance be low the surface in immature soi l s  
greatly restricts the use of septic  tanks . Compressi b le soi l s  in  areas of ponding and marsh growth provide 
i nadequate foundations for la rge structures .  High water content can promote cavi ng in deep excavations . 

Buoyancy assoc iated w ith high ground-water table can crack basements ,  l i ft swimming poo l s  out of 
the ground, and cause underground storage tanks and septic tanks to surface . Septi c tank effluent may be 
forced to the surface where it may po l lute nearby streams .  Grave l pits and other excavations fi l l  wi th 
water dur ing the rainy season; future uses shou ld  be p lanned w ith this in m ind .  

P lanning measures 

I n  areas of low s lope , engineering invest igations for large-sca le construction and deve lopment 
projects should i nc lude an assessment of the ponding or h ig h  water-table hazard . Emphasis shou ld be 
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Figure 47. C lumps of reed grass are indicators of potential winter ponding 
and high water table; in the summer the lake wi I I  disappear (looking 
northwest from Oakvi l ie  Road 2 miles southwest of Albany). 

Figure 48. Area of slack flood water (floodway fringe) that w i l l  be an area 
of ponding when streamflow subsides (2 miles north of Crabtree on Crab­
tree Creek). 
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Figure 49. Disrupted drainage and decreased runoff in areas of urbanization 
can cause pond ing during the winter months (Ranchero Acres 3 miles 
southeast of Albany). 
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F igure 50. Features of a river meander: a .  Plan view showing areas of stream-bank erosion and 
bar depositioni b. Section showing re lative water depths and dominant processes. 



56 E NV I R O NM E N TA L  G EO LO G Y  OF WESTERN L I N N  C OU N TY 

p laced on the h ighest leve l of  occurrence during t he wet  season rather than on t he lower leve ls  represent­
ative of the dry season . 

Adm inistrative regu lat ions of the Department of Environmenta l  Qua l i ty genera l ly requ i re that septic 
tanks be restricted to areas i n  which the water table is  greater than 6 feet below the ground surface . 
Limited exceptions are made on the basis of land use . Soi l treatment , design modifi cations , and control 
of  t he l eve l of t he water tab le  with dra in  t i les provide viable solutions to many sept ic tank prob lems .  

Areas of  crit ica l pond ing are genera l ly u nacceptab le for dense deve lopment . The reduction of  
i nfi l tration aris ing from pavi ng and other aspects of  urbanization i ncrease runoff and lead to  loca l f looding 
(Figure 49) .  Where s lopes are very low , there are few economic so lu tions to the prob lem . 

Areas of very gent le s lope and s low runoff are particu lar ly prone to local  ponding through t he inter­
ference of man .  I nterstate 5 ,  for examp le ,  presents a barrier to  loco I surface-water movemen t .  Duri ng 
the ra i ny season the freeway is l ined with extensive areas of inundat ion . 

Underground storage tanks and swimm ing pools shou ld  be kept fi l led i n  areas of high ground water . 
Adequate safety measures agai nst cavi ng shou ld  be fo l lowed i n  a l l  excavat ions . Rec lamation p lans for 
excavations such as grave l p i ts shou ld consider the potenti a l  for flooding by ground water or runoff .  I n  
areas of agr icu l ture o r  grazing,  catt le and  vehic les shou ld  be kept off saturated ground to prevent com­
paction ,  which is known to i nhibit p lant growth . 

E ng i neer i ng so lutions to pondi ng and h igh  ground water must be keyed to the specific condit ions of 
the area i n  question . For i nstance , regions of apparent ponding i n  l arge depressions or in depressions 
bordered by signifi cant loco I re I ief are common ly areas of ground-water discharge . For these areas, t he 
p lac ing of fi l l  is not a viable so lut ion . 

The impact of pondi ng and high ground-water table i n  western Li nn County is complex i n  nature and 
regiona l i n  extent . Future damage can be reduced through the use of rea l isti c zon ing ord inances and 
bui l di ng codes . Such regu lations shou ld  make a l lowances for workab le  engineering so l ut ions to specific 
prob lems . 

S t r e a m - b a n k  E r o s i o n  

Defi ni t ion and recognit ion 

Stream-bank erosion is  the loss of land by stream action . It occurs through the scouring by flash 
floods in  most of the upland areas (see Geo log ic  Hazards: F lash F looding),  as loca l  soi l  fa l l  (bank cav i ng )  
i n  the upper flood p la ins of  the major streams and a long the large flood p lai ns of the  various streams and 
rivers in t he Wi l lamette Va l ley, where it is  the most critica l .  Meander ing ,  the tendency of some streams 
to assume si nuous courses, is the under ly ing cause of stream-bank erosion in the flood p l ains . 

Meander-generated erosion is characterized by a steep bank on one side of the r iver associated w ith  
a sand or  grave l bar on t he opposite side (Figure 50) .  Areas of cr i t ica l  stream-bank erosion are a lso iden­
tified by studying sequentia l sets of  aeria l  photographs and topographic maps which show changes in  stream 
pattern with time . But to assess properly any particu lar local ity, it is necessary to make on-site i nspections 
and interyiew residents and appropriate government personne l .  

Considerable research in  recent years has revea led t hat the ideal  shape of a meandering channe l is 
t hat of  a series of smooth accentuated $-shaped curves ( Leopo ld and Langbe i n ,  1 966) .  Thus, straight 
stretches and re lat ive ly sharp turns in  streams prone to meandering are signposts of future adjustments 
through bar deposi t ion and bank erosion .  The radius of curvature of an idea l meander bend genera l ly is 
two to three t imes the width of t he stream (Bagno ld ,  1 960; Leopo ld and Wo l man ,  1 960) . 

Causes 

The fundamenta l cause of meandering in streams is not comp lete ly understood . Gorycki ( 1 973) 
demonstrates that the fri ction of movi ng water over a surface generates s inuous currents which,  in  turn, 
are responsib le  for s inuous stream patterns (meanders ) under the proper co ndit ions of gradient and discharge . 
Of more immediate concern to the p lanner than hydrau l i c  fr iction, however , are factors subject to at  
l east part ia l  human contro l such as discharge , bar growth, revetment construction ,  and zon ing pract ices. 
T hese provide loca l re l ief to stream -bank erosion and are discussed under "P l ann ing Measures" be low . 
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Figure 51 . Revetment on the south bank of the South Santiam River, 1� miles 
upstream from the juncture with the North Santiam River ( looking downstream} .  

Figure 52. Active stream-bank erosion a long the South Santiam River; same loca­
tion as Figure 5 1 ,  only looking upstream . Continued meandering of the stream 
has flanked the upstream end of the revetment. 
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Distri but ion 

The re lative threat of stream-bank erosion varies with t he d ischarge of the streams . Large-scale 
channel  changes have occurred a long the W i l l amette ,  South Santiam , and North Sant iam R ivers in recent 
years . The Ca lapooia River and Muddy Creek are characterized by numerous sma l ler scale channel changes . 
Dangers a long Thomas and Crabtree Creeks are min imal  i n  most p l aces but do requ ire consideration i n  p lan­
ning . Sma l ler creeks such as  Oak Creek and Lake C reek show no significant stream-bank erosion or channel 
changes i n  the past few decades . 

W i l l amette R iver:  The meanderi ng course of the W i l lamette River has undergone considerable 
change s i nce the County l ine was estab l i shed a long i t  i n  1 847 . Re lat ive ly recent changes are evident i n  
aer ia l  photographs and topographic maps . At  present , extens ive revetments contro I muc h o f  the course of 
the river . 

Revetments at Harrisburg protect the city from crit i  ca I stream-bank erosion . Three m i les downstream 
on the Benton County side of the river ,  Morgan Is l and separates a revetment from the present river channe l .  
T his channel change i n  con junct ion w i th bar growth o n  t he east bank immediate ly  downstream is causi ng 
stream-bank erosion on the west bank in the west Morgan Is l and area . Farther downstream extensive revet­
men ts guard the concave r iver banks of meanders from erosion . 

West of the Lake C reek School at Irish Bend, the W i l lamette R iver makes a r ight ang le turn against 
the east bank .  The situation is highly unstabl e .  Conti nued undercutti ng at I r ish Bend may cause the 
river to migrate beyond (flank) the south end of the revetment on the Li nn County side of t he r iver .  A l ter­
native ly,  catastrophic truncation of the meander bend wou ld resu l t  i n  acce lerated meandering and stream­
bank erosion immediately downstream beyond the north end of the revetmen t  (see Geologic Hazards Map: 
Ha lsey quadrang le ) .  The time sca le of these events cannot be determi ned . 

At Hoacum Is land, one m i l e  south of Peoria , a sha rp meander bend has been truncated since 1 957 . 
Revetments p laced to stab i l ize t he new c hanne l  d irect i t  ob l iquely a t  the river  bank .  Stream-bank eros ion 
is a threat in this  area . 

West of A l bany extensive riprap has been p l aced a long the outer bends of five successive meanders . 
A l though the meander configurations and revetments are stable , t heir  effect is to transmit erosive potenti a l  
downstream . Thus, t he B i g  Coon Creek area (section 1 0) immediate ly downstream from the Litt le W i l lamette 
revetment has undergone considerab le  scouring since t he revetment was i nsta l led in 1 943 . Stream turbu­
lence is erod i ng the streambank loca l ly above the north end of the revetment as wel l .  

Farther downstream , high-intensity use areas such as t he A l bany r iverfront are protected by revet­
ments , but stream-bank erosion is not genera l ly cr i t ica l . The channe l of t he W i l l amette River i n  th i s  
reach has  undergone no signifi cant changes si nce the County l i ne was estab l i shed . 

South Santiam R iver : Comparison of the 1 957 topographic maps with  1 970 aer ia l  photographs revea ls 
severa l large-scale channel  changes a long t he South Santiam R iver i n  recent years . Meander bends in  the 
vic i nity of Griggs have shown considerable adjustments and now are part ly protected by revetments . The 
channe l present ly exhibits sharp turns and re lative ly  stra ight stretches and future f lanking of the present 
revetments is  a possibi l ity . 

T he channel of the South Santi am R iver immediate ly upstream from the Sanderson Bridge is unstable . 
Major patterns of erosion, deposi tion , and streamflow have occurred in recent years and are cont inuing 
at the present t ime . At l east two revetments are now located for from the r iver . A th ird revetment a long 
the river is i n  danger of being fl anked on its upstream end . N umerous large poi nt bars on either side of 
the ri ver and severa l i s lands in the river i nd icate the potent ia l  for s ignificant channel changes i n  the 
near future .  

Downstream from the Sanderson Bridge channel engineering has produced severa l stra ight stretches 
separated by abrupt turns, one of which approximates 90 degrees.  The revetments have been designed 
to accommodate future channel adj ustments . However,  t he undissipated erosive potent ia l  is now be i ng 
transmitted downstream to create addit ional areas of stream-bank eros ion . 

Down stream from the mouth of Crabtree Creek the course of the South Santiam River is re l atively 
stra ight and is  contro l led local ly by revetments . As the river continues to modify its channel , f lank i ng 
action around the ends of the revetments wi I I  occur ( Figures 5 1  and 52) . The rate of stream m igration can 
be rapid (Figure 53) . I n  p laces revetments have a l ready been iso lated from the river channel by bar growth . 
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Figure 53. Grovel bar deflects str�omflow against the south bonk o f  the South 
Sontiom River; the south bonk was located at the area of the brushy point 
bar (center) a few years ago (some location as Figures 51 and 52). 

Sontiom River and North Sontiom River: Stream-bonk erosion along the North Sontiom River is 
restricted primari ly  to the region downstream from Stayton. West of Kingston, channel changes within 
the post 15 years hove produced a double channel ,  indicative of high erosion potentia l .  Revetments 
protect the stream bonk in some critical areas. A short distance downstream the channel makes a right 
angle turn to the west . Here truncation of the meander bend on the north side of the river or critical 
erosion of the south bonk ore possible. 
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West of Shelburn the Wiseman Island-McKinney Bottom region of the North Sontiom River is under­
going rapid stream-bonk erosio n .  Numerous meanders ore developing i n  a former straight stretch of the 
river. Although most of the area lies within Marion County, Linn County also w i l l  be affected by some 
of the changes. A feY' miles downstream in the Greens Bridge area, a brood curve in the river may undergo 
similar modifications in the future . 

Downstream from the confluence of the North and South Sontiom Rivers, the meanders of the Sontiom 
River are Iorge in accordance with the larger discharge. The position of the County line indicates that 
the meanders hove formed since 1847. The radii of curvature, uniform shape, and sizes of the meanders 
appear to be idea l ,  but future modifications ore a certainty. Revetments protect some areas from stream­
bonk erosion. Farther downstream the river channel is characterized by recently developed straight 
stretches and truncations of meanders. 

Colopooio River: N umerous stream-channel modifications hove occurred on the Colopooio River and 
numerous sites of future stream-bonk erosion are identified on the geologic hazards mop. Consistent with 
the relatively low discharge of the stream, the meanders ore considerably smaller than those on the afore­
mentioned rivers. Accordingly the threats of future stream-bonk erosion ore more localized and more 
economica l l y  treated. 
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Most stream-bank erosion in  recent years has been concentrated i n  the Brownsv i l l e ,  Sadd le Butte , 
Powe l l  Hi l is ,  and Tangent areas . Revetments protect crit ical  areas i n  the Brownsvi l i e  d istr ict . Down­
stream protective measures are min imal  and the stream is  a l lowed to meander unobstructed . This  undoubt­
edly has resu l ted i n  considerab le losses to i ndividual farmers . 

Muddy Creek,  T homas Creek ,  and Crabtree Creek: Muddy Creek is characterized by l arge sweeping 
curves and by smaller local ized meanders . Discharge is not suffi cient to i n it iate true meanders i n  most 
p laces . Loca l l y ,  however, stream-bank erosion is cr i t ica l  and must be considered i n  the p lann ing process . 
T homas and Crabtree Creeks have s l ight ly higher d ischarges and exhibit  considerably more stream-bank 
erosion . Sma l ler creeks, such  as Oak C reek and Lake Creek,  do not meander .  

Impact 

Stream-bank erosion can lead to property loss, the destruction of roads, bu i ld i ngs, and bridge abut­
ments , and financi a l  rui n for the private citize n .  As flood waters flow over sharp meanders, scour i ng can 
destroy farmland; truncat ion of t he meander curve can i solate l arge parce l s  of land . Areas of bar growth 
are common ly the sites of heated property- l i ne disputes . 

P lann ing measures 

Owing to the large number of var iables and uncertai nties i nvo lved , it is  not possib le to de l i neate 
broad areas of probable future meanderi ng in a reconnaissance invest igat ion . lnst�ad, only areas of stream­
bank erosion are i ndi cated . Eng i neering i nvestigations for a l l  pro jects near areas of stream-bank erosion 
shou ld inc lude a considerat ion of the future potent ia l  for catastrophic erosion, meanderi ng ,  and meander 
truncation .  

A s  part o f  suc h  considerations, the interdependence of various stream parameters such as d i scharge, 
load , gradient, ve locity ,  channel roughness, and stream geometry shou ld  be appreciated . A change i n  
any one o f  the parameters wi l l  i ni t iate compensatory changes i n  the others . Thus channel stra ightening 
i ncreases stream gradient, which in turn i ncreases both stream ve locity and stream-bank erosion downstream .  

T he recent comp letion of Green Peter , Foster, and Detro it Dams wi l l  reduce discharges of the North 
and South Santiam R ivers dur i ng flood i ng .  As a resu l t ,  the rivers wi l l  have less energy and stream-bank 
erosion downstream should decrease . 

Reg iona l channel stra ightening genera l ly does not provide a viab le solu tion to meander ing . I nstead ,  
the increased gradient wou ld accelerate stream -bed erosion , which i n  turn wou ld  lower the base level  of 
tributary streams .  Gu l lying of va luab le farm land and undercutting of a l l  r iverside structures cou ld  resu l t  
(Ruhe, 1 97 1  ) .  

The  piecemea l p lac ing af revetments preserves many of the streams' natura l parameters and provides 
a more viable and economic so l ut ion.  In certa i n  areas, however , flood waters occasiona l ly top the revet­
ments on the i r  upstream end . A fa l se sense of security aris ing from scattered revetments i n  an i ncomplete ly  
treated area cou ld prove disastrous .  

I n  areas o f  h igh intensity use and cri tica l concern , revetments can be profitab ly compl imented by 
other forms of channel engi neer ing .  Dredg i ng and bar remova l ,  for examp le ,  can provide renewable  
supp l ies of sand and  grave l whi l e  a lso maintai n ing the r iver channe l . 

The impact of m in ing of bar deposits var ies w i th location according to loca l condi t ions and goa l s .  Two 
examp les i l lustrate th is  poi nt . Immediate ly downstream from M i l l  Creek on the Sou th Santiam R iver north ­
east of A lbany, the r iver is very unstab le . Revetments p laced severa l years ago are now far from the river 
and recently p laced revetments now are i n  the process of being f lanked as the river channe l cont i nues to 
migrate . I n  this  stretch of the river ,  bar removal wou ld function as a stabi l izer and wou ld retard river 
migration . T he rate of flank i ng action wou ld be reduced or ha l ted, and streamflow wou ld  be di rected at 
the revetments . Stream-bank erosion wou ld  be min imized and the overa l l  impact of min ing probab ly wou ld 
be benefic ia l .  

At other locations a long the river where channe l changes have been min ima l i n  recent years, the 
river is  temporar i ly  stab le . Mining of sand or gravel in these areas poss ib ly wou ld resu l t  i n  i ncreased 
stream ve locities or shi fted current positions . The impact poss ib ly wou ld inc l ude increased rates of stream­
bank erosion for short di stances downstream . 
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M a s s  M o v e m e n t 

Defi n i t ions 

Mass movement is  the s low or rapid, natura l or art i fic ia l ly induced movement of rock,  soi l ,  or fi l l  
downs lope i n  response to gravity . In western L inn County, the major geo logic  types of mass movement 
i nc l ude earthflow,  s lump , rocks l ide , rockfa l l ,  and mudflow (see Tab l e  8 ) .  Basica l ly earthflow i nvo lves 
flow movement a long i nnumerable sl ip surfaces above a p lanar basa l s l ip surface , and s l ump i nvo lves 
rotationa l movement of a large block of earth above a curved basa l s l ip p lane . S lumped areas genera l ly 
l ie immediate ly upslope from earthflow areas i n  regions of mass movement topography . Rockfa l l  and 
rocks l ide i nvo lve the movement of rock debris down steep s lopes, and mudflows i nvo lve the rapid move­
ment of mud l i ke s l urries down steep canyons .  

Mudsl ide is  a term defi ned statutora l ly by the  National F lood I nsurance Act  of  1 968 . I t  i s  "a genera l 
a nd temporary movement  down a s lope of a mass of rock , soi l ,  or art i fic ia l  fi l l ,  or a combi nation of these 

Table 8 .  Mass movement termino logy 

Type C haracterist ics D istribution 

Earthf low I rregu lar , subdued terra i n ,  Most common on  
t i l ted trees, cracked ground, C lass 2 and C lass 3 
sag ponds, i rregu l ar dra i nage; s lopes in Litt le Butte 
flow -type movement , p l anar t uffs . 
basa l s l ip  surface . 

S lump H ummocky terra in ,  backti l ted Occupies upslope 
trees, i rregu l ar dra inage , sag parts of earthflow 
ponds, rotational movement areas . 
on curved base I s l ip p lane .  

Rocks I ide Ta lus and rubbly veneer C lass 4 and C lass 5 
moving rapid ly downslope; s lopes genera l ly 
poor ly sorted mant le of under la in  by flow rock . 
unconso l idated debris produced 
by such act ion . 

Rockfa l l  Actua l free fa l l  o f  rock S teep C lass 5 s lopes . 
materia l through the a i r .  

Mud flow Rapid movement of a mud l ike C I ass 4 and C I ass 5 
s l urry down steep canyons; s lopes w i th adequate 
ca l led debris f low if rocks and so i l  cover .  
other debris are abundant i n  
t he mud . 

Mudsl ide A genera l a nd temporary move- May i nc l ude earthflow, 
ment of rock ,  soi l ,  fi I I ,  or com- s l ump, rocksl ide , rock-
binations of t hese downs lope fa l l ,  and mudflow ,  
caused o r  precip i tated b y  the provided necessary con-
accumu l at ion of water on or under d it ions are met (see text) .  
the ground; incorporated in  Nationa l 
F lood I nsurance Act of 1 968 . 
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caused or  precip itated by the accumulat ion of water on or u nder the ground . "  U nder the proper condi tions , 
muds I ide-prone areas are covered under the National F lood Insurance Act . A muds I ide-prone area is an 
area whose s lope , h istory , geo logy , soi l ,  bedrock structure , and c l i mate i ndicate a potentia l for muds l ides . 

I n  this study , C lass 4 and C l ass 5 s lopes and areas of mass movement topography qua l i fy i n  a genera l 
sense as muds l ide-prone areas. More deta i led invest igat ions of these areas would be requ ired , however ,  
for them to be incorporated i n  any flood i nsurance program .  It is  emphasized a l so that c l aims for mass 
movement damage wou ld be honored on ly if sl id ing was rapid,  water induced , and of genera l d istribut ion . 
Some types of earth flow and sl ump wou ld  not be covered under the National F lood I nsurance Act . 

Mass movement topography 

Definit ion and causes: Mass movement topography is terra in  for which  prior mass movement is 
i nferred primar i l y  on the basis of topographic expression . Factors considered inc lude features visible on 
aerial  photographs, contour- l i ne pattern and d istr ibution on topographic quadrang le maps , s lope , rock 
type , and such loca l features as i rregu lar topography , disordered drai nage , sag ponds, ti l ted trees 
(Figure 54) , and scarps (F igure 55 ) .  

Factors contribut ing to mass movement inc l ude cl imate , rock type , s lope , and natura l o r  arti fi c ia l  
changes i n  any of  these . The  moist moderate c l imate of  the study area promotes deep chemica l weather i ng 
wh ich,  in turn,  breaks down the rock, increases pore pressures,  and decreases the shear strength .  Rocks 
which weather to c l ay-r ich soi l s  are the least stab le  and the most prone to fai l ure . The Litt le Butte Form­
ation (To lb) is  part icu lar ly  high in  ash , a component which weathers to c lay .  

Under extreme conditions catastrophic eart hflows, such as the one which recent ly c la imed n ine 
l ives near Canyonvi l le (Doug las County ) ,  can occur . These condi tions i nc l ude heavy rai ns over a pro­
longed period of t ime fo l lowed first by a long freeze and then by a quick thaw w i th more heavy rai ns . 
Correct ive action on deep, rapid s l ides of this sort shou ld  not be undertaken unt i l  after the extreme weather 
condit ions pass and after a qua l i fied so i ls engineer or eng i neering geolog i st pronounces the operation to 
be safe . 

Under less extreme condit ions earthflow and sl ump in areas of mass movement topography vary in  
rate from rapid to impercept ib ly  s low .  Most movements are fai r ly  rapid . Those movements which are 
impercept ib ly s low and whi c h  extend over pro longed periods of t ime do not correspond to the defi n i t ion 
of  muds l ide i n  the National Flood I nsurance Act  of 1 968 and wou ld  not be covered under the program . 
They are , neverthe less, a hazard . 

Distribution: Mass Movement topography is  restricted primari ly  to Litt le  Butte terra i n  and breccias 
of the Cascades Formatio n .  I n  pl aces mass movement undercuts Co lumbia River Basa l t  or i nvo lves th ick 
so i l s developed on that unit . It is restri cted to slopes of greater than 1 5  percent and genera l ly less than 
50 percent (C lass 2 and C lass 3). I t  i s  on these s lopes that weatheri ng and fa i l ure proceed to depths great 
enough for t he resu l ts to be v isible in  a reconnaissance i nvest igation such as this . On  steeper s lopes, 
sha l lower types of mass movement occur (see Fa i l u re on Steep S lopes be low) . 

I n  north centra I l inn Cou nty , massive slope fa i I ures are present on the sides of Hungry Hi I I ,  Rogers 
Mounta in ,  McC u l ly Mounta in ,  and ot her high r idges leading eastward towards Detroit Dam . Character­
ist ica l ly the s l ides are deve loped in  the tuffs of t he Litt le  Butte Format ion and undercut more competent 
strata a long the crests,  form i ng pronounced headscarps . Depth of fa i lure is great be low the larger head­
scarps , and l andsl ide features are we l l -deve loped in  pl aces (F igure 55 ) .  On  the lower fl anks o f  Snow 
Peak, breccias of the Cascades Format ion are undergoing mass movement; on the south s ide of the moun­
tain a long Crabtree C reek ,  rapid downcutt i ng is i ni t iat i ng a series of active s l ides . 

Numerous scattered patches of mass movement topography are mapped i n  the region bounded by 
Lebanon ,  Browns vi l ie ,  and Sweet Home.  S I id ing is restr icted to t hick soi Is and tuffs of the Litt le Butte 
Formation . R idge crests and knobby peaks are under la in  by basa l t ic  i ntrusions or the remnants of i ntra­
canyon flows . The iso lated mounds under la in  by the basa l t  are stable and are probab ly in p lace . Thei r  
s ize ,  h igh  topographic posi t ion, and probab le i ntrusive orig in together with the absence of  l arge-sca le 
act ive undercutting prec l ude a s l ide origi n  for them . The relat ively l arge i ntrusions at Ward Butte and 
Lone P ine Butte are surrounded by deep s lope fa i l u res (F igures 56 and 57).  
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Figure 54. Ti I ted trees and irregular topography indicate active s l iding along the 
Crabtree Creek Road leading to Snow Peak Camp. 

Figure 55. A basalt  scarp overlooking hummocky landslide topography 3 m i les 
northeast of Jordan . 
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Figure 56. Irregular to hummocky topography characterizes the mass movement 
surrounding Ward Butte; note the sag pond . 

Figure 57. Mass movement topography and ti lted trees near Ward and Lone Pine 
Buttes. 



GEOLOGIC HAZARDS - MASS MOVEMENT 

' ->.:  
,. �:, . 'I 

Figure 58. Recent sliding has downdropped a Iorge section of road at  Shot Pouch 
Butte. 

Figure 59. Massive failure in gently sloping clay-rich tuff of the Little Butte 
Formation on Brush Creek Road south of Crawfordsvi l l e .  
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Mass movement topography is  common in  the m idd le and upper reaches of the South Santiam R iver 
east of Sweet Home . Deep fai lures are common where s l ides undercut resistant caprocks as at Marks 
Ridge, Green Peter , and Shot Pouch Butte ( Figure 58) .  Many of the s l ide areas are act ive and a l l  are 
restricted to Litt le Butte terra in . 

The high r idges of t he Ca lapoo ia drainage and po i nts to the south over look large areas of mass 
movement topography . Sma l ler regions of  mass movement are present on the sides of sma l ler r idges and 
h i l l s .  A long Brush Creek Road , numerous s l ides are deve loped in gent ly s loping terrai n a long recent road­
cuts ( F igures 35 and 59) . 

Impact: Damage to structuresmay occur i n  regions of mass movement topography through conti nued 
s l ide movement, uneven sett l ing ,  or a variety of related processes .  Cuts, fi l l s ,  and changes of the ground­
water budget through use of septic  tanks or improper hand l i ng of runoff are common factors in re i ni t iated 
s l ide activ ity . 

Severa l areas of mass movement topography i n  western Linn County are zoned for possib le  residentia l  
or other large-sca le  deve lopment . T hese inc lude some of the s lopes south of Lyons, the north side of 
Rogers Mounta i n ,  the Ward Butte area north of Brownsvi l ie ,  t he s lopes east of Lebanon , t he va l ley areas 
of the Ca lapooia drainage , and the lower s lopes of Mount Tom in  the extreme southern part of the County . 
Without proper p lann ing ,  cons iderable structura l damage cou ld  occur i n  these areas i n  future years . 

The major impact of mass movement i n  a reas of logging i nc l ude various types of road and cut-bank 
fai l ure and the contribution of huge vo lumes of debris and sediment to streams . Repeated fa i l ures on the 
upper Crabtree Creek Road leading to Snow Peak Camp are a case in  point . 

P lann ing measures: Deve lopments in areas of mass movement topography may i nc lude large-sca le  
construction , subdivisions , piecemea l home bu i ld ing i n  areas of  rapid growth ,  and  home bui ld ing i n  iso­
lated areas . I n  a l l  instances, the gradi ng standards of the Un i form Bui lding Code shou ld be stric t ly 
adhered to . 

I n  reg ions of rapid piecemea l growth, progressive covering of the ground surface with bu i ld i ngs 
and roads leads to cri t ica l runoff d iffi culties i f  dra inage is not hand led adequate ly . Sumps common ly  
deve lop i n  unused areas ,  and this,  in  addition to  i ncreased infi ltrat ion from dra in  fie lds,  sept ic  tank use , 
and lawn spri nk l i ng ,  can lead to eventua l s lope fa i l ure . For areas of poor ly coordi nated rapid growth , 
fu l l  impl ementation of the Nationa l  F lood I nsurance Act is recommended . A l so ,  density regu lations and 
provisions for proper hand l i ng of runoff and septic tank use should be spe l led out i n  the zoning code . 

For areas of large-sca le construct ion,  landfi l l s ,  roads, and we l l -coordi nated deve lopment such as 
subdivisions ,  on-site i nvest igations shou ld  be required pr ior to deve lopment . Because this study is  of 
reconnaissance nature and because many areas within regions of mass movement topography are stab le ,  
i nvestigation may show that  further ac tion is unnecessary . I f ,  however , the i nspection revea l s  potentia l 
hazards at the site, deta i led engi neer ing studies shou ld  be required . The stabi l i ty prob lems shou ld be 
discussed , and the manner in wh ich they wi l l  be handled shou ld be descr ibed in deta i l .  Engi neeri ng 
so lu tions a re ava i lab le  for many s l ide problems (Figure 60) . 

Fai I ure on steep s lopes 

Defi nit ions: Types of land fa i l ure on steep s lopes (C lass 4 and C lass 5) inc lude rockfa l l ,  rocks l ide ,  
and shallow earthflow or mudflow (Table 8) . Un l i ke deep fai l ures ,  such as those involved in mass move­
ment topography , fa i lures on steep slopes do not penetrate to great depths . Consequent ly they are not 
readi ly de l i neated in reconnaissance studies such as thi s .  I nstead , s lope maps are used to defi ne gen era l 
a reas especia l ly prone to these forms of mass movement . 

Most earthflows and mudflows on steep s lopes are genera l i n  d istri bution,  water i nduced , and rapid . 
Hence they conform to the concept of muds l i de (Table 8 )  i n  the Nat iona l F lood I nsurance Act of 1 968.  
Many rocks l ides and rockfa l l s are i nduced by causes other t han  those re lated to water; consequently many 
of them wou ld not be covered under the National F lood I nsurance Act .  
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Figure 60. Drainage trenches and pipes are used to eliminate water from a slide 
mass a long Brush Creek Road . 
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Distribution: Fai lures on steep slopes are by definition restricted to slopes greater than 50 percent 
(Class 4 and Class 5). They ore most common along the upper reaches of the Colopooio, Middle Sontiom, 
and North Sontiom Rivers and along major creeks such as Wiley Creek and Neal Creek. Geologically, 
steep-slope failures ore concentrated along escarpments of Sardine Formation, Columbia River Basalt,  
Little Butte Formation, and in youthful canyons cut in  the Little Butte Formation (Figures 61 and 62). 

Impact: Failures on steep slopes ore traceable to the some causes as failures in regions of moss 
movement topography (see Moss Movement: Moss Movement Topography) .  Man-induced causes of steep 
failures include undercutting steep slopes, placing of excessive fi l l ,  indiscriminant blasting, improper 
handling of runoff i n  areas of construction, removal of vegetation on steep slopes, and diversion of streams 
against steep canyon walls with poorly engineered volley-bottom roods . 

Planning Measures: Most regions of Closs 4 and C loss 5 slopes are restricted to tree harvesting and 
directly related activities. Roods in these areas should be properly located and engineered to ovoid slope 
failure through slope overloading, oversteepening, indiscriminont blasting, improper handling of runoff, 
or improper placement of fi I I .  

Regions mopped as steep slopes for which possible residential use is al lowed i n  the zoning code 
include some of the slopes west of Lyons, a few lower volley areas near Cascadia, and port of West Point 
Hi l l  in the extreme southern port of the County. As the County and the U . S .  Forest Service continue 
to trade parcels of land, other areas may be included in this list in the future . On-site inspections should 
precede development in these areas, and detailed engineering studies should be required for Iorge develop­
ments to assure that a l l  potential hazards ore accommodated. For areas of particular concern, implementa­
tion of the Notional Flood Insurance Act is recommended. Every attempt should be mode to preserve the 
natural vegetation where feasible to prevent gullying and shallow landslides and mudflows. 



Figure 6 1 .  Removal of vegetation prompted this shal low 
mudflow a long Wi ley Creek southeast of Sweet Home; 
slope is approximately 60 percent. 

Figure 62. Rockfa l l  and rock slide deliver large blocks 
of rock to the va I ley bottom of Wiley Creek; over­
steepening of slopes such as this can be dangerous.  
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F l a s h  F l o o d i n g 

Defin i tions and causes 

A f lash flood is a sudden torrent of a re l ative ly great vo l ume of water flowi ng down a stream channe l .  
Load potent ia l  of the water is  so great that bou l ders, logs, and other debris are common ly i ncorporated 
into the streamflow . Recent flash flooding is eas i ly  recognized on the bas is  of the unvegetated , very 
coarse stream-bed deposits and other scattered l atera l debris ( Figures 63 and 64) . 

I n  areas where vegetation has rec l a imed the channel ( Figure 65),  recognition i s  based upon more 
i ndirect features .  These inc lude steep side s lopes, steep gradients, impermeable bedrock, and the absence 
of a flood p la in  (Figure 66) . I n  western Li nn County, flash-flood channe l s  are genera l l y  less than a few 
mi l es i n  lengt h .  

D i stribut ion 

F lash-flood channe l s  are most common in the upper reaches of the North Sant iam , Midd le  Santiam,  
and Ca lapooia R ivers and a l so a long Wi ley Creek , upper McDowe l l  Creek , Upper Roar ing River, and 
other streams flowing off Snow Pea k .  

Impact 

F lash floods are among the potent ia l ly more destructive geo logic  hazards in  western Linn County . 
Fortunate ly flash -flood channe ls are loca l a nd easi ly de l ineated . Potenti a l  damage from flash floods 
i nc l udes road washouts and partial or tota l destruc tion of other structures . 

Most flash-flood regions are dedicated to t imber harvest i ng and other low-i ntensity uses . However , 
resident ia l  deve lopment is provided for i n  the zoning code a long flash-flood channe l s  i n  the Mi l l  C ity area 
and in  the upper reaches of the Ca lapooia R iver . 

P lanni ng measures 

Roads shou ld be properly designed to wi thstand flash flood ing .  Th i s  i nc l udes the use of adequate ly 
s ized and p laced r iprap and cu lverts (Figure 67) .  I n  most areas , provisions should a lso be made to assure 
that cu lverts do not become c logged w ith  debris . I n  part icu lar ly  cr itica l areas , debris  screens are some­
t imes used ( Figure 68) .  In  some areas, especia l ly at marked breaks in  s lope , the accumulation of debris 
dur ing floodi ng i s  unmanageab le ,  and road crews c lear the road after flood i ng subsides ( Figure 69) . This  
approach is  econom ic and reasonable where road washouts are not a threat (bottom land of the Ca lapoo ia 
R iver ) ,  but it is genera l l y  not acceptab le on s loping areas where fi l l s  are used . Where stream channe l s  
consist of  bedrock with very l i tt le grave l ,  considerab le  scouring can  be  inferred; i n  these areas log cribbing 
may be requi red to retai n fi l l  p laced i n  the channe l (parts of upper Crabtree Creek) . 

Where residenti a l  construction is ant ic ipated , prov isions shou ld  be made to assure that no develop­
ment is  a l lowed i n  the actua l flash-flood channel and that bridge abutments and simi lar structures do not 
significant ly a l ter stream flow . Implementation of the F lood I nsurance Act is recommended . This  w i l l  
requ ire comp l iance wi th a l l  the prov isions of the act and, possibly , more deta i led mappi ng o f  given  flash­
flood a reas by appropriate perso nne I .  

Were i t  not for the vegetation of the up lands area , the fl ash-flood danger would be far greater . 
W here fires have removed this  protective cover from steep s lopes, the impact of erosion is part icu lar ly 
evident . At Big C l iff Reservoir,  s izable de l tas have formed at the mouths of creeks dra i ni ng burned-over 
areas ( Figure 70) .  To avoid gu l lyi ng and severe erosion losses, proper l andscaping and protection of 
vegetat ion are needed for a l l  deve lopments i n  flash-flood and steep ly s lop ing areas . 



Figure 63.  Upper Wi ley Creek (Sweet Home quadrang l e) displays many flash-flood features; note the steep slopes, eroded hi I I  sides, 
bouldery bedload, logs and other side-channel debris, and the channel scoured in bedrock .  As stream-bed erosion is not possible, 
increases in discharge are accommodated primarily by hazardous increases in stream velocity. 
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Figure 64.  Channel of Bigs Creek at  confluence with the Calapooia River after 
recent flash flooding (south central Sweet Home quadrangle).  
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Figure 65. Vegetation has partially obscured this unnamed flash-flood channel 
3 m i les downstream from Bigs Creek on the Calapooia River. 
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Figure 66 . Steep s lopes and impermeable bedrock 
contribute to the flash-flood potential of the 
upper North Santi am River area. 



G EOLOG I C  HAZARDS - F LASH F LO O D I N G  

Figure 67.  Repeated road washouts at  this crossing along upper McDowell Creek 
(northern Sweet Home quadrangle) prompted the installation of this seemingly 
oversized culvert. 

Figure 68. Small unrroppable gul l ies in  steeply sloping areas are subject to flash 
floodingi note the debris screen . 
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Figure 69.  Debris beside Calopooio River 
Rood at the mouth of Bigs Creek was 
removed from rood by moi n tenonce 
crews. 

Figure 70. Debris for this del ta has been 
eroded and del ivered from the burned 
area since the completion of Big Cliff 
Dam . 
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T e c t o n i c H a z a r d s  

The West Coast of North Amer ica is situated i n  the C i rcum-Pacific " ring of fire " ,  a band of h igh 
vo lcanic and seismic act ivity which encircles the Pacific Basi n .  The crusta l structure and tectonic 
behavior of the northwestern Un ited States are very comp lex and the histor ic  record is  short . With the 
l im ited know ledge ava i l ab le  to us at the present t ime ,  it i s  impossib le  to predict future tectonic activity 
with any degree of precision . Oregon appears to be seismica l ly less act ive than ne ighbori ng Washi ngton 
and Ca l i fornia . Recent reg iona l  structural i nterpretat ions suggest that major active structures bypass most 
of the S tate . 

Vo lcan ism 

The Western Cascades document i ntermittent vo lcanism for the past 40 m i l l ion years . In the study 
area severa l thousand cubic m i les of flow rock and pyroc lastics were ejected dur ing O l igocene and early 
Miocene times. After a period of local quiescence dur i ng which the Columbia R iver Basa l t  flowed i nto 
the area from the north ,  renewed vo lcan ism produced the Sardi ne Formation and the Cascades Formation 
at Snow Peak and Rocky Top . Numerous local erupt ions over the past few thousand years in the H igh  
Cascades of  eastern Linn County and nearby areas are descr ibed by Tay lor ( 1 965) ,  and h istor ica l  vo l canic 
events on Mounts St . Helens,  Hood, and Lassen are discussed by Fo l som ( 1 970) .  

Future vo lcan ic activity in  Linn County i s  poss ib le i n  view o f  the durat ion and conti nuity o f  the 
past record . However,  the extent of the vo l canism probab ly wou ld  be loca l a nd the impact on western 
Linn County wou ld probably be neg l ig ib le .  Current ly personne l from the U . S .  Geo logica l Survey are 
i nit iat i ng reconnaissance geophysica l  invest igations of the Cascade Range inc lud ing parts of Oregon to 
assess more accurate ly the probabi I ity of future vo I eoni c activity . 

Earthquake potentia I 

The shak ing of the earth ' s  surface which accompanies the re lease of energy at depth is cal led an 
earthquake .  Associated with the re lease are disp lacements of rock a long p lanar surfaces ca l led fau l ts .  
The specifi c  location o f  the disp lacement w ith in  the earth i s  ca l l ed the focus and the geographic location 
above the focus on the earth ' s  surface is ca l led the epicenter .  

I ntensity and magnitude are i ndirect measures of the total  energy re leased by an  earthquake . In  
usi ng the Modi fied Merca l l i  I n tensity Sca le (Table 9 ) ,  observations of  the effects of the quake serve as  
an i nd icator of i t s  re lative severity . Determinations made i n  th i s  way are subject to i naccuracies owing 
to the distance from the epicenter and to the nature of the subsurface where the observations are bei ng 
made . The Merca l l i  Sca le  tends to be imprecise for these reasons . It is widely used , however, owi ng 
to its universal app l icabi l ity and t he need for no equ ipment . A l so ,  the gathering of numerous observat ions 
tends to ru le out subjective errors and local  variations . 

The R ichter Sca le is based on recordi ngs from seismometers rooted in bedrock . It gives a more di rect 
measure of energy re lease during an earthquake and is  less subject to errors through loca l  vari at ions of 
subsurface t han is the Merca l l i  Sca le . I nstead of i nd ica ting " i ntensi ty'' with Roman numera ls as used i n  
the Merca l l i Sca le ,  the R ichter Sca le  i ndicates "magnitude" with decima l numbers (Tab le  9) on  a logar i th­
m ic sca l e .  Each dig i t  represents a 1 0-fold i ncrease in  the amp l i tude o f  the seism ic  waves and a 3 1 -fo ld 
i ncrease i-n the amount of energy re l eased . H ence,  an earthqua ke of magni tude 5 is 31 times grea ter than  
an  earthqua ke of magnitude 4 .  The sca l e  ranges from less than  1 for sma l l  quakes to  s l ight ly l ess than  9 for 
the largest poss ib le  quake . 

A seismic  r isk map for the S tate of Oregon (F igure 71 ) shows Li nn County to l ie in Zone 2, an  area 
for which quakes w i th i ntensi t ies as high as V I I  on the Merca l l i  Sca le are possi b l e .  Qua kes of th i s  i n ten­
s i ty are capab le  of cracki ng wa l l s . Wi th saturated ground condi tions, such as are common i n  much of the 
Wi l lamette Va l ley during the winter months, the damage to structures cou ld be considerably grea ter i f  
f lu id response ( l iqu ifac tion ) were to occur . In i tiation of destructive lands l ides i n  the footh i l ls a l so i s  a 
possibi l i ty .  
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T he centra l Wi  l lamette Val ley area has been the s ite of at l east eight eart hquakes s ince 1 89 1  
(Tab le 1 0) .  Epicenters for the  quakes are on ly approximate . The fau l ts are not evident i n  reconna issance 
mapping procedures and may not extend to t he earth 's  surface . The largest quake had an i ntensity of V I , 
which corresponds rough ly to a n  acce leration of 0 . 03 g .  

Fai l ure t o  map defi nite fau lts on t he reconnaissance geo logic  map (see Geology: Geologic  Structure) 
and the scanty record of h istoric eart hquake activ i ty in western Linn County shou ld not be interpreted to 
i nd icate l itt l e  or no se ismic r isk i n  the a rea . The response of saturated ground and s loping terra i n  to mod­
e rate seismic shock is i n  need of more i nvestigation . In addit ion , high ly sensitive deve lopments such as 
nuc l ear r�actors requi re a leve l of inquiry far more rigorous than t hat  provided here . The genera l con­
c lusions advanced here shou ld i n  no way pre judice the fi nd ings of more i nvo lved stud ies i n  the future , 

Merca l l i  
I ntensity 

I I  

I l l  

IV 

v 

V I  

V I I  

V I I I  

IX 

X 

X I  

X I I  

Tab le 9 .  Scale of earthquake i ntensit ies* 

Description of effects 

I nstrumenta l :  detected on ly by sei smographs 

Feeb le :  noticed on ly by sensi tive people 

S l ight: l ike the vi brations from a passi ng truck; 
fe l t  by peop le at rest , especia l ly on upper floors 

Moderate : fe l t  by people wa lk ing; swayi ng of loose 
objects ,  i nc l ud ing standing veh ic les 

Rather Strong: fe l t  genera l l y ,  most sleepers awakened 
and be l is r ing 

S trong: trees sway and a l l  suspended objects swi ng; 
damage by overturn i ng and fa l l i ng of loose objects 

Very Strong: genera l a la rm; wal ls crack; p laster fa l l s 

Destruct ive: car drivers serious ly disturbed , masonry 
fissured,  chimneys fa l l ; poorly constructed bui ld ings 
damaged 

Ru inous: some houses col l apse where ground begins 
to crack,  and p ipes break open 

Disastrous: ground cracks badly; many bui I d ings 
destroyed; ra i lroad l i nes bent; landsl ides on steep 
slopes 

Very D isastrous: few bui l dings remain standi ng; 
bridges destroyed; a l l  serv ices d isrupted; large 
landsl ides and floods 

Catastrophic: tota l destruct ion; objects thrown i nto 
t he air; ground r ises and fa l ls i n  waves 

* After Holmes ( 1 965) 

Equ iva lent 
R ichter magnitude 

3 . 5  
to 

4 . 2  

4 . 3  

to 

4 . 8  

4 . 9  to 5 . 4  

5 . 5 to 6 . 1 

6 . 2  

to 

6 . 9  

7 . 4  to 8 . 1 

Max . recorded 
8 . 9  



G E O LOG I C  HAZAR DS - TECT O N I C  

Tab le 1 0 . Seism ic  events i n  the Centra l Wi l lamette Val l ey Region 

Location of epicenter I n tensi ty 
Date (approximate) (Merca l l i )  

Sept . 1 6 1 1 891 Sa lem IV 

Apr i l 2 1  1 896 McMinnvi l l e V I  

Dec . 1 5 1 1 920 Cascadia I l l 

Feb . 251 1 92 1  Cascadia v 

May 1 2 1 1 942 Corva l l i s  v 

March 51  1 944 Da l las I l l  

March 51  1 944 Da l las v 

Nov . 1 61 1 957 Sa lem V I  

Aug . 1 8 1 1 96 1 A l bany I l l - IV 
Adapted from Berg and Baker 1 1 963 

---� ------� -· 
12<' 18. til .. 

STATE OF OREGOi� 
SEISMIC R I SK MAP 

Z O N E  1 Minor Damage (M V-V I )  

I 
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� ! \ \ "'""' I I ' 
-1-- -- __j - - � -- _.A!:!":!-�-�- ..,.. ... -;;:;::;;- - ---L 

119° 118' 117'-.. 

(After Couch and Lowe l l ,  1 97 1 )  

F igure 71 . State of Oregon seism ic  r isk map . 
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800 

700 Ac tua I produc tion 

600 

500 

400�------�L-------�--------�------�--------�------� 
1 970 1 975 1 980 1 985 1 990 1 995 2000 

F igure 72 . Projec ted annua l consumption of sand and gravel based on popu lation 
trends shown in  F igures 5 and 6 and assum ing consumption of 6 . 5  tons per capi ta 
per year . Actua l production for years 1 970 and 1 971 is a lso show n .  

1 8  

1 6  

1 4 

1 2  

1 0  

8 

6 

4 

2 

1 970 1 975 1 980 1 985 1 990 1 995 2000 

F igure 73 . Cumu lative curve of sand and gravel consumption based on popu lation 
trends shown in F igures 5 and 6 and assum ing consumption of 6 . 5  tons per capita 
per year . 



79 

N A T U R A L  R E S O U R C E S  

Minera l resources of present economic va lue i n  western Linn County are primari ly construction 
mater ia l s ,  which grossed $ 1 , 237, 000 in 1 970, and ground water .  From a h istorical standpoint ,  the go ld  
and si lver production of the Quartzvi l le m i ning d i str ict is of  i nterest as are the th in  presently uneconomic 
coa l seams of the Jordan Val ley . Future exp lorat ion i n  t he W i l lamette Va l ley may revea l  economic  
reserves of oi I and gas . 

C o n s t r u c t i o n  M a t e r i a l s  

Sand , grave I ,  a nd crushed rock are important factors i n  the deve lopment of any community . T hese 
materia l s  are used in the mak ing of concrete , aspha l t ,  riprap, and se lect fi l l  a nd are used in t he con­
struction of dams,  roads, bridges, bu i ld ings , revetments, and houses . It is est imated t hat for every housing 
unit started, a tota l  of 1 76 cubic yards of concrete i s  needed for the individua l  structure and for the 
numerous other projects it generates i nc ludi ng streets, sewers, schoo ls,  l ibrar ies, shoppi ng centers, and 
i ndustria l  fac i l i t ies . 

More than 70 pits and quarries (see Appendix D) i n  a variety of rock un its (Table 1 1 )  a re in operation 
or have operated in the past in western Li nn County . Production of sand and gravel peaked at 1 , 882, 000 
tons in 1 965 and averaged approximate ly 700, 000 tons annua l ly for the period 1 960 to 1 970 (Tab le  1 2 ) .  
Stone production from quarries peaked at 1 , 787 , 042 tons i n  1 966 and averaged approximate ly  630, 000 tons 
annua l ly for the period 1 960 to 1 970 (Tab le 1 3) .  Production i n  recent years has dec l ined considerab ly 
with the completion of dam construct ion . 

Average per capita consumption of sand and grave l for the period 1 960 to 1 970 was approximate ly 
1 1  tons per year and that for quarry stone was about 1 0  tons per year . Both figures are regarded as h igher 
than normal ,  owing to extensive road and dam construction during the decade . In add it ion , t he population 
grew from 54, 300 in  1 960 to 71 , 9 1 4  i n  1 970 for an average annual i ncrease of approximately 3 percent .  
As  the growth rate dec l i nes i n  the future , per capita consumption of  construction mater ia l s  shou ld  a l so 
decrease since there is a di rect re l at ionship between consumption of sand, grave l ,  and crushed rock and 
the rate of popu lation growth of a given area . 

Sand and grave I 

Sand and grave l occur as lent icular bodies a long present and former courses of ma jor rivers . The 
deposits are genera l ly h igh  in qual ity and i f  unweathered are suitab le for use as aggregate . Pits are 
concentrated in  the Q uaternary a l l uv ium (Qa l )  and lower terrace unit (Qt l )  in the areas surrounding 
A lbany , Lebanon, and Sweet Home . The l arge vo lumes of aggregate needed for the construction i ndustry 
and the econom ic  aspects of transport prec l ude hau l i ng distances of greater than 1 5  or 20 mi les . 

Using the population data deve loped on Figure 6 and assum i ng a conservative consumption rate of 
6 . 5  tons per capita per year (Sch l i cker, 1 969) , tota l production of sand and gravel i n  the County w i l l  
approach 700, 000 tons per year by the year 2 000 (F igure 72) . Cumu l at ive consumption between 1 970 
and 2000 w i l l  be about 1 8, 000, 000 tons (F igure 73) . This is equivalent to a pit 25 feet deep, ha l f  a 
m i le w ide , and 2 m i l es long . If annual per capita consumption shou ld  continue at the present rate ( 1 1 tons) 
cumul ative consumption wi I I  exceed 30, 000, 000 tons by the year 2000 . 

Future sources of sand and grave l w i l l  i nc lude the Quaternary a l l uvium (Qa l ) , the lower terrace 
(Qt l ) , and parts of the W i l lamette Va l ley where only a th in  mant le  of W i l lamette S i l ts over l ies  fl uv ia l  
grave l s .  The soi l s  map (pocket) del i neates areas known to be under la in  by g rave l ly soi l  i n  the val ley 
a reas of western Linn County . Further stud ies by governmenta l or pr ivate agencies are needed to survey 
in deta i l  the d istribution of marketable sand and gravel i n  areas of grave l ly soi l  and beneath the W i l lam­
ette S i l ts .  In  addition to gross reserves, such studies shou ld  i nvestigate rock and sand qua l ity , zoni ng 
restr ictions, ownership,  and other factors which  tend to l im i t  the quant i ty of marketable product . Present ly 
there are no precise estimates of the sand and gravel reserves of western Linn County . 
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Accessibi l i ty of adequate sand and grave l i n  the a l luvium and lower terraces must be assured for 
future years . It is these units that conta i n  the bu lk  of h igh-qual i ty construct ion mater ia l  needed for 
concrete aggregate . Few , i f  any ,  rock quarries can meet the necessary specifications , and t he higher 
terrace grave Is are too weathered . 

Urban growth must not be a l lowed to sprawl indiscrimi nately over future sources of supp ly .  Li ke­
wise , zon ing ord inances, zoni ng variances , and other p lanning decisions shou ld  not arbitrar i l y  d iscr iminate 
agai nst the aggregate i ndustry . Consideration should be given to the possibi l ity of periodica l ly m in ing 
sand and gravel from t he more rapid ly growing bars in t he major drai nages . R iver-bed s ites such as these 
constitute renewable sources for what is considered e l sewhere to be a nonrenewab le resource . Bar exca­
vation a l so might min imize loca l stream-bank erosion in  certa i n  areas (see Geologic  Hazards: Stream-
bank Erosion ) .  

Tab le  1 1 .  Construction mater ia ls in  Linn County 

Transportation 
u " t  n 1  U f I se u t • I f ma er 1 a  s actor Q I "  ua 1 ty Q uant1 ty u ses an d comments 

Quaternary Hard grave l  a nd Near  urban Very good large I 1 1 -advised po l i tico I dec isions may 
a l luvium fresh sand centers severe ly restrict supply; used for 
(Qa l )  concrete aggregate and construe-

tion 
Wi  l lamette None -- -- -- Access ib le  grave l a nd sand of Qt l  
S i  I ts unit may be near  surface loco l ly 
(Ows) 
lower Grave l a nd N ear  urban Good large large ly untapped; urbanization 
terrace sand centers is  coveri ng large reserves; used 
(Qt l )  for concrete aggregate a n d  con-

struction 
M iddle Sand a nd Semi -iso la ted Poor - deep ly Sma l l  Deep weathering and sma l l  pro-
terrace gravel weathered portions of grave l prec lude 
(Qtm ) deve lopment 
Upper Sand and Semi -isolated Fai r  - Sma l l  Untapped; weather ing and isola-
terrace gravel  weathered tion are proh ibi tive 
(Qtu) 
Sardine Quarry I soIa ted Variab le  large Sma II loco I quarries for mounta i n  
Formation stone road construction 
(Tps) 
Co lumbia Quarry Near urban Good large large we l l - loca ted reserves; used 
River stone centers for road construction; some pas-
Basa I t s ib ly suitab le for aggregate 
(Tcr) 
l i t t le Butte Quarry Iso la ted Variab le large Di ffuse, poor ly defi ned expo-
Formation stone sures; used loco l ly for road 
(To lb) rock on mounta i n  roads 
In trusive Quarry Isolated Good large Suitab le  for road rock,  r iprap, 
roc k stone and dam constructi on; iso lated 
(Ti) from W i  l lamette Va l ley 



Opera -
Year tors 

1 940-1 949 
Tota l 

1 950 7 
1 951 2 
1 952 5 
1 953 7 
1 954 1 4  
1 955 1 3  
1 956 9 
1 957 9 
1 958 1 0  
1 959 9 
Total 

1 960 7 
1 96 1  9 
1 962 1 2  
1 963 1 4  
1 964 1 2  
1 965 1 3  
1 966 1 3  
1 967 8 
1 968 6 
1 969 

lfotal 
1 970 
1 971 

Opera -
Year tors 

1 940-1 949 
Tota l 

1 950 2 
1 95 1  1 
1 952 3 
1 953 
1 954 2 
1 955 4 
1 956 8 
1 957 7 
1 958 8 
1 959 8 
Tota l 

1 960 5 
1 96 1  5 
1 962 9 
1 963 8 
1 964 9 
1 965 9 
1 966 7 
1 967 7 
1 968 
1 969 
Total 

1 970 8 
1 971 4 

N ATURAL R E S OU R C ES - C ON STRUCT I ON MATER I A LS 

Table 1 2 . Sand and gravel production in Linn County 

Commercia l 
S/tons Va lue 

2,462, 274 $ 1 , 779, 527 

1 83 , 448 1 33 , 751 
1 00, 424 1 01 , 256 
1 00, 374 1 08 , 041  
326 , 320 255, 830 
4 1 6 , 991 453,823 
428 , 628 4 1 3 , 253 
292 , 71 0  284, 087 
320, 1 00 31 0, 1 93 
304, 671 323, 260 
230, 220 2 1 4, 874 

2 , 703, 886 $2, 598,368 

1 1 0, 1 68 $ 1 20, 700 
1 83 , 250 1 94, 872 
362,715  375, 397 
434, 785 473 , 51 5 
434, 000 454, 000 
733, 000 807, 000 
71 8 , 000 796, 000 
339, 000 3 1 5 , 000 
283, 000 293, 000 
601 ' 000 688, 000 

4, 1 98 , 91 8  $4 , 5 1 7, 484 

664, 000 $ 738, 000 
678, 000 760, 000 

Non-commer�ia I 
S/tons Va lue 

1 74, 578 $ 91 , 287 

- -
- -

- -

1 41 , 530 34, 960 
82, 350 8 , 1 75 

21 1 , 800 1 09, 000 
1 24 , 427 51 , 791 
282, 070 205, 335 

49, 049 43, 953 
1 , 484, 800 1 , 8 1 6, 373 
2,376 , 026  $2, 269,587 

1 85 , 641  $ 98, 1 87 
1 50, 901 1 72 , 544 
1 04, 687 1 1 6 , 252 
286 , 1 89 349, 486 
270, 000 344, 000 

1 , 1 49, 000 1 ' 775, 000 
445, 000 482, 000 

20, 000 46, 000 
65, 000 65, 000 

1 51 , 000 282, 000 
2, 827, 41 8 $3 , 730, 469 

75, 000 $ 337, 000 
2, 000 9, 000 

Table 1 3 .  Stone production i n  Linn County 

Comm erc i a l  Non -commerc ial  
Sitons Value S/tons Va lue 

303, 663 $ 353, 1 72 3 1 0, 1 26 $ 248, 898 

49, 846 49,846 33, 526 41 , 908 
51 , 500 5 1 , 500 

1 05 , 805 1 79,653 

62, 1 82 6 1 , 936 
3, 400 4, 250 60, 867 56, 042 

89, 756 1 08 , 863 1 29, 099 1 69, 1 91 
50, 991 58, 866 1 34, 776 1 41 , 456 
45, 91 2  32, 640 1 33 , 963 1 1 4, 1 22 

726 , 824 487, 328 43, 292 44, 078 
1 '  1 24, 034 $ 972, 946 597, 705 $ 628, 733 

290,600 $ 1 96 , 897 45, 640 $ 40; 800 
- - - - - - - - - - - - - - - Confidentia l - - - - - - - - - - - -

1 09,806 97,882 863, 1 71 472, 521 
61 , 31 1  80, 1 37 757,630 555, 08 1  
74, 933 86, 76 1  383, 028 297,626 

1 23 , 088 1 37, 1 88 657,641 530, 948 
- - - - - - - - - - - - - - - - Confidentia l - - - - - - - - - - - -

78, 661 93, 396 46 , 764 80, 000 

Total 
S/tons Va lue 

2,636, 852 $ 1 , 870, 8 1 4  

1 83 , 448 1 33, 75 1  
1 00, 424 1 01 , 256 
1 00, 374 1 08, 041 
467,850 290, 790 
499, 341 46 1 , 998 
640,428 522, 253 
41 7, 1 37 335, 878 
602, 1 70 5 1 5, 528 
353, 720 367, 21 3 

1 ' 71 5, 020 2 , 03 1 , 247 
5, 079,91 2  $4, 867,955 

295, 809 $ 2 1 8 , 887 
334, 1 5 1  367, 41 6 
467, 402 491 , 649 
720, 974 823, 001 
704, 000 798, 000 

1 , 882, 000 2 , 582, 000 
1 ' 1 63 , 000 1 ' 278, 000 

359, 000 36 1 , 000 
348 , 000 358, 000 
752, 000 970, 000 

7, 026, 336 $8, 247, 953 

739, 000 $ 1 , 075, 000 
680, 000 769, 000 

Total 
S/tons Va lue 

6 1 3 , 789 $ 602, 070 

83, 372 91 , 754 
51 , 500 5 1 , 500 

1 05, 805 1 79,653 

62, 1 82 6 1 , 936 
64, 267 60, 292 

2 1 8 , 855 278, 054 
1 85, 767 200,322 
1 79, 875 1 46 , 762 
770, 1 1 6  531 , 406 

1 , 721 , 739 $ 1 ,601 , 679 

336, 240 $ 237,697 
571 , 924 460, 428 
972, 977 570,403 
8 1 8 , 941  635, 2 1 8  
457,961 384,387 
780, 729 668, 1 36  

1 , 787, 042 2, 1 1 2, 086 
1 25, 425 1 73, 396 
255, 076 251 , 026 
233,472 1 79, 080 

6 , 339, 787 $5 ,671 , 857 

1 76 , 351 $ 1 62, 868 
Confidential 63, 944 

8 1  
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Quarry stone 

Quarry stone has certain advantages and disadvantages compared to stream grove I .  I t  makes o 
better bose for paved surfaces and is better suited to the construction of oiled and macadamized roods. 
Where jointing is moderately ·coarse, it is well-suited as riprop for riverbank protection. It is generally 
not well-suited to use as concrete aggregate and it is more costly to produce than sand and grove l .  Much 
of the available quarry stone in western Linn County is relatively isolated compared to most of the deposits 
of sand and grovel. 

In  western Linn County, quarry rock is produced from the Columbia River Basalt (Tcr), the Little 
Butte Formation (Tolb), the Sardine Formation (Tps), and Tertiary intrusive rock (Ti) (Table 10). Although 
the supply of quarry stone is very Iorge, depth of overburden, quality of stone, degree of weathering, and 
isolation place economic restrictions on development in many instances (Figure 74). 

Quarries in the Columbia River Basalt produce stone suitable for use in rood construction and riprop. 
In addition, selective mining of the Hole Butte quarry may produce rock suitable for use as concrete aggre­
gate ( J .  J .  Gray, oral communication, 1973). Outcrops ore concentrated in the northern port of the 
County . An isolated exposure at Marks Ridge (Figure 75) provides o future source of stone for the Sweet 
Home area. Presently i t  cannot compete economically with local deposits of sand and gravel . 

Stone from the Little Butte Formation and related intrusives has been used i n  rood and dam construc­
tion. Coarsely jointed stone at Shot Pouch Butte (Figure 76) was used in the construction of Foster Dam. 
Isolated erosional remnants of Little Butte basalt in the Willomette Volley southeast of Lebanon ore quar­
ried for rood meta l .  The deposits consist of dike rock, flow rock, and basaltic breccia; the quality of 
stone derived from them varies considerably. The area bounded by Lebanon, Sweet Home, and Browns­
v i l le is characterized by innumerable knobs of basaltic dike and flow rock. Quarries there ore generally 
smal l  and aimed at local rood maintenance (Figure 77). However, a few of the larger deposits ore in 
commercial operation (Figure 78). 

Exposures of Sardine Formation ore relatively isolated, being restricted to the higher upland areas 
near Snow Peak and at Bold Peter, High Deck, and Formers Butte. Quarry stone production is restricted 
to smal l  operations for maintenance of mountain roads. Quality is variable.  

Figure 74. The Diomond H i l l  quorry (Sec . l ,  T . l 5 S . ,  R.  3 W . ) yields rock of 
variable qua l i ty and is isolated from areas of high demand .  
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Figure 75. Large quantities of high-quality rock are available at Marks Ridge. 

Figure 76. Shot Pouch Butte supplied r iprap for Foster Dam. 
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Figure 77. The Ridgeway Butte quarry 
(Sec . 1 3 ,  T .  1 2  S . ,  R .  2 W . )  is a 
sma l l  source of rock for local road 
maintenance. 

Figure 78. Sheety jointing at the Sodavi l ie 
quarry (Sec. 1 ,  T .  1 4  S . ,  R .  2 W . )  
makes the rock well  suited to use as 
rood rock. 
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G r o u n d  W a t e r  

Ground water is  water that fi l is the open spaces i n  rock and soi I beneath the land surface .  The top 
of the zone of saturation ,  the water tab le ,  conforms in a genera l way w i th the topography , so that it is 
re latively near or at the surface in depressions and is  si tuated at greater depths a long ridges . In deter­
m in i ng the capabi l i ty of geo logic materia ls  to hold and transm i t  ground water , porosi ty and permeabi l i ty 
must be considered . 

Porosity is the percentage of open spaces per uni t  vo lume . Open spaces inc l ude pore spaces (open ings 
between granu lar part ic les), fractures, joi nts, and disso l ution or a l teration cavit ies .  The size , number,  and 
arrangement of these open spaces is dependent upon a variety of factors i nc luding the shape , size, m inera l 
constituents , a nd arrangement of part i c les t hat make up t he rock or soi l ,  as we l l  as the composit ion , a l tera­
t ion and deformation of the rock or soi I .  

Permeabi I i ty is the capacity to transmit  water and is dependent upon the porosi ty ,  the size of the 
pore spaces, the degree of i nterconnect ion between t he pore spaces and the hydrau l i c  gradient . Mater ia l s  
such as sand with re lat ive ly large i nterconnected pore spaces are very permeable and have high capacit ies . 
In contrast , joi nted flow rock commonly has high permeabi l ity but low ho lding capac ity . 

I n  areas where the geo logic mater ia ls  are both porous and permeable and where hydrau l i c  grad ient 
is sufficient to generate flow ,  the ground-water  system is i n  constant mot ion .  Precip itation is absorbed 
i nto t he soi l ,  perco lates downward to the water tabl e ,  and flows s low ly down-gradient to a point of dis­
charge . This  type of ground-water system can produce water with fai r ly constant chemical  characteri st ics 
and low temperature and is  genera l ly a high ly desirab le resource . Because of loca l and regiona l variat ions 
in geo logic  conditions, however, ground-water qual i ty and avai labi l ity tend to vary considerably with  
location . 

Ut i l ization of ground-water suppl ies has been  a key factor i n  the conti nu ing agr icu l tura l ,  i ndustr ia l , 
and reside nt ia l  development of the western port ion of Linn County . I nformat ion concern i ng t he occurrence, 
qual ity , and quantity of t hi s  resource is obtained primari ly from t he observation and record ing of water­
we l l  data . We l l  records are on fi le at the State Eng i neer's Office i n  Sa lem, and in  the Port land office of 
t he U .  S. Geologica l  Survey . In addit ion, the wel l  data for various sect ions of the County are avai l ab le  
in  report form (Piper, 1 942; He lm, 1 968; Frank and Johnson,  1 972), and addit ional  reports are i n  prepara­
t ion ( F .  J .  Frank, ora l communication, 1 974) . Persons seek ing informat ion on a specific site should 
research the we l l  records avai l able for the s i te area or consu l t  a ground-water geo logist . 

Occurrence 

T he primary sources of ground water in the study a rea are t he unconso l idated Quaternary a l luvia l 
deposits which cover the val ley floors of the major r ivers and t he i r  t r ibutaries (Tab le  14 ) .  Lesser amounts 
of water are drawn local ly from the Tertiary sedimentary and volcanic rocks that under l i e  the a l l uvium 
and form the footh i l ls of t he Cascade Mountai ns . In p laces, the Co l umbia R iver Basa l t  is h igh ly productive . 
Logs of representative we l is are given in Appendix F .  

The most productive units are situated i n  the Quaternary a l l uv ium (Qa l )  and the Quaternary lower 
terrace deposits (Qt l )  in the Wi l lamette Va l l ey and in the lower reaches of the North and South Forks of 
the Santiam R ivers . Upstream from Stayton on the North Fork and Lebanon on the South Fork , t he recent 
a l l uvia l deposits are not extensive enough to produce the h igh yie lds characteristi c  of many of t he we l l s 
situated downstream .  The Quaternary a l l uv i um and lower terrace deposits consist of sand and grave l with 
vary ing amounts of si l t ,  a nd have an average th ickness of 50 feet . Thicknesses of severa l hundred feet 
are inferred loca l ly ,  however .  We l l s which extend only a few feet below the water tab le common ly  
produce large vo lumes of water . 

The Quaternary a l l uv ium (Qa l )  which forms the flood p la ins of the sma l ler streams i n  the study area 
(e . g . , Ca lapooia R iver, Muddy C reek ,  Oak Creek, Thomas Creek) contai ns h igh  percentages of si l t  and 
c lay and is less permeable than the coarser deposits of the l arger r ivers . Shal low we l l s  situated in these 
deposits commonly yie ld  a few tens of ga l lons per mi nute , but performance is var iab le dependi ng upon 
location .  We l l s dri l l ed to underly i ng a l luvium at greater depths are not affected . 
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T he large expanses of va l l ey floor between t he major c hanne l s  i n  the W i l l amette Va l ley are under­
la in  by a few tens of feet of Wi l lamette S i l ts (Qws) which,  in  turn , over l ie  coarser unconsol idated a l l uvium 
equiva lent to the various terrace leve l s .  In these areas, we l l s  penetrate the si l ts (Qws) to producing 
horizons in the under ly ing grave Is .  A I though the grave I s  genera l ly exhibit high permeabi I i ty ,  low perme­
abi l it ies are noted i n  areas (defi ned roughly by Piper , 1 942) of high s i l t  and c lay content . Thickness of 
t he older a l luvium i n  the W i l lamette Va l ley averages 70 feet ( Piper, 1 942) but varies considerab ly owi ng 
to loca l  re l ief and bedrock topography and structure . 

Conso l idated bedrock i n  the study area consists  of marine and nonmarine sedimentary rocks (i nterbeds 
i n  the Li tt le Butte Formation) and a wide var iety of vo l canic rocks ( Li t t le Butte Format ion, Columbia R iver 
Basa l t ,  Sard i ne Formation ,  Cascades Format ion ) . Sedimentary rocks under l ie the a l luvium of the va l l ey 
floor and crop out i n  t he foothi l ls .  Ground-water movement is l im ited to fracture zones and to discontinuous 
i nterbeds or lenses of re la tively permeab le  sandstone . We l l s  tappi ng these aqu i fers commonly yie ld only 
a few tens of ga l lons or less per mi nute . Potentia l  product ion of re l atively th ick permeable in terbeds 
such as t hose north of Brownsvi l l e  may be somewhat greater . 

With in  vo l can ic  rocks, scoriaceous or rubbly l ayers, buried soi l  hor izons, and high ly fractured or 
jointed zones can act as aqui fers . With i n  the Litt l e  Butte Formation , these zones a re d iscont inuous and 
y ie lds are very low . A few we l ls i n  the Co l umbia River Basa l t  in the north centra l  part of the County, 
however, are producing severa l hundred ga l lons per minute (Table 1 4) .  The gent le  westerly d ips, f low­
on-flow structure, and regiona l cont inu i ty of t he  Co l umbia River Basa l t  are idea l for the production o f  
ground water .  

Table 1 4 .  Characteristics of representative w e l ls i n  western Linn County 
(Data shown i n  feet un less otherwise noted) 

We l l  Year Depth Water bearing zones Performance 
location c om - of Depth Thick- Character Alti- Water level Yield Draw-
number* Owner eleted Depth Casing Finish to top ness of material tude Feet Date (gpm ) down Use 

9S/1W-1 3Dl Salem 1 939 60 60 16 3 Gravel 466 1 2  1 775 Public 
Oal suppl 

l OS/2W-8N2 W. Ups tad 1 957 21 2 1  Perforated 1 7  4 Gravel 253 1 4  8/22/57 450 1 . 5 Irrigation 
1 5-20' and sand 

Oal 
1 0S/2W-1 9Q2 N .  Bradley 1 966 22 22 Perforated 1 5  1 Gravel 230 5 5/22/66 300 1 . 5 Irrigation 

1 8-22' 1 9  3 and sand 
Oal 

1 2S/4W-6Pl W. Hom l i n  1 96 1  35 35 Perforated 20 1 5  Gravel 220 1 7  9/1 8/70 475 9.5 Irrigation 
26-35' Oal 

1 2S/3W-7El Tangent Pre- 45 36- Screen a t  42 3 Gravel 245 1 1  8/2/28 30 Public 
1 928 40 base Otl  su I 

l l S/3W - 1 7F 2  J .  Anderson 1960 70 66 Perforated 29 37 Sand and 226 1 5  1 1/? /65 40 0.5 Qomestic & 
32-38' and gravel irrigation 
58-64' Otl  

95/ lW-1 401 J .  Fery 1 964 326 1 9  Open 57 269 Basa l t  550 3 3/1 9/64 600 62 Irrigation 
bottom Tcr 

l OS/lW-4J l C .  Limbeck 1 957 1 39 4 Open 90 1 2  Basa l t  675 48 1 2/1 3/57 1 0  Al l Domestic 
bottom 1 1 0  2 Tcr and 

1 24 8 stock 
1 33 4 

1 3S/2E-36Ql U . S . Forest 1 958 1 00 36 Open 54 46 Tuff 795 7 . 5  3/1 9/58 32 82.5 Domestic 
Service bottom Tolb 

l OS/3W-l5Pl G. Miller 1 965 70 50 Open 51 1 9  Sandstone 465 0 1/3/66 1 9  A l l  Domestic 
bottom Tolb 

1 OS/3W-20K 1 E .  Chowning 1 959 1 50 1 50 Perforated 1 05 45 Sandy 227 27.7 8/20/65 30 4 Domestic 
1 05-1 1 0' c lay 
1 20- 1 26' Tolb 
1 42-148' 

•see Appendix F 
Data from Frank and Johnson, 1 972; and Helm, 1 968 . 
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Hydro logy 

Recharge of ground water occurs d i rec t ly from prec ipita tion on the a l luv ium or bedrock and invo lves 
absorption at points where aquifers are exposed as we l l  as latera l movem ent a l ong the aqu i fer . I f  the aqu i­
fer recharge area is  sma I I  or covered by  materia I s  o f  low permeabi l i ty (c lay so i I s  or so l i d  bedrock) ,  recharge 
of ground water may be a very s low process . In Quaternary a l luvium near major streams,  subsurface replen­
ishm ent a l lows very h igh yi e lds . 

Surface water and ground water in the study area are c lose l y  re lated . We l l - leve l a nd streamf low 
records i ndicate tha t  surface- and ground-water f luctua tions in  both are direct ly re lated to the amount of 
prec ipitat ion . During the ra iny w i nter and spri ng months, ground-water and stream leve l s  i ncrease , and 
during the dry summer and autumn months , ground-water and stream leve l s  decrease . During the dry 
months, more water is  be ing removed from the ground-water system by streamflow than is  bei ng rep laced 
by precipi tation or surface runoff. Surface-water leve l s  during the dry months are mai nta i ned primari ly 
by the discharge of ground water into the streams and rivers . 

Ground water in the Q uaternary a l luvium is unconfi ned and free to flow i n  a down-gradient d irection . 
Throughout most of the W i l lamette Va l ley of western Linn County (Piper,  1 942 ), the ground water moves 
away from the foothi l l s of the Cascades i n  a wester ly direction and then flows north-northwest unti l it is 
d ischarged i nto t he Wi l lamette River or one of its tributaries . Loca l variations in the reg iona l flow pattern 
occur as a function of loca l  topography . At points of d ischarge i nto streams, ground water f lows at  right 
ang les to the stream channe l .  Along the edges of terraces or a long other breaks in  s lope , flow is  perpen­
d icu lar  to the h i l l side . 

Mon itoring by personne l from the office of the State Eng ineer and the U ,  S .  Geo log ica l  Survey 
shows that in western Linn County the water table i n  the unconso l idated deposits is rep len ished by winter 
and spring ra ins in spite of considerab le pumpi ng dur i ng the summer and fa l l  months , A loweri ng of the 
water tab l e  in the Co l umbia River Basa l t  in the north centra l part of t he County has been  noted over a 
period of severa l years, however, suggesting that more water is be ing withdrawn from th is aquifer than is  
rep l aced by natura I recharge . 

Qua l ity 

Water-qua l i ty data from wel l  samples by the State Engineer ' s  office and the U .  S .  Geologica l Survey 
is summarized on Table 1 5 .  Water-qual ity standards proposed by the U .  S .  Publ ic Hea lth Service are 
shown i n  Tab le  1 6 .  Water derived from the a l l uvia l  deposits is genera l ly h igh in qua l ity and is suitable 
for most agricu ltura l ,  i ndustria I ,  and domestic uses . Loca l ly ,  however , i ron content i n  water derived 
from the a l luvium is  h igh enough to require treatment prior to use . I t  is postu lated that  the h igh iron con­
tent resu l ts from tapping of low -qua l i ty connate water orig inat ing in the under lyi ng bedrock .  Most occur­
rences of iron-rich water in  wel ls a re i n  sha l low a l luvium near the footh i l l s .  

We l l s producing water from the Litt le Butte Formation vary considerab ly i n  qua l ity . " Soda springs" 
a re noted at severa l locations in  the foothi l l s ,  and m i nera l spr i ngs near Cascadia were used for medic ina l  
purposes for many years ( Department fi les; Wagner ,  1 959).  Water i s  soft to moderate ly hard and is frequent ly 
high i n  iron, sa lts,  and disso lved so l ids.  A l though no we l l s with excessive arsenic are noted i n  Linn County , 
Go ldblatt and others ( 1 963) l i st severa l dozen high arsenic we l ls i n  Lane County i n  rocks equ iva lent to 
the Lit t le  Butte Formatio n .  Arsenic poisoning through ground water is very rare, but when it does occur, 
leads to numerous physica l  ma ladies of the nerves , sk i n ,  stomach,  b lood , and other parts of the body . 

We l ls tappi ng mari ne i nterbeds beneath the a l l uvium in the Wi l lamette Va l ley loca l ly are high i n  
mi nera l  content , resu l ting from the i nflux of disso lved so l ids o r  connate water .  Content of d isso lved 
so l ids is common ly  greater than 1 , 000 parts per mi l l ion . I n  p laces the connate water percol ates upward 
into the va l ley a l l uvium to contam i nate sha l lower we l ls .  Water derived from the Columbia R iver Basa l t  
is  genera l ly of good qua l ity a l though iron content is moderate ly  h igh  i n  p laces ,  
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Tab le 1 5 . Chern ica I ana lyses of representative 

Parts per m i I I  ion 

We l l  Water- Date 
location bearing of 
number* material  co l lection S i 02 Fe Mn Co Mg No K HC03 c o3 s o4 C l  

9S/ 1 W-1 3D1 G rave l  6/ 1 4/51 1 7  0 . 03 4 . 9  1 . 1 3 . 2  2 . 6 31  0 1 7  1 . 0 
Qa l 

1 05/2W-8N2 Gravel 5/ 1 8/66 20 0 . 01 -- 7 . 4  2 . 5  3 . 3  0 . 4  32 0 3 . 8 1 . 5 
and sand 
Qa l 

1 05/2W - 1 9Q2 Gravel 6/24/66 24 0 . 04 -- 2 1  7 . 2  7 . 0  0 . 9  62 0 1 8  5 . 5  
and sand 
Qal 

1 2S/4W -6P1 Gravel 7/23/71 42 0 . 03 0 21  1 1  1 1  0 . 6  8 7  0 1 5  1 2  
Qa l 

1 1 S/3W - 1 7F 2 Gravel 6/ 1 7/66 33 0 . 37 -- 33 1 7  1 4  1 . 0 21 3 0 1 . 4 4 . 5  
Qtl  

1 2S/3W-7E1 Sand and 4/ 1 8/29 35 0 . 08 -- 31 1 8  1 4  1 . 1 1 93 0 2 . 1  1 3  
grave l 
Qtl  

9S/ 1 W -1 4Q1 Basa l t  6/23/66 45 0 . 48 -- 5 . 7  3 . 6  9 . 9  1 . 3 60 0 2 . 8  1 . 0 
Tcr 

1 0S/ 1W-4J 1 Basa l t  5/25/66 23 0 . 01 -- 4 . 9  3 . 0  7 . 8  1 . 0 25 0 1 . 2 1 0  
Tcr 

1 3S/2E -36Q1 Tuff 3/ 1 6/65 34 1 . 6 -- 80 1 7  257 2 . 6  443 0 43 300 
Tolb 

1 OS/3W- 1 5P 1  Sandstone 5/25/66 35 1 3  -- 2 . 9  2 . 1  7 . 9  1 . 1 1 6  0 0 . 8  I I  
To lb 

I OS/3W -20K I Sandstone 6/ 1 7/66 37 0 . 79 -- 1 3  7 . 7  1 0  1 . 3 80 0 1 4  7 . 0  
Tolb 

* See Append ix F 
Testing laboratory - U . S .  Geological Survey, Port land 
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grou nd-water aqu i fers i n  western Li nn County 
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Tab le 1 6 .  Drinking water standards defi ned by the U . S .  Pub l ic H ea l th Service, 1 962 

Constituent 

Fe ( I ron) 
Mn (Manganese ) 
SO 4(Su I fate) 
Cl (Ch loride) 
Fl ( F l uoride ) 
N03 (N itrate )  
As (Arsen ic)  
Disso lved so l ids 

Recommended 
l imit  ppm 

0. 3 
0 . 05 

250 . 0  
250. 0 

0. 8 - 1 . 7 
45 . 0  

0 . 0 1  
500 . 0  

* Varies i nverse ly with mean annual temperature 

Maximum a l lowable 
l im i t  ppm 

1 . 6 - 3 . 4 * 

0 . 05 

P lanning considerations 

The preservation of the high qua l ity of present sources of ground water and the avai lab i l i ty of 
add i tional supp l ies in  the future are essentia l to the growth of western L inn County . Of primary concern , 
t herefore , is the prevention of pol l ut ion of t he ground-water supp ly . Such factors as sewage , industria l  
wastes, street runoff, so l i d  waste leachates , i rrigation return water, or other potentia l  po l lutants must be 
c lose ly control led to assure that they are not a l lowed to perco l ate i n to the soi l  in regions of ground-water 
recharge . The widespread d i stribution of permeable sands and grave ls in the more rapid ly deve loping 
parts of Li nn County make th is prob lem part icu l ar ly acute . 

A potent ia l  environmenta l prob lem of reg iona l  importance i ronica l ly arises from the abundant supply 
of ground water . Whereas many c i ty or county governments e l sewhere l imi t  the boundaries of growth by 
l im i ti ng the extension of t he municipal water supp ly, no such constraints exist in western Linn County . 
I nstead, deve lopers a re able to supply water to deve lopments a lmost regard less of locat ion because of t he 
abundant ground water .  The result  is a more random pattern of deve lopment than would otherwise be 
possib l e .  In areas of permeab le soi I ,  the d ischarge of sewage and other po l lutants is detrimenta l to ground­
water qua l ity . H igh  bacteria counts and high concentrations of phospha te and sa l ts have been  reported i n  
we l l  water taken from in  and around urban and suburban areas i n  the Wi l lamette Va l ley . 

Restrict ions on further septic-tank i nsta l l ations shou ld be formu l ated for areas i n  which ground-water 
po l l ution is  a prob lem . Rea l istic regu lations requi re i ncreased we l l  mon itor ing,  deta i led soi ls  data , know l ­
edge o f  i nfi lt ration rates, and i nput by qua l i fied personne l .  Resu l ts from i ndividual studies i n  prob lem 
areas might inc lude addi t ional density zoning ord i nances .  Genera l ly speak ing , septic-tank use in regions 
of  dense deve lopment leads to environmenta l  prob lems especia l ly if water needs are supp l ied by i ndividua l 
we l l s .  

A re lated problem i nvolves t he annual  f l uctuation in  t he  level of  t he water tab le . Over large areas 
of the W i l l amette V a l ley , the water tab le r ises to with in  a few feet of the ground surface or actua l ly dis­
charges i nto topographic lows duri ng the winter  months .  Under these condi tions , septic tanks may fa i l  and 
effl uent may actua l ly emerge at the surface . Water we l l s and surface drainage may become po l l uted . The 
leve l of the water table must be considered i n  issuing septic-tank permits .  Engi neeri ng so l ut ions are avai l ­
able for many prob lem areas . 

I n  addi tion to po l l ution problems associated wi th regions of ground-water recharge or ground-water 
wi thdrawa l ,  t here a lso are potent ia l  prob lems associated with regions of ground-water discharge . In s loping 
a reas, for examp le,  septic tanks and landfi l l s can be the source of unacceptable surface-water pol l ution 
i f  surfacing ground water is a l lowed to bring eff luent or leachate to the surface . 



O i l  a n d  G a s  

The formation of recoverab l e  o i l  requires the prese nce of fine-grai ned carbonaceous sou rce beds 
la id  down in a rapid ly  subsiding basi n ,  a coarser reservoi r  rock situated upstructure ,  and rapid deposit ion . 
As sed iments are pi l ed i nto the ce nte r of the basi n ,  the o i l  is squeezed i nto t he permeable  sands where it 
is trapped by variat io ns of l itho l ogy or structure . 

T he Wi l l amette Va l ley is under l a i n  by 8 , 000 feet of i nterbedded coarse and fi ne sedime ntary rock 
( E ugene Formation ) .  The record of four exp loratory we l l s in western li n n  County is summarized in Tab l e  1 7 .  
Gas shows , o i l  shows , and h igh sa l t-water pre ssure i n  permeab l e  zones underscore the possibi l ity o f  future 
production i n  the area . I n  a region such as the W i l lamette Va l ley , deta i led geop hysica l study shou l d  
precede actual dri l l i ng . 

iBarr 1 
i 

Esmond 1 

M i l l er 1 

Porter 1 

Table  1 7 .  O i  I a nd gas test wel l s  i n  li n n  County , Oregon 

locat ion 
NW:! sec • 31 , 
T .  1 1  S . ,  
R .  1 W .  

sw* sec .  7, 
T .  1 2  s . ,  
R .  1 W .  

S E* sec .  1 0, 
T . 1 0 S . ,  
R .  3 W .  

N E* sec .  27, 
T .  1 3 5 . ,  
R .  4 W .  

Depth 
4,529 '  

8 , 603 ' 

4, 95 1 ' 

8 , 470' 

Remarks 
G as and o i l  shows at 4, 300' i n  Euge ne Formation 
equiva l e nt ;  production tests d isappo i nt i ng - l itt le  
gas, no oi I ;  mechan ica l  d i ffi c u l t ies may have been 
responsib le . 

G as shows and o i l  fl uorescence; strong gas kick at 
3 , 990; h igh sa l t-water pressures at 7 , 060; oi l and 
gas production tests d isappo i nting - sea l i ng effect 
o f  dr i l l i ng mud may have bee n responsi b l e . 

Bottomed i n  l ate Eocene vo lcanic  rock associated 
w ith porous sands saturated with sa l t  water; l ocated 
on poss i b l e  antic l i na l structure ; penetration of 
vo lcanics i nto under l y i ng sed ime nts recomme nded . 

G as shows between 3 , 800 and 5 , 200 feet; strong 
gas shows i n  p l aces; h igh  sa l t-water pressure at  
5, 080 feet . Dri l ied on a structure l ocated by 
se ism i c  mea ns . 
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G o l d  a n d S i l v e r  

T he Quartzvi l le m in ing distr ic t ,  situated 40 m i les east of  A l bany and a short d istance east of the 
study area (T . 1 1  S . ,  R . -4 E . ,  and part of T . l 2 S . ,  R .  4 E.), produced go ld (8 , 557 oz . ), s i lver (2 , 920 
oz . ) , lead , z inc,  and copper before operat ions ceased in the 1 890' s .  Approximate ly 25 m ines,  m ine 
groups , and c la ims are located i n  the area . 

Min ing was d isorganized , w ith  no systemat ic cross-cutt i ng .  With  the increasi ng price of gold i t  
may now be economic for a firm to reenter t he area and to sc ientifica l ly assess t he potent i a l  production 
of t he area with modern technology . 

C o o  I 

Al though the coa l  loca l it ies of Li nn County are not of economic  qua l ity , the numerous seams reported 
i n  water-we l l  logs and exposed on steep s lopes in Thomas,  Bi lyeu , and Nea l  Creeks (sees . 2, 4, 8, 9, 1 0, 
1 2, 1 6 ,  T .  1 0  S . ,  R .  1 E )  are of genera l i nterest . A coa l  seam si tuated ha l f  a m i l e  due east of Jordan on 
the south side of Thomas Creek was used for a b lacksm ith shop in t he early 1 900' s .  I t  i s  n o  longer locatab l e .  

The coa l  occurs a s  sma l l  d iscontinuous lenses o f  l ignite i n  subaer ia l  vol can ic  and vo l can ic last i c  rocks 
of the Litt le Butte Formation (To lb) . I ts poor qual ity and l imited extent prec ludes deve lopment . 
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S U M M A R Y  

This  bu l let in is i ntended as a guide for the p lanner . It wi l l  be of use to a l l  those dea l i ng d irect ly 
or i nd irectly with the physica l characterist ics of the land . The geology maps, geo logic ·hazards maps, 
and soi I s  maps show the regiona l distr ibution of  the numerous hazards,  bedrock units,  and soi I s  that are 
summarized in Tab le  1 8 . The content , emphasi s,  and organization of the text are designed to provide 
t he maximum assistance to the p lanner in effective ly eva luati ng proposa l s  in terms of the capabi l i t ies and 
l iab i l ities of the l and . 

Landform 

F lot va l l ey 
land 

Iso lated 
va l ley hi l i s 

Terraces 

Up land 
s lopes 

Tab le 1 8 .  Landforms and associated hazards 

Areas of h igh 
Associated hazards hazard potentia l 

F lood i ng and stream -bank  erosion a long F lood p la in  west of 
r ivers and major streams; poor dra i nage,  A lbany 
ponding, h igh ground water , poor soi l 
conditions i n  local  depressions; variable 
soi I condi tions on gentle r ises 
Erosion, gu l lying, thi n soi ls and loca l Peterson Butte, 
mass movement on steep s lopes; m in i- f lanks of Knox Butte 
ma l prob lems on gent ler s lopes 
Poor drai nage,  pondi ng , h igh ground Middle terrace leve l  
water , poor soi l s  i n  loca l depressions or u nder lain by poor 
broad f lat areas; erosion, gu l lying , loca l soi Is (near Brewster 
ground water di scharge on steep side and Drapervi l ie)  
s lopes; compress ib le  soi l s  loca l ly on sur-
fic ia l  a l luvium 

Areas of low 
hazard potentia I 

H igh i nterf luves ,  
gent l e  r ises , and 
s loping regions near 
the mounta in  front 

Powe l l H i l ls ,  crests 
of Knox Butte , 
H ardscrabb I e H i  I I  
Upper terrace near 
Lacomb,  parts of 
lower and m idd le  
terrace leve ls 

Deep weather i ng and th ick c lay soi ls Mass movement topog- M idd le  s lopes on 
on many gent le to moderate s lopes; raphy; steep s lopes , north side of Snow 
irregu lar dra i nage and high ly variab le such as those a long Peak; gent le  s lopes 
l i thology; mass movement, gu l ly ing and Middle Santlam River; in Co lumbia R iver 
poor dra inage on moderate s lopes; sha l low deeply weathered Basa l t  south of 
fai l ures , f lash flooding , erosion ,  and gentle s lopes as a long K i ngston; most 
th in  soi ls on steep s lopes Brush Creek Road gent le s lopes 

I n  approximate order of decreasing importance , the active geo logic  hazards of western L inn County 
inc l ude floodi ng and related pondi ng and h igh ground water , stream-bank  erosion , mass movement , fl ash 
floodi ng and erosion,  and tectonism . Passive geo logi c  hazards i nc l ude the engi neering properties of the 
ground and soi ls  such as h igh organic or c lay content, permeabi l i ty ,  foundation strength , soi l th ickness, 
and soi l  texture . The success or fa i l ure of septic tanks, landfi l ls ,  dra in  fie lds , and foundations are large ly  
dependent on how these and  other static ground condi tions are hand led . 

F LOOD ING is a wi nter occurrence lead ing to many thousands of do l l ars worth of damage annua l ly 
a long t he rivers and major streams . Methods of dea l i ng with floodi ng i nc l ude dam, l evee , and dike con­
struct ion,  zoni ng codes, bu i ld ing regu lations, flood forecast i ng ,  and imp lementation of  t he F lood I nsurance 
Act . More accurate determi nations of  flood potent ia l  are needed in less popu lated areas . De l i neations of 
floodways and floodway fr inges in areas of  current and future deve lopment are recommended . 
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PON D IN G  AND H IG H  GROU N D  WAT ER are reg iona l wi nter hazards in  low s loping areas . The 
damage arising from the resu l t ing buoyancy and poor runoff on septic tanks, buried tanks, basements, and 
subdiv isions can be avoided t hrough comprehensive zoning ordi nances and proper engineer i ng . The poten­
tia l for ponding or high ground water exists in a l l  f lat -ly ing areas .  On-site i nvestigations are needed to 
assess specific projects . 

STREAM-BAN K EROS ION caused by river meanderi ng is a prime concern to landho lders a long t he 
South Santiam and W i l lamette Rivers . It a l so occurs a long many lesser r ivers and streams . P lans to protect 
the riverbank must recognize the need of the river to meander . Owi ng to the comp lex interre lationships 
between the ve loc ity, gradient ,  load , and other parameters of stream regimen , short-sighted projects 
a imed at r igidly contro l l i ng stream-bank erosion cou ld prove disastrous . Present ly,  the p lacing of r iprap 
at cri t ica l  loca l i ties and possibly zon i ng appear to be the most rea l istic economic means of m i nimiz ing 
losses through stream-bank erosion . 

MASS MOVEMENT i n  reg ions of mass-movement topography can cause structural damage e ither 
rapidly or gradual ly over extended periods of t ime . Losses are often accentuated by improper land use 
or l ack of engi neering . Eng i neering studies are recommended for a l l  large projects . Zoning ordi nances 
are an effect ive means of contro l l i ng land use in cri t ica l  areas .  Continued adherence to the gradi ng 
code is recommended . 

FA I LURES ON STEEP S LOPES are of secondary concern to the County p lanner because most steep 
s lope areas l ie in regions zoned exc l usive ly for logging and re l ated activities . However, such fa i lu res 
do contribute s ignificant sediment and debris to streams and cou ld  cause damage in  lower areas. Proper 
road engi neering and construction can be attai ned in these areas by strict adherence to the gradi ng code , 
I n  contempl at ing zoning changes, the severe l imitat ions of steep s lope areas shou ld  be considered . 

F LASH FLOODS and eros ion i n  up l and areas can cause loca l  catastrophic damages to structures 
and roads . Construction should be severe ly restricted i n  and a long f lash-flood channe l s ,  and cu lverts of 
adequate size shou ld  be requi red for a l l  road construction .  Loose fi l l  a long loggi ng roads is  part icu lar ly 
susceptib le to flash-flood erosion.  

S LOPE designations of the hazards map shou ld  be considered as guides for potential  hazards i n  assess­
i ng land l iabi l it ies . Thus, a l though specific hazards are not shown over large areas, a variety of hazards 
may deve lop in the future i f  the l and is mismanaged . For examp le , f lat-ly i ng areas are subject to ponding , 
floodi ng ,  or high ground water i f  dra i nage is impa i red or improperly hand led . Mass movement can occur 
on moderate s lopes i f  poorly engineered cuts are made . Gu l l y i ng ,  f lash flooding,  and eros ion a lso can 
be generated on moderate to steep slopes through improper land use . 

The largest probab le EARTHQUAK E in western Li nn County wou ld register V I I  on the Merca l l i  Scale . 
Of the eight earthquakes observed in the centra l Wi l lamette Val ley since 1 89 1 , the largest was a Merca l l i  
V I  shock .  For seismical ly sensit ive structures such as nuclear reactors detai led earthquake studies are 
requi red.  Potent ia l  VOLCAN ISM in  western L inn County is  neg l igib le . 

Cumulative SAN D AN D GRAV E L  consumpt ion by the year 2000 wi l l range from 1 8  to 30 m i l l ion tons.  
Appropriate zoni ng may be requ ired to preserve adequate reserves in the Quaternary a l l uv ium and Quater­
nary lower terrace , which produce the highest qua l i ty aggregate . Q UARRY STON E is derived primari ly 
from Col umbia River Basa l t ,  but a l so loca l ly from basa l t i c  i ntrusions in  the Litt le Butte Formation . 

The highest produc ing we l l s of GROUN D WATER  are located in the Quaternary a l l uvium and the 
Quaternary lower terrace deposi ts .  Future p lanni ng must inc lude a sophisticated understanding of the 
i nf luence of geo logy on ground water so that th is resource can be used most effec tively and so that it w i l l 
not become po l l uted or otherwise damaged . 



SUMMARY 95 

Statements in the text are genera l and shou ld  not be construed as t he fi na l  work on spec ific projects 
or parce ls  of land . The types of land use be ing considered in large part determine the actua l magnitude of 
the hazards in quest ion . Likewise ,  the feasibi I ity of a part icu lar  pro ject in a hazardous area is determined 
large ly by the corrective measures to be emp loyed . By bei ng aware of the d istribution , impact , and poss ib le 
treatments of hazards , the p l anner wi l l  be better  able to direct future growth .  
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Unified Soil Classification System 
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Group 
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Typical n a m es 
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Well-graded gravels, gravel-sand 
mixtures, little or no fines 

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

Silty grovels, grovel-sand-silt mix­
tures 

Clayey gravels, gravel-sand-cloy 
mixtures 

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

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

Silty sands, sand-silt mixtures 

� � � 1-----L---t-----------------------------(1) (I) � 
� �  � [ � 

� 
0 , 
Q. 
n c 
-:: 

sc 

ML 

CL 

OL 

Clayey sands, sand-day mixtures 

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

Inorganic cloys of low to medium 
p l asticity,  g r a v e l l y  c l o ys, s a n d y  
clays, silty clays, leon clays 

Organic silts ond organic silty clays 
of low plasticity 

3 � � �- �------------�--------+----------------------------- 1 
icg  ;;;· �-. ..  3 Q. 

� iS  
� � 
;; 
0 
, 
z 
? 
"' 
0 
0 

;· < 
� 

r 

�-
a: 

[ 
<0 
" 
0 

� 
,-
g 
"' 
3 

� 
g 
Q. 
n 
c 
-:: 

MH 

CH 

OH 

PI 

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

Inorganic cloys of high plasticity, fat 
cloys 

Organic clays of medium to high 
plasticity, organic silts 

Peat and other highly organic soils 

60 

50 

40 
" 
� 

] 
� 30 . ., 
� 

0 0:: 
20 

1 0  

0 
0 

La boratory classification criteria 

C,. = 
060 greater than 4; C, = � between 1 and 3 
D,o  D,o X D6o 

Not meeting all grad ation requirements for G W  

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

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

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

Cu = 
060 greater than 6; C, = � between 1 and 3 
D,o 010 X 060 

Not meeting all gradation requirements for SW 

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

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

limits plotting in hatched 
zone with P.l. between 4 and 
7 ore borderline cases re­
quiring use of dual symbols. 

CH / 
/ 

��--/ .. -f./ O H  and M H  

1 0  20 3 0  4 0  50 -60 
liquid limit 

Plasticity Chart 

70 80 90 1 00 

'f'Division of GM and SM groups into subdivisiom of d ond u o r e  for rood5 and oirfif'lds only.  Subdiv1sion is based on Atterburg limits; 
suffi)( d used when l.l .  is 28 or leo;s and the P. l .  i s  6 or less; the suff ix  u used when l.L. is q r eote1 than 2 8  

**Borderline classifications, used for soils poso;es\ing chorocteristin of t w o  qr0vp�.  o � ·"" dP�icp1ut!"d b y  c::ornhination-. of group symbols.  
For e)(omp le : G W- G C ,  well-graded grovel-�and rni-.: •urc• w ith c l a y  bindP.r 

Repri nted from PCA Soi l Pr imer 
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Genera l 
c lassifi cation 

Q) > Q) ·;;; 
0 0 N 

0 
...!!! z 0 · - c 
� 1  

"' ""0 c c 
Q) 0 
E "' 
m "'U  0 c <l: 0 
Q) Q) c > 0 0 

v; rn 

A-1 

E NV I RO NM E NTA L G E O LO G Y  O F  W E S T ER N L I N N  C OU N T Y  

APPE N D IX B 

AM ER I CAN ASSOC IAT I O N  OF STATE H IG HWAY OFF I C IALS 
SO I LS C LASS I F ICAT ION (AASH O) 

Group 
sym bols  

A- 1 -a 

A-1 -6 

Gra i n  size 
(s ieve) 

50% max . passes N o .  1 0 

30% max . passes No . 40 

1 5% max . passes No . 200 

50% max . passes No . 40 

25% max . passes N o .  200 

Atterburg l im i ts for 
fraction passing No . 40 

L iquid l im i t  P lastic i ty index*  

Less than 6 

0 � �--�----�------�----------------------��------------1-------------� 
E Qj 
o =  

- 0 Q) ""U  c c 
u::: � A-3 

50% min . passes No . 40 
A-3 N . P .  

§ � 1 0% max . passes No . 200 
0 ; 1----��--�-------+------------------------�------------�--------------; 

fh A-2-4 Less than  40 C") >-. ""0 
c Q) c 
0 � 5l -£ - "'U 
V'l V'l Q) ....J 

u c 
,_ 0 o _  
>- Q) 

� > 0 
V'l 0, 

·- 0 V'l V'l 

A-2 

A-4 

A-5 

"' A-6 
·o V'l 
� A-7 
>-0 

u 

A-2-5 

A-2-6 

A-2-7 

A-4 

A-5 

A-6 

A-7-5 
and 

A-7-6 

35% max . passes No . 200 

Grea ter than  35% passes 
No . 200 

Greater than 40 

Less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than  1 0  

Less than 1 0 

Greater than 1 0  

Greater than 1 0  

Less than 1 0  

Less than 1 0  

Greater than 1 0  

Greater than 1 0  

Q) ""0 0 
0, 

_a :::> V'l 
c Q) -

-Q) 
u X Q) 
2 
""0 0 0 
<..') 

Q) 
""0 
� 
Ol _a 
:::> V'l 

*The  d ifference between l iqu id l im i t  a nd p lastic l im it; the range of wa ter content through wh ich  the soi l 
behaves p lastic l y .  



American Association 
of State H ighway 

C o l loids Officials  - so i l  
c lassifica tion 

U . S .  Depar tment of 
Agr icu lture - soi l  C lay 
c lassification 

U n i fi ed soi I c lassifica-
lion 
U . S .  Army Corps of 

Engineers 
Bureau of Rec lamation, 

Dept . of I n terior 

S i eve sizes - U . S .  standard 

I 
Ci 
� 

Partie le size - m i l l imeters 

APPE N D IX C 

COMPAR I S O N  OF T H R E E  SYSTEMS OF PART ICLE-S I Z E  C LA S S I F IC AT I O N  

C lay 

S i l t 

F i nes (s i l t  or c lay) 

� 8 2!; 8  0 0 0 0 . . . 
� Ci  0 • 

S i lt 

N 
� 

F i ne sand 

Very 
fine F i n e  M edium 

sand sand sand 

F i ne sand 

0 0 0 t'-- 0 '<!" 0 N N -<> 
I I I I 

M '<�" I 
-<> � ...: N IM '<!" 0 0 0 0 

Coarse sand 

Very 
Coarse coarse 

sand sand 

Medium sand 

0 0 '<!" N 
I I 
I 

-<> oo 'a  
-

Fine 
gravel  

F i ne 
gravel  

Coarse 
sand 

0 
-;- '<!" 

I 
6 0 0 lo 

N M ..; -0 

Med i um Coarse 
gravel gravel 

Coarse 
gravel 

F ine 
grave l 

N � 
:::- � 
I I 

0 0 
00 -

0 N 

C oarse 
grave l 

0 0 (") '<!"  

Boulders 

Cobbles 

Cobbles 

(") 

0 0 -<> CXl 

)> -u 
-u m 
z 
0 
X 

0 -.....J 
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APPEN DIX D 

C O N STRUCT I ON MATER IALS OPERAT IONS 
IN WEST ERN L INN COUNTY 

Albany Rock Products 
M . O .  Sa lmon, Sr., President 

Howard Atkeson 

Bui l ders Supply Co . 
Office Manager 

Orris Carnegie 

Gera ld ine F .  or Ric hard D.  Downer 
R ichard Downer 

Govro Rock Quarry and P lant 
L. W • Govro , operator 

F loyd Grahm Construction Co . 
Margaret Grahm, Sec . -treas . 

Lauren Karstens 

Harvey A .  Larsen 
Harvey A .  Larsen ,  Owner 

Brock Pit  
Gordon B.  Wal lace , Asst . Engr . 

Cook P i t  
Gordon B .  Wal lace , Asst . Eng r .  

Lebanon Dump 
Gordon B .  Wal lace,  Asst . Eng r .  

Cormier P i t  
Gordon B .  Wal lace , Asst . Engr . 

Sanderson Br . 
Gordon B .  Wal lace , Asst . Eng r .  

Linn County, Oregon 
Gordon B .  Wal lace , Asst . E ng r .  

Linn County, Oregon 
Gordon B .  Wal lace , Asst . Eng r .  

g rave l 

grave l  

g rave l  

g rave l 

g rave I ,  sand, rock 

rock 

r iprap rock 

d i rt ,  sand, grave l 

quarry rock 

g rave l 

grave l 

quarry rock 

g rave l 

quarry rock 

q uarry rock 

Sec . 1 0, T. 1 1  S . , R .  3 W .  
2 m i les east of  A lbany 

Sec . 2 1 , T .  1 1  S . , R .  4 W . 
5� m i l es southwest of Al bany 

Sec . 2, T .  1 2  S . ,  R. 5 W .  
1 m i le east o f  Corva l l i s 

Sec . 20, T .  1 1  S . , R .  4 W .  
4 m i les southwest of  A l bany 

Sees . 25 & 30, T .  1 0  S . , R s .  1 & 2 W . 

Sees . 9, 1 0, 1 5, 1 6 , T .  1 0  S . , R .  3 W .  
2 mi les west of Jefferson , Oregon 

Sec . 1 6, T .  1 2  S . , R .  1 W .  
6 m i les southeast of Lebanon , Oregon 

Sec . 1 6, T. 1 1  S . , R .  4 W .  

Sec . 7 ,  T .  1 1  S . ,  R .  1 W .  
2 m i les north of Lacomb , Oregon 

Sees . 5 & 3, T .  1 0  S . , R .  1 E .  
1 �  mi les northeast of Scio 

Sec . 6, T .  1 0  S . ,  R. 3 W .  
8 m i les north of A lbany , Oregon 

Sec . 1 ,  T .  1 2  S . ,  R .  2 W .  
2 m i les northeast of Lebanon 

Sec . 1 3, T .  1 3  S . , R .  1 W .  
3� mi les northwest of Sweet Home 

Sec . 1 0, T .  1 1  S . ,  R .  2 W .  
H mi les west of  Crabtree 

Sec . 7, T .  1 0  S . ,  R .  1 W .  
1 � mi les northwest of Scio 

Sec . 26, T .  1 3  S . , R. 1 W .  
2� m i les northwest of Sweet Home 
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CONSTRUCT I ON MATER IALS OPERAT IONS I N  WESTERN L INN C OUNTY, cont i nued 

Linn County, Oregon 
Gordon B .  Wal lace , Asst . Engr . 

L inn  County, Oregon 
Gordon B .  Wal lace , Asst . Engr . 

L inn County, Oregon 
Gordon B .  Wa l lace , Asst . E ngr . 

L inn  County, Oregon 
Gordon B .  Wal lace, Asst . Eng r .  

Morse Brothers, I nc .  
R .  H . Be l l i nger , Office Mgr .  

Morse Brothers, Inc . 
R ,  H .  Be l l i nger , Office Mgr . 

Morse Brothers,  I nc . 
R .  H .  Be l l i nger, Office Mgr . 

Morse Brothers , Inc . #3 
W .  Moore , V .  President 

Morse Brothers, I nc .  
R .  H .  Be l l i nger, Offi ce Mgr . 

Morse Brothers, I n c .  
J .  Morse , President 

Morse Brothers, I n c .  
R .  H .  Be ! l i nger , Office Mgr . 

Morse Brothers, I nc .  
R .  H .  Be l l i nger, Office Mgr . 

Morse Brothers , Inc . 
Office Mgr .  

Morse Brothers, I nc . 
R .  H .  Be l l i nger,  Offi ce Mgr . 

Morse Brot hers,  I nc . ,  
Office Manager 

Morse Brothers,  I n c .  
Office Mgr . 

Morse Brothers , I n c .  
Offi ce Manager 

quarry rock 

quarry rock 

g rave l 

r iver grave l 

sand & grave l 

sand & gravel 

sand & grave l 

g rave l 

g rave l 

rock 

sand & grave l 

g rave l 

g rave l 

grave l 

grave l 

Sec . 9, T .  1 3  S . ,  R .  3 W .  
5 mi les northwest of Browns vi l ie 

Sec . 24, T .  1 4  S . , R .  2 W .  
2� mi les southwest of Crawfordsvi l le 

Sec . 3 1 , T .  1 0  S . ,  R .  1 W .  
4 m i les south of Scio 

Sees . 7 &  1 8, T .  1 0 S . ,  R .  2 W . 

Sec . 1 0, T .  1 1  S .  , R • 2 W .  

Sec . 1 0, T .  1 1  S . ,  R .  2 W .  

Sec . 1 0,  T .  1 1  S .  , R .  2 W • 

Sec .  3 1 , T .  1 3  S . , R .  4 W .  

Sees .  30 & 25, T .  1 3  S . , R .  4 W . 
1 0  mi les north of Harr i sburg 

E 1 sec • 1 1  , T .  1 2  S .  , R • 2 W • 

Lebanon ,  Oregon 

Sec . 28, T .  1 3  S .  , R .  1 E .  
Sweet Home , Oregon 

Sec . 6, T .  1 4  S . ,  R .  2 W .  
1 m i le east of Brownsvi l le 

Sees . 1 , 2 ,  1 1  , 1 2, T .  1 2  S . ,  R .  2 W .  
1 m i le northeast of Lebanon 

Sec . 6, T .  1 3  S . ,  R .  2 E .  
3 mi les northeast o f  Foster 

Sees . 35 & 36, T .  1 3  S .  , R .  3 W • 

1 m i le west of Brownsvi l le 

Sec . 9 ,  T .  1 5  S .  , R .  4 W • 

! mi le north of Harrisburg 

Sec . 5, T .  1 5  S . ,  R .  4 W .  
2 mi les nort h of Harrisburg 
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CONSTRUCT I ON MAT ERIALS OPERAT I ON S  IN WEST ERN L INN C OUNTY, cont inued 

Morse Brothers, I nc . 
W .  Moore , V .  President 

Morse Brothers,  I nc . ,  
McN utt, Office Manager 

Morse Brothers, Inc . 
R .  H .  Be l l i nger, Offi ce Mgr . 

Morse Brothers, I nc . ,  
Off ice Manager 

Morse Brothers, I nc . ,  
R .  H .  Be l l i nger , Offi ce Mgr . 

Morse Brothers, I nc .  
R .  H .  Be l l i nger , Office Mgr . 

Morse Brothers, P i ne Grove 
Offi ce Manager 

Morse Brothers 
Offi ce Manager 

Morse Brothers 
Offi ce Manager 

Morse Brothers 
R .  H .  Be l l i nger, Office Mgr . 

N .  Santi am Sand & Grave l ,  Inc . 
F .  A .  Lu Lay , Pres . 

North Santiam Sand & Grave l ,  I nc .  

North Santiam Sand & Grave l ,  I nc .  
F • A .  Lu Lay , Pres . & Mgr . 

North Santi am Sand & Grave I ,  Inc . 
Ra lph Mor9s, Office Mgr . 

North Santi am Sand & Grave I ,  Inc . 
J .  Morgan ,  Sec . 

Oregon State H ighway Divi sion 
Don Trout, Design Office Mgr . 

Oregon State H ighway Divis ion 
Dona ld Trout ,  Des ign Engr. 

grave l 

grave l 

p i t-run grave l 

g rave l 

g rave l 

grave l  

g rave l 

quarry rock 

grave l 

sand & grave l 

sand & gravel 

sand & gravel 

sand & gravel 

sand & grave l 

sand & grave I 

so i l  

Sees . 1 3 & 1 8, T .  1 4  S . , R s .  5 & 4 W . 

Sec 1 6, T .  1 5  S . , R .  4 W .  
1 m i le south of Harr isburg 

Sec . 36, T .  1 3  S .  , R . 3 W .  

Sees . 1 3 & 1 4, T .  1 2  S . ,  R .  2 W . 
2 m i les east of Lebanon 

Sees . 1 1  & 1 4, T. 1 2  S . , R .  2 W .  
1 m i le east of Lebanon 

Sees .  1 3 & 1 8, T .  1 4 S . , R .  4 W . 
8 mi les north of Harrisburg 

Sec . 30, T .  1 3  S .  , R .  4 W .  
1 0  mi les north o f  Harr isburg 

Sec . 1 3, T .  1 2  S . ,  R .  2 W .  
2 mi les east o f  Lebanon 

Sees .  28 & 29, T .  1 3  S . , R .  1 E .  
2 m i les east o f  Sweet Home 

Sec . 29, T .  1 3  S . , R .  1 E .  

Sees . 34 & 35, T .  9 S .  , R .  3 E .  
Gates , Oregon 

Sec . 1 9, T .  9 S . ,  R .  2 E .  
Lyons , Oregon 

Sec . 1 4, T .  9 S . ,  R .  1 W .  
1 m i le southeast of Stayton 

Sec . 1 5 ,  T .  9 S . ,  R .  1 W .  
� m i le south of Stayton 

Sees . 1 4, 1 5 ,  & 22 , T .  9 S . ,  R .  1 W .  
� m i le south of Stayton 

Sees . 2 1  & 28, T .  1 4 S . , R .  3 W . 
6� mi les southeast of Halsey 

Sec . 28, T .  1 4  S . ,  R .  3 W . 
7� mi les southeast of Halsey 
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Oregon State H i ghway Division 
Dona ld Trout , Design Eng r .  

Oregon State H ighway Division 
Frank Ha l l ,  Design Engr . 

Pioneer Concrete Company 
Kenneth Howard 

P ioneer Concrete Company 
Kenneth Howard , Owner 

Al bany Rock Prod . ,  I n c .  
M . O .  Sa lmon & Sons , I n c .  
M . O . Sa lmon Sr . ,  Pres .  

Cox Q uarry 
Mack S late, J r . , Owner 

Shedd Q uarry 
Mack M .  S late ,  J r .  

volcanic c i nders 

r iver grave l 

river rock 

grave l & dirt  

rock - "sha le" 

rock - "sha l e " 

Mi l i ard & La vera Smith,  DBA Smith  Sand & Grave I 
M i l l ard Smith,  Owner & Mgr . 

grave I 

Smith Sand & Grave l 
Mi l lard Smith,  Owner 

Smith & Sons, Sand & Grave l 
Fred Smith 

South Santi  am Water Contro l  D i st .  (2) 
Francis E .  Brad ley 

Wi l lamette Western Corp . 
Frank Hal l ,  Design Engr . 

H .  K im Wood & Jera ld ine Wood 
H .  K im Wood , Owner 

Mari L i nn Pit a nd P lant  
(Aero L inn Sand & Grave I )  
Mr . Marion Towery , Mgr .  

A l bany Rock Pit  & P lant 
A l bany Rock Products Company 
M . O .  Sa lmon Sr . Pres . 

Cedar Lumber ,  I nc .  
Don Wa l ker 

bar run 

p i t-run rock 

rock , sand , grave I 

g rave l 

grave l 

sand & grave l 

sand & grave l 

Sec . 1 5 , T .  1 3  S . ,  R .  7 E .  
25 mi les west o f  S isters 

Sec . 1 0, T .  1 1  S . , R .  2 W . 

Sec . 6, T .  1 4  S . ,  R .  2 W .  
l mi le east of Brownsvi l le 

Sec . 6 ,  T .  1 4  S . , R .  2 W .  

Sec . 1 0, T .  1 1  S . , R .  2 W .  
1 � mi les west o f  Crabtree , Oregon 

Sec . 22, T. 1 0  S . ,  R .  3 W . 
1 �  mi les northeast of Western K raft 

Sec . 27, T .  1 3  S .  , R .  3 W .  
6 m i les southeast of Shedd , Oregon 

Sees . 2 &  1 1 ,  T .  l O S . ,  R. 3 E . 
l l  m i le s  west of Jefferson 

Sec . 1 1 , T .  1 0  S . ,  R .  3 W .  
� m i le northwest of Jefferson 

Sec . D LC #37, T .  1 3  S . , R .  3 W . 
2 mi les north of Brownsvi l le 

Sees .  25 & 30, T .  1 0  S . ,  R s .  2 W . 
& 3 W . 

Sees . 9 & 1 0, T .  1 1  S . ,  R .  2 W .  

Sec . 4 ,  T .  1 1  S . ,  R .  2 W . 
2� mi les northwest of Crabtree 

Sec . 4, T .  1 0  S . ,  R .  3 W . 

Sec . 1 0, T .  1 1  S . , R .  3 W .  

Sec . 27(? ) ,  T .  9 S . (? ), R .  2 E . (? ) 
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Co l l i ns Pit  
Co l l ins Sand & Grave l 
E lmer Col l i ns 

Gate , R .  G .  

A I bert L .  Gregory 
Mrs . A .  L .  Gregory 

Hub C i ty Concrete Co . P l ant 
Thomas Jackson,  Mgr . 

Jefferson Sand & Gravel Co . 
Jerry Jones, Owner & Mgr . 

Morse Brothers, C rocker Pit 
R .  H .  Be l l i nger, Offi ce Mgr . 

Morse Brothers, Jensen Pit  & P l ant 
R .  H. Be l l i nger, Office Mgr .  

Kenneth Howard DBA Pioneer Concrete Co .  
Ken Howard 

Kenneth Howard DBA Pioneer Concrete Co . 
Ken Howard 

Northern Pit , 
Mack M .  S late , J r .  

Mack M.  S late , J r .  

Smith Sand and Grave l 
Mi l lard Smith,  Owner 

Smi th  Sand & Grave l Co . 
Manning pit 
Mi l i ard Smi th , Owner 

TOMC O ,  I nc .  
Edwin  J .  Mal loy 

U .  S. P lywood (Forest Resource Dept ) 
Tom Lackey 

Wi l l amette Quarries, I nc .  
Bond Butte Quarry 
Ra lph  Stubb lefie ld ,  Pres . 

H .  K im Wood 

g rave l 

sand & gravel 

sand & gravel 

sand & grave I 

bar run 

sand & grave I 

t raprock 

r iver-run rock 

Sec . 32, T .  1 1  S . , R .  2 W .  
2 m i les northwest of Lebanon 

Sec . 8, T. 1 2  S . ,  R. 4 W .  

Sec . 3 1 , T .  1 1  S . , R .  4 W . 
2 mi les east of Corva l l i s  

Sec . 5 ,  T .  1 1  S . ,  R.  3 W . 

Sec . 1 1 ,  T .  1 0  S . ,  R .  3 W.  
� m i le southeast o f  Jefferson 
Located off Hard Scrabb le H i l l  Road 

Sees . 28 & 29, T .  1 3  S . , R .  1 E .  
Outski rts of Sweet Home 

Sec . 5 ,  T .  1 5  S . ,  R .  4 W .  

Sec . 6 ,  T .  1 4  S . ,  R .  2 W .  
t m i le from main  road east of 
Brownsvi l l e 

3 m i les sout h of Brownsvi l le 

3 mi les east of Browns vi l ie 

3 mi les southwest of Scio 

Sec . 1 1 ,  T .  1 0  S . , R .  3 W .  
� m i le northwest o f  Jefferson 

Sec . 30, T .  1 3  S . ,  R .  2 W .  
2 m i les north of Brownsvi l ie 

Sec . 33, T .  1 3  S . , R .  3 E .  

Sec . 33, T .  1 4 S . , R .  3 W . 

Sec . 4, T .  1 1  S . ,  R .  2 W . 
2 mi les west of Crabtree 
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APPENDIX E 

WATER-W E LL NUMBER I NG SYSTEM 

R 3 W R 2 W  R 1 W  R 1 E 

T 
2 
N 

T 
1 
N 
T 

2 1 
s 
T 

1 1  1 2  2 
s 

14  13  

23 24 

26 25 

35 36 

Wel ls are designated by symbols that  i ndi cate locat ion accordi ng to the rectangu lar 
subd ivision of pub l i c  lands . Thus, in the above example: 

2S refers to Township 2 south 
3W refers to Range 3 west 
9 refers to Section 9 
Q refers to tract Q 

1 1 3 
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Wel l  No .  

9S  1 W  
1 3  D 1  

1 OS  'NI 
8 N 2  

l OS 'NI 
1 9  02 

1 2S 4W 
6 P l  
(6 cdb) 

E NV I RO NME NTA L G EO LO G Y  OF WESTERN L I N N  C OU NTY 

APPENDIX F 

DR I LLERS '  LOGS OF REPRESENTAT IVE WE LLS 

QUATERNARY A LLUV IUM 

Materia ls  

G rave l a nd sand, loose 
G rave l ,  tight, cemented 
G rave l ,  loose , water-bear ing 
G rave l ,  cemented 
Grave l , loose , water-bear i ng 
Grave l , d i rty, fa i r ly  loose 
Grave l , cemented , and boul ders 

Sa lem C i ty Water Department . A l titude 466 ft . 
Dr i l led by R .  J .  Strasser Dri l l i ng Co . ,  1 939 
C asi ng: 1 6-in . to 60 ft . 

Soi l  a nd sand 
Grave l 
Basa l t  Bou lders 
Grave l and sand, water-beari ng 

W i l l iam Uppstad .  A l t i tude 253 ft . 
D r i l led by Ace Dr i l l i ng Co . ,  1 957 
C asi ng: 1 0-in . to 2 1  ft . perforated 1 5-20 ft . 

So i l ,  sandy 
G rave l ,  cemented 
G rave l ,  si l ted "packed " 
Grave l ,  rounded , and sand, loose , water-beari ng 
C I ay and grave I 
G rave l ,  rounded , and sand , water-bearing 
Sand, s i l ted, packed 

N .  D. Brad ley . Al t i tude 230 ft . Dr i l led by 
Pete To l masoff We l l  Dri l l i ng ,  1 966 
C asi ng: 1 0-in . to  22 ft . ,  perforated 1 8-22 ft . 

Loam, sandy 
Grave l and sand 
Grave l 
Grave l ,  coarse 

W i l l a rd Haml i n .  A l t i tude 220 ft . Dr i l led by 
Raymond C .  Gel lat ly  & Rona ld  S .  W itham We l l  
D ri l l i ng ,  1 96 1  
C asing: 1 0-in . d iam to 35 ft . ,  perforated 25-36 ft . 

Thi ckness 
( feet) 

6 
1 0  
3 
7 
2 
7 

25 

4 
5 
8 
4 

8 
5 
2 
1 
3 
3 

1 0  
5 
8 

1 2  

Depth 
( feet) 

6 
1 6  
1 9  
26 
28 
35 
60 

4 
9 

1 7  
2 1  

8 
1 3  
1 5  
1 6  
1 9  
22 
22 

1 0  
1 5  
23 
35 



We l l  N o .  

1 1 S 3W 
1 7  F2  

1 2S 3W 
7 E 1  

9S 1 W  
1 4 Q 1  

A PPE N D IX 

DR I LLERS '  LOGS OF  REPRESENTAT IVE W E L LS ,  conti nued 

LOWER TERRACE DEPOSITS (BEN EATH W I LLAMETTE S I LTS )  

Materia l s  

C lay 
Sand and grave I 
C l ay , b l ue 

J .  T .  Anderso n .  Al t itude 226 ft . Dr i l led by 
Hami l ton Dri l l i ng C o . , 1 960 
C asing: 6-i n .  to 66 ft . ,  perforated 32-38 ft . ,  
58-64 ft . 

Soi l  
" Hardpan"  
G rave l ,  w i th  c layey grave l ,  water-beari ng 

(sma l l  y ie ld )  
" Hardpan "  (cemented grave l )  
Grave l ,  water-beari ng ( l arger y ie ld )  

C ity of  Tangent .  A l t itude 245 ft . 
Dr iven by W .  A .  S l ate , prior to 1 928 
C asing:  1� in to 36 or 40 ft . ,  screen at base 

Soil 
C lay, orange 
Bou lders 
Basa l t ,  very hard 

C O LUMBIA R IVER BASALT 

" O l d  land surface " ,  (red c l ay )  
Base I t ,  gray 
Volcan ic  ash, b lue,  and "old land surface " 
Basa l t  
Basa l t ,  ang l ed fractures 
Base I t , very hard 
"o ld  land surface " (red c l ay) 
Basa l t ,  vesi cu l ar "honeycombed " 
Base I t ,  hard 
Base I t ,  vesi cu lor ,  " honeycombed " 
Base I t ,  hard 
Basa l t ,  vesicu lar ,  " honeycombed " 
Base I t ,  hard 
Basa l t ,  vesicu l ar ,  " honeycombed " 
Base I t ,  hard 
Basa l t  ," broke n "  very hard 
Basa l t ,  very hard , crevi ces on angle 

T hi ckness 
( feet) 

29 
37 

4 

20 
1 1  
4 

7 
3 

2 
6 
2 

47 
3 

1 8  
6� 

1 5� 
80 
20 
5 

1 0  
9 
3 
5� 
1 �  
2 
2 

47 
30 
1 1  

Depth 
( feet) 

29 
66 
70 

20 
3 1  
35 

42 
45 

2 
8 

1 0  
57 
60 
78 
84� 

1 00 
1 80 
200 
205 
2 1 5  
224 
227 
232� 
234 
236 
238 
285 
3 1 5  
326 

1 1 5 



1 1 6 E NV I R O NM E N TA L  G E O L O G Y  O F  W ES T E R N  L I N N  C OU NTY 

DR I L LERS '  LOGS OF R EPRESENTAT IVE W E L LS ,  cont i nued 

C O LUMB IA R IV E R  BASALT , continued 

Th ickness Depth 
We l l  N o .  M ateria l s  ( feet) ( feet) 

9S l W  John Fery . A l t itude 550 ft . 
1 4 Q l  Dr i l led by M i l l er-Robi nson We l l  Dri l l ing, 1 964 
(conti nued) Casi ng:  1 0-in . to 1 9� ft . ,  unperforated 

l OS lW Soi l  2 2 
4 J l  " Bedrock "  hard 22 24 

Sha le , b l ue ,  soft 1 1  35 
Sha le  a nd b lack sand 1 5  50  
Basa l t ,  hard 5 55 
Sha le , sandy 5 60 
Basa l t ,  dark , hard , seamy 30 90 
Basa I t ,  hard , seamy ,  and bou l der 1 2  1 02 
Sha le , dark ,  soft 3 1 05 
Sha le , b lue 2 1 07 
Sha le , dark , "broken "  and wood 2 1 09 
"Rock" , b lac k hard 1 1 1 0 
Basa l t ,  seamy 2 1 1 2 
Basa l t  9 1 2 1 
Basa l t ,  hard 3 1 24 
Basa l t ,  hard , seamy 8 1 32 
S ha l e ,  dark ,  hard 1 1 33 
Sand ,  b l ack 4 1 37 
Basa l t ,  b lack,  hard 2 1 39 

C arl  L imbeck .  Al t itude 675 ft . 
Dri l led by Edward Beag ley , 1 957 
C asing: 6-i n .  to 4 ft . ,  unperforated . 

L ITTLE BUTT E F ORMAT ION - SAN DSTONE I N TERBEDS 

1 3S 2E Loam 4� 4� 
36 Q l  Grave l and bou lders, w ith ye l low-brown c lay 

pressed i n ,  water at 1 1 - 1 7  ft . 1 4  1 8� 
Ash, vo lcani c ,  l ight brown ,  weathered 1 �  20 
Ash, volcanic , very l ight-gray 5 25 
Ash,  vo lcan ic ,  lavender 5 30 
Ash, vo lcan ic,  l ight-gray 5 35 
T u ffstone , I ave nder , firm 8 43 
Tu ffstone , l avender and green,  softer 1 1  54 
T u ffstone , I ave nder, firm 5 59 
Tu ffstone , beige 4 1  1 00 

U . S .  Forest Serv ice . A l titude 795 ft . 
Dri l l ed by Harry A .  Robinson,  1 958 
C asing: 8-i n .  to 36 ft . ,  unperforated . 



We l l  No .  

l OS 3W 
1 5  P l  

l OS � 
20 K l  

A PPE N D IX 

DR I L LERS '  LOGS OF  REPRESENTAT IVE WELLS ,  cont i nued 

L ITT LE BUTTE FORMAT ION - SAN DSTON E I NTERBEDS,  conti nued 

Materia l s  

Soi l 
C l ay , ye l low ,  sti cky 
C lay , gray , very sti cky 
Sandstone , dark-gray , very hard 
Sandstone , ye I low 

G .  K .  Mi l ler . A l t i tude 465 ft . Dri l led by 
W i l lamette Irrigation & Equipment Co . , 1 965 
C asing: 8-i n .  to 50 ft . ,  u nperforated , 

C lay 
Sand and c lay 
Sand 
C lay , sandy 
C lay , b l ue 

E ldon C howning . Al t itude 227 ft . Dri l led by 
Hami l ton Dr i l l i ng Co . ,  1 959 
C asi ng: 6-i n .  to 1 50 ft . ,  perforated 1 05- 1 1 0  ft . ,  

1 20-1 26 ft . '  1 42- 1 48 ft . 

T hickness 
( feet) 

1 ! 
26! 
1 9  
4 

1 9  

26 
1 9  

1 
1 00 

4 

Depth 
( feet) 

1 ! 
28 
47 
5 1  
70 

26 
45 
46 

1 46 
1 50 

1 1 7 
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STATE OF OREGON 
DEPARTMENT OF GEOL.OGV AND M I N E R A L.  INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

STRATIGRAPHIC TIME CHART 

Q 
Q 

:r: 
"' 

" c " u Q 
n. 

• c • u Q 

• c • u Q m 
0 

Qol 

Qw, 

Toe 

Surficial Deposits 

Quaternary alluvium: 

Otv 

Tps 

Tee 

Tolb 

Ti  

A few tens of feel of gra�el, sand, and sill along major st•"<tams, and /hill 
ueneers of silt a"d clay li"itllt the smaller streams of the IVillarne//e 
Valley. Hazards incl!lde flooding, stream meandering, and •illa/iou. 

Willamette silts: 

Up to 20 to 30 feet of faintly l>edded, quarlzo.fe/dspatl!ic sills. silly 
cloys, and clays of lacustrine and glacial flood·wa/er origin. Surficial 
erralics and heauy minerals ihdica/e Columbia Rluer source. Carbon· I <I 
dating NW.,als a11 G!W uf 19,0011 ttJ 34,0011-t years. Hazards lncl!lde poor 
dmiflage, pondiflg, and lotu permeal>ility in places 

Quaternary lower terrace: 

A maximum of 50 feet of fltwial pebble grauel, sand, Ofld clay, along 
!he Snu/11 Sanliam Riuer, in the subsurface O[ the IVillametle Valley 
a11d i" the larger ualleys of tl!e foothills area. Also inc/,.des terrace 
graue/s along /he smaller streams. Bquiuale•!l i" part to the Li"n gmuels 
of Allison (1953). Eao·ly Wisconsin or l!!inoisian (!ale Pleistocene) In 
age. l'oor drainage, pondlng, and high water /able locally. 

Quaternary middle terrace: 

Moderately dis81,eled d"(Wsils nf pebiJI" gral!e/, sand, silt, a"d clay of 
fluvial origin ouerlooh/ng y01mger lower ferraee.< (Q/1). f.:quiualen/ i» 

part to /he Leffler gravels of Allison (1953). Elevatio"s uary {rom 2<15 
feel in west to 500 fed in east. Kansan (middle Ple/s/oce"e) in age. 
Deep weathering produces clay-deh soils. 

Quaternary upper terrace: 

Deeply dissected remna!1/s of a high, level gravel fan equiuale"/ to the 
Lacomb gravels of Allison (1953). Maximum thiehness 100 to 150 fee/. 
Maximum elevation 865 feet. Early Pleistocene in age. 

Stratigraphic Units 

Cascades formation: 

Ugh/- to medium-gray porphyritic {low andesite, basalt, and breccias 
forming a deeply dissected cone at Snow Peah and an lntracanyon {low 
with muersed topography i» the middle Santiam dmlnage. Maximum 
lhiclmess appror/ma/ely 3,000 feel. Late Pliocene to early Pleistocene 
;, age. Hazards ifldude steep slopes, rockfall, and flash floods. 

Sardine formation: 

Up to 1,500 feet of massive to piety hypcr:>/kene andesite and basalt 
uncmoformable beneath the Cascades Fonnallon and overlying Colum­
bia River B=ll. !.ate Miocene lo early Pliocene in age. Hazards i"c/ude 
flash flooding alld rockfall. 

Columbia River Basalt 

Several huJJdred feel of de,se. darl<. very {ine-gra/,ed flow basalt 
capp/JJg the ridges of northern Linfl County. Al.<o includes basalt nf 
tllarhs Ridge. Columnar jointing is uniuersaL Plagioclase ptwnoc>ysls are 
present locally; pyroxe"e phenocrysts are absent or ue>")l mre. Middle 
iHioccne in age. Weathers to a red loamy .<oil. Undercut liy massiue 
slides on steep slopes. 

Little Butte Formation: 

Approximately 10,000 feet of dae/tie to andesitic pyroclastic meh.< a"d 
dcJJse, dark, basaltic {lnw rock. The pyroclastics ar" c<>arsnl in /he 
drainage of the middle Santiam and i»clude breccias, tuffs, a»d ash. 
l»terbeds of emot/JJe»tal uolea,ic/as/ie sed/me»ts are commofl towards 
the west. 

The basaltic flow roe/• was er<tp!ed from many sow·ees. The 
"'"""''Ous bultcs of the eastern Willamette Volley l"<'prescnl /he 
exlwmed remnants of some of lhe uenls. Scal/ered small pyroxene 
phe»ocrys/s t:n>ify /he basalt. 

Parts of the unit (1'/be) ill the west con tal» Interbeds of massive. 
marin�. quar/�O·{e/dspa/l!ic sands/one equiuale»t /o /he F:uge>>e 
l'"ormatioll (Toe) reported ;, well logs In the IVillamette Valley. 

Age of /he forma/io" is early Oligocene /hr<>ui<h early Mioce>!e as 
shown by stratigraphic position and leaf fossils. 

Ha�ards Include {lash floods in the iJ!/erior, massiue la!ldslidiflg, afld 
thick clay suils. 

Intrusive rock: 

Mappable bodies of lnlrus/ue basaltic rock within the Utile n .. tte 
Foo·malion. No feeder.< for other ""its a>"<' recogflized. 

Geologic Symbols 

Contacts 

Folds 

Attiludes 

Surficial 

• 
t 

Syncline 

Strike and dip 

of Beds and flows 

(j) 
Horizontal bed: 

and flows 

Show of Oil 

Exploratory Oil Wells 

<> 
Dry Hole 

Mines and Quarries 

Sand and Gravel Pits 

Geology by J. D. Beaulieu 

" 
Show of Gas 

Cartography by S. R. Renaud and W. H. Pokorny 1 9 74 
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Geologic Hazards by J. D. Beaulieu and P. W. Hughes 
Cartography by S. R. Renaud 

8 OUAD�ANGLE LOCATION 

and W. H. Pokorny 1974 

Slope 

STATE OF OREGON 
DEPARTMENT OF GEOLOGY ANO MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 

� Willamelte Valley lowlands, flood plains of major streams, l-=:..J ten·ace deposits, and isolated upland areas; hazards may 
include flooding in drainageways, ponding in depressions, 
high water table, and poor soils (see Soils map (or 
Willamette Valley area); septic tanks, drain fields, base­
ments, buried tanks, and swimming pools nol feasible in 
many areas; suited /o agricullure, industry, tecrealion, and 
residential use where hazards are minimal. 

10-25'fl 

-25-50.% 

50-75% 

> 75% 

' ' ,, 

Gentle sloping upland areas, parts of older dissected 
terraces, and stream channels in the Willamette Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basalt; thicll clay soils and 
mass movement in parts of Litlle Bulle Formation; clay 
soils in Willa melle Valley (see Soils map); deep cuts require 
proper engineering in much of the Lillie Bulle; suited to 
low density residential development and similar uses. 

Extensive hills/ope areas in uplands; includes areas of thick 
clay soil and mass movement topography in weathered 
parts of the Little Bulle Formation in the lower foothills, 
thicl< loam soils overlying stable bedrocl1 in areas underlain 
by Sardine and Cascades Formations, and some talus along 
ridges of Columbia River Basalt and fresh exposures of 
Little Butte Formation; hazards variable; fills, cuts, septic 
/anlls, and deep excavations not feasible or require special 
engineering in places; suited locally to low-density, highly 
regulated, properly engineered use, also open space and 
(ores try. 

Exposures of solid bedrock of all volcanic units and thin 
slopes of steepa talus locally; rapid erosion and minimal 
chemical weathering and soil formation; hazards include 
rapid runoff, rochslides, thin debris slides, and {lash 
flooding; potential {or development small; cuts and fills {or 
road construction require proper engineering; houses and 
septic tanks generally not feasible; preservation o( vegeta­
live cover needed to minimize erosion. 

Steep bedrock slopes in areas of youthful topography; rapid 
erosion with lillie chemical weathering; hazards include 
roc!?{all, rocl1slide, thin debris slides, mudflow, and flash 
flooding; little poten tial {01' development; cuts and fills 
difficult. 

Lowlands 

Intermediate Regional Flood: Flood (determined by U.S. 
Army C01ps of Engineers) having a I percent probability of 
occurring in any given year. Preventive action includes 
zoning restrictions on incompatible developments, educa­
tion of the public, implementation of Federal flood plain 
insurance program, (loodproo(ing of present structures, and 
the construction of levees and dikes. 

Standard Project Flood: Extent of flood (de/ermined by U.S. 
Army Cmps o( Engineers) which would be pmduced under 
the most extreme hydrologic and meteorologic condflions 
possible, excluding extremely rare combinations; areas 
outside lhis boundary are not subject to flooding thmugh 
stream ovetflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably subject to 
flooding but (or which no detailed study has been made. 

Stream bank erosion:  Undercu/ling and caving of river and 
stream banf1s commonly accompanied by large scale 
migration of the river channel; generally characterized by 
location on the outer bends of sharp curves, bar growth on 
the opposite ban/1, and deep water near shore; also inferred 
on basis of history of past migration, geomehy o( stream 
plan, and general knowledge of stream meandering; 
properly engineered riprap provides local correction for 
critical areas; other solutions may include zoning, restric­
tions on construction within given distances of stream 
ban!?, and possibly removing sand and gravel (rom critical 
bars_ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Abandoned channel: Length of river or stream channel 
abandoned through calaslrophic channel changes during 
flooding; commonly the site of s/agnalion, progressive 
sillalion, marsh growth, and compressible soils; restricted to 
past and present flood plains of larger rivers, such as 
Willame/le and South Sanliam; useful in determining 
meander h istory and potential for future stream migration. 

Channel change: Location of present stream channel acquired 
by recent progressive meandering through stream banh 
erosion or tr-uncation of meander bends during floods_ 

Taken from U.S. G.S. 7'h' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970. Revisions do 
not meet National Map Accuracy Standards. 

� � ,. � � � x �  Revetment: Riprap placed to control stream banh erosion; 
may lead to increased rates of erosion short d istances 
downstream. 

Uplands 

. . . . . .  
• • • • . . . . . . . 

. . . . . � . 

[[] 

Mass movement topography: Earlhflow terrain characterized 
locally by irregular to hummoclly topography, moderate 
slopes, irregular drainage, displaced soil, and features of 
recenl movement including craclwd ground and bowed 
trees; failure res/ric led lo soil zone ( 1 0  to 30 feet) 
generally, but penetrates to bedrocl< in parts of Little Butte 
Formation, especially below escarpments of resistant cap 
roc!<; hazards may include potential for ground movement, 
poor foundation strength, caving in excavations, and poor 
drainage; excavations, drainage modifications, removal of 
vegetation, and use of septic tanl<s and drain fields may 
reactivate sliding; on-site investigation recommended {or 
most development; suited to low-density housing in places. 

Headscarp: Sleep slopes of intact bedrocl1 marking the upper 
limit of a deep slide mass downslope; hazards and 
limitations are those of shallow failure discussed below. 

Failure on steep slopes (see slopes 4,5): Hazards include rapid 
mno({, rockslides, thin debris slides, earthflows and 
mudflows; frequency of occurrence highest for greatest 
slopes; sleep slopes with thin soil cover particularly 
sensitive to excavation, placement of fills, and removal of 
vegetation; potential (or development in many areas 
negligible. 

Flash flood chahnels: Small to medium·sized stream channels 
situated in areas of moderate to steep slope and low 
permeability; characterized by steep, narmw canyons, lac!< 
of flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent structures genemlly not feasible; large 
culverts required under mads crossing channels. 
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STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND M I N E R AL. INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 

Clay and silty clay: Severe construction limitations in places 
because of poor drainage, compressibility, and location in 
flood prone areas; generally not acceptable for septic tanks 
owing to low infiltration rates. 

Clay loam and silty clay loam: Limited use as a function of local 
topography, water table, and engineering properties; septic 
tanks, sewage disposal, and landfills acceptable in areas of 
favorable topography, water /able, and permeability. 

Loam and silty loam: Restricted use in Willamette Valley because 
of poor drainage and high water table; septic tanks and sewage 
disposal acceptable in regions of appropriate permeability and 
water /able. 

Sandy and sandy loam: Acceptable for most construction; 
generally not acceptable for septic tanks, leach fields, sewage 
disposal, and landfills owing lo rapid inflitration. 

Gravelly and stony loam: Same as sand and sandy loam above. 

Soils by P, W, Hughes 

Cartography by S. R. Renoud 
and W. H. Pokorny 1974 

Soil Classification Diagram 

Soils are unconsolidated mixtures of clay, silt, sand, and gravel; 
textural terminology is based on the relative abundance of these 
components. 
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Base Map !rom U. S. Geological Survey. 
Control by USGS, USC&GS, and USCE 

Topography from aerial photographs by mulliplex melhods 
Aerial photogr.phs taken 1949. Field check 1950 

Potycooic projection. 1927 North American datum 
IO,DOO-foot grid based on Oregon coordinate system, 
north and south zones 
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STRATIGRAPHIC TIME 
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Surficial Deposits 
Quaternary alluvium: 

CHART 

Qtv 

Tps 

Tee 

Tolb 

A few tens of feet of gmuel, smut, and sUI along mnjoo· streams. mod 1/'j" 
VCIIN,rs of <ill mul clay linin!! 1/w smaller .<to·cams of /he Willamel/c 
Valley. Hazards incl.,de flood in!!. sto·carn nwandcl'i";:, "''d sillali<m. 

Willamette silts: 

Up to ZO to 30 feel of falnU.v bcdde<l, rtnarlzo-feldspallric sills, silty 
clay�. ulld clays of lucuslriuc <mil Ji/acial f/OO<I·<valer ndgi11. S><r{icial 
erra/ics and heavy minerals indicate Colwnbia Ulucr.<ource. CarbOII· l 4  
dati11g reveals an age o f  /9,000 to 3•1,000+ years. fTazards include poor 
drainage, pondir>f!. and low pcrmcabilily in places. 

Quaternary lower terrace: 

A maximoun of 50 fcc/ of f11wial pebble l(raucl, sand, ar�d clay, a/0111( 
the South Sanlimn River, in the subsurfnce of the \Villamefle Valle)' 
aud in /he larger ual/eys of the foothills area. Also includes terrace 
"".w�f• "'""" Uo� ""'"//�• o<•�u"••· �;:,.,.,·�u<�"' '" yuo < <u II•� L.<"'' gou.,.,b 
of Allison (1953). Karly Wisconsin or llli110isian {/Me Pleistocene) in 
age. Poor drainage, pcmding, and high water table locally, 

Quaternary middle terrace: 

Modem/ely d issected deposits of pebble graucl, 1and, oil/, and clay of 
fluvial origin oucrloollin;: y<>unger lower terrnccs (Q/1). Equiualcnl in 
part to the Leffler gravels of clllisat> {1953}. Elcuatio"' vary from 2•15 
feet in west to 500 feel in east. Kansan (middle Pleistocene) in age. 
Deep weathering praduces clay•riclo soil.<, 

Quaternary upper terrace: 

Deeply dissected o·e,manls nf a l!ig/o, lcuel l[ravel fan equivalent lo tile 
Lacomb gravels of Aili.<mo (1953}. Ma.�o'numo 1/oichness 100 Ia /50 fcc/. 
Mn:dmum eleualio" 865 {eel, /i:arly 1'/t�istoccne in ngc. 

Stratigraphic Units 
Cascades formation: 

Liglot- to medium-gray poo·pln·ritic flow amluitc, basal/, "''d breccias 
forminR a deeply <lissec/ed em•e a/ S110w P"al; ""'/a" inlo·nea,yon {low 
with rever.<ed lnpogo·aploy iH tile middle S<mliam do·ai"a;/e, Maximum 
thickness appro.�inwtely 3,000 feet. Late Pliocene to eao·Jy Ptcistocc"e 
;, age. Hazards iHcl!idc sleet' .<I<JJWS, roc!: fall, and {Iaslo floods. 

Sardine formation: 

Up to 1,500 feel of massive to platy hyper�the'"' andesite and basalt 
llnco,formablc beneath the Cascades Formation and ouerlying Collm<­
bia River BaS<J/1. Late Miocene to early 1'/iocene in agc. Hazards include 
{lash flooding and roc/< fall. 

Columbia River Basalt 

Several hundred feel of dense. darh, very fine-gmhoed {low baS<Jlt 
capping the ridges of northern /,inn Co<mly. Also includes basalt of 
Marl<s Ridge. Columnar joinlinR is <mivcn:a/. l'laRi<>c/asc phcnocr:."•l• are 
pre;rent locally; pyroxe11e phetlocrysls are absent or very rao·e. Middle 
Miocene in age. Weathers to a red loamy soli. Underc.u/ by massive 
slides o" sleep slope•. 

Little Butle Formation: 

Approximately l 0. 000 (eel of dacilic to ande8itic pyroclastic rocks and 
dense, dar/<, basaltic flow roc/<. '/'he pymctn•lics arc coarsest in /he 
dra.-naRc of lloe middle Sardiam and brc/ude breccias, /uf{G, aud ash. 
Interbeds of continental volcaniclastic sediments arc conomon towards 
the west. 

The basallic flow md< W<>S m·uptcli fmm mauy sources. The 
numerous b"lles of 1/oe cas/em \Villamc//c Valley rep"''""'' /he 
exhumed rcm11anl< of some of ll•c �·cnts. Scullcrcd small pyro.�cnc 
plu:nocrysls typify /he basalt. 

Parts of the u11il {T/bc) in /he we.,/ co111ain interbeds of massive, 
m...-ine. quartzo-fcldspatl•ic sands/one equiualcnt to the Eou:e"e 
Fonna/ion (Toe} o"Cpur/cd ;, wcll lof/s in /he \l'illamelle Valley, 

Age of ll>c {unnalion is early 0/ii:O<'C/IC lhO'Oul!h early Miocene a• 
shown by strotigraploic position and leaf fouib. 

Ha;;ards include flash floods i11 the interior, massive landslidhor:. and 
/hid; clay �oils. 

Intrusive rock: 

Mappable bodjes of intrusive basaltic rock wilhilo /he Little Butte 
f'onnalion. No feeder-s for other unit• arr: rCCOI(nizcd. 
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STATE OF OREGON 
OEPARTMENT OF' GEOLOGY AND MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 

Willame/le Valley lowlands, flood plains o( major slreams, 
terrace deposits, and isolated upland areas; hazards may 
include flooding in drainageways, ponding in depressions, 
high water table, and poor soils (see Soils map (or 
Willamelle Valley area); septic tanl1s, drain fields, base­
ments, buried /anhs, and swimming pools not feasible in 
many areas; suited to agriculture, industry, recreation, and 
residential use where hazards are minimal. 

Gentle sloping upland areas, parts o( older dissected 
lermces, and stream chan11els in the ll'illamelte Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basalt; lhich clay soils and 
mass movement in parts o{ Lillie Bulle Formation; clay 
soils in Willamelle Valley (see Soils map); deep cuts require 
proper engineering irz much o{ the LiU/e Bulle; suited to 
low density residential development and simiiM uses. 

Extensive hills/ope areas in uplands; includes areas o( thick 
clay soil and mass movement lopography in weathered 
parts of /he Lillle Bulle Formali011 in 1/ze lower (oolhills, 
lhicll loam soils overlying stable bedroch in areas underlain 
by Sardine and Cascades Formations, and some /a/us along 
ridges o{ Columbia River Basalt and fresh exposures o{ 
Lfttle Butte Formation; hazards variable; (ills. cuts, septic 
lanhs, and deep excavations no/ (ea:;ible or require special 
engineering in places; suiled locally to low"densily, highly 
regulated, properly engineered use, also open space and 
forestry. 

Exposures o{ solid bedrocll o( all volcanic units and lhin 
slopes of sleeper latus locally; rapid erosion and minimal 
chemical weathering and soil (ormation; hazards include 
rapid nnw((, roc/is/ides, thin debris slides, and (lash 
flooding; potential (or development small; cuts and {ills (or 
road construction require pmper engineering; houses and 
septic tanhs generally not feasible; pl'eservalion o{ vegeta­
tive cover needed lo minim ize erosion. 

Sleep bedrocJ1 slopes in areas o( youllz(ul lopography; rapid 
erosion with lillie cllemical weathering; hazards include 
rockfall, rocltslide, thin debris slides, mud(low, and (lash 
flooding; lillie potential (or developmerzl; cuts and (ills 
difficult. 

Lowlands 

Intermediate Regional Flood: Flood (de/ermined by U.S. 
Army Corps o( Engineers) lwving a f percenl pmbabilily o( 
occurring in any given year. Preventive action includes 
zoning res/ric/ions on incompatible developments, educa­
tion of the public, implementation of Federal flood plain 
insurance progmm, {loodproo(ing o( present structures, and 
the construction o( levees and dihes. 

Standard Project Flood : Extent o( flood (determined by U.S. 
Army Corps o( Engineers) wl1ich would be produced under 
the mosl extreme hydrologic and meteorologic conditions 
possible, excluding extremely rare combinations; areas 
o"l�id.o lhi� bo""dat-.Y un' uol �,.&Jo:;cl to (/oodiu15 ll<r vut;l< 
stream overflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably subject to 
flooding but (or which no detailecl slt1dy has been made. 

Stream bank erosion: Undercutting and caving o( fiver and 
stream banlls commonly accompanied by large scale 
migmlion of /he river channel; generally characterized by 
location on the 011/er bends o{ sharp curves, bar growlh on 
/he opposite ban/1, and deep water near shore; also inferred 
0/! basis ur his lory of pas/ migmlion, geomeb·y or stream 
plan, and general llnowledge o( stream meandering; 
pmperly engineered riprap provides local correclion (or 
critical areas; ollzer solutions may include zoning, res/ric­
lions on cons/rue/ion within given distances o( stream 
bank, and possibly removilzg sand and gravel {rom critical 
bars_ 

11111111 ! I I I I I Abandoned channel: Length of river or stream channel 
abandoned through catastrophic channel changes during 
flooding; commonly the site o( stagnation, progressive 
siltation, marsh grow/11, and compressible soils; restricted lo 
past and present flood plains oj larger rivers, such as 
ll'illamette and South Sanliam; useful in determining 
meander h istory and potential {or future stream migration. 

Channel change: Location of present stream channel acquired 
by recent progressive meandering through stream ban/1 
erosion or truncation of meander bends during floods. 

Tallen from U.S. G.S. 7/h' Topographic Maps dated /969 
and 1970 and aerial photographs dated 1970. Uevisions do 
no/ meet National Map Accuracy Standards. 

Revetment: Riprap placed to control s/ream ban// emsion; 
may lead to increased rales o{ emsion shorl distances 
downstream. 

Uplands 
. -

· . .. .. . .  . 

> • • •
• : ' - - . . . 

rn 

Mass movement topography: Earl/if/ow terrain characterized 
locally by irregtdar to lzwnmochy topogruphy, moderate 
slopes, irregular drainage, displaced soil, and features o( 
recent movement including cmclwd ground and bowed 
b·ees; failure res/l'icted to soil zone (10 to 30 (eel) 
generally, but penelmtes to bedroch in parts of Lillie Butte 
Formation, especially below esca1pments o( msistanl cap 
roc//; hazards may include potential (orgrotmd movement, 
poor (ozmdalion strength, caving in excavations, and poor 
drainage; excavations, drainage modi(icutions, removal of 
vegetation, and use o( septic /anhs and drain fields may 
reactivate sliding; on-site investigation l'ecommended (or 
most development; suited /o low-density housing in places. 

Headscarp: Steep slopes of' intact bedroch marl1ing the upper 
limit of a deep slide mass downslope; hazards and 
limilal iorzs are those o( shallow failure discussed below. 

Failure on steep slopes (see slopes 4,5): Hazards include rapid 
runolf, rockslides, thin debris slides, ear·lh{lows and 
mudflows; frequency of' occtlrrence highest (or greatest 
slopes; sleep slope.� with thin soil cover particularly 
sensitive lo excavation, placement o( (ills, and removal of 
vegetation; poten tial (or development in many areas 
negligible. 

Flash flood channels: Small to medium-sized stream channels 
situated in areas of moderate to sleep slope and low 
permeability; characterized by sleep, narrow canyons, lacll 
of flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent struclw-es generally not feasible; large 
culverts required under roads crossing channels_ 
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Surficial Deposits 

Quaternary alluvium: 

A few teus of {eel of 1/IVlvd, s(md, a"d sill along major •t•·e<llt1s, "'"/ thin 
ve.,ee•·• of _,.;u <md clay linin;: the smalle.- slmams of ll•e Willamctte 
Valley. f/a�ards inc/r"le flooding, stream mem•dering. tmd sillaUo". 

Willamette sills: 

Up to 20 to 30 feel of faintly bedded, quartzo-feldspathic sills. silly 
clays, and clay• of /aCII6triue and glacial (lood·wa/er ori�in. Surficial 
errnlics and hcauy minerals indicate Colwnl>ia River source. Carbon-14 
dating reol!als an lJIIe of 19,000 Ia 34,000+ years. Ha�ard• includl! poor 
drainage. pondinll. and low perml!ability in places. 

Quaternary lower terrace: 

A maximum of 50 feel of f11wial pebble grrwcl, S<md, and clay, along 
the So!ilh Sanlium River. in the s�<l:>sur{aee of lila Willameue Valley 
a"d i" the larger valley$ of the foothills "'�'a. Also includes terrae� 
$>"�uq/o ��<>�I; the "'"""Q'" ·•••�•"'•· llq<du�l""' iu I"""' ••> t/,� L,;,.., gouud• 
of Allison (1953). Em·!y IViscolisili or /llitiO/sian (!ale l'le/Moce<>e) ;., 
ag�. Pam· drui"oRC. pondilllf. Gild l>illl> water table locally. 

Quaternary middle terrace: 

Moderately d/ssecled deposit.< a{ pebble gravel. sand. silt. and clay of 
{/uvial origi11 over/oolting younger lower taraces (Q/1). h"q,.ivalen l  i11 
part to the Leffler gravels of Allison (1 953). Eleva/ion• va.,- {rom 245 
{eel i11 west to 500 feel ;, east. KanS<l" (middle Ptci&toccne) in age. 
Deep wealhl!rinR produce• clay-rich soils. 

Quaternary upper t.errace; 

Deep/�· dissected rcuuu1nts of a hig/1, /eve/ gravel fan CQitivalenl to the 
Lacomb gravels of Allison (1953). Maximum l11ielmes• 100 to /50 feel. 
Maximum elevali011 IJG5 feet. Early l'leislocene in age. 

Stratigraphic Units 

Cascades formation: 

Ugh/. to medium-IJrllY porphyritic flow andesite, basalt. and breccias 
form ing a deeply dissected cone a/ Snow Pea/1 aud an i<>lraca.,yo" (low 
with r<!versed topography in the middle Santiam drainage. Maximum 
thickness approxima/cly 3,000 teet. Late Plioce"e to early 1'/cis/oeene 
i11 age. Hazards include .teep slopes. rockfall. and {lasl• {loads. 

Sardine formation: 

Up to 1,500 feet of massive to platy l!ypuslhcne andesite a11d basa/1 
UllCol!formal>/e !>"neath the Cascades Formalio" a11<1 Ov«rlying Colltm­
bia River nasal/. Laic llliocene to early Pliocene In age. Haza>·d� i11c/ude 
flash floodit1g and •·ocl/{a/1. 

Columbia River Basalt 

Several hundred feet of dense, dad,, v«ry fi11e-grailw<l {low basalt 
cappi"ll ll1e ri<l!!es of uo•·them /.inn Co<mly. Also iucludcs />Qsa/1 o{ 
Marks Ridge. Columllal· joi" ling is universal. 1'/agioc/ase phenocrysts am 
Pr<!&e•!l locally: pyro.�ene phenocrysts arc absent or V�I"Y rare. Middle 
Miocene in age. Weather.< lo a red loamy soil. Uudei"Cut by massi�e 
slides on deep slopes. 

Little Butt.e Formation: 

Appro:dmalely I 0,000 feel of dacitic to andesilic p)•roclastic rocks and 
de11se. darh, basaltic flow rock. The pyroclastics are coarsest in the 
drainage of /11e middle Santiam and i>1clude broccias, tuff•. aud ash. 
1"/erbeds of contimmtal IJGIIcalliclastlc sedimanls urn common towards 
tl1e west. 

The l>asallic {low roc/< was <!tupted (rom many $Oilrces. The 
m11nero!l.• buttes of ll>c eastern Willametle Valley •·epr«s«lll the 
exh�<med rem11an/s of some of the VC11Is. Seai/CI"<Jd small PY/"0-Hlle 
phenoays/s typify the basalt. 

Parts of tlw <mil (Tibe) ;, /he we$l contain ;,terbeds of massive, 
marine. quartzo-feldspathic sandstone equivaletil to the Eugen« 
Fom>allon (Toe) rcporlcd ;, well logs i11 the JVil/amettc Valley. 

Age of the {ormation is cgr/y 0/iJI"ocene lhroug/1 early Miocene as 
shown by stratigraphic position and leaf fossils. 

Hazards include (lash floods in lhl' interior. massiac landsliding, and 
/hick clay wits. 

Intrusive rock: 

Mappable bodies of intrusive basaltic rock within the Lillie /Julie 
Formation. No faedero (or other <mils are rnco!!n l�ed. 
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STATE OF OREGON 
DEPARTMENT O F  GEOLOGY AND M I N E R A l.  INDUSTRIES 

R. 1!:. CORCORAN. STATE GEOLOGIST 

EXPLANAT ION 

Willamette Valley lowlands, flood plains of major streams, 
terrace deposits, and isolated upland areas; hazards may 
include flooding in drainageways, ponding in depressions, 
high water loble, and poor soils (see Soils map for 
Willamette Valley area); septic tanJls, drain fields, base­
ments, buried tanks, and swimming pools not feasible in 
many areas; suited to agriculture, indusby, recreation, and 
residen tial t1Se where hazards are minimal. 

Gentle sloping upland areas, parts of older dissected 
ten·aces, and stream channels in the Willamelle Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basal!; thich clay soils and 
mass mouement in parts of Liltle Butte Formation; clay 
soils in Willamette Valley (see Soils map); deep cuts require 
proper engineering in much o( the Little Butte; suited to 
low density residential development and similar uses. 

Extensive hills/ope areas in uplands; includes areas of thick 
clay soil and mass movement topography in weathered 
parts of the Little Butte Formation in the lower foothills, 
thick loam soils overlying stable bedrocll in areas underlain 
by Sardine ·and Cascades Formations, and some talus along 
ridges of Colwnbia River Basalt and fresh exposures of 
Little Butte Formation; hazards variable; fills, cuts, seplic 
tanks, and deep excavations not feasible or require special 
engineering in places; suited locally to low-density, highly 
regulated, properly engineered use, also open space and 
forestry. 

Exposures of solid bedrock of all volcanic units and thin 
slopes of steeper talus locally; rapid erosion and minimal 
chemical weatheting and soil {ormation; hazards include 
rapid nmo{(, rochslides, thin debris slides, and flash 
flooding; potential for development small; cuts and fills (or 
road construction require proper engineering; houses and 
septic tanks generally not feasible; preserualion of vegeta­
tive cover needed to minimize erosion. 

Steep bedroch slopes in areas of youthful topogmphy; rapid 
erosion wilh little chemical weathering; hazards include 
rocllfa/l, rochslide, thin debris slides, mud(low, and flash 
flooding; lillle potential for development; cuts and fills 
di{fictdl. 

Lowlands 

Intermediate Regional Flood: Flood (determined by U.S. 
Army Corps of Engineers) having a 1 percent probability of 
occurring in any given year. Preventive aclion includes 
zoning res/l"ictions on incompatible developments, educa­
tion of the public, implementation of Fedetal flood plain 
insurance program, (loodproo{ing o( present structures, and 
the construction of feuees and dilws_ 

Standard Project Flood: Extent of flood (delermir�ed by U.S. 
Army Corps o{ Engineers) which would be produced under 
the most extreme hydrologic and meteorologic conditions 
possible, excb!ding exb·emely mre combinations; areas 
ou tside this boundary are not subject to flooding through 
stream overflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas pmbably subject to 
flooding bul (or which no detailed study has been made. 

Stream bank erosion: Undercutting and caving o( riuer and 
stream banhs commonly accompanied by large scale 
migration of the river channel; generally chamcterized by 
location on the outer bends of sharp carves, bar growth on 
the opposite bani/, and deep water near shore; also in( erred 
on basis o( history o( past migration, geometry of stream 
plan, and general knowledge of stream meandering; 
propetly engineered riprap provides local correction (or 
critical areas; other solutions may include zoning, restric­
tions on constr·uction within given distances of stream 
bank, and possibly remouing sand and grauel (rom critical 
bars. 

Abandoned channel: Length of river or stream channel 
abandoned through catastrophic channel changes during 
flooding; commonly the site of stagnation, progr·essive 
siltation, marsh gr·owth, and compressible. soils; restricted to 
past and present flood plains ol larger rivers, such as 
Willamette and South Santiam; useful in determining 
meander his lory and potential for future sb·eam migration 

Channel change: Location of presen t stream channel acquired 
by recent progressive meandering through stream bank 
erosion or truncation of meander bends during floods. 

Taken from U.S.G.S. 71h' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970, Revisions do 
not meet National Map Accuracy Standards. 

Revetment: Riprap placed to control stream bcmh erosion; 
may lead to increased rates of erosion short distances 
downstream. 

Uplands 

Mass movement topography: Eatlhflow terrain characterized 
locally by irregular to hummoclly topography, moderate 
slopes, inegular drainage, displaced soil, and features of 
recent movemetll inclr1ding cracked ground and bowed 
lrees; failure restricted to soil zone (10 to 30 feet) 
generally, but penetrates to bedrocll in parts o( Little Butte 
Formation, especially below escmpmenls o( resistant cap 
rock; hazards may include potential for growld movement, 
poor foundation strength, caving in excauations, and poor 
drainage; excavations, drainage modifications, mmoval of 
vegetation, and use of septic tanlls and drain fields may 
reactivate sliding; on-site investigation recommended for 
most development; suited lo low-density housing in places. 

Headscarp: Steep slopes of intact bedrocll marking the upper 
limit of a deep slide mass downslope; hazards and 
limitations are those of shallow failure discussed below. 

Failure on steep slopes {see slopes 4,5): Hazards include rapid 
runoff, mckslides, thin debris slides, earthflows and 
mudflows; frequency of occurrence highesl (or greatest 
slopes; steep slopes with thin soil cover particularly 
sensitive to excavation, placement of fills, and removal o( 
vegetation; potential {or development in many areas 
negligible. 

flash nood chantlels: Small to medium-sized stream cha11nels 
situated in areas o( moderate to steep slope and low 
permeability; chatacterized by steep, narrow canyons, lack 
of flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent str!lct!lres generally not (easiiJ!e; large 
culverts required under roads crossing channels. 
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Surficial Deposits 

Quaternary alluvium: 

Otv 

Tee 

A few /�ns of {eel of gravel, sm1d, and silt along majoo· stream.<, and thin 
veneers of sill and clay Uni11!1 /he smaller streams of /he Willamel/e 
Valley. Hazards inc/!lde flooding, stream meandaing, and silfation. 

Willamette silts: 

Up to 20 to 30 {eel of faintly bedded, quar/zo-{e/dspa!l>ic siUs, silly 
clays, and clays of /aeus/rine and glacial {lewd-water origin. Surficial 
erratic.< and heavy minerals indicate Coll•mbia River source, Carbon-14 
dating reveals 0.1 age of 19,000 lo 34,000+ years, Hazards include poor 
d..ainag�, pondlng, and low permeability In places. 

Quaternary lower terrace: 

Jl maximum of 50 feet of {/aula/ pebble grauel, sand, and clay, along 
tl!e Sou/11 Sanliam Riuer, in the su{>.mr[ac� of /he \Vil/amet!c Valley 
und in /he /argcr vallcys of llw foothills arec. Also includes terrace 
gravels along the smaller sto·eams. Equivalenl in par/ lo the [,in" gravels 
o( Alrison (1953), Early 1Visconsi11 or Winoislan (/ale l'kislocerte) in 
age. Poor drainage, pondi,g, and high water table locally, 

Quaternary middle terrace: 

Modem/ely dissecle<l deposits <>{ pcbl>le gmv<'l, sand, sill, and clay of 
fluvial arigin ouerlool?ing youuger lower terraces (Q/1)_ Equivalent in 
part to the Leffler gr·avels of Allison (1953). Eleva/ions vary {rom 2<15 
feet i" west lo 500 feet in east. Kansan (middle 1-'leistocene) in age. 
Deep weathering produces clay-rich soils, 

Quaternary upper terrace: 

Deeply dis.,cc/ed remnants of a high, level g•·avel {a11 equivaleu/ to the 
l.acomb gravels of Allison (1953). Ma.-.;inwm ll>icb>ess 100 Ia 150 feet. 
Ma."imum elevation 86fi {eel. Early l'leistoccne i11 age. 

Stratigraphic Units 

Cascades formation: 

Lig/!1- to mediwn-gmy porpl!yo·ilic {low andesite, basalt, a11d breccias 
fanning a deeply dis.•ecled eO>W a/ Snow Peull a11d '"' intracar1yon {low 
with muer.<ed /opogmphy in the middle Santiam drai<wge. llla.'(imum 
thiclwess approximately 3,000 {eel. Late Pliocene to early Pleistocene 
i11 age. Hazards include steep •lopes, rocl<{a/1, and {las/> floods . 

Sardine formation: 

Up I<> 1,ii00 {eel <>{ ma.<sive /o platy l>ype•·sthene andesite a11d basalt 
rmconformob/e beneall> tl>e Cascades F"omwlio" and overlying Colum· 
bia River B<Isall. !.ate Miocene /o eao·ly Pliocmw i11 age, Hazards include 
flasl• flooding and mel< fall. 

Columbia River Basalt 

Seveml hundred feet of de»se, dao·k, very fine-grained {low ba.,a/1 
capping llw ridges of norllwm Li>m County. Also bwludes basalt of 
Ma>1<S llidge. Colum,ar join li"f! is >miversul. Plagioclase phenocryst.< are 
pre.�<ml locally; pymxene phenocrysts are absent or very rare. Middle 
!IJiocene in age. IVeulhers to a red loamy soil_ Undercut by massive 
slides on ,,/eep slopes. 

Little Butte Formation: 

Appro.'<imately I 0,000 feel of dacitic to andesitie pyroclastic roclzs and 
dc.,se, dar/1, basallic flow rm:/1. The pymclustics are coarsest in the 
drainage of /he middle Sanliam and include breccias, luffs, and ash. 
Inter/Jed.• of eo,line,tal volcaniclastic sediments are common towa•·ds 
the west. 

Tlte basaltic flow roc/< was eruplcd {rom mm•y sources. The 
nume>'O><S bul/cs of /he easlem \Villamette Valley rcpmseut the 
exhumed "''"'"ant• of some of the vents. Scal/ered small pyro.�ene 
p/reuocrysts typify the basalt. 

Pads of /he twit 0'/be) in the west contain interbeds of massive, 
marbw, qrwrt�o-feldspalltic sa,ds/r.we equivale"t to the l!.'ugene 
Fonnalion (Toe) reported i" wall logs in the IViilameltc Valley, 

Aile of the {ormation is early Oligocene tl!rouglt early Miocene as 
show" by slraligraphic positio" and leaf fossils_ 

Hazards iuclude flash floods in the interior, massiue /am/sliding, ami 
thicl< clay soils. 

Intrusive rock: 

l._ Mappable bodies of intrusiue basa/lic rocl< within the Lillie Bulle 
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STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 

6 Willamette Valley lowlands, flood plains of major streams, 
terrace deposits, and isolated upland areas; hazards may 
include flooding in dminageways, ponding in depressions, 
high water table, and poor soils (see Soils map for 
Willamelle Valley area); septic tanks, drain fields, base" 
ments, buried tanks, and swimming pools not feasible in 
many areas; suited to agriculture, industry, recreation, and 
residential use where hazards are minimal. 

�0:€.5% 

'r.i-50% 

50-75% 

> 75% 

1 1 1 1 11 1 1 1 1 1 ! 1 1 1  

Genlle sloping upland areas, parts of older dissected 
te1mces, and stream channels in the 1-Villametle Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basalt; thick clay soils and 
mass mouement in parts of Little Butte Fm-mation; clay 
soils in Willamette Valley (see Soils map); deep cuts require 
proper engineering in much o( the Lillie Butte; suited to 
low densily residential development and similar uses. 

Extensive hills/ope areas in uplands; includes areas of thiclt 
clay soil and mass movement topography in weathered 
purls of the Little Bulle Formal/on in the lower foothills, 
thiclt loam soils overlying stable bedrock in areas underlain 
by Sardine and Cascades Formations, and some talus along 
ridges of Columbia River Basalt and fresh exposw·es of 
Lillie Bulle Formation; hazards variable; fills, cuts, septic 
Inn/Is, and deep excavations not feasible or require special 
engineering in places; suited locally to low-density, highly 
regulated, properly engineered use, also open space and 
fOrestry. 

Exposures of solid bedroc/1 of all volcanic units and thin 
slopes of sleeper talus locally; rapid erosion and minimal 
chemical weathering and soil (ormation; hazards include 
rapid runoff. roc/1slides, thin debris slides, and flash 
flooding; potential (or development small; cu Is and fills for 
mad construction require proper engineering; houses and 
septic tanks generally not feasible; preservation of vegeta­
tive cover needed to minim ize erosion. 

Steep bedrock slopes in areas of ymllh{ul lopography; rapid 
erosion with lillie chemical weathering; hazards include 
rockfall, rocks/ide, thin debris slides, mudflow, and flash 
flooding; little potential for development; cuts and (ills 
difficult . 

Lowlands 

Intermediate Regional Flood: Flood (determined by U.S. 
Army C01ps of Engineers) having a 1 percent probability of 
occurring in any given year. Preventive action includes 
zoning restrictions on incompatible developments, educa­
tion of the public, implementation of Federal flood plain 
insurance pmgram, floodproofing of present structures, and 
the construction of levees and dikes. 

Standard Project Flood: Extent of flood (determined by U.S. 
Army Corps of Engineers) which would be produced under 
the most extreme hydrologic and meteorologic conditions 
possible, excluding extremely rare combinations; areas 
au/side this boundary are not subject to flooding through 
stream overflow, bul may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably S!1bjec/ to 
flooding but for which no detailed study has been made. 

Stream bank erosion: Undercutting and caving of river and 
stream banks commonly accompanied by la1ge scale 
migralion of the river channel; generally characterized by 
location on the outer bends of sharp curves, bar growlh on 
the opposite bank, and deep water near shore; also inferred 
on basis of history of past migration, geometry of stream 
plan, and general lmowledge of stream meandering; 
properly engineered riprap provides local correction for 
crilical areas; other solutions may include zoning, restl·ic­
tions on construction within given distances of stream 
bank, and possibly removing sand and gravel from critical 
bars. 

Abandoned channel: Length of river or s!ream channel 
abandoned through catastrophic channel changes during 
flooding; commonly the sile of stagnation, progressive 
sillalion, marsh growlh, and compressible soils; restricted to 
past and present flood plains of l01ger fivers, such as 
Willamette and South Sanliam; useful in determining 
meander history and potential (or future stream migration. 

Channel change: Location of present stream channel acquired 
by recent progressive meandering through stream bank 
erosion or truncation of meander bends during floods. 

Tallen {rom U.S.G.S. 7Jh' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970. Revisions do 
no/ meet National Map Accuracy Standards. 

x � x l � x � �  Revetment: Riprap placed to contml stream bank erosion; 
may lead to increased rates of erosion short distances 
downstream . 

Uplands 
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Mass movement topography: Earlh{low terrain c/wmcterized 
locally by irregular to hummochy topography, moderate 
slopes, irregular drainage, displaced soil, and features of 
recent movement including cracked ground and bowed 
trees; failure restricted to soil zone ( 10 to 30 feet) 
generally, hut penetrates to bedrocll in parts of Little Bulle 
Formation, especially below escarpments of resistant cap 
rock; hazards may include potential for ground movement, 
poor foundation strength, caving in excavations, and poor 
drainage; excavalions, drainage modifications, removal of 
vegetation, and use of septic tanlls and drain fields may 
reactivate sliding; on-site investigation recommended for 
most development; suited to low-density housing in places. 

Headscarp: Sleep slopes o( iniac/ bedrock mar/ling /he upper 
limit of a deep slide mass downslope; hazards and 
limitations are those of shallow failure discussed below. 

Failure on sleep slopes (see slopes 4,5): Hazards include rapid 
runoff, rockslides, thin debris slides, earthflows and 
mudflows; frequency of occurrence hi"ghesl for greatest 
slopes; steep slopes with thin soil cover parlicularly 
sensitive to excavation, placement of fills, and removal of 
vegetation; potential for development in many areas 
negligible. 

Flash flood channels: Small to medium-sized stream channels 
situated in areas o( moderate to steep slope and low 
pe1meability; chamcterized by sleep, narrow canyons, lack 
of flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent s/ructures generally not feasible; l01ge 
culverts required under roads crossing channels. 
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STATE OF OREGON 
DEPARTMENT O F'  GEOLOGY AND MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 
Clay and silty clay: Severe construction limitations in places 

because of pool' drainage, compressibility, and location in 
flood prone areas; generally not acceptable for septic tanks 
owing to low infillralion rates. 

Clay loam and sllty clay loam: Limited use as a function of local 
topography, water table, and engineering properties; septic 
tanhs, sewage disposal, and landfills acceptable in areas of 
favorable topography, water table, and permeability. 

Loam and sllty loam: Restricted me in Willamelte Valley because 
of poor drainage and high water table; septic tanlls and sewage 
d iSposal acceptable in regions of apptopriate permeability and 
water table. 

Sandy and sandy loam: Acceptable {or most constrnction, 
generally not acceptable for septic ianlls, leach fields, sewage 
disposal, and landfills owing to rapid inflilralion. 

Gravelly and stony loam: Same as sand and sandy loam above. 

Stony mountainous land: variable; see Geologic Hazards maps. 

Soils by P. W. Hughes 

Cartography by S. R. Renoud 
and W. H. Polwrny 1974 

Soli Classification Diagram 

Soils are unconsolidated mixtures of clay, silt, sand, and gravel; 
textural terminology is based on the relative abundance of these 
components. 

Clay 
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Surficial Deposits 

Quaternary alluvium: 

Qtv 

Tcr 

Tolb 

A few ten.• of feet of gravel, oand, and sill nloug major streams, and thin 
ve11eers of sill a11d clay lh1ing tile smaller streams of tile !Villamclte 
Valley. Hazards i11c/Ude flrwdin/1, stre01n meandering, Gtld siltatim>. 

Willamette silts: 

Up to 20 to 30 feel of !ai11tly bedded. quortzo·(cldspathie sills, silty 
days, and clays of lac,._.trin<l am/ glacial flood-woter origin. Surficial 
errotics and heavy mincnrls i"dica/e Columbia River source. Carbon-14 
dating reueals a» age of 19.000 to 34.000+ years. Ha2ards include poor 
drainage. ponditlg, and low permeability in places. 

Quaternary lower terrace: 

A ma.:<imum of 50 feet of fluuial pebble gravel, sand, ond clay, along 
the South Santiam R/uer, in tl>e subsurface of the \Vi/lamelfe Valley 
and in the lorger uotleys of the {oothills area. Also includes terrace 
gravels along the smaller slreomr. Equlvolent in part /o the Linn grav�ls 
of Allison (1953}. Early Wisconsin or /1/inol&iau (tote Pleistocene) iu 
age. Poor dnri11age. ponding. and hillh water toble /ocolly. 

Quaternary middle terrace: 

Moderately dissected deposits of pebble gra�cl. sand. sill. and clay a{ 
(l<wial origi11 o�erlooki,g younger lower terraces (QII). Equi�alenl in 
part to the Leffler gravet. of Allison (1953). £/eMf ions vary {rom 245 
feet i" west to 500 feet in east. Kanso11 (middle l'leisloccne) in age . 
Deep weall>ering produces clay-rich soils. 

Quaternary upper terrace: 

Deeply dissected remnants of o iligh, /euel go·avel {011 cquiualel!l lo the 
Lacomb grovels of Allison (1953). Ma:dmwn 1/dck»es< 100 to 150 feel. 
Ma.-.;imwn elevalio" 865 (eel, Ji:arly l'lelstaccue in a�te. 

Stratigraphic Units 

Cascades formation: 

Light· to medium-gray porpl>yrillc (low audesite, basal/, a11d breccias 
{ormiug a deeply dissected cone at Suow Peal• oud an iut•·acauyon (law 
with reversed topography ill !11e middle Sm>liam drainage. Maximum 
thickness approximately 3,000 feel. /,a/<J /'lioceuc to early J>tei•locene 
in age. Hazards include Meep slopes. rockfo/1, o11d nash floods. 

Sardine fonnation: 

Up to 1.500 feet of massive to platy hypersthene nndesile o11d basalt 
uncon(ormnble beneolh the Cascade. f"ormaliort and ouerlying Co/urn· 
bia River IJaS<III. Late Miocene Ia early J>/ioce11e i11 age, Hazards include 
flash floodiug and rockfall. 

Columbia River Basalt 

Several hundred {eel of dense, dark, VC')' fine-grained (low basalt 
capping the ridges of nor/hen> Lim> County, Also includes basalt of 
Marks Ridge. Columnor joiulitll! Is •miuersnl. Plagioclase phetiOCrys/s are 
pros<ml local/)'." pyro . .:enc phenocrysts om nb6enl or very rore. Middle 
Mioceue iu age. Weathers ta a red loomy soil. Undercut by mossive 
slides on sleep slopes. 

Little Butte Formation: 

Approximately I 0. 000 feel of dacilic to andcsilic pyroclastic rocl.s ond 
dense, dar/<, basoltic now rock. '/"he PY>'Oclo.tics arc courses/ i11 /he 
drai11age of ll>e middle Sanli<11n m>d include breccias, luffs, a11d osh. 
[11/erbeds of conli•wnlal uo/caniclasUc scdimc111s are common towards 
the west. 

The basaltic flow mel< wa•· amp/ad {•'Om ma»y sow·ccs. '1"/>e 
mHnerous buttes o( the easlem Wi/lamcl/e Valley represent /he 
exhumed o·cm11an/s o{ sam� a( the �•mts. Scattered small pyroxene 
phenocrysts typify the ba.<all. 

Parts of the u»il (1'1bc) in t!><J west con loin interbeds of massiue, 
marine, <iuar/zo.fddspa/hic samlstaow equiua/cn/ Ill the Huge11e 
Fom>aliO>> (1"oe) reported /11 well/a;:• i11 1/�e \Vi/lame lie Valley, 

Age of the tormatio11 is em·ly Oligocene tltro!•llh early Miocene as 
showu by stratigraphic position aud leaf fossils. 

Hazards inc/ud� {lasl• floods i» /he interior, massiuc laudsliding, and 
/hid< clay soils. 

Intrusive rock: 

Mappable bodie$ of intrullivc ba�llic rocl• >villli» the Little Dulte 
Formolion. No feeders {or o/11er units nre recognized . 
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STATE OF OREGON 
OE;PAFITMENT OF' GE;OLOGY AND M!NE:FIAL I N DUSTRIES 

Fl. E;. CORCORAN, STATE GEOLOGIST 

EXPLANAl iON 

Slope 

� Willamelte Valley lowlands, flood plains of major streams, � terrace deposits, and isolated upland areas; hazards may 
incl11de flooding in drainageways, ponding in depressions, 
/Hgh water table, and poor soils (see Soils map {or 
\Villamette Valley area); septic tnnks, drain fields, base­
ment�. buried tanlls, and swimming pools not feasible in 
many areas; suited to agriculture, industry, recreation, and 
residential use where hazards are minimal. 

10-25% 

25-50% 

50-75% 

Genlle sloping upland areas, parts of older dissected 
terraces, and stream channels in the Willamelte Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basall; thick clay -�oils and 
mass movement in parts of Little Bulle Fonnation; clay 
soils in Willamelte Valley (see Soils map); deep cuts require 
proper engineering in much of the Liltle Butte; suited to 
low density residential development and similar uses . 

Extensive hills/ope areas in uplands; includes areas of thick 
clay soil and mass movement topography ir! weathered 
parts of the Lillie Butte Formation in the lower foothills, 
thicll loam soils overlying stable bedroclt in areas underlain 
by Sardine and Ca.�cades Formations, and some talus along 
ridges o( Columbia River Basalt and fresh exposures of 
Little Bulle Formation; hazards variable; (ills, cuts, septic 
tnnks, and deep excavations not feasible or require special 
engineering in places; suited locally to low-density, highly 
regulated, properly engineered use, also open space and 
forestry. 

Exposures of solid bedrocll of all volcanic units and thin 
slopes of steeper talus locally; rapid erosion and minimal 
chemical weathering and soil formation; hazards include 
rapid runoff, rockslides, thin debris slides, and (lash 
flooding; potential {or development small; cuts and fills {or 
road construction require proper engineering; houses and 
septic lanks generally not feasible; preservation of vegeta­
tive cover needed to minimize erosion. 

Steep bedroc/l slopes in areas of youthful topography; rapid 
erosion with little chemical weathering; hazards include 
rockfall, rocllslide, thin debris slides, mud/low, and flash 
flooding; little potential for development; cuts and fills 
difficult. 

Lowlands 

' ' 
t. 

-
t 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Intermediate Regional Flood: Flood (determined by U.S. 
Army Corps of Engineers) having a 1 percent probability of 
occurring in any given year. Preventive action includes 
zoning restrictions on incompatible developments, educa­
tion of the public, implementation of Federal flood plain 
insurance program, floodproo{ing of present structures, and 
the construction of levees and dikes. 

Standard Project Flood: Extent of flood (determined by U.S. 
Army Corps of Engineers) which would be produced under 
the most extreme hydrologic and meteorologic conditions 
possible, excluding extremely rare combinations; areas 
outside this boundary are not subject to flooding through 
stream overflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably subject to 
flooding but for which no detailed study has been made. 

Stream bank erosion: Undercutting and caving of river and 
stream banks commonly accompanied by large scale 
migration of the river channel; generally characterized by 
location on the outer bends of sharp curves, bar growth on 
the opposite bank, and deep water near shore; also inferred 
on basis of history of past migratiol!, geometry of stream 
plan, and general knowledge of stream meandering; 
properly e11gineered riprap provides local correction {or 
critical areas; other solutions may include zoning, restric­
tions on construction within given distances of stream 
bank, and possibly removing sand and gravel from critical 
bars. 

Abandoned channel: Length of river or stream channel 
abandoned through catastrophic channel changes during 
flooding; commonly the site of stagnation, progressive 
siltation, marsh growth, and compressible soils; restricted lo 
past and present flood plains of larger rivers, such as 
Willamette and South Santiam; useful in determining 
meander history and potential for future stream migration. 

Channel change: Location of present stream channel acquired 
by recent progressive meandering through stream bank 
erosion or truncation of meander bends during floods. 

Taken from U.S.G.S. 7/h' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970. Revisions do 
not meet Natfonal Map Accuracy Standards. 

x x x x x x x Revetment: Riprap placed to control stream bank erosion; 
may lead to increased roles of erosion short distances 
downstream . 

Uplands 

• * 4 • • •  
.4 ...... : :  . . . . . 

rn 

Mass movement topography: Earth{low terrain characterized 
locally by irregular to hummocky topography, moderate 
slopes, irregular drainage, displaced soil, and features of 
recent movement including cracked ground and bowed 
trees; failure restricted to soil zone (10 to 30 {eel) 
generally, but penetrates to bedrock in parts of Little Butte 
Fonnation, especially below escarpments o{ resistant cap 
rock; hazards may include potential {or ground movement, 
poor foundation strength, caving in excavations, and poor 
drainage; excavations, drainage modifications, removal of 
vegetation, and use of septic tanks and drain fields may 
reactivate sliding; on-site investigation recommended for 
most development; suited to low-density housing in places. 

Headscarp: Steep slopes of in tact bedroch marking the upper 
limit of a deep slide mass downslope; hazards and 
limitations are those of shallow failure discussed below. 

Failure on steep slopes (see slopes 4,5): Hazards include rapid 
runoff, rocl1slides, thin debris slides, earthflows and 
mudflows; frequency of occurrence highest for greatest 
slopes; steep slopes with thin soil cover particularly 
sensitive to excavation, placement of fills, and removal of 
vegetation; potential for development in many areas 
negligible. 

Flash flood channels: Snwll to medium-sfzed stream channels 
situated in areas of moderate to steep slope and low 
penneability; characterized by steep, narrow canyons, lack 
of flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent structures generally not feasible; large 
culverts required under roads crossing channels. 



Base Map from U. S. Geological Survey. 
Control by USGS, USC&GS. and USCE 

To��rophy by plonetable surve,o 1911. 1914, and 1922 
Culture '""ised from aerial photographs taken 1954 
Field check 1957 

Polyconic projection. 1927 North American datum 
IO.OOO.foot grid base<! on Oregon coordinate system, north zor\e 
1000-meter Universal TransverSe Mercator grid ticks, 
zone 10, shown in blue 

Re<l tint indicates area in which only 
landmar� buildings are shown 

' ' 
• f - f! , ' ' 

' 
APPROXIMATE MEAN 
DECLINATION. 1957 

Bul letin 84 

TEXTURAL S O I LS MAP 

of the 

L E B A NON QUADRANGL E 
OREGON 

COrHOUR INTERVAL 25 FEET 
DATUM IS MEAN SEA LEVEL 

Medium-duty� 

ROAD CLA�SIFICATION 

Light·dutf __ -· --­

UnimprO'V€d dirt •··•-a••• 

U.S. Route State Route 

D 

D 

D 

D 

B 

STATE OF OREGON 
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R. E, CORCORAN, STATE GEOL.OGIST 

EXPLANATION 
Clay and silty clay: Severe construction limitations in places 

because of poor drainage, compressibility, and location in 
flood prone areas; generally not acceptable for septic tanks 
owing to low infiltration rates. 

Clay loam and silty clay loam: Limited use as a function of local 
topography, water table, and engineering properties; septic 
tanks, .�ewage disposal, and landfills acceptable in areas of 
favorable topography, water table, and permeability. 

Loam and silty loam: Restricted use in \Villamette Valley because 
of poor drainage and high water table; septic tanks and sewage 
disposal acceptable in regions of appropriate permeability and 
water table. 

Sandy and sandy loam: Acceptable for most construction; 
genemlly not acceptable (or septic tanlls, leach fields, sewage 
disposal, and landfills owing to rapid in(Ulration. 

Gravelly and stony loam: Same as sand and sandy loam above. 

Stony mountainous land: variable; see Geologic Hazards maps. 

Soils by P. W. Hughes 

Cartography by S. R. Renoud 
and W. H. Pokorny 1 974 

Soil Classification Diagram 

Soils are unconsolidated mix lures of day, silt, sand, and gravel; 
textural term inology is based on the relative abundance of these 
components. 
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Surficial Deposits 

Quaternary alluvium: 

T cc 

I-­
T alb -

r ;  

A few tens of feet of gravel, sam/, aPid silt along major streams, and thin 
u<'1lcer8 of sill and clay lining the smalleo· streams of !he \Villomelfe 
Volley_ Hazao·ds include flooding, st.-eam meandco·ing, and ,,illation. 

Willamette silts: 

Up to 20 to 30 {eel of faintly bedded, q<w•·tzo-feldspa/hic <ills, silly 
clays, a11d clays of lacustrine and glacial {/oo<i-wllfer origin. Sw·[icial 
erratics a"d heavy minemls ilidicate Columbia Uluersow·ce. Ca..tJOII· / 4  
dating reveals m• age o f  19,000 / o  34,000+ yeao·s. Haza•·ds include pam· 
drainage, ponding, and low permeability in places. 

Quaternary lower terrace: 

A ma:dmum of 50 feet of fluvial pebble grauel, sand, and clay, alon!f 
/he SO!llh Sanliam River, in /he s"bsur{ace of the \Villamette Valley 
and in the larger ualleys of llw foothills area. Also incl!aiCs terruce 
araue/s alm>11 lh" smaller streams. Er:wivalc<>t i<> oart to the Lhm eravel.< 
of Alliso" (1953). Eat•/y Wisconsin or llli<>Oi.<lan (lute 1'/ci.doceue) in 
age. Poor drainage, po.,ding, and high wale>· table locally. 

Quaternary middle terrace: 

Moderately disoected depo.<ils of pebble g>·avel, sam/, sill, a"d clay of 
fhwial origin oucr/ootdug younger· lower terraces (Q/1). Er:t"iualent ;, 
part to the [,effie>- gravels of Alli80n (1953). Eteuaiions vary fmm 245 
feet in wesl to 500 feet ;, east. Kmtsan (middle Pleistocene) in age. 
Deep weathering pro<iu.ces clay· rich soUs. 

Quaternary upper terrace: 

Deeply dissected rcmnat>ls of a l>igh, level graucl {an equ.iualcnl to the 
Lacomh gravels of Al/io-on (1053). Maximum lhichuess /00 to !5 0 feel. 
Maximum eleuatio" 865 feet, Early Pleistocene in age. 

Stratigraphic Units 

Cascades formation: 

Ligl>t- to medium-g>·ay porpl!yr·itic {low a>tdesite, basalt, and breccia.< 
forming a deeply db;s�ded cone at Snow Peail aMI m> intrncm>YOtl flow 
will! rcvc1·scd topogt·apl!y ;, the middle Sa!!Uam dminagc, Ma.�imwn 
tl>ic/wcs.• appro:o:imalc/y 3,000 feci. Late PtitJcenc to early 1'/eis/occnc 
in age_ Hazards it> elude steep slopes, rocl<{all, at>d {las/> floods. 

Sardine formation: 

Up to 1,500 fee l  of >nassive to platy hyperslhene andesite a>>d busa/1 
Ul!COn(om>oble bctJea/lr the Cascades Formalio!! and overlying Colum­
bia Rivcr· Basalt. Laic Miocene to eat·ly Pliocet>e in age, Hazw·d.< inc/!lde 
(lash (loodit>g a!ld roch(a/1. 

Columbia River Basalt 

Seucra/ /ru!!d>·cd {eel of detJse, darl<, ue>')' fil>e·grah>ad flow basalt 
cappi»g the ridgc.< of l!ot·tfwrn Linn Cow>ty, Also incl!idC.< l>a.<alt o( 
Mm1<s R idge. Columl!ar joi>!fil!g is uniu�rsa/. Plagioclase pl!el!ocr·ysts are 
pt·esen! locally, pymscne pi!CtlOC!'YSis arc ab.<el!t or ve>y tm·e. Mi<idll' 
Miocene in age. IVea/hers to a red loamy soil. U11dercut by massive 
slides on sleep slopes. 

Little Butte Formation: 

App!'O.Yimalc/y I 0,0()0 {eel of dadUc to t.mdc.<ilic pyroclastic t·odlS and 
dense, darh, basaltic flow rock Tlw pyroclastics are coarsest i11 tlw 
drainage of /he middle Sanliam and include breccias, tuffs. and ash. 
lnlerbcd> of con linen tal volcan iclastic sediments arc common /owat·ds 
/he west. 

'/'he basaltic {low rocil was empted {mm many so,.rce.•. The 
numerous bul/es o( ll>e easte!'l! !Villamelle Valley t·ept·esen/ /l>e 
exhumed n:mmmls 11{ .<ome of /he um!l.<. Scalll'red small pyroxene 
p/>etJocrys/s typify the basalt. 

Parts of /he u11il (Tibe) in the west contain iHierbeds o( massive, 
mari11e, a•wrtzo-(eldspall>ie sandstone equiualenl to the Eugene 
FormaliOI> (Toe) reported ;, wei/ logs In 1/w IVillamelle Valley, 

Age of the {ormation is early Oligocene tl!rougl! ea!'ly Miocene as 
shown by stratigraphic position and lea( {os.•ik 

Hazard• include {las/! (loads in /he interior, mas.<ive /andstiding, ami 
thich clay soils. 

Intrusive rock : 

illappab1e bodies of intrl<sive basaltic roc/' will1it1 the f,illle Bulle 
fi'ormalion, No feeders for oll>er !<nils a>'C J'Ccoglli�ed, 
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STATE OF OREGON 
DEPARTMENT O F'  GEOLOGY AND MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 

Slope 

� Willamelle Valley lowlands, flood plains of major streams, L..:...'.:..:.J le!Tace deposits, and isolated upland areas; hazards may 
include flooding in drailwgeways, ponding in depressions, 
high water table, and poor soils (see Soils map for 
Willamelte Valley area); septic tanks, drain fields, base­
ments, buried tanles, and swimming pools not feasible in 
many areas; suited to agricullure, industry, recreation, and 
residential use where hazards are minimal. 

21>-50 

50-75%_ 

> 75% 

Gentle sloping upland areas, parts of older dissected 
ten·aces, and stream channels in the IVillamelle Valley; 
chemical weathering predominates in uplands; hazatds 
minimal ouer Columbia River Basalt; thick clay soils and 
mass movement in parts of Little Butte F01mation; clay 
soils in Willa melle Valley (see Soils map); deep cuts require 
proper engineering in nwch of the Little Bulle; suited to 
low density residential development and similar uses. 

Extensive hills/ope areas in uplands; includes areas of thick 
clay soil and mass movement topography in weathered 
parts of the Lillie Bulle Formation in the lower foothills, 
thick loam soils overlying Slable bedroc/1 in areas underlain 
by Sardine and Cascades Formations, and some talus along 
ridges of Columbia River Basal/ and (resh exposures of 
Lillie Bulle Forma/ion; hazurds variable; j'i!ls, cuts, septic 
tanks, and deep excavations not {easible or require special 
engineering in places; suited locally /o low-density, highly 
re[J!dated, properly engineered 11se, also open space and 
forestry. 

Exposures of solid bedroch of all volcanic unils and thin 
slopes of' steeper latus locally; rapid erosion and minimal 
chemical weathering and soil (ormation; hazards include 
rapid Junof{, rochslides, thin debris slides, and flash 
flooding; potential for development small; cuts and fills for 
road construction require proper engineering; houses and 
septic tanlls generally not feasible; preservation of vegeta­
tive cover needed to minimize erosion. 

Steep bedrocle slopes in areas of youthful topography; rapid 
erosion wUh lillie chemical weathering; hazm·ds include 
mcll{all, rocl1slide, thin debris slides, mudflow, and flash 
flooding; liltle potential (ot development; cut.� and fills 
difficult. 

Lowlands 

-
• 

! I  I I I I I I  ! I l l  ! I  ! 

Intermediate Regional Flood: Flood (determined by U.S. 
Army Corps of Engineers) having a I percent probability of 
occurring in any given year. Preventive action includes 
zoning restriclions 011 incompatible developments, educa­
tion of the public, implemenlalion of Federal flood plain 
insurance pmgram, (loodproo{ing of present structures, and 
the construction of levees and dil1es. 

Standard Project Flood: Extent of flood (determined by U.S. 
Army Corps of Engineers) which would be produced under 
the most exlteme hydrologic and meteorologic conditions 
possible, excluding extremely rare combinations; areas 
uu l;,itle Uti:> Uuu,.tluty u•c: wJI �ubjeo.:l lu (fuutli1<g 1/uuugl< 

stream overflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably subject to 
flooding b11f {or which no detailed study has been made. 

Stream bank etosion: Undercu/ling and caving o( river and 
stream banl1s commonly accompanied by lmge scale 
migration of the rivet channel; genemlly characterized by 
location on the outer bends o{ sharp curues, bar growth on 
the opposite ban II, and deep waler near shore; also inferred 
on basis oj' history of past migra lion, geometry of' stream 
plan, and general !mow/edge of stream meandering; 
pmperly engineered riprap provides local corteclion {or 
critical m·eas; other sohdions may include zoning, restl'ic­
lions on cons/ruction wilhin given distances of stream 
bank, and possibly removing sand and gravel fmm critical 
bars. 

Abandoned channel: Length of 1·iver or stream channel 
abandoned through cataslrophic channel changes during 
flooding; commonly the site o( stagnalion, progJ·essive 
siltation, marsh gt·owth, and compressible soils; restricted to 
past and present j'lood plains oi larger rivers, such as 
ll'illamelte and South Santiam; useful in determining 
meander history and potential fot future stream migration. 

Channel change: Location of present stream channel acquired 
by recent progressive meander:ng lhrough stream ban/1 
erosion or tnmcalion of meander bends during floods. 

Tal1en (rom U.S.G.S. 7W Topographic Maps dated 1969 
and 1970 and aerial pholographs dated 1970. Revisions do 
not meet Nalional Map Accuracy Standards. 

Revetment: Riprap placed /o control sll'eam banh erosion; 
may lead /o increased rates of erosion short dLc;tances 
downst1·eam. 

Uplands . . .  
" � 4 • " • 

> � .. . .. . 
- � � · � · 

rn 

Mass movement topography: Earth{low terrain characterized 
locally by irregular to lwmmochy topography, modemte 
slopes, iiTegular drainage, displaced soil, and (eat11res of' 
recent movement including cracked ground and bowed 
trees; failure restricted to soil zone (10 to 30. feet) 
generally, but penetrates to bedroc/1 in parts of Little Butte 
Formation, especially below escarpments of resistant cap 
rocle; hazards may include potential for ground mouement, 
pom· foundation strength, caving in excavations, and poor 
drainage; excavations, drainage modifications, removal of 
vegetation, and use of septic tanks and drain fields may 
reactivate sliding; on-site investigation recommended for 
most development; s11ited to low-density housing in places_ 

Headscarp: Steep slopes of intact bedrocll marhing the upper 
limit of a deep slide mass downslope; hazards and 
limitations are those of shallow failure discussed below. 

Failure on steep slopes (see slopes 4,5): Hazards include rapid 
runo(f, mcldides, thin debris slides, ear-lh{lows and 
mudf'lows; frequency of occw·rence highest lor grealesl 
slopes; sleep slopes will! thin soil cover particularly 
sensitive lo excavation, placement of fills, and removal of 
vegetation; potential {or developmenl in many areas 
negligible. 

Flash flood channels: Smail to medium-sized stream channels 
situated in areas o( modera/e to sleep slope and low 
pe1meability; characterized by steep, narrow canyons, lac/! 
of flood plain, and uery coarse, poorly sorted stream bed 
deposits; permanent structures generally not feasible, large 
culverts required under roads crossing channels. 
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Surficial Deposits 

Quaternary alluvium: 

Tolb 

A few lens of f�e! of gravel, sand, and sill along majoo· streams, and /hill 
uellee>"S af silt and clay liniml the smaller streams of lite lVillmnetlc 
Valley, Hazard.• include {loodi11g, stream n1ea11dering, and siltation. 

Willamette silts: 

Up to 20 to 30 [eel of faintly bedded, quar/zo-[eld.•pa/hic sill.<, silly 
clays, and clays of lacustrine and glacial {lood·wa/er origill. Surficial 
erratics and heavy minemls indicate Columbia River.murce. Carbon·/ 4  
dating reveals a n  af!e of 19,000 to 34,000• _years. Hazards ilwlude poor 
draillage, ponding, alld low penneability in places. 

Quaternary lower terrace: 

A maximum of 50 feet of fluvial pebble gravel, ..and, and clay, along 
ll1e Soul/> Sanliam River, in the sub . .,u·face of the \VillameUe Valley 
and in the lw-ger valleys of the foothills ama. Also includes terrace 
go·avels along tl1e smaller s/o·eams. Equivalent in part to /he Linn g•·avels 
0/ AWson (/ :J(>;Jj. �>:al'/y W!SCon.<m ,,. llllll008!an (/a!e t-'/e>SWCelle) J/1 
age. Poor drahwge, ponding, Gild hig/1 wale•· table locally. 

Quaternary middle terrace: 

Moderale/y dissected deposits of pebbl� f!l'avel, sa,d, sill, ami clay of 
fluvial odgi11 overloohing you11ger lowe•· te1-races (Q/1). Equivalent in 
par/ lo flu! Lef{leo· gravds of Allison (I.<J.'i3). l':tevalions oary from 215 
{eel in west to SOU [eel in east. Kansan (middle Pleistocene) in age. 
Deep weai/Jeri"g produces clay-rich soils. 

Quaternary upper terrace: 

Deeply dissected l"emnal!ts of a hig/1, leuel gravel fan equiualent to tl!e 
Lacom/1 graoels o( Allison (19.53). Maximum lhichm!Ss 100 to /50 feet. 
Maximum e/euation 865 feet, Ea1·ly Plelstoce�Je in uge. 

Stratigraphic Units 

Cascades formation: 

Light· /o n�edium-gray porphydtic flow andesite, basaU, and 1Jreccia8 
fomlill/! a deeply dissec/ed cone a/ Snow Peah al!d an illtracal!you (low 
with reuel·scd /opograph� in the middle Sanliam drai<wge. Maximum 
/hie/mess approximately 3,000 feet. Late l'liocenc to early l'lelstocene in age, Hazao·ds illc/ude sleep •lope.<, roch[a/1, a11d {la.</1 f/Qods. 

Sardine formation: 

Up to 1.500 {eel of massive to platy IJyp.,rsthen" andesite aud basalt 
Wlconformable beneath the Cascades Formation and overlying Colum· 
bia River Basal/. Late Miocene to early 1'/i(JCCilC ill age. Hazards include 
[lasll f/oodiug aud mckfa/1. 
Columbia River Basalt 

Several hu11dred fee t  of dense, dark, very fine-grained (low basalt 
capping the ridges of nor/hem Linn County. A/s(J iucludes basal/ of 
Marl<s Ridge, Columnar jointing is universal, l'lagioc/ase phellOCI)'Sis are 
presenl locally ; pyroxene phenocrysts ao·e ab.,en/ or very mr<'. Middle 
Jl.!ioc<me in age. Weathers to a rod loam� soil. Uudercu/ by massive 
slides ou sleep slopes. 

Little Butte Formation: 

;\pproximaldy I 0, 0110 {ee l  of oiuci/ic to undesilic pyroclus/ic rocks and 
deme, darh, basaltic (low rock Tile pyroclastics are coarsest in the 
drainage of the middle Sanlium and Include b1·eccla.<, tuffs, and IT8h. 
[ulerbeds of continental volcaniclastic sediments arc common towards 
the west. 

The ba.,altic (low mel< was empted fmm mally sou!'ce.<. Tloe 
llUmerous buttes of the easlem \Villamelle Valley represent tile 
exhumed rem•mnls of som« <>f the m•nl.•. Scalle""!l •mall pyroxene 
plwnocrysts typify the basalt. 

Pao·ts of /he unit (Tibe) in the west coutain interbeds of massive, 
marine, quart2o-feldspathic sands/one equivalent /o tile Eugelle 
Formation (Toe) n;porled in wei/logs in the \Villumel/e Valley, 

Age of the formation is early Oligocene through early Miocene as 
shown b)' slruUgmphic position and leaf fossils. 

ffazards iudude (lash flood.< in the il>lerior, ma.<sive landslidlng, un!l 
thich clay soils. 

Intrusive rock: 

Mappable bodies of intru.•ive basaltic rock within the Little Butte 
Formation, No feeders for other uni/s are o"Ccognized. 

Geologic Symbols 

Contacts 

Surficial 

Folds 

Syncline 

Attitudes 

Strike and dip 

of Beds and flows 

Horizontal beds 

and flows 

Show of Oil 

Exploratory Oil Wells 

<> 
Dry Hole 

Mines and Quarries 

Geology by J. D. Beaulieu 

Show of Gas 

Cartography by S. R. Renaud and W. R Pokorny 1974 



1 

"40 13 

·�31 

. " 
�1  , ,  c> 0 
' 
' ' 

Sue Map from U.S. Geological Survey. 

Control by USGS and USC&GS 

Topegraphy from aerial ohotGgraphs by multiplex method-s 
Aerial photogtaphs taken 1949. Advarn:e field check 1951 

Polyconic PfOiection. 1927 North American datum 
10,000-loot grid based on Oregon coordinate system, north wne 

Dashed land lines indicate appro•imate locations 

Uncheeked elevations are shown in brown 

1000-metet Unive,.al Transverse Mercator srid ticks, 
�one 10, shown in blue 

l)TM �0'0 •"0 , • ., ... �N£TOC: HO••• DECU�A"0� AT C[HT[. 0' S•UT 

Bulletin 84 

GEOLOGIC HAZARDS M A P  

of the 

SNOW PE AK QUADRANGLE 
OREGON 

SCALE 1:62500 

�� �· ����' "'" lOOO 0 JOOQ 6000 900:1 l:o(JCI) I � 111000 �1000 f(tT 
� 0 � •olOMrf!IIS 

r:------: 
CONTOUR INTERVAL 40 FEET 

OUUM IS ME-'-N SO. LEVEL 

Geologic Hazards by J. D. Beaulieu and P. W. Hughes 

Cartography by S. R. Renoud 
and W. H. Pokorny 1974 

\ 

ROAO ClASSIFICATION 
•••• 

Medium-duty --- Light-duty 

Unimpr<;Ned dirt ••••••••• 

Q State Route 

Slope 

STATE OF OREGON 
DEPARTMENT O F  GEOL.OGV AND MINERAL. INOUSTRIES 
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EXPLANATION 

a !Viliamette Valley lowlands, {food plains o{ major sh·eams, 
ten·ace deposits, and isolated upland areas; hazards may 
include {loading in drainageways, ponding in depressions, 
high water table, and poor soils (see Soils map for 
IVillamelle Valley area); septic tanl1s, drain fields, base­
ments, buried /anhs, and swimming pools not feasible in 
many areas; suited to agricullw·e, indush·y, recreation, and 
residential use where hazards are minimal. 

10-25% 

25-50% 

50-75% 

> 75% 

Gentle sloping upland areas, parts o( older dissected 
ten·aces, and stream channels in the \Villametle Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basalt; tilir:/? clay soils and 
mass movemerzl in purls of Little Bulle Forma/ion; clay 
soils in \Villa melle Valley (see Soils map); deep cuts require 
proper engineering in much of the Lillie Butte; suited to 
low density residential development and similar uses. 

Extensive hillslope areas in uplands; includes areas of lhicll 
clay soil and mass movement topography in weathered 
parts of the Lillie Bulle Formation in the lower foothills, 
thich loam soils overlying stable bedrocll in areas underlain 
by Sardine and Cascades Fomwtions, and some talus along 
ridges of Columbia River Basalt and fresh expo.�ure.� of 
Little Bulle Formation; hazards variable; fills, cuts, septic 
tarzhs, and deep excavalions not feasible or require special 
engineering irz places; suited locally to low-density, highly 
regulaled, proper-ly engineered use, also open space and 
forestry. 

Exposums o( solid bedrocl? of all volcanic units and thin 
slopes o{ sleeper talus locally; rapid erosion and minimal 
chemical weathering and soil {ormation; hazards include 
rapid 111110((, rochs!ides, thin debris slides, and {lash 
flooding; potential (or development small; cuts and fills (or 
road construction require proper engineering; lzot1ses and 
septic tanks generally not feasible; preservation of vegeta­
tive cover needed to minimize erosion. 

Steep bedroch slopes itt areas of youtl!{td topography; rapid 
erosion with little chemical weathering; hazards include 
rochfa/1, roc/is/ide, /hilt debris slides, mud{low, and flash 
flooding; lillie potential {or development; cuts and fills 
difficult. 

Lowlands 

-

1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  

Intermediate Regional Flood: Flood (determined by U.S. 
Army Corps of Engineers) having a 1 petcenl probability of 
occwTing in any given year. Preventive action includes 
zoning I"Cstrictions on incompatible developments, educa­
tion of the public, implementation o{ Federal flood plain 
insurance program, {loodproo{ing of present struclures, and 
the construction of levees and dihes. 

Standard Project Flood: Extent o{ flood (determined by U.S. 
Army Corps of Engineers) which would be produced under 
the most extreme hydrologic and meteorologic conditions 
possible, excluding extremely rare combinations; areas 
outside this boundary are not subject to flooding through 
stream ouer{low, btll may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably Stlbject to 
flooding but {or which no detailed study has been made. 

Stream bank erosion:  Underculling and caving o{ river and 
stream ban!?s commonly accompanied by la1ge scale 
migration of the river channel; genemlly chamctcrized by 
location on lite outer bends o( sharp curues, bar growth on 
the opposite ban II, and deep water near shore; also inferred 
on basis of his101·y of pas/ migra tion, geometry of stream 
plan, and general /mow/edge of stream meandering; 
properly engineered riprap provides local carnelian for 
critical areas; other solutions may include zoning, restric­
tions 011 construe/ion within given distances of stream 
bank, and possibly removing sand and gravel {rom critical 
bars. 

Abandoned channel: Length of river or stream charmel 
abandoned through catastrophic chamzel changes during 
flooding; commonly the site of stagnation, progressive 
siltation, marsh growth, and compressible soils; restricted to 
past and present flood plains of lmget rivers, such as 
Willamette and South Sanliam; useful in determining 
meander history and polenlial {or future stream migration. 

Channel change: Location o{ present stream channel acquired 
by recent progressive meandering through stream banll 
erosion or truncation o{ meander bends dtaing floods. 

Taken (rom U.S. G.S. 7'h' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970. Revisions do 
not meet National Map Accuracy Standards. 

Revetment: Riprap placed to control stream ban/1 erosion; 
may lead to increased rates o{ erosion short distances 
downstream. 

Uplands 

rn 

Mass movement topography: Earthflow lerrain c!tamcterized 
locally by irregular to hwnmocfty topography, moderate 
slopes, irregular drainage, displaced soil, and features of 
recent movement including cracked ground and bowed 
trees; failure restricted to soil zone (10 to 30 feet) 
generally, btll penetrates to bcdroc/1 in parts of Lillie Butte 
Formation, especially below escarpments of resistant cap 
rock; hazards may include potential (or ground movement, 
poor foundation strength, caving in excavations, and poor 
drainage; excavations, drainage modifications, remoual of 
vegetation, and use of septic tanfls and drain fields may 
reactivate sliding; on-site itwes/igalion recommended {or 
most development; suited to low-density housing in places. 

Headscarp: Sleep slopes o{ intact bedroch mar/ling the upper 
limil of a deep slide mass downslope; hazards and 
lim ita lions are those of shallow failure disCLISSed below. 

Failure on steep slopes (see slopes 4,5): Hazurds include mpid 
runoff, rocllslides, lhin debris slides, earthflows and 
mudflows; frequency of occurrence highest {or greatest 
slopes; sleep slopes with thin soil cover particularly 
sensiliue to excavation, placement of {ills, and removal of 
vegetation; potential for development in many areas 
negligible. 

Flash flood chahnels: Small to medium-s ized stream channels 
situated in areas o{ moderate to sleep slope and low 
permeability; characterized by steep, narrow canyons, lack 
o( flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent structures genemlly no/ feasible; large 
C!dvel"is required w1der roads c/"Ossing cltamzels. 
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Surficial Deposits 

Quaternary alluvium: 

CHART 

Otv 

Tps 

Tee 

Tolb 

A few te11s of feel of gmc·cl, saud, �"'I sill olonl( mojo1• streams, a11<1 lllh1 
"""""'" of sill and clay Ur�inl( /he Wlilllc•· 6/r<"al/,. of /he 1\lillome//e 
Valley. Hauml• ;.,elude flood/nJ(, s/>1'/11" >IICG>l(le>"iiiJ/, ond siltation. 

WillameHc si!ts: 
Up /o ?0 lo 30 feel of f"lnl/y l.>•·ddc(/, quMI�o-fel<lspatldc. sills, silly 
clay•. am/ days of lucustriiH! am/ 1/l<lci<ll flvod·wlll"r origin. Surficial 
erra/ics a»d l1eau}' mi»eruls o',dicale Collw1biu 11/�er smm:<'. Carbon· 1 4  
dali>�ll r<!uea/s an age o f  1�.000 to 34.000t year•. 1/a�ard• i»clude ponr 
llraiual(e, pO>IdinR, and /IJW /J('rmeabilily In /II<H:••s. 

Quaternary lower terrace: 

A mnximum of 50 {eel of fluulal pebble �:muel, sa>1d, unll day, along 
l/1e South Sanliam Riu<'r, in 1/1<: •uiJSurfaU of the 1\'il/ame//e Valley 
ond in the IaNter �al/e�s of 1/zc f<J<Jihill" (ZI"CO. Also in<:ludl'"s /..,.rar" 
gr�Z<•e/s (Z/ong /he smaller .treunu. f:q�<ivaler!l Itt part to 11>1' Unn gmvds 
of Allison { t 953). Eoriy H'i&<"On•i» or 11/inoisiau /lute Pleistocene/ in 
a[li!. l'oor rll'<linage, ponclilffl, (Zrl<l higll 1<mtcr table lneolly. 

Quaternary middle terrace: 

Modem/ely ll is.«!ctc<l d<'J)Osi/� <>I J)<'bblc gmc•P/, •and, sill, aull clay of 
fluvial origin ou.,riooking )'(HtllJICI" lou·cr l<•rmco (QII}. Hquiual<ml in 
part to the Leffler tm<•el• o{ A/lisou (1953). Elevations �ary {rom 2•15 
feet in west to .SOO fed In cast. K�Znsan (middle l'leistocene} in age. 
/Jeep wea//ocring produ<:<'S clay-rich •oils, 

Quaternary upper terrace: 

Deeply dissected relu/la>l/8 uf a lli�l>. lcuel l(ral!el fan eq"illalc>ll to the 
Lacomb gravels of Alliso" (11)53). Ma.dmlml 111/c/tne•s /00 to 1()0 feel. 
Maximum <:leu/Ilion 865 {<•ct. f.'ar/J' 1'/cistocc/l� in age, 

Stratigraphic Units 

Caocades formation: 

/,ight· to medium-J(my purpllyl"ilk {low (111(/<:sile, basalt, and b•·ccc.iu� 
(ormiHg a <ICP.PIY tlissl'c./<�tl C<>r!C /II .�li<>W i'CIIIl 1111<1 nu i<>lrncanyon n01u 
wirh reuersed /opoflrophy in /he mi<lrl/e Suntiw11 <lroi>I(I/(C. Mu.\"imwn 
/11ickness nppm.dmalcly 3,000 !1·d. l.atc 1'/ioc.�ne to early l'lei>toci!<U! 
in age. 1/a�an/s indmlc $lco•p #orws, ro<•lzf<t/1, Will fla.<h {lands. 

Sardine formation: 

Up to /,500 {eel o( ma••iue to platy hypa<ll>ene umlesile and ba,;a/1 
ut�con{om�ab/e be11eo/h the Co&<"adcs Forma/ion u<1d ouer/}'inl( Colum· 
bia Ri<•er Ba.soll. /.ale Mi"C''"" to early /'liQc<•ne in al{e, fla�ards include 
flash floodiug u>1d rockfall. 

Columbia River Basalt 

Sewml hundred feel of rfcusc, dark, �ery {ine-gmiued now bosa/1 
cuppinlf ""' ridges of nor//ocrn /.i1111 Cmm/y, Al•n inchule& basalt of 
.Uorlls Ridge. Columnor joiuUut i• u11iuer�a/. 11/ajlioc/a�c phcnoe.-ysl� arc 
prcs<ml locally; pyroxene pllenucry•ls ore abocnl or 1'1'"�' mre, Middle 
Miocc11e ;, uge. \Vearlzers to a red loamy soil. Undercut by ,,..,;�..,. 
slides on sle<'p 4lopeo. 

Little Butte Porrnation: 

AJ>J>rcn·imarcly I 0,000 feet of <lacitic to nndesitic pyrochlstic rocks a»d 
dense, llorl•, basaltic flow roc/1. '1"111• J>)'!YJclao·lics ar.' caur.esl in 1/ze 
drai»uge of IIH' middle Suuliam a>1d hoCI1<de breccia•. luffs. <m<i ash. 
Interbeds of co111inenla/ oo/cuuo'claslo'c sedimc11/& ao-e comma" lou•ards 
/he 1uesl. 

The ba.<u//ic now /'Ot'/1 WCM <'rU/)ICd (r<>m IIWI>y SfHII"CCS. Tile 
numerolls bulles of ll1c caslcrr� \VilliiiiiCII<! V111/e.\' rcprescnl the 
exhumed """"ants of 80/IIC of ll1e uents. Scnlle•·ed •mall pyrogene 
pl>euncry</,< /�'t>if.v tile bn.<llll. 

Pai'IS of ll>e 1mit (Tlbe) iH 1/w 1ue�t c011/aiu itol<•rb<,.ls '>( "'""'i!lc, 
mariue, (/uart�o-(elclspal/oic sa,.dstone P(t"iualeut to the Eug•me 
f'01mation rt'oc) rcporl<l<l in wc/1 /oJis /11 1/11< IVI//am<'/1� Volley, 

Age of 1/oe formatiou i� early 01/I(OC.Cil� liii"0"/111 �arty Mr'occnc as 
shown by slrotigmpl!ic positiou m1d leaf fossils. 

f/azard� indude fiMh nood• in 1/w iul•·rior, ma&siu<• l<ludsliding, <lnd 
lhich cia)' soil<. 

Intrusive rock: 

Mappable bodie< of intm•i>Je bo.<e>llic rock wil/oin tile /,iltle Bulle 
Formation. No feeders for other units am rt'C.otnized. 
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STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND M I N E R A L.  INOUSTRIES 

R. E, CORCORAN, STAT£ G£0L.OGIST 

E XPLANAT ION 

� Willamelte Valley lowlands, flood plains of major streams, � ten·ace deposits, and isolated upland areas; hazards may 
include flooding in dminageways, ponding in depressions, 
high water Wble, and poor soils (see Soils map for 
WillameUe Valley area); seplic lanlzs, dmit! fields, base­
ments, buried lan/1s, and swimming pools not feasible in 
many areas; suited lo agriculture, industry, recreation, and 
residential use where hazards are minimal. 

10-25% 

25-50% 

50-75% 

> 75% 

-

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Gentle sloping upland areas, parts of older dissected 
tetraces, and stream channels in the \Villamelle Valley; 
chemical weath-ering predominates in uplands; hazards 
minimal over Columbia River Basalt; thick clay soils and 
mass movement in parts of Lillie Butte Formation; clay 
soils in \Vi/lame lie Valley (see Soils map); deep cuts require 
proper engineering in much of the Lillle Bulle; suited to 
low density residential development and similar uses. 

Extensive hills/ope areas in uplands; includes areas of thich 
clay soil and mass movement topogmphy in weathered 
parts of the Lillie Btdle Formation in the lower {oolhills, 
thich loam soils overlying s/able bedrocll in areas underlain 
by Sardine and Cascades Formations, and some talus along 
ridges of Columbia River Basall and fresh exposures of 
Lillle Bulle Formation; hazards uariable; fills, cuts, septic 
tanks, and deep excavations no/ feasible or require special 
engineering in places; stilled locally to low-density, highly 
regulated, properly engineered use, also open space and 
forestry. 

Exposures of solid bedrocll o{ all uolcanic units and thin 
slopes of steeper talus locally; rapid erosion and minimal 
chemical weathering and soil {ormation; lzazards include 
rapid mnof{, rocl1slides, thin debris slides, and flash 
flooding; potential {or development small; cuts and fills {or 
road construction require proper engineering; houses and 
septic tanl1s generally not feasible; preservation of vegela­
liue couer needed to minimize emsion. 

Steep bedroch slopes in areas of youthful topography; rapid 
erosion wilh lillie chemical weathering; hazards include 
rocllfall, rocl/slide, thin debris slides, mud{low, and flash 
flooding; lillie potential {or development; cuts and {ills 
difficult. 

Lowlands 

Intermediate Regional Flood: Flood (de/ermined by U.S. 
Army C01ps of Engineers) hewing a 1 percent probability of 
occurring in any given year. Pl"evenlive action includes 
zoning restrictions on incompatible developments, educa­
lion of the pttblic, implemenlalion of Federal flood plain 
insurance program, {loodproo{ing of prese11t structures, and 
the construction of levees and dilws. 

Standard Project Flood: Extent o{ flood (determined by U.S. 
Army Cotps of Engineers) which would be produced under 
the most extreme hydrologic and meleomlogic conditions 
possible, excluding extremely rare combinations; areas 
outside this boundary are not subject to flooding through 
stream overflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probabl)• subject to 
flooding but for which no detailed study has been made. 

Stream bank erosion: Underculling and cauing o( riuer and 
stream banlls commonly accompanied by large scale 
migration o( the riuer channel; generally charactetized by 
location on the outer bends of sharp curves, bar growth on 
lhe opposite banfl, and deep water new· shore; also inferred 
on basis of history of past migration, geome/ry of stream 
plan, and general !mow/edge o( stream meandering; 
properly engineered riprap provides local coneclion {or 
critical areas; other solutions may include zoning, res/ric­
lion� on construciion within given distances of stream 
banll, and possibly temoving sand and gravel {rom critical 
bars. 

Abandoned channel: Length of river or stream channel 
abandoned through ca/as/rophic channel changes during 
flooding; commonly the site of stagnation, progressiue 
siltation, marsh growth, and compressible soils; restricted to 
past and presenl flood plains of lm-ger rivers, such as 
\Villamette and S011lh Sanliam; useful in determining 
meander h istory and potenlial {or future sh·eam migration. 

Channel change: Location of presen t stream channel acquired 
by recent pmgressiue meandering through stream ban/1 
erosion or truncation of meander bends dm·ing floods. 

Tal/en {rom U.S.G.S. 7%' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970. Revisions do 
not meet National Map Accuracy Standards. 

• ' • '  • � • � Revetment: Riprap placed lo control slream bani/ emsion; 
may lead lo increased mlcs o( erosion shorl distances 
downstream. 

Uplands 

I 
• 

• • • a • .  

. . . . . . . . . - . . 

ITJ 

Mass movement topography: Earlhflow terrain charactetized 
locally by irregular to lwmmocl1y topography, moderate 
slopes, irregular drainage, displaced soil, and features of 
recent movement including crached ground and bowed 
trees; failure restricted to soil zone ( 10 to 30 feet) 
generally, but penetrates to bedrocll in parts of Lillie Butte 
Formation, especially below escarpments of t-esislanl cap 
rock; luaards may include potential {or ground movement, 
poor foundation s/rengll1, caving in excavations, and poor 
drainage; excavations, drainage modifications, removal of 
vegetation, and use of septic tanl1s and drain fields may 
reactivate sliding; on-site investigation recommended for 
most development; suited to low-density housing in places. 

Headscarp: Steep slopes of intact bedroc/1 mar/ling the upper 
limit of a deep slide mass downslope; hazards and 
limiialions are those of shallow failure discussed below. 

Failure on steep slopes (see slopes 4,5): Hazm·ds include rapid 
rurw{(, rochslides, lhin debris slides, earthflows and 
mudflows; frequency of occul'rence highest for greatest 
slopes; sleep slopes with thin soil couer particularly 
sensilive lo excavation, placement of {ills, and mmoval of 
vegetation; potential for development in many areas 
negligible. 

Flash flood chahnels: Small to medium-sized stream channels 
situated in areas of mOderate to steep slope and low 
permeo.bilily; characterized by steep, narrow canyons, lack 
of flood plain, and very coarse, poorly sol"/ed stream bed 
deposits; permanent sttuclures generally not feasible; large 
culverts required under roads crossing channels . 
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Surficial Deposits 
Quaternary alluvium: 

A few lens of {eel <>f grnve/, sand, and silt along nwjor streams, and thin 
veneers of silt and clay lining the smaller streams of the Willamette 
Valley. Hazards ioclude flooding, stream meandering, and siltation. 

Wiilamette silts: 

Up to 20 to :10 feet of faintly bedded, quarlzo-{ddspa/hic silts, silty 
clays, and clays of lacustrine and glacial flood-water origin. Surficial 
en-a tics and heavy minerals indicate Columbia River source, Carbon-14 
dating reveals an age of 19,000 to 34,000+ years. Hazards Include poor 
drainage, pondlng, and low permeability In places. 

Quaternary lower terrace: 

A maximum of 50 feel of {luuial pebble grauel, sand, and clay, along 
the South Santiam River, in the subsurface of the \Viltamette Valley 
and in the larger ualleys of the foothills area. Also includes terrace 
gravels along the smaller streams. Equivalent in part to the Linn gravels 
of Allison (1953). Harly Wi<eonsin or 11/inoi.,/an (late Pleistocene) in 
age. Poor drainage, ponding, and high water /able locally, 

Quaternary middle terrace: 

Moderately dissected deposits of pebble grauel, sand, sill, and clay of 
fluvial origin overlooking younger lower terraces (Qtl). Equivalent in 
part to the Leffler gravels of Allison (1953), Elevations vary {rom 245 
feet in west to BOO feet in �a.•t. Kansan (middle Pleistocene) In age. 
Deep weathering produces clay-rich soils. 

Quaternary upper terrace: 

Deeply disse�ted remnants of a high, /euel gravel fan equivalent to the 
Lacomb gravels of Allison (1953). Maximum thickness 100 to 150 feet. 
Maximum elevation 865 {eel, Early Pleisloc�ne in age. 

Stratigraphic Units 

Cascades formation: 

Light- to medium-gray porphyritic {low andesite, basalt, and breccias 
forming a deeply dls•ected cone at Snow Peak and an intraeanyon {low 
with reversed topography in the middle Santiam drainage. Maximum 
thickness approximately 3,000 feel. r,a/e Pliocene to early Pleistocene 
i" age. Hazards include sleep slopes, roch{a/1, and flash floods. 

Sardine formation: 

Up to 1,500 feet of massive to platy hypersthene andesite and basalt 
uncon{ormallle beneath the Cascades Formation and overlying Colum­
bia Riuer Ba•alt. Lute Miocene to early Pliocene in age. Hazards include 
flash flooding and rocl<1all. 

Columbia River Basalt 

Severa/ hundred feel of dense, dark, very fine-grained flow basalt 
capping the ridges of northern Linn County. Also includes basalt of 
Marks Ridge. Columnar jointing i.s uniuersat. Plagioclase phenocrysts are 
present locally; pyroxene phenocrysts are absent or uery rare. Middle 
Miocene in age. Weathers to a red loamy sol/. Undercut by massive 
slides on steep slopes. 

Little Butte Formation: 

Approximately 10,000 feet of dacitic to andesitiC' pyroclastic rocks and 
dense, darl•, basaltic {low rock. The pyroclastics are coarsest in the 
drainage of the middle Santiam and include brecC'ias, tuffs. and ash. 
lnterbed• of continental uoleaniclastie sediments are C'ommon towards 
the west . 

The basaltiC' {low roeh was erupted {rom many sources. The 
numerous buttes of the eastern Willamette Valley represent the 
exhumed remnants of some of the vents. Scattered small pyroxene 
Phenocrysts typify the basalt. 

Parts of the unit (Tibe) in the west contain interbeds of massive, 
marine, quartzo-feldspathie sands/one equivalent to the Eugene 
.fo'onnation (Toe) reported in wei/logs In the Willametle Valley. 

Age of the formation is early Oligocene through early Miocene 11.' 
shown by stratigraphic position and tea{ {oisils. 

Hazards include (lash floods in the inti!rior, massiu" landsliding, and 
/hie/' clay soils, 

Intrusive rock: 
Mappable bodies of lntrusloo basaltic rock within the l,ill/e Butte 
l>'ormation. No feeders {or other units are recogni�ed, 
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STATE OF OREGON 
DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 

� Willamelte Valley lowlands, flood plains of major streams, � terrace deposits, and isolated !�pland areas; hazards may 
include flooding in drainageways, ponding in depressions, 
high water /able, and poor soils (see Soils map for 
IVillamelle Valley area); septic tanks, dtain fields, base­
ments, buried ianl?s, and swimming pools not feasible in 
many areas; suited to agriculture, industry, recreation, and 
residential use where hazards are minimal. 

1,0-25% 

25-50% 

50-75% 

>75% 

Genlle sloping upland areas, parts of older dissected 
le1races, and stream channels in the \Villamette Valley; 
chemical weathering predominates in uplands; hazards 
minimal over Columbia River Basalt; lflicll clay soils and 
mass movement in parts of Lillie Bulle Formation; clay 
soils in \Villameltc Valley (sec Soils map); deep cuts require 
proper engineering in much of the Lillie Butte: suited to 
low density residential development and similar uses. 

Extensive hills/ope areas in ttplands; includes areas of thicll 
clay soil and mass movement topography in wealltered 
parts of the Little Butte Formation in lhc lower {oolhills, 
thic/1 loam soils overlying stable bedrock in areas underlain 
by Sardine and Cascades Forma/ions, and some talus along 
ridges of Columbia River Basal/ and fresh exposures of 
Lillie Bulle Forma/ion; lwzards variable; fills. culs, septic 
tanhs, and deep excavations not feasible or require special 
mginecring in places; st1iled locally to low-density, highly 
regulated, properly engineered usc, also open space and 
forestry. 

Exposures of solid bedroch of all volcanic units and thin 
slopes of sleeper talus locally; rapid erosion and minimal 
chemical weathering and soil {ormation; hazards include 
rapid nmo{f, rochslides, thin debris slides, and flash 
flooding; potential {or development small; cuts and fills for 
road conslmclion require proper engineering; houses and 
septic tanks generally not feasible; preservation of vegeta­
tive cover needed to minimize erosion. 

Sleep bedroch slopes in areas of youthful topography; rapid 
erosion with little chemical weathering; hazards include 
rocll{all, rocks/ide, thin debris slides, mud{low, and flash 
flooding; little potential {or development; cuts and fills 
difficult. 

Lowlands 

-

1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Intermediate Regional Flood: Flood (determined by U.S. 
Army C01ps of Engineers) haviltg a I percent probabi/Uy of 
occurring in any given year. Prevenlive action includes 
zoning restrictions on incompatible developments, educa­
tion of the public, implementation o{ Federal flood plain 
insurance program, {loodproofing of present structw·es, and 
the construction of levees and dihcs. 

Standard Project Flood: Extent o{ flood (determined by U.S. 
Army Corps of Engineers) which would be produced under 
the most extreme hydrologic and meteomlogic conditions 
possible, excluding extremely rare combinations; areas 
ou tside this boundary are not subject to flooding through 
stream overflow, but may be subject to localized ponding 
of rainwater. 

Estimated possible flooding: Areas probably subject to 
flooding but {or which no detailed study has been made. 

Stream bank erosion: Underc11lting and caving of river and 
stream banlls commonly accompanied by large scale 
migration of the river channel; generally characterized by 
location on the outer bends o{ sharp curves, bar growth on 
tlte opposite banll, and deep water ncar shore; also inferred 
on basis of history of past migmtion, geometry of stream 
plan, and geneml lmowledge of stteam meandering; 
properly engineered riprap provides local conection {or 
critical areas; other solutions may include zoning, restric­
tions on construction within given d istances of stream 
bank, and possibly removing sand and gravel {rom critical 
bars. 

Abandoned channel: Length of river or stream channel 
abandoned through catastrophic channel changes during 
flooding; commonly the site of stagnation, progressive 
siltation, marsh growth, and compressible soils; restricted to 
past and present flood plains of larger rivers, such as 
!Viffametle and South Santiam: useful in determining 
meander history and potential {or future stream migration_ 

Channel change: Location of present stream channel acquired 
by recent progressive meander;ng through stream banh 
erosion or truncation of meander bends dun'ng floods. 

Taken {rom U.S.G.S. 71h' Topographic Maps dated 1969 
and 1970 and aerial photographs dated 1970. Revisions do 
not meet Nah'onal Map Accuracy Standards. 

Revetment: Riprap placed to control stream ban/1 erosion; 
may lead to increased rates of erosion short distances 
downstream. 

Uplands 

� � . . . . . . . . .  � . . . : . ; ' 

OJ 

Mass movement topography: Earthflow terrain characterized 
locally by irregular to lwmmochy topography, moderate 
slopes, irregular drainage, displaced soil, and features of 
recent movement including cracllcd ground and bowed 
trees; failure restricted to soil zone (10 to 30 feet) 
generally, but penetrates to bedrock in parts of Little Bulle 
Formation, especially below escGipmenl$ o{ resistant cap 
rock; hazards may include potential for ground movement, 
poor foundation strength, caving in excavations, and poor 
drainage; excavations, drainage modifications, removal of 
vegetation, and use of septic tanks and drain fields may 
reactivate sliding; on-site investigation recommended for 
most development; suited to low-density housing in places. 

Headscarp: Steep slopes of in/act bedroch marl1ing /he upper 
limit of a deep slide mass downslope; hazards and 
limitations are those of shallow failure discussed below. 

Failure on steep slopes (see slopes 4,5): Hazards i11clude rapid 
runoff, rockslides, lhin debris slides, earthflows and 
mudflows; frequency of occurrence highest (or greatest 
slopes; sleep slopes with thin soil cover particularly 
sensitive lo excavation, placement o( {ills, and removal of 
vegetation; potential {or development in many areas 
negligible. 

Flash flood channels: Small to medium-sized stream channels 
situated in areas of moderate to steep slope and low 
penneability; characterized by sleep, nan·ow canyons, /acll 
of flood plain, and very coarse, poorly sorted stream bed 
deposits; permanent structures generally not feasible; farge 
culverts required under roads crossing channels. 

Geologic Hazards by J, 0, Beaulieu and P. W. Hughes 

Cartography by S. R. Re11oud 
a11d W. H. Polwmy 1974 
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zone 10, shown in blue 
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STATE OF OREGON 
OEPARTM E::NT OF GE::OLOGY AND MINERAL INDUSTRIES 

R. E. CORCORAN, STATE GEOLOGIST 

EXPLANATION 
Clay and silty clay: Severe construction limilalions in places 

because o( poor drainage, compressibility, and localion in 
flood prone amas; generally not acceptable for septic tanhs 
owing lo low in{illralion rates. 

Clay loam and silty clay loam: Limited use as a (unction o( local 
topography, water table, and mgineering properties; septic 
tanks, sewage disposal, and land(ills «Cceplable in areas o( 
favorable topography, water table, and permeability. 

Loam and silly loam: Restricted use in \Villamette Valley beca11se 
o( poor drainage and h igh water table; septic tanks and sewage 
d isposal acceptable in regions of appropriate permeability and 
wale/' lab/e. 

Sandy and sandy loam: Acceptable for most conslmclion; 
generally not acceptable for septic tan/1s, leach fields, sewage 
disposal, and landfills owing to mpid in{litralion. 

Gravelly and stony loam: Same as sand and sandy loam above. 

Stony mountainous land: variable; see Geologic Hazards maps. 

Soils by P. W. Hughes 

Cartography by S. R. Renaud 
and W. H. Pokomy 1974 

Soil Classification Diagram 

Soils are unconsolidated mixtures o/ clay, sill, sand, and gravel; 
textural terminology is based on /he relative ab!lndance of these 
components. 
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