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FOREWORD 

In the past few years residential and other land development has spread 
from the more easily worked and accessible sites to areas further from 
established roads into the steep hilly lands of the county. This has hap
pened partly because the more level and easily developed land. which is 
free from flood hazards. is being used up or is increasing in price making 
the more remote and lower priced land attractive to the buyer. In addition 
the growing desire among many people for rural isolation and agricultural 
space to be more self-sufficient has led to the development of land away 
from older settled areas. Because of the steepness of most of this type of 
land. the nature of the soils and underlying rock. and heavy rainfall. much 
of this land is subject to landslides. erosion. and other serious geologic 
hazards. 

The information in this report which furnishes the basic data required to 
make determinations about the feasibility and safety of developing land. 
with respect to geologic hazards. will provide much needed information 
for Coos County land buyers to use in making choices. As comprehensive 
planning and zoning programs proceed the other environmental geology 
portions of this report. as well as the hazard data. will aid the county and 
its citizens in developing better informed land use planning decisions for 
the future. 

Real estate purchase and development for individuals. corporations or 
governmental agencies involves a major financial investment for one. 
and all of those concerned. The protection of these in�estments from 
major losses by avoiding foreseeable geologic hazards will be a major 
goal of county land use programs. 

The cooperative efforts of local. state. and federal governments in com
piling and publishing this report for the use of the general public and plan
ning officials have provided a good start toward this end. 

COOS COUNTY BOARD OF COMMISSIONERS 

Con• missioner 
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ENV IRONMENT A L  GEO LOGY 
of 

WESTERN COOS AN D DOUGLAS COUNT IES,  OREG ON 

INTRODUCT ION 

P u r p o s e 

Respons ib le  l and u se p lann ing and land management requ ire an adequate data base w it h  regard to 
t he l im itat ions and capabi l i t ies of t he land . Prov id i ng t he max imum amount of pract ica l  i nformat ion to 
t he greatest number of users i n  we stern Coos and Doug las Count ies is the purpose of th is  study . 

T he need for systemat i c  and re l iab le i nformation about  geo log i c  hazards is ga i n i ng w ider recogn i -
t ion  by State offi c i a l s ,  County offi c i a l s ,  p l anners,  deve lopers, eng ineers, and pr ivate c i t i ze ns .  Senate 
B i l l  1 00, passed by the Oregon Leg i s lature in 1 973,  created a Land Conservat ion and Deve lopme nt Com
m i ss ion for the purpose of imp lement ing state-w ide p lann i ng goa l s .  Techn i ca l  informat ion of t he sort pro
v ided in th i s  bu l le t i n  i s  essen t i a l  to t he suc cess of that and s imi lar  efforts on State and loca l leve l in Oregon . 

Lega l t re nds i n  recent years have been toward p lacing i n creasi ng respons ib i l i t ies on permi t -grant i ng 
agenc ies . I n  Ca l i for n i a ,  recent ly ,  a County road pro ject  i n i t iated a l ands l ide ,  a nd ru noff from a County
approved subd iv is ion adverse ly affected ne ighbor i ng property . I n  bot h  cases, l i abi l i ty was p laced upon 
the County ( Schl icker and others ,  1 973) . T he i nformat ion prov ided in t h i s  bu l let i n  wi l l  e nab le  Coos and 
Doug las  County personne l to eval uate and p l an fu ture deve lopment more e ffect ive ly . 
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T he authors great ly  appreciate t he cooperation and he lp g iven by many i nd i v idua l s  and organ izations 
i n  t he preparat ion of th i s  report . The invest igat ion of Coos County was funded i n  part by a grant of $20, 000 
from the Western  Env i ronmenta l  Geo logy Branch of the U . S .  Geo log ica l  S urvey , and t he i nvest igat ion 
of  western Doug las County was funded in part  by a grant for $1 0, 000 from the U. S . Offi ce of Coasta I Zone 
Manageme nt through t he Oregon Coasta l Conservat ion and Deve lopment  Commiss ion . Spec i a l  t hanks are 
exte nded to Dr . M .  C lark B l ake , J r .  of t he U . S .  Geo log i ca l Survey and Grant J .  Ross of t he Oregon 
Coasta l Conservat ion a nd Deve lopment Commiss ion for t he i r  e fforts i n  secu r i ng t hese fu nds . Add i t iona l  
funds i nc l uded $5 , 000 prov ided by Coos County , $1 , 500 by Doug las County, and $ 1 2 , 800 provided as 
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P r e v i o u s  W o r k  a n d S o u r c e s  o f  D a t a  

T h i s  report i s  a compre he ns ive a nd systemat i c  t reatment of t he geo logy and geo log i c  hazards of 
western Coos and Doug las Count ie s .  I t  i s  broader i n  scope than any prev ious i nvest igations i n  the area 
and treats many top i cs neve r before stud ied on a reg iona l  basis in the area . It i s  part of an on-goi ng 
program of basic geolog ic  hazards research in Oregon be i ng conducted by t he Oregon Department of  
Geo logy and M i ne ra l  I ndustr ies. 

Major recent i nvest igations i n  t he study area i n c l ude bedrock geo log i c  mapp i ng and m i nera l resource 
cata logui ng i n  Coos County by Ba ldw i n  a nd others ( 1 973) ,  m i nera l  resource cata logu i ng i n  Doug las County 
by Ramp ( 1 972) ,  and a ground-water i nve st igat ion in the Coos-Umpq ua dunes by Robison  ( 1 973) . Other 
landmark studies i n c l ude an i nvestigat ion of the coal re sources of the Coos Bay area by A l len  and Ba ld-
w i n  ( 1 944) , and an i nvest igation of dunes proce sses by Cooper ( 1 958) .  Data on rece nt f lood i ng are com pi led 
on  a cont i nu i ng basis by t he U . S .  Geo log ica l  Survey . Offshore st ructures and tecton i sm are presen t l y  
be i ng i nve st i gated by  pe rsonne l of t he U .  S .  Geo log i ca l  S urvey and Oregon State Un ivers i ty and  by  other 
i nd i vidua l s .  Soi l s  prope rt ies a nd use l im i tat ions are u nder i nvest igat ion by the U .  S . Soi l s  Conservat ion 
Serv i ce .  

A comp lete l i st i ng of a l l  data sources used i n  th i s  study i s  g i ve n  i n  t he b ib l iography . Much data and 
i nformation used in this report was deve loped outs ide the study area and these re fe rences are a l so l i sted . 
Refere nces of spec ia l  s ign i f i cance to part i cu lar top ics  are c i ted i n  t he appropr iate parts of the text . 

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

Ge nera l 

A l and use p lanner is a ny person or body of pe rsons who use or manage t he land w i t h  fores ight regard
i ng the characte r i st ics of the l and . I n  addit ion to county and city p lanne rs,  land use p l anners shou ld  i nc lude 
deve lope rs,  po l i cy formu l ators on t he nat iona l ,  state , and loca l leve l ,  large land ho lders, a rch i tects ,  
e ng i neers ,  and the genera l pub l ic .  

T h i s  bu l le t i n  provides p l anners i n  western Coos and Doug las Count ies w i th  the necessary i nformat ion 
to make va l id de c i s io ns . I t i s  a sy nthes i s  of  prese nt t hought  regard ing t he geo log ic  cond i t ions and geo
log i c  haza rds of  t he re gion . The mate ria l i s  reconna i ssance in natu re , howeve r ,  and i s  subject  to further 
refi nement or rev i s ion based upon on-s i te i nve stigat ions or more r i gorous st udy . 

T he matr ice s and tab les  i nterre late t he various hazards a nd systemat i co l l y pre se nt i nformat ion about 
t he m .  T he text i s  an  e laborat ion of t he tables and is thorough ly  c ross re fe renced . T he net resu l t  i s  a 
hazards ana lys i s  wh ich  proceeds t hrough var ious leve l s  of de ta i l from map to tables to text and re fe re nces . 
Organ ized i n  t h i s  way , t he report has a pote nt i a l  for a w ide variety of uses  as d i scussed be low . 

S ite eva luat ions 

Proper use of t h i s  docume nt in pre l im i nary s i te eva l uat ions i s  shown  d iagrammat i ca l l y on the f low 
chart i n  F i gure 1 .  

Land use su i tab i l i ty ana lys is 

Data prov ided in th i s  bu l let i n  and on t he accompany i ng maps can be used to deve lop se ts  of  gene ra l 
i zed ove r l ay maps t o  a id i n  land use su i tab i l i ty ana lyses . T o  be va l id ,  howeve r ,  such maps shou ld  idea l l y 
mee t  th ree spec i fi cat ions: 

( 1 )  The maps s hou ld  be prepared for one type of deve lopme nt or for sets of  c lose ly re I a  ted types of 
deve lopme nt . Because t he physi ca l requ i reme nts for unre l ated types of l and use differ cons ider
ab l y ,  s ing le  maps dep i c t i ng l and use su i tab i l i ty for numerous types of use are common ly  too 
ge nera l ized . 



1 .  D EF I N E  TAS KS 

2 .  LOCATE S I TE 

3 .  I D EN T I FY GEOLOGIC 
H AZARDS AND N ATURA L 
R ESOURCES  

4 .  ASSESS  TH E S I TE 

5 .  EVA LUATE TH E PROJECT 

.---�--�--�- ----�---

6 .  PLAN 

I N TR O D U C T I O N  

Examp les i nc lude eva luating proposed deve l 
opments, advisi ng resi dents , deve lopi ng or 
rev i s i ng zoni ng codes, eva luating zon i ng 
var iances ,  deve lopi ng goa l s  and gu ide l i n es . 

Locate th e s i te visua l ly on  th e appropr iate 
geo log i c  un i ts map and geo l ogic hazards map . 

Use th e geo logic u n i ts map a nd text to 
determ ine  bedrock and natura l  r esources and 
to approximate soi I type . Use the geo logic 
hazards map and text to determ i ne geo logic 
hazards . Spec i fic reference may be  made to 
the s ite i n  var ious par ts o f  th e text . 

Defi ne the phys ica l capab i l i t ies and  r esources 
of the land . Defi ne th e physica l l iabi l i t i es 
of the land . The text is organ ized and 
cross-referenced to foe i l i  tate th is  type of  use . 
Consu l t  c i ted references or appropr iate 
agenc i es where necessary . 

Compare the physi ca l  capabi l i t i es and l i a 
b i lit ies o f  t h e  land w i th t h e  physica l r eq u ir e
men ts o f  the proposed use . Consider possib l e  
eng i neer i ng a nd l and  management so l u tions . 
Consi der impact on surroundi ng proper ti es a nd 
land uses . 

Consideration must be given to i nformat ion 
from other  sources i nc l ud i ng loca l  and 
r egi ona l goa ls, gu ide l i nes a nd po l i c i es, i n  
addi tion to econom ic, soc ia l a nd po l i t ica l 
condit ions . 

F ig ure 1 .  S uggested use of th is bu l l eti n i n  site eva luati ons . 

3 
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(2)  Su i tab i l i ty categor ies descri bed in  the map l egends must be rea l i st ic . This  requ i res t horough 
know ledge of 1 )  the i nformat ion presented i n  t he text , 2) the specif ic  requ i rements of the 
l and use under consideration and 3 )  the types of  eng i neer ing so l u t ions avai lab l e .  Assignment 
of arb i t rary va l ues to t he var ious hazard s  is unrea l i st i c .  

(3)  Sca le must be proper ly appreciated . On the map sca le  used i n  th i s  pub l icat ion,  conc l u sions 
must be v iewed as a fi rst approximat ion of on-s i te condit ions, and p rovis ions must be made 
for more deta i led study . 

Regiona l i zat ion of data 

On the county and c i ty leve l ,  spec ia l i sts common ly possess deta i l ed i n forma tion on spec i fi c  si tes or 
in th e i r  respec t ive fi e l ds of  expertise but do not have readi ly at  th eir disposa l a mechanism for synthesiz
i ng and i nterre la t i ng th e i r  observat ions . Thus , an i ndividua l may have records of sept ic tank  fa i lu res ,  but  
may not  have adequate means of  eva l uat i ng common character ist ics or d i str i bu t ion of t he fa i l u re s .  Th i s  
b u l l e t i n ,  by i nterre la t ing geo logic un i ts ,  sci I s ,  s lopes ,  l andforms, and hazards, p rovides t he spec i a l ist 
w i t h  the necessary too l s to regiona l ize his observat ions a nd to make pre l im i nary assessments of  new areas 
for wh ich  no deta i led data are avai lab le . I t  a l so i nforms t he spec ia l i st of add i t iona l land character i s t ics 
about wh ich  he might ot herw ise be unawa re . 

Po l i cy formu l at ion 

Used in conjunct ion w i th a set of  rea l i st i c  goa l s ,  this pub l icat ion can be i nva l uab le in  formu lat i ng 
l and-use po l ic ies  on  the loca l and reg iona l  l eve l . Such po l ic ies shou l d  represent a coord i nated e ffort on 
the part of  government agenc ies of var ious leve l s ,  shou ld  cons ider a l l  s i gn i ficant geo log ic hazards, and 
shou l d  make provis ions for local cond i t ions as revea led by on-site eva l uat ions . A l t hough po l i c ies  are 
des igned to protec t th e pub l i c ,  th ey shou ld not be based on over-react i ons ar i s ing from i nadequate i nfor
mat ion regard ing th e magni tude of given hazards . 
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G EOGRAPHY 

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

T he study area encompasses t he weste rn  ha l f  of Coos County and t he nor thwester nmost corner of 
Doug l as County (Figure 2 ) .  It is bounded on the west by t he Pacific Ocean ,  on t he north by Lane County , 
a nd on the south  by Cu rry County . The i rregu lar eastern boundary fo l lows t he edges of topographic maps 
or section lines se l ected to incorporate i n la nd va l ley areas . 

Parts or a l l  of 1 1  topographic quadrang le  maps are inc luded . Tota l area l  extent of t he study area 
is approximate ly 1 , 400 square mil e s .  Access i s  provided by U . S .  H ighway 1 0 1 a long the  Coast, State 
Highway 38 a long t he Umpqua River , and State Highway 42 a l ong the  Midd le Fork of the Coqui l le River . 
N umerous unnumbered county roads extend up other stream va l l eys ,  and pr ivate roads provide access to 
t he more remote up I and areas . 

123° 

F igure 2. I ndex map of study 
area show i ng quadrang l e  map  
coverage . 1 5 ' series maps a re  
used in this study . 
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C l i m a t e  

T he c l imate of t he study area is  moist and temperate owi ng to the preva i l i ng wester l ies and the 
prox imity of the Pac i fi c  Ocean . Wi nters a re coo l and wet and summers are warm and dry with i nterm i ttent 
rai n .  Temperature data are summar ized on Tab l e  la . 

Rai nfa l l  var i es from approximate ly 60 i nc hes a long t he Coast to as much as 1 00 i nches on  t he s lopes 
of  t he more rugged i nter ior  up lands in easter n parts of t he study area . Annua l ra in fa l l  i s  60 i nches at 
North Bend and 77 i nc hes a t  Reedsport . More than 1 0  i nches of  ra i n  fa l l  in December a nd January at 
North Bend ,  and more t han  1 0  inches of ra i n  fa l l  i n  November , December , J anuary , and February at 
Reedsport . Measurab l e  prec ip i tat ion fa l l s i n  North  Bend on abou t 1 60 days out of the year . Prec ip i ta
t io n  extremes for t he Coos Bay-North Bend area are summar ized on  Tab le  lb . Between December  1 9  a nd 
23 ,  1 964, 8 . 1 i nc hes of rain fe l l  i n  North Bend ,  a nd 1 3 . 2  i nches of ra i n  fe l l  i n  Powers . 

r-

Tab le  1 a .  Temperature data for western  Coos and Doug las Count ies  

Statist ic 

Mean 
>- M ea n  maximum 0 
:> M ea n  M in imum c 0 High --. 

Low 
Mean 

+- M ea n  maximum 
"' 

M ea n  m i n im um :> 
Ol 
:> High <( 

Low 
*June  extreme is 1 00° 

Coos Bay
N or th Bend 

45° 
52 
37 
74 
1 6  
60 
69  
5 1  
90* 
38 

Reedspor t 

44° 
50 
37 
67 
1 5  
60 
70 
5 1  
97 
4 1  

Tab le lb . Weather extremes for Coos Bay -Nort h Bend area 
- � --

wettest month 

dr iest year 

wettest year 

wettest 24 hours 

g reatest snow fa I I  

g reatest w i nd ve loc ity 

* Recorded on the Coast 

2 2 . 7  i nc hes November ,  

43  i nches 

9 1  i nches 

5.25 i nc hes Dec .  9- 1 0 , 

1 6  i nches Jan .  25-26, 

1 30 knots* Oct . 1 2 , 

1 973 

1 936 

1 937 

1 968 

1 969 

1 962 
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Summer w i nds are characterized by steady moderate breezes from t he north and nort hwest averag i ng 
1 7  mi les  per hou r .  W i nter wi nds consist of steady offshore breezes from the south and sout heast and occa
s ional  strong onshore gales from the southwest . Average w i nter  w i nd ve l oc ity i s  15 mi le s  per hour; max i 
m u m  w i nd ve loc i t ies, howeve r ,  far exceed t hose of  t he summer (see Tab l e  1 b) .  Autumn a n d  spr i ng w i nds 
are trans i t iona l between t hose of winter and summer and are a mix of bot h .  

Da i ly weather records i nc lud ing w i nd data are ma i nta i ned by t he U .  S .  Weather Bureau a t  Nort h 
Bend and a l so by t he U .  S .  Naval  A i r  Force Base i n  North Bend . Data for the period 1 9 1 5  to 1 933 are 
avoi lab le th rough the Port l and Off ice of t he U .  S .  Army Corps of  Engi neers a nd are summarized in F lemi ng 
( 1 955 ) .  Add i t iona l  w i nd data are summarized by Cooper ( 1 958 ) .  W i nd patter ns are i nstrume nta l in deter
m i n i ng t he form and d i str i bu t ion  of dunes (see W i nd Eros ion and Depos i t ion )  a nd are t he d r iv i ng force beh i nd 
nearshore ocean curre nts (see Coasta l  E rosion and Depos i t ion ) .  

O c e a n  C u r r e n t s  

Offshore ocean currents vary w i th  t he seasons,  depth ,  a nd w i nd d i rect ion . Surface currents respond 
p r imar i ly to i mmed iate w i nd d i rect ion (see C l imate ) and f low from sout h to north in t he w i nter and nort h 
to south i n  t he summer . At a depth of 60 meters a northe r ly  component is more domi nant; currents a re 
norther ly i n  the wi nter and a l so i n  the summer when sea breezes from the nor th  abate (Oregon State Un i ver
sity , 1 968 ) .  Acti ng i n  harmony , t ides, wi nds, and curre nts can produce surface currents w it h  ve loc i t ies 
as great as 3 to 4 knots . Average ve loc i t ies ,  however, are approx imate ly 0. 25 knots. 

Nearshore currents are more comp lex ow i ng to t he impact of bathymetry , topography , a nd other 
factors on w ind and ocean curre nts . Longshore dr i ft i s  generated by wave action and is  part i cu lar ly  s ign if
icant  to the t ransport of sand a long the shore (see Coasta l Eros ion and Depos i t ion ) .  Sed iment tra nsported 
in one d i rect ion by longshore d r i ft may adopt new d i rect ions of transport as it i s  carr ied out to sea th rough 
reg ions with d i ffere nt cur rent  character i st ic s  at dept h .  T he carry i ng capac i ty of cu rrents at dept h i s  d i s
cussed brief l y  unde r  Coasta l Erosi on and Depos i t io n .  Currents in  estuar ies a re  d i scussed under  Geology of 
Est uar ies . 

T o p o g r a p h y  

T he la ndforms of western Coos and Doug las Cou nt ies are grouped i nto t hree major categor ies :  
up l ands, terraces, and low l a nds . The c haracter i s t ics  of eac h are products of the i nteract ion betwee n t he 
mater i a l s wh i ch  under l ie t hem, the processes t hat formed t hem , and the processes t hat  present ly are act ing 
upon t hem . Eac h landform i s  character ized by a un ique assoc iat ion of rock type , so i l s ,  a nd processes 
(geo log ic  hazards) as summarized on Tab le 2. A know ledge of la ndform is  fu ndamenta l  to t he reg iona l 
u nderstanding of geo logic hazards . 

T he h i l l s a nd mounta ins  of the study area comprise the up lands . E le vations vary from sea l eve l at 
base of sea c l i ffs to greater t han 2 , 000 feet in t he interior . Re l i ef i s  genera l ly l ess t han  1 .000 feet . 
S lopes vary from gent le  to vert i ca l .  

Terraces consist of wave -cut surfaces w i th  mar i ne depos i ts  a long the coast and d i sse cted remnants 
of  e levated f lood p la i ns a lo ng major streams . Marine terraces form f l at coasta l  expanses a nd r idge caps 
and are ge nera l ly less than 500 fee t  in e l evat ion . A notab le exception is t he mar ine terrace at B l ue R idge 
wh ich  is approx imate ly 1 , 600 feet h ig h .  F l uv i a l  ( r iver)  te rraces are res t r ic ted t o  the lower wa l l s of  dra i n
ages and are genera l ly l e ss t han  1 00 feet above present -day f lood p l a i ns a nd st reamways . 

Low land la ndforms i nc l ude f lood p la i ns ,  marsh , t ida l f lat s ,  dunes,  beaches ,  and def lat ion p l a i n s .  
Major low land geograph ic  areas are t he  Coos Bay du nes and t he  estuaries of  t he Umpqua,  Coos , and 
Coqu i l l e R ivers . E l evat ions are genera l ly 20 feet or l ess but are greater a long the i n land reaches of 
a l l uv ia l va l leys and on larger sand dune s .  S lopes are very low w i th t he exception o f  t hose deve loped 
on sand dunes . 
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Tab l e  2 .  Landform s of western Coos a nd Doug las  Count ies ,  Oregon 

Landform Fea tures Major rock types 1 Soi l s2 

Vl 
0 
z 
� 
a.. 
::::> 

Vl 
UJ 
u 
<( 
c.: 
c.: 
UJ 
1-

I 
Vl 
0 
z 
<( ....J 
3: 
0 ....J 

H i l l  and m ounta i n  s lope Sandstone ,  S i l tstone and 
S teep w i th reg iona l s lopes greater Basa It of Ter tiary Age , 

than 50 percent; a l so and Rocks of Pre-Tertiary 
h ead lands Age 

M oderate H i l l s w i th regiona l s l opes Sandstone and S i l ts tone of 
to genera l ly l ess than 50 Ter tiary Age, and  Roc ks 
gent le  percent of  Pre-Tertiary Age 

E l evated, f la t ,  ocean-cu t  Mar i ne  sand , si l t ,  and  mud; 
Mar i ne surfaces; depos i ts of mar i ne  vegetated wi nd-b lown  sand 

mater i a l  or w ind-b low n  usua l l y  w i th soi l deve lop-
sand ment  
D i ssec ted , f la t  rem nants of  Sand, si l ts ,  and grave l s  

F luvia l form er f lood p ia ins a long deposi ted by ma jor streams 
(river )  ma jor stream s and r ivers; sem i -

conso l i da ted 
F lood F la t  r iver deposi ts subj ect Sands , s i  I ts ,  and grave Is 
p la i n  to f l oodi ng; a l so channe l  deposi ted by  r ivers and 

deposi ts streams 

Poor ly dra ined ,  vegeta ted , Marsh and peat w i th fi ne-
Marsh f lat  wet lands of estua r i es gra i ned sedim ents 

and dunes 

T i da l  U nvegeta ted mudf la ts l y i ng Sand, s i l t ,  a nd c lay  of 
f la t  wi thin th e t ida l zone comp lex estuar i ne  or i g i n  

Dunes; Mounds of w i nd-b lown sand; S tab l e  sa nd,  unstab l e  sand, 
beaches; s loping sand adjacent to the beach sand,  and def lat ion-
def lat ion ocean; w i nd-swept f la ts p la i n  sand 
p la i ns eroded to summer water tab l e  
1 See  Bedrock Geo l og ic  Un i ts and Surfic ia l Geo logic Un i ts i n  tex t .  
2See Soi I s  i n  tex t . 
3See Geo l og i c  Hazards i n  text . 

Loam , si l ty c lay loam , and 
si l ty  c lay of Bohannen , 
Orfor d ,  Tem p leton , D ement , 
Wi nema ,  M i  I I i  com a ,  
P eavine , Honeygrove ,  and 
B lac kly series 

S i l t  loam , sa ndy loam , a nd 
s i l ty c lay loam of Coos Bay, 
Bu l lards , B lack loc k ,  Bandon , 
and Ch etco ser i es 
S i l ty loam , si lty c lay l oam , 
and si l ty c lay o f  Sa la nder , 
Chetco , L int,  and Knappa 
seri es 
S i l ty loam , s i l ty c lay l oam , 
a nd s i l ty c lay  of N eha lem ,  

I 
Gardi ner , N estucca, and 
Brenner ser i es 
S i l ty loam , s i l ty c lay loam , 
s i l ty c lay and peat of 
Coqui l l e ,  C l atsop, Bra l l i er ,  
and Lang lois ser i es 
Peat and si l ty c lay of C la tsop 
ser i es; a lso sand , s i  I t ,  and 
c lay 
Sand a nd f ine sand of  West-
por t ser i es ,  Active dunes, 
Beaches; peat and si l ty c lay 
of Coqui l le and C latsop ser i es 

Current processes and hazards3 
Severe erosion , f l ash f loodi ng, 
rapid mass movement 

S low to rapid mass movement ,  
moderate eros ion 

Pond i ng and poor dra i nage 
l oca l ly ,  fa i l ure i n  deep cuts; 
hazards genera l ly m i nima l 

Pond i ng and poor dra i nage 
l oca l ly ,  fa i l ure i n  deep cuts , 
stream -bank  erosion; hazards 
m i n ima l  
F lood ing ,  ponding, stream -
bank erosi on , low foundation 
strength , possi b l e  l iquefaction 

Ocean  a nd stream f lood ing ,  
l ow bearing strength , poss i b l e  
l iquefact ion 

Ocean f l oodi ng , low to var i -
ab l e  bear ing strength 

W ind erosion and deposi ti on ,  
coasta l erosion and  deposi t ion ,  
h igh ground water , poss i b l e  
l i quefact ion loca l lr_ _ 
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P o p u l a t i o n  

T he major commun it ies of Coos County and t he i r  1 972 popu lat ions are Coos Bay ( 1 3 , 320), North 
Bend (8 , 685 ) ,  Coqui l le (4, 300 ) ,  Myrt le Po i nt (2 , 595 ) ,  Bandon ( 1 ,895) ,  East s ide ( 1 , 490), and Powers 
(8 35 ) .  Popu lat ion data for t he County as a who le are summar ized in Tab le  3. Periods of maximum growth 
coinc ide w i t h  t imes of  maximum t imber output . Between 1 960 and 1 965 , popu lat ion dec l i ned 4 .6  percent . 
Genera l trends are for i nc reased urban ization at t he expense of rura l deve lopmen t .  Between 1 950 and 
1 960, urban popu lot ion i ncreased 65 percent , from 1 5 ,  845 to 25 , 993,  and between 1 960 and 1 970 i t  
i ncreased 1 1  percent ,  to  28 , 967 . Between 1 950 and 1 960, rural  popu lat ion i ncreased 1 0 percent , from 
26 , 420 to 28 , 962,  and betwee n 1 960 and 1 970 i t  dec reased 5 percent  to 27 , 548 .  Between 1 960 and 
1 970, net migrat ion out  of  the County was 4, 606 and natura l i nc rease was 6, 1 66 ,  to g i ve a net ga i n  of 
1 , 560 . 

Th e m ajor popu lat ion centers of wester n Doug las Cou n ty are Reedspor t (4, 039) , the Tenm i le area 
(2, 559) , Gardi ner ,  a nd Scottsburg . H i stor i c  popu lot ions and projected trends for Reedsport are summa
ri zed on Tab l e  4.  I n  add i t ion , com bi ned urban and rura l  pro j ec t ions for the coasta l area i nd icate 
i ncreases of about 20 percent per decade through 1 990 (Doug las County P Ianning D ept . ,  1 973) . 

Year 
1 900 
1 9 1 0  
1 920 
1 930 
1 940 
1 950 
1 960 
1 970 

Year 
1 920 
1 930 
1 940 
1 950 
1 960 
1 970 
1 98 0  * 

1 990 r 

Tab le  3 .  Popu lat ion o f  Coos County 

Popu lat ion  
1 0, 324 
1 7 , 959 
22, 257 
28 , 373 
32, 466 
42, 265 
54, 955 
56, 5 1 5  

Tab le  4 .  Popu lat ion o f  Reedsport 

Popu lat ion 
850 

1 , 1 78 
1 , 42 1  
2, 288 
2, 998 
4, 039 
5, 1 42 
6 , 1 70 

Change (%) 

72 
24 
28 
1 4  
30 
30 

3 

Change (%) 

39 
2 1  
6 1  
3 1  
35 
27 
25 

' Project ions by t he Doug las Coun ty P l ann i ng Dept . based upon 
h i stor i c  t rends, projected emp loyment and serv i ce trends, a nd 
other project ions , i n c l ud i ng t hose of Pac i fi c  Northwest Be l l  
a nd BPA . 

I 
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L a n d  U s e 

H i stor i ca l ly ,  land use i n  weste rn  Coos a nd Doug l as Count ies  has been c lose ly re l ated to land form , 
T he f lood p l a i n  of the Umpgua R i ve r  has been  t he s i te of i ndust r i a l ,  commerc ia l ,  res ident i a l ,  and agr i 
cu l tura l deve lopment , On t he more freguent ly  f looded f lood p l a i ns of the Coos and Cogu i l le R i ver s ,  
deve lopment has been large ly rest r i cted to pasture land and other  agr icu l tu ra l  use s .  T he Coos-Umpgua 
dunes area is used pr imar i ly for recreat iona l pu rposes but i s  a l so t he s i te of ground-water w i t hdrawa l and 
l oca l i ndustry i n  t he Coos Bay area . The phys i ca l  sett i ng of estuar ine border l ands has favored i ntens ive 
deve lopment . 

Marine a nd r i ve r  terraces have bee n  the s i tes of i ndustr ia l ,  res ident i a l ,  and commerc ia l  deve lopment  
in  the Reedsport , Coos Bay , and Bandon areas . Terraces of  the i nter ior a re  t he s i tes  of  commun i t ies such 
as Scottsburg , Myrt le Po i nt ,  and Cogu i l l e .  Agri cu l tura l deve lopment  i n c l udes c ranberry bogs in  south 
coasta I Coos County and pasture land a long major streams . Future , more i ntense deve lopment of t he terraces 
is favored by the re lat i ve lack of phys i ca l  constra i nts  but w i l l  regu i re  i ncreas i ng management w i t h  regard 
to pond i ng ,  ground-water contam i nat ion,  and waste d i sposa l .  

Dom inant land uses of the up lands are forestry , m in i ng ( i nc l ud i ng guarry operat ions ) ,  recreat ion ,  
l im i ted agr i c u l ture , and  scattered resident i a l  deve lopment . I n  t he future , res i dent i a l  deve lopment w i l l  
spread to t he gent ler  up lands surround i ng deve lop i ng urban centers on the low lands and terraces . Trans
portat ion and commun icat ion fac i l i t ie s  traverse a wide var iety of up land terra i ns .  

A l t hough popu lat ion and economy have histor i ca l ly f l uctuated w i th  logg i ng act i v i ty ,  recent a nd 
future d ivers i fi cat ion  i nto retai l and who lesa le trade , educat ion ,  bus iness serv ices ,  and tour i sm w i l l  l ead 
to increased urban iza t ion . Add i t i ona l demands w i l l  be p laced on the l and in and around urban centers and 
i n  new areas of growth . Management and education on a l l leve l s  of government and p r ivate e nterpr ise 
w i l l  be needed to m i n im i ze the ex i st i ng a nd potent ia l p rob l ems i nhe rent in the t hree categor ie s  of  land
forms: eros ion and mass movement i n  the up lands; pond i ng ,  ground-water contam inat ion ,  and eros ion  on 
t he te rraces; and a var iety of hazards on the low lands ,  such as stream and ocean f lood i ng ,  w i nd erosion 
and depos i t ion of sand , unfavorab le ground response dur i ng poss i b l e  earthguakes ,  and tsunami danger to 
recreat ion ists a long the Coast. 
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E N G I N E ER I N G  GEOLOGY 

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

A geo log i c  un i t  i s  a ny rock type wh i ch  may be d i st i nguished from ot hers and mapped on the bas i s  
of gra i n  s ize ,  compos i t ion ,  bedd i ng ,  d i st r i but ion ,  age , or other physic a l  propert ies . As shown on Tab l e  
5 ,  each geo log ic  u n i t  i s  re la ted i n  a genera l way t o  a bas ic  category of  landform . Recogn i t ion  o f  land
form i s  a key consideration i n  mak i ng pre l i m inary ident i fi cat ions of  geo log i c  un i ts . 

Bedrock geo log ic  un i t s  of conso l idated mate r ia l  ( f i rm ly cemented whe n  fresh) under l ie t he up lands 
a nd sea c l i ffs . Major rock types i n c l ude sandstone , s i l ts tone,  and basa l t .  Each bedrock geo log i c  un i t  
recogn i zed i n  t h is study may compr ise severa l stra t igraph ic  un i ts (geo log ic format ions ) .  For examp l e ,  t he 
Sandstone of Tert iary Age is composed of a l l  or par ts of seven s trat igraph ic  un i ts (Roseburg , Tyee , F lournoy , 
Look i ngglass ,  Coa ledo , T unne l Po i nt ,  and Emp i re Format ions) . T he formations have var ious strat igraph i c  
pos i t ions a nd  ages , but are t reated co l lec t ive ly because o f  the i r  s im i lar  eng i neer i ng character ist i c s .  

Semi -conso lidated to  u nconso l idated ( can  be  crumbled by  hand )  surfi c i a l  depos i ts  unde r l ie a var iety 
of low land and terrace l a ndforms. Subd iv i s ions are based upon  t he spec i f i c  envi ronments of depos i t ion 
a nd type of mater ia l .  For examp le ,  terraces of  both marine and nonmar i ne or igi n are re cogn ized ,  and 
each exhib i t s  a somew hat un ique l i tho logy . 

The ages of the bedrock un i t s  range from approx imate ly 1 40 m i l l io n  years for t he Rocks of Pre -Tert ia ry 
Age to less than 1 0  m i l l ion  years for the youngest Tert iary format ion ( Empire Format ion)  as shown on 
F igure 3. The surfi c ia l un i t s  are p robab ly a l l  less than 2 m i l l ion  years o ld w i t h  the bu lk  of t hem less t han 
1 00, 000 years o l d .  Soi l s  deve loped on  the var ious bedrock and surfi c i a l  geo logic un i ts a re  re la t ive ly 
young . 

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

Ge nera l 

Four major bedrock geo logic un i ts are recogn ized : t he Sandstone of Tert iary Age , the S i l t stone of 
Tert iary Age , t he Basa l t  of Tert iary Age, and the Rocks of Pre-Tert iary Age . T he genera l geo logy and 
e ngi neer i ng propert ies  of each bedrock un i t  are summari zed be low and t he di s t r ibut ion i n  t ime of the strat i 
graph ic  u n i ts  of wh ich  they are composed i s  shown on F igure 3 .  T he genera l sequence of geo log i c  eve nts 
wh ich  produced the var ious stra t igraph ic  un i ts consisted of 1 )  compre ssio n and deep seated deformation 
dur i ng mar i ne depos i t ion to g ive the Otter Poi nt Format ion ,  2) cont i nued mar i ne depos i t ion ,  vo l can i sm ,  
a nd sha l low , compressi ve deformat ion  t o  g ive t he Roseburg Format io n ,  3 )  reg iona l mar i ne depos i t ion  to 
g ive the m idd le Eocene sandstone and si l tstone un i ts ,  4) loca l marine downwarp and depos i t ion i n  t he 
Coos Bay area to g ive the l ate Eocene t hrough P l iocene un i t s ,  and 5) regiona l up l ift and f l uctuat ions of  
sea leve l to p roduce the surfi c ia l  geo log i c  un i t s  d i scussed in  the next sect ion . 

Sandstone of Tert i ary Age 

The Sandstone of Tert iary Age consists of a l l  conso l i dated bedrock un its of sed imentary or i g i n  
composed pr i mar i ly of sandstone . These i n c l ude t he  Roseburg, Look i ngg lass, F lournoy , Tyee , Tunne l 
Poi n t ,  Empi re, and upper and lowe r Coa ledo Format ion s .  Unconformi t ie s  ( t ime gaps) separate al l strat i 
graph ic sa ndstone un i t s .  

Geo logy : Var ious geo logic aspects o f  t he s ix major strat igraph ic  un i ts making up the Sandstone of  
Tert iary Age are summar ized on Tab le  6 .  More deta i led descr i pt i ons are ava i lab le  for exposures i n  Coos 
County in Ba ldw i n  and others ( 1 97 3) .  Many o f  the un it s  are very s im i lar i n  terms o f  rock type , a nd fi na l  
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Tab le  5 .  C lassi f ication of geo logic un i ts i n  wester n Coos and Doug las Count ies,  Oregon 
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Surficial Deposits 

Tu nne l  Poi nt Fm. (Tot p )  

Baste ndorff Fm. (Teob) 

Coal e d o Formation ( T e c) 

E I k ton Formation (Tee) 
T y ee Formation ( Te t )  

Humbug Mtn. Cg. ( Khm) 

0 tt e r Poi nt Fm. 

(Jop ,Jov, J s' J c, Jsp ) 

G a I ice Fm. 

ti d a I fIat (I f), Quat. a II uv. 
Q) dell at. plai n and 
c 
Q) beach sand ( s d p b) ( Qal) 
0 
0 
0 stab I e sa nd ( s s)' 

I 
u nstable sa nd (s u) (m p t) 

Quaternary deposi Is 

N 

>. ..... 
<1l 
c: ..... 
Q) 
<1l Q) 
:J c 
a Q) 

0 
0 
"' 
Q) 

a_ 

(1) Not scale d p roportional to time . 

( 2) Period duration 0-2 million years. 

(3) Period duration 2-60 million years. 

(4) Period d uration 60-135 million y ears. 

( 5) Period duration 1 3 5-1 55 m i I I  ion y .ears. 

(6) Numerous Pr a-Tertiary time p eriods 
not shown 

Sha d e d  areas show periods of erosion; 

also de formation of be drock units. 

F i gure 3 .  T ime d i str i but ion (!) of strat igraph i c  a nd sur fi c ia l geo log ic  u ni ts .  
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d i s t i nct ion between t hem was not poss ib l e  unt i  I t he  comp le t ion  o f  reg iona l  mapp i ng ( Ba l dw i n  and ot hers , 
1 973) wh ich  emphasized the i r  strat igraph ic  re lat ionsh i ps .  

Sedime ntary rocks of the Roseburg Format ion a re i nterbedded w i t h  submar i ne basa l ts ,  here i n c l uded 
i n  t he Basa l t s  of Tert iary Age . Age of the base of the un i t  is unce rta i n  but i s  probab ly Pa leocene . T he 
sed ime ntary rocks of t he Rosebu rg Format ion were depos i ted upon a crump l i ng sea f loor at t he c lose of 
K l amat h Mounta ins  deformat i on and are structura l ly d is t i nct from t he younger sed ime ntary un i ts .  

T he Looki ngg lass Format ion,  i n  con trast t o  t he Roseburg Format ion ,  i s  gent ly deformed a long nort h
south structures . Reg iona l l y  t he  easte rn and sout hern extents of t he  Looki ngg lass Format ion consist of  
s ha l low-wate r  de l ta ic  depos its wh i c h  represent the marg i ns of  the bas i n  of depos i t ion . Struct ura l and 
pa leogeograph ic  t rends in t he F lournoy Format ion of Coos County are s im i l a r  to t hose of t he Look i ngg lass 
Format ion . 

East o f  t he study area t he Tyee Format ion occupies a sync l i na l  depressi on  a long the c rest of t he 
Coast Range . Depos i t ion in a northward deepen i ng bas i n  is in terpreted on the bas is of regiona l sed iment  
s tud ies  (Snave ly  and others, 1 964) , and Ba ldwin ( 1 974) i nterprets a nort heast e r ly t rend i ng shore l i ne 
between  Roseburg and Agness . 

D i fferent iat ion  of t he Tyee Format ion from t he F lournoy is i ncreas i ng ly d i ffi c u l t  to t he nort h as 
strat igraph i c  d i s t i nct ions between t he two un its become l ess we l l  defi ned . The contact i nd icated i n  
Douglas Coun ty i s  a cont i nuat ion o f  t h e  contact i n  Coos County (Ba ldw i n  a nd others,  1 973 ) .  I t  i s  based 
upon reg iona l d ips and on t he appa rent greater drainage dens i t ies (ev ident in aer ia l photographs) in rocks 
mapped as F l ournoy as opposed to Tyee . A l so ,  the presence of E l kton Format ion near E l kto n i n d i cates 
t hat  rocks i n  that area are s ign i f icant ly younger t han exposures near Reedsport . A l t hough mapping in th i s  
study i s  i nadequate for f i na l  i nterpretat ion  i t  does correspond w it h  sma l le r  sca l e  reconna issance rev i s ions 
of  geo log i c  mappi ng in t he Coast Range of  Oregon by Ba ldw in  ( 1 975 ) .  

The Coa ledo Formation i s  more restr i c ted i n  d is tr i but i on than other Eocene sandstone un i ts a n d  i s  
noted for extensive deposi ts o f  strand l i ne coa l i n  the Coos Bay area (see M i nera l  Resources) . Fo lds w i th 
i n  the Coa ledo Formati on a r e  more i n tense than those o f  o lder Eocene u n i ts i n  th e surround i ng area . T h e  
degree o f  deforma tion o f  the Coa ledo Format ion a n d  t h e  or i g i na l  l im i ted extent o f  t h e  uni t  a s  shown by 
the coa l depos i ts i nd i cate l oca l basi n i ng of the Coos Bay area as ear l y  as the late Eoc ene . Ma r i ne 
M iocene rocks present i n  Coos Bay at Fossi I Po i nt ,  0 I igocene sandstones (T unne I Po i nt Format ion)  at 
Tunne l Po i nt ,  and the P l iocene Emp i re Format ion exposed a long Sou th  S lough suggest cont i nued bas i n i ng 
i n  t he area throughout  the Te rt iary . 

T he mar ine M iocene rocks i n  Coos Bay and t he Tunne l  Point  Format ion are of very l im i ted extent 
a nd are not i n c l uded on  Tab le  6 .  The un its are i n c l uded o n  the stra t i graph i c  t ime chart , however . T he 
genera I eng i neer ing properties do not d i ffer apprec iab ly from t he other strat ig raph i c  un i ts i n  t he Sandstone 
o f  Ter t iary Age . 

E ng i neer i ng geo logy: L i tho logy of the Sandstone of Tert iary Age var ies  w i t h  pos i t ion  i n  t he strat i 
graph i c  sect ion (Tab le  6 )  and w i t h  geograph ic  locatio n .  T he Roseburg, Looki ngg lass ,  F lournoy, and Tyee 
Formati ons are progress ive ly more s i l ty i n  t he i r  upper parts , where t hey resemble t he S i l tstones of Tert iary 
Age i n  te rms of t he i r  eng i nee r i ng propert ies . T he Roseburg Format ion is sheared i n  p laces and is t h i n-bedded 
i n  contrast to the t h i cker bedding of t he F lour noy and Tyee Format ions,  both of wh i c h  have beds of sand
stone we l l  over 1 0 fee t  t h i ck . Beddi ng t h i cknesses of t he Coa l edo are variable w i t h  sandstone i nterbeds 
t h i ckest in t he upper a nd lower parts . T he m idd le  Coa l edo is i nc l uded in t he S i l tstone of Tert iary Age . 
T he Emp i re a nd Tunne l Po i n t  Format ions cons ist pr imar i l y of t h i ck-bedded sandstone . 

Depth of weather i ng and soi l deve lopment vary w i t h  topography . Sha l low weat her ing hor izons and 
t h i n  soi l s  predom i nate i n  the steeper s lop i ng up land areas where streams are i n  the i r  youthfu l  stages of 
deve lopment . Up lands a long t he Coast a re under la i n by sandstones w i t h  vary i ng depths of weather i ng 
depend i ng upon bedd i ng ,  jo i nt i ng ,  s lope , and rate of e ros ion . Soi l s  deve loped on the Sandstone of Tert iary 
Age i nc l ude loamy sand, sandy loam , s i l ty loam , a nd s i l ty c lay loam (see So i l s) . 

Geolog ic  hazards assoc iated w i t h  t he Sandstone of Ter t iary Age i n c l ude h igh  grou nd water i n  areas 
of  th ick  mass movement (see Mass Movement ;  H igh Ground Water and Pond ing ) ,  rapid runoff and f l ash 
f loodi ng (see Stream F lood i ng) , and mass moveme nt . Major types of mass movement are debr i s  f l ow and 
rap id  earthf low i n  t he steeper up l ands and moderate ly rapid earthf low on t he moderate ly s lop i ng terra in  
(see Mass Movement ) . T he potent ia I ex i sts for s l ide genera t ion on steep saturated s lopes by earthquake 



Un i t  

Roseburg Fm . 

Looki ngg lass 
Fm . 

F lournoy Fm . 

Tyee Fm . 

Coa ledo Fm . 
(upper , lower , 
and undiff . )  

Empire Fm . 

Tab l e  6 .  Geo logy of the Sandstone of Tert iary Age 

Surface di str i but ion Roc k type and bedd ing S t ruc ture 
Coqui  l i e dra i nage north Severa l thousand feet of H igh l y  deformed w i th 
of the K lamath Mtns . , t h i n-bedded sandstone and r eg iona l fau l t i ng ,  t igh t 
sou th of B l u e  R i dge,  and s i l tstone in terbeds of  approx- fo ld ing ,  a nd sheari ng 
w i th i n  25 mi les of the imate ly equa I proportions 
Coast 
I so lated exposures i n  S evera I thousand feet of Gent ly to moderate ly 
m i dd l e  and upper rhythm ica l ly bedded sand- fo lded; loca l fau l t i ng 
Coqui l l e dra i nage stone and s i  Its tone; sand-
(a I so east of study area) stone hard l oco l ly; s i  I ts tone 

dom i nant  h igh in sec tion 
Up lands north of Coos S ever a I thousand feet of Gent ly  fo lded; a few 
Bay and i n  w estern rhythm i ca I I  y bedded sa nd- m i nor fau l ts 
Doug las County stone and m inor si Its tone; 

sandstone th i ck  loca l ly and 
hard; si l tstone dom i nant h i gh 
i n  the sect i on 

I nter ior up la nds of west- Thousands of feet of th ick- Gent ly fo lded, joi nted 
ern Doug las County; bedded sandstone and m i nor 
large areas out of study rhythm ica l ly bedded si I t-
area stone 

Coasta l up lands from Coarse to fi ne-g ra i ned ,  Moderate ly  t o  t igh t l y  
Tenm i l e  Lake to lower c ross-bedded ,  de l ta i c  sa nd- fo l ded w i th steep d i ps 
Coqui l l e dra i nage stone and m i nor si l tstone loca l ly 
South S Iough area , Th ick  sandstone beds w i th Modera te ly  to gent ly 
par t icu lar l y  west s ide ve ry m i nor si l tstone d ippi ng 

Age and 
stra ti graphy 

Pa !eocene and 
ear l y  Eocene; 
unconformab le  
over Pre-Terti ary 
bedrock  
Ear ly to m idd le  
Eocene; uncon-
formab l e  over 
o l der un i ts 

M idd l e  Eocene; 
u nconformab le  
over o l der un i ts 

M idd l e  Eocene; 
unconformab le  
over o l der un i ts; 
r e lat ion wi th 
F lournoy unc l ear  
Late Eocene; 
unconformab le  
over o l der un i ts 
P l i ocene; 
u nconformab l e  
over o lder un i ts 

Or ig in  
Deep 
subma-
r i ne  

Var iab le  
submar ine  
depths; 
margi na l  
de l ta ic  
Var iab le  
submari ne 
depths; 
margina l 
de l ta i c  

Submar ine 
deepest to 
north; 
margi na l 
de l ta ic 
Loca l  
mar ine  
basi n 
S ha l low 
mar i ne 
basi n  
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act i v ity i n  t he w i nter months ( see Earthquakes ) .  T he sharp ly a l te rnat ing beds of hard sandstone and softer 
s i l tstone favor bedd ing-p lane s l ides where beds t i l t  i nto art i f i c ia l  cuts  or areas of act ive erosion . 

Ease of excavat ion var ies w i th  degree of weat her i ng and th ickness of sandstone i nterbeds . Where 
t h i ck ,  fresh sa ndstone is exposed , b l asti ng is requ i red . Where large sandstone b locks are used i n  fi l l ,  
continued sett l i ng over prot racted per iods of t ime can be expected as point  boundar ies adjust to the load . 

Permeabi l i ty is very low except a long prom i ne nt jo ints, fau l t s ,  bedd i ng p lanes ,  a nd loca l i zed areas 
o f  pervasi ve weathe r i ng or low cementat ion . Ground-water product ion is low (see Ground Wate r ) .  T he 
pote nt i a l  for runoff is very h igh ,  espec ia l iy in regions of steep s lopes a nd t h i n  so i ls .  Because the so i l s  are 
not aggregated, the eros ion poten t ia l  is a l so high (see Stream Eros ion and Depos i t ion ) .  

Pote nt i a l  u se  of te rra i n  under l a i n  by t he Sandstone of  Tert iary Age i s  l i m ited i n  many areas by steep 
s lopes and assoc iated hazards and i s  genera l ly restri cted to sparse res ident i a l  deve lopment ,  we l l -managed 
forestry , a nd open space . Where s l opes are moderate , more i ntensive u ses a re possi b l e .  Sept i c  tanks are 
not feas ib le  in t he bedrock,  but a re compat ib l e  w ith  the textu res of many of t he soi l s ,  prov ided so i l  dept h 
is suffi c ient ( see So i l s ) .  The t ight ness of t he rocks is compat ib l e  w i t h  l andfi l l s ,  but s lopes are gene ra l ly 
proh ibi t i ve .  Foundat ion strength var ies from moderate to h igh . Nat ura l resources of t he un i t  inc l ude fi l l  
materia l ,  stream r iprap ,  coa l i n  some areas , and poss ib le  und i scovered o i l  at dept h .  

S i l tstone o f  Tert iary Age 

The S i l tstone of Tert iary Age consists of a l l  conso l idated-bedrock Terti ary un i ts of sedi mentary 
o r ig in  composed pr ima r i ly of si l tstone . T hese i nc l ude the E l kton Format ion,  the midd le  member of t he 
Coa ledo Formation, and t he Baste ndorff Format ion . I n  add i t ion ,  t hose parts of t he Sandstone of Te rtiary 
Age (genera l ly ,  the upper part s of format ions )  wh ich are rich in s i l t stone exh ib i t  t he enginee r i ng prope rt ies  
of  t he s i l tstones discussed i n  th i s  sect ion . A l t hough these exposures a re idea l ly treated i n  th i s  sect ion,  
p resent mappi ng does not permit  the i r  spe cif ic  de l i neat ion on t he geo logic map . 

Geo logy : Various aspects of t he geo logy of the strat igraph ic  un i t s  i n c l uded i n  t h i s  un i t  are summarized 
on Tab le  7 .  More deta i led d iscuss ions of t he geo l ogy of the un i t s  i s  provided by Ba ldw i n  a nd others ( 1 973) .  
Because la rge parts of the sandstone un i t s  d i scussed i n  t he prev ious se ction are essent ia l ly s i l tsto ne , data 
prov ided in t h i s  sect ion a l so app l y to parts of those un i t s .  

T he E l kton Format ion consists of  severa l  t housand feet of c layey s i l t stone w i t h  mi nor i nterbeds of  
sandstone . Exposures a re  restr ic ted to t he E l kton area i n  t he Umpqua R iver dra inage and  t he Sacchi Beach 
a rea south of Coos Bay . Present  in te rpretat ions of the Sacchi Beach exposure s ind icate that t hey may 
actua l ly be a part of t he F lour noy Format ion ( Ba l dw i n ,  1 975 ) ,  thus underscor i ng t he need to d i st i ngu i sh  
between s i l tstone and sandstone in  assess i ng the e ng i neer ing prope rt ies  of exposures mapped as Sandstone 
of  Tert iary Age . 

T he E l kton Format ion is gen t l y  fo lded and loca l ly fau l ted and is uppe rmost midd le  Eoce ne i n  age . 
Because of i ts f ine gra i n  s ize and gradat iona l contact upwards i nto de l ta ic and st rand l i ne deposi t s  ( Ba l dw i n ,  
1 974),  the un i t  i s  thought to represent sha l low-water depos i t ion under shoa l i ng cond i t ions . T he E l kton 
Format ion grades downsect ion i nto the deepe r-water Tyee Format ion . 

T he midd le Coa ledo Format ion  i n  t he Coo� Bay area is a si l tstone l y i ng betwee n t he sand ier  upper 
and lower members of t he Coal edo Format ion . T he un i t  is late Eocene in age (F igure 3) a nd l oca l ly d i s
p lays steep d ip s .  T he midd le  Coa l edo Format ion represents re lat ive ly deep-water depos i t ion  wh ich  occurred 
at  t he peak of t he mar i ne transgress ion t hat produced the Coa l edo Format ion in the C oos Bay area . Recent 
i nterpretat ions of t he fauna i nd icate lower ner i t i c  to upper ba thya l depths (Roat h ,  1 974) . A l though water 
depths of greater  than 600 feet are suggested by I i t  era I i nterpretations of these terms , sha I lower depths 
a re possi b l e .  The Coos Bay area i s  a un ique structura l s i tuat ion ( see Struct ure ) ,  a nd rigorous app l i cat ion 
of bathymetr ic  term i no logy may not be appropr iate . 

T he Baste ndorff Format ion consi sts of app rox imate ly 3 , 000 feet of sha le and s i l tstone w i t h  a t h i n  
sandstone inte rbed (50 fee t )  i n  t he midd le of  t he sect ion . T he un i t  i s  restr i cted to the axes of  ma jor sy n
c l i nes in the Coos Bay area . Most recent stud ies of t he p l ankton ic  fauna i nd i cate rest r i ct ion to t he late 
Eocene (Root h ,  1 974) . Ear l ier studies i nc l uded the upper part of t he un i t  in the l owermost Ol igoce ne .  
Depos i t ion  deep i n  the bathya l  zone is i nterpreted by Root h ( 1 974), a l t hough the preci se mean i ng of t h i s  
term i n  t he Coos Bay area i s  st i l l  uncerta i n .  
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Tab l e  7 .  E ng ineer ing geo logy o f  bedrock geologic un i t s ,  Coos a n d  Doug las Count ies ,  Oregon 

Format ion Structure and 
Name and symbo l 1 Rock type bedd ing Soi l s2 

Empire (Tpe) Hard ,  th i c k  Rhythm ic  to Loamy sand and 
M iocene sed . (Tms) to th i n- de l ta i c  bed- sandy loam; 
Tunnel Po i nt (Totp) bedded d i ng; gent l e  very th in  soi l s  
Coa ledo , upper (Tecu) sandstone to moderate on s teeper s lopes 
Coa ledo ,  lower (Tec l )  w i th m i nor d i ps ,  jo i nted a nd w i th abrupt 
Coa ledo, part (Tee)  s i  I tstone and fau I ted transi t ion to bed-
Tyee (Tet) loco l ly roc k 
F lournoy (Tef) 
Looki ngg lass (Te lg )  
Roseburg (Ter) 

Bastendorff (Teo b) Soft to mod- Sam e as S i l ty loam and 
Coa ledo, m idd l e  (Teem) erate ly  hard above , but s i l ty c lay loam ; 
Coa ledo, par t  (Tee) si l tstone and m uch fi ner very th i n  loca l -
E l kton (Tee) sha l e  w i th j oi n t i ng l y  even on 

m i nor sand- gent l e  s lopes 
stone 
Dense to M assive,  th ic k ,  S i l ty c l ay loam , 

Roseburg (Terv) rubb ly variab l e  si l t  loam ; 
basa I t  s trat i graph ic extreme ly  var i-

posi t ion ab l e  i n  th i ckness 

H um bug M tn . Sandstone & Bedded roc ks, S i l ty loam , 
Cong lom erate (Khm) cong lomerate unsh eared s i l ty c lay loam , 

rubb ly loca l ly; 
Otter Poi n t  (Jop, Jov , Sheared sed- Pervasive ly  extreme var i -

J s ,  Jc , J sp) iment . roc k, sh eared w i th obi l i ty 
pods of schist  i n tact knockers 

Ga l i c e  (J g ,  Jgv) and crum p led of  sch ist or 
beds of chert, cher t  
a lso a l tered 
vo le . roc k --- - - --- - L_____ ----------

1 See stra t igraph i c  t ime  chart and map l egends for age and distr ibu tion . 
2See Soi l s  Section for character is t ics of soi l s  and use l im i ta t ions . 
3App l i cab le  to bedrock ,  as opposed to soi l s  (di scussed e l sewh ere) . 

Associated Add i t iona I land use 
hazards Resources su i tabi l i ty character ist ics3 

Rapid ero- Coa l ,  fi l l  Good to very good founda t ion ,  
s ion , materia I ,  r i ppab l e  to needs b la st ing ,  
f lash f l ood- poss ib le oi I ,  loca l ly permeab le  a long jo int s  
i ng ,  l ow ground- and fau l ts ,  very l im i ted waste 
rapid m ass water y i e l d d i sposa l potent ia l ,  use l im i ted 
movemen t ,  ( l ess than by steep s lopes a nd associ a ted 
s tream -bank 5 gpm ) ,  hazards i n  many areas; sparse 
erosion stream r i p- deve l opment ,  we l l -managed 

rap forestry , open space,  low density 
subd iv i s ion in places, m oderate 
densi ty in areas of  gent l e  s l ope 

Rapi d ero- L im i ted use Good to fa i r  foundat ion , r i ppab l e ,  
sio n ,  mass potent ia I ,  im permeab l e ,  very l im i ted waste 
movemen t ,  ground-water disposa l poten tia l ,  use l i m i ted 
stream y ie l d  l ess by s lopes and assoc ia ted hazards; 
erosion than 5 gpm; moderate densi ty housi ng on  

poor fi I I  gent I e s lopes 
F lash f lood, F i l l ,  r iprap, Good to exce l l en t  foundat ion 
mass road meta I ,  character i s t ics ,  requi res b lasti ng , 
movement quarry rock ,  impermeab l e ,  poor waste di sposa l ,  

ground-water deve lopm en t  l i m i ted by s l opes 
y ie l d l ess and  associa ted hazards ,  and cost 
than 5 gpm of excavati on 

Mass move- Lim i ted use Extrem e  var iab i l i ty of rock type, 
ment  potentia I ,  l i m i ted use poten t ia l ,  h i gh ly  
( loca l l y ground-water vari ab l e  foundation rati ngs ,  mass 
deep a nd y i e l d  l ess movement prec ludes most eco-
s low) ,  than 5 gpm nom i c  permanent deve lopm en t  
s tream -bank genera l ly ,  except sparse housing i n  stab le  
erosion , schist for j etty areas ,  var i ab l e  loggi ng potentia l ; 
s lope stone and r i p- act ive stream -bank erosion a long 
erosion rap l oca l ly ma jor streams; grazi ng , forestry , 

'-- -- sparse sett l ement 
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E ng i neer i ng geo logy: The si l tstones and sha l es of th i s  u n i t  are i n terbedded w i th sandstone over 
large areas . The resu l t  i s  a wide range of engi neeri ng proper t i es that  can be proper l y  assessed on ly by 
on-site observa ti on wh ere spec i fic  loca l i zed decisi ons are requ ired . 

Where si l tstone i s  t he predominant rock type over l arge areas, a character i s t ic  low- ly ing,  ro l l i ng 
topography is  deve loped .  Deep weather ing produces si l ty loam and  s i l ty c lay loam soi l s  (see So i l s ) .  I n  
t he  more steep ly s lopi ng up land areas where si l tstone i s  i nterbedded w i t h  more abundant sandstone,  soi l s  
are t h i nner and  coarser texture d .  

On moderate s lopes ,  h ig h  p last i c i ty ,  shr i nk-swe l l  processes ,  and other cyc l i c  so i l  p henomena pro
duce abundant ,  s low eart hf lows (see Mass Movement ) .  T he potent ia l for s lope fa i l ures i n  art i f i c ia l  cuts 
i s  h igh . Dra i nage is  poor ,  especia l ly in  areas of i rregu lar topography . Erosion potent ia l var ies from 
moderate to low in areas of th i n ,  we l l -struct ured soi I s  to very h igh  i n  areas of unprotected di saggregated 
soi l s  such as at construct ion sites . 

T he Si l tstone of Terti ary Age i s  excavated w i t h  moderate d i fficu l ty ,  but makes very poor fi l l  mater ia l 
ow ing to t he h igh  p las t ic i ty and low shear resi stance . Permeabi l ity is low and runoff is h igh  i n  reg ions of 
t h i n  soi l s .  Ground-water y i e lds are very low (see Ground Water) . 

T he un i t  is character ized by fa i r  to good foundation strengt h ,  depend ing upon the degree of weather
i ng , and cah support moderate to high dens i ty housing on gent le s l opes where other hazards are m in ima l . 
Potent ia l  for landfi l l  waste d isposa l is good on gen t l e  s lopes , Resource potent i a l  of the un i t  i s  m in ima l . 

Basa l t  of Tert iary Age 

The Basa l t  of Terti ary Age cons ists of a l l the Tert iary erupt i ve basa l t  and assoc iated i ntrus ive basa l t  
in  the study area . I t  i s  mapped as basa l t  o f  the Roseburg Formation and i s  d iscussed i n  deta i l  by Ba ldw i n  
and others ( 1 973) and Ba ldw i n  ( 1 974) . 

Geo logy : T he Basa l t  of Tert iary Age is d istr ibuted  as a ser ies of i so lated patches i n  t he va l leys 
east of  Coos Bay and i n  t he midd l e  Coqu i l l e dra i nage to the sout h . The largest exposures are those at 
Old B l ue and t hree mi les southeast of Coqu i l l e .  Tota l area l extent o f  the unit i s  appro?< imate ly 30 square 
m i l e s .  

A n  exp loratory o i l  we l l  i n  Dav is S lough  encountered greater than 5 , 000 fee t  o f  basa l t  wi t hout pene
trat i ng the bottom of the un i t  (Ba ldw i n  and others , 1 973 ) .  The basa l t  cons ist s of f ine-grai ned submar i ne 
p i l low basa l t s  and breccias wi th  vary i ng degrees of a l terat ion . Secondary m inera l s  i n c l ude zeo l i tes  and 
c h lor i te and are concentrated a long jo ints and other structures . Exposures of coarser-gra ined more dense 
and less a l tered basa l t  su ch as t hat i n  the H i l l s trom quarry on Kentuck S l ough probably i s  of i n trusi ve origi n .  

I nd iv idua l exposures o f  the basa l t  tend to be located on the axes o f  nort heast trend ing an t i c l i nes 
and common ly  are fau l t-bounded on at l east one side . I nterna l  structures are d i ffi cu lt to defi ne regiona l ly .  
Jo in t ing i s  var iab le , but genera l ly is too c lose ly spaced to perm i t  quarry ing for j ettystone ( see M i nera l 
R esources ) .  Some fau l ts are noted loca l ly .  The basa l t  i s  not fo lded and apparent ly was deformed or d i s
p laced a s  a u n i t  rather t han be i ng deformed interna l ly .  

Pa l eocene m icrofoss i l s have bee n recovered from sed imentary i nterbeds i n  the basa l t  on the sout h 
s ide of Sugar loaf Mounta i n  ( Ba l dw i n , 1 965 ) .  T he basa l t  is i nterbedded w i th  t he lower part of the Roseburg 
Format ion ,  and i ts base i s  not exposed . The un i t  represents loca l i zed centers of submar ine vo lcan i sm dur ing 
the depos i t ion of Roseburg sedimentary strata in t he ear ly Tert iary . 

E ng i neeri ng geo l ogy: The Basa l t  of Tert iary Age consists of var iab ly a l tered submar i ne breccias and 
p i l low lavas . Eng i neeri ng propert ies and potenti a l  uses are determ ined by condi t ions at t he spec i fic  s i te 
i n  questio n .  Loca l l y ,  l imestone le nses are present strat igraph ica l ly above t he basa l t ,  as i n  the nort heast 
quarter of sect ion 35 near the fork of the Coos R iver . 

Depth of weather i ng and so i l  deve lopment (see So i l s )  is h igh ly variab le . Bare s lopes and rubb ly soi l 
c haracterize steep terra i n ,  and reddish-brown s i l t  loams varying i n t h ickness from 0 to 20 feet are present 
on t he gent ler  s lopes .  Soi l mant l es exposed in quarries i nd i cate , however, that so i l  t h i ckness varies con
siderab ly over very short d i stances even in areas where s lope i s  constant . 

Excavation requ i res b last ing ,  and the un i t  is a good source of fi l l  mater ia l  as d i scussed be low . Steeper 
s lopes are subj ect to rockfa l l  (see Mass Movement ) and rap id runoff (see Stream F lood i ng ) .  Loca l eart hf lows 
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a re common i n  a reas of t h ick soi I on  moderate s lopes. T he basa l t  const i tutes f i rm ground i n  te rms of  earth 
quake response and provides re lat ive ly  safe const ruct ion sites i n  t h is regard . 

Permeabi l i ty of t he basa l t  is very low except loca l ly a long major joi nts, and ground -wate r product ion 
i s  neg l ig ib le . E rosion hazard and runoff potentia l are h igh  on moderate to steep s lopes .  

Foundat ion strength is  very h ig h .  B last ing i s  requ i red for t he i nsta l lat ion o f  underground faci l i t ies 
o r  for t he construct ion of roads i n  cut s .  Waste d isposa l potent i a l  i s  m in ima l .  Landfi l l s in  abandoned quarr ies 
genera l ly are not advisab l e ,  a l t hough spec i fic on-si te stud ies are requ i red for a fina l determi nat io n .  T he 
very low i nfi l trat ion rates wou ld  cause a near-surface accumu lat ion of runoff and prec ip i tat ion, wh i ch in  
turn would spi l l  over i nto surround i ng areas . W here water cou ld  penetrate a lo ng j o i nt s ,  e ff l uent attenua
t ion wou ld  be mi n ima l  own ing to the t ightness of  t he bedrock .  I n  contrast , su i tab le  so i ls and  bedrock 
un i ts expose much larger surface areas of  mate r ia l  to eff luent a nd provide more e ffective treatment . 

Septic tank i nsta l la t ions shou ld be restri cted to t he so i l  zone (see So i ls) . I n  v iew of the extreme 
range of  soi l type and t h i ckness of th i s  un i t ,  the need for on-s i te exam ination of potent ia l bu i ld i ng sites 
i s  part icu lar ly acute . 

Long-range l and use p lann ing shou l d  consider the resource potentia l of t his  un i t  to assure t hat  va l u 
a b l e  sources o f  q uarry stone are not lost t hrough improper deve lopment . The  basa l t  provides good-grade 
road meta l and a lso i s  used for fi l l  and base rock . Through contro l led b last i ng and stockpi l i ng of la rge 
b locks, the  basa l t  a l so can serve as a l im ited source of jettystone . 

Rocks of P re -Tertia ry Age 

The Rocks of Pre-Ter tiary Age consis t  pr imar i l y  of a d iverse assemb lage of sh eared sandstone a nd 
si l tstone ,  vo lcan ic roc k, contor ted cher t ,  and b l u eschist  termed the Otter Poi nt Formation . A lso i nc luded 
are sma I I  exposures of bedded cong lom erate a nd sandstone ( Hum bug  M ou nta i n  Cong lom erate) and bed
ded si l tstone a nd volcanic rock ( Ga l i c e  Formati on) i n  th e extreme sou ther n par t of the mapped a rea 
south of Pow ers . The three format ions are d i scussed i n  more deta i l by Ba ldw i n  and others ( 1 973) . 

Geo logy: T he Otter  Point Format ion is restr icted to exposures a long t he South Fork of t he Coqu i l l e  
R iver between Myrt le Po i nt and Powers and to  coasta l and up land exposures south of Bando n .  Outside t he 
study area ,  the un i t  f lanks t he periphery of the K l amath Mounta i ns and extends down the C ur ry County 
coast l i ne i nto C a l i forn ia ,  where it is equated with the F ranciscan Assembl age (G hen t  and Co leman , 1 973) . 

T he Otter Po i nt Format ion is a comp lex structura l  associat ion of h i gh ly varied rocks of diverse o r i g i n  
and is commo n ly refe rred to  a s  a me lange i n  reference to  i ts shea r i ng ,  o r  an  oph io l i te i n  reference to  its 
composit ion . Pervasive shearing and reg iona l fau l ti ng a long nort heaster ly t rend i ng fau l ts obscure bedding,  
and no mean ingfu l  est imate of stra t ig raph ic  t h ickness is ava i lab l e . 

Exposures of sheared sed imentary rock are dominant i n  t he study area . R hythmic beddi ng of sa ndstone 
and si l tstone evident in  fresh exposures in C ur ry County ( Dott , 1 97 1 ) ind icate a turbidity orig i n  for t h is 
part of  t he Otter Po i nt Format ion .  A mu l t it ude of ca l c i te -fi l l ed ha i r l i ne fractures character ize fresh samp les . 

Scattered in moderate ly s lop i ng terra i n  of sheared sed imentary rock are i so lated subequant pods of  
harder ,  more resistent bed rock ( F igure 4) consist i ng of  a l te red vo lcan i c  rock , contorted reddish and gray 
chert ,  and b l uesch i st (a fo l iate rock consi sti ng in part of g l aucophane ) .  A l though loca l structures in the 
pods , suc h as t ight fo l d i ng of  t he cher t ,  cannot be exte nded regiona l ly ,  t hey do ref lect t he i n tense defor
mation of the Otter Point Formati on as a whole (see Structure) . 

Ot her rock types i nc l uded i n  the Rocks of Pre-Tertiary Age inc l ude sma l l  patches of serpent ine in  
Otter Poin t  terra i n ,  a sma l l  exposure of bedded cong lomerate and sandstone assi gned to the Humbug Moun
ta in  Cong l omerate by Ba ldw i n  and others ( 1 973) ,  and a sma I I  exposure of hard , bedded si l tstone ass igned 
to the Ga l ice Format ion . T he serpent ine was probab ly i nj ected i nto the Otter Po int Formation a long 
associated fau l ts after the Otter Po in t  was sheared into pos i t ion . The Humbug Mounta in  Cong lomerate 
represents C retaceous depos i t ion on a sea f loor of Otter Po i nt rocks . T he Ga l i ce Format ion represents 
depos i t ion on t he sea f loor i n  pre-Otter Po in t  t imes. 
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Figure 4 .  Otter Point terrain consists of moderate slopes with scattered blocks of 
steeper more resistant bedrock.  

The Otter Point Formation is  thought to represent Mesozoic sea-floor and island-arc rocks (Coleman, 
1 972) that were thrust beneath the continental crust by sea-floor spreading (see Structure) .  Fossi Is • ecovered 
from the unit out of the study area indicate a late Jurassic age (Dott, 1 97 1 ) .  Radiometric age determinations 
for blueschist pods within the unit ore general ly consistent with this interpretation, but do yield scattered 
pods of older age for which the origin is sti l l  uncertain (see Structure) .  Extensive uplift and erosion have 
brought these deep-seated rocks to the surface . 

Engineering: From the standpoint of engineering, the most significant feature of the Rocks of Pre
Tertiary Age is the extreme variabi lity of rock type and consequently the extreme variabi l i ty of engi neer
ing properties. Although sedimentary rocks are by far the dominant rock type, the specific types of sedi
mentary rocks and the degree of faulting or shearing vary considerably depending upon location. 

Deep weathering and soi I development are foci litated by the extensive shearing of much of the sedi
mentory rock. Soi ls include silty loam and silty c lay loam on gentle to moderate slopes and rubble o1ound 
the edges and downslope of many of the larger pods of harde1 bedrock . 

Earthflow characterizes the bulk of Otter Point terrain and occurs on slopes as gentle as 20 pe1cent . 
Although the large tectonic pods discussed above resemble landslide blocks in some respects, they d i ffe1 
i n  their great size relative to the depth and type of mass movement and in the fact that suitable sou1ce 
topography for the blocks upslope is not present. The irregular topography of the Otter Point Fo1motion, 
therefore, is the result of both tectonic history and present mass movement . 

Mass movement is the most pronounced where active stream erosion impinges on moderate slopes . 
Construction in these areas is difficu l t .  Fo1 examp le, futu1e widening, straightening, 01 rerouting of the 
road to Powers may easily ini t iate additional sliding and should proceed only after careful route selection 
and engineering rev iew . 

Additional hazards include rockfa l l  on steeper slopes of unsheared bedrock, possible l iquefaction 
on moderate slopes during blasting or earthquake activity, and erosion of unprotected soi Is . 



E N G I NEER I N G  GEO LO G Y - S U R F I C IA L  GEO LO G I C  U N I TS 2 1  

Rocks o f  Pre -Tert iary Age are excavated w i t h  moderate t o  great  d i ff icu l ty ,  and b last i ng i s  requ i red 
in a reas of re lat ive ly i ntack bedrock . Excavatab i l i ty of t he u n it var ies  w i t h  t he degree of shea r i ng and 
i s  often d i ff i cu l t  to pred ic t  accurate ly beforehand . Much of  t he rock prov ides adequate f i l l  for most 
construction pro j ects ,  a l t hough the p last ic ity of weat hered so i l s  may be unacceptab le . 

Permeabi l i ty of t he so i l s i s  mode rate to s l ow and permeab i l i ty of the bedrock i s  genera l ly very l ow 
owi ng to t he recementat ion of the many fractu res by c lay , ca l c i te ,  and other mater ia l s .  Runoff i s  mod
e rate to h igh dependi ng upon  s lope , and ground-water  potent i a l  i s  low . 

Owi ng to the extensive deve lopment of earthf lows on moderate s lopes and t he unacceptab le steep
ness o f  s lopes deve loped on  unsheared terra i n ,  t he potent i a l  land uses of  t he Pre-Tert iary terra i n  is l im i ted 
to low i ntens i ty uses such as grazi ng, contro l l ed logg i ng ,  and ope n space . Potent ia l for sept i c  tanks var ies 
considerab ly and must be determined on a s i te-by-s i te basi s .  Scattered low-dens i ty hous ing i s  a poss ib i l i ty 
in areas of m i n ima l s l ide hazard , adequate dra i nage , and acceptab l e  sh r ink-swe l l  propert ies . 

Greenstone is quarr ied loca l ly from the Otter Point  Format ion outside t he st udy area . Tupper Rock , 
a b l uesc h i st pod near Bando n ,  was quarr ied for je ttystone for t he sout h je t ty at Bandon i n  the ea r l y  1 900' s .  
Recemented c hert of su itab le  q ua l i ty can be used for bui l d i ng or ornamenta l stone . 

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

Genera l 

N i ne surfi c i a l  geo log ic uni ts  are recogn ized . T hey are l )  Quaternary mar i ne te rrace depos i ts , 
2) Quaternary f l uv ia l  ( r iver )  te rrace depos i t s ,  3) Quaternary a l l uv ium , 4) marsh and peat , 5 )  def lat ion 
p la i n  and beach sand , 6 )  ti da I f lat , 7 )  stab le  sand , 8 )  unstab le  dune sand ,  and 9) fi I I  and spo i I s .  Sur
f ic ia l  geo log i c  un i t s  are sem i -conso l idated to unconso l i dated depos i t s  that formed by re lat ive ly recent 
p rocesses and that mant le o l der bedrock un i t s  and structure s . Surfic ia l  geo log ic  un i t s  d i ffe r from so i l s i n  
t hat they are the product  of depos i t iona l processes and not o f  weather i ng . 

T he genera l geo logy and eng ineer i ng prope rt ies  of t he n i ne surfi c i a l  geo logic un i t s  are summari zed 
on Tab les  8 and 9 respect ive ly , and t he re lat ive ages of depos i t ion are summarized schemat ica l ly on  F igure 3 .  
T he mar i ne te rraces a re t he remnants o f  past sea f loor e l evated by recent up l i ft ,  and t he r i ver terraces are 
t he d i ssected remnants of prior f lood p la i ns .  T he various sand depos i t s  were la id down re la t ive ly  recent ly 
as r i s ing sea leve l moved the coast l i ne i n land (see Coasta l  E rosion and Depos i t i on ) .  Th ickness of t he de
pos i ts i s  nea r ly 200 fee t  i n  some coasta l  areas and t h i ns to ext i nct ion i n  the upper reaches of s loughs . 
Tota l th i ckness does not ref lect the tota l r i se i n  sea leve l because eros ion has removed the or ig ina l  coast l i ne .  

Quate rnary mar i ne terrace depos i ts (Qmt )  

Geo logy : Th i s  un i t  i s  composed of mar ine and re lated depos i t s  t hat have been up l i fted to form 
broad hor izonta l surfaces a long the coast and f lat r idge crests fart her i n land . E levat io ns vary from a few 
tens of feet i n  the Coos Bay area to approximate ly 1 , 600 feet on B l ue R idge . Rock types i nc l ude basa l 
surf-zone sands and grave l s , compact hor izonta l layers of s i l t and f ine-gra i ned sand ,  r iver  deposi ts  of 
coarse sand and co ng lomerate , and a w idespread mant l i ng of unconso l idated medium-grai ned beach sa nd 
and fi ner-gra ined w i nd-b l ow n  sand . Tota l t h i ckness range s from a few feet to 1 00 feet or more loca l l y .  

R iver depos i t s  located i n  the subsu rface between Whiskey R u n  and Cut  C reek represent t he cou rse 
of the Coqu i l l e R i ver dur i ng the last i nterg lac ia l  per iod , approx imate ly 1 00 , 000 to 200, 000 years ago . 
S im i lar depos i t s  are reported i n  the Coos-Umpqua du ne sheet near Coos Bay (Robison , 1 973 ) .  Ba ldw i n  
( 1 964) assigns the deposits near Bandon t o  the Coqui l l e Formation and corre lates them w i t h  ot her e levated 
r iver deposits  of s im i la r  se tt ing al ong t he Oregon Coast . 

Beach deposi ts  of th i s  un i t  cons ist of f lat expanses of med ium-gra i ned ,  hori zonta l ly bedded sand . 
Wi nd-b lown depos i t s  consist of cross-bedded , fine-grai ned dune sand . Bas ica l ly ,  t he dune sand of t h i s  
un i t  d i ffers from stab le  sand (ss) i n  that i t  rests upon mar ine terrace depos i t s , I n  many areas , however , 
t h i s  d i s t i nct ion cannot be made . A l l  dune sand not i nvo l ved i n  t he last episode of dune advance (Cooper ,  
1 958) i s  i n c l uded i n  the  Quate rnary mar i ne terrace un i t . T he better deve loped so i l  prof i l e  and location 
far removed from areas of unstab le sand d i s t i nguish the dune sand of t he terraces from t hat of t he stab le  



Tab le  8 .  Geo logy of sur fic ia l geo log ic  un i ts 

Un i t  D i str ibution M ater ia l and bedding Age 
Q ua ternary F la t  coasta l up lands Com pact,  hor i zonta l ly bed- M idd le  to late Q uaternary; 
mar i ne terrace mant l ed w i th mar i ne  ded ,  deeply wea th ered si l t ,  h ighest erraces m a y  be 
(Om t) deposi ts sand , a nd c lay; pan deve l - P le istocene 

o pm ent  l oca l ly 
Q ua ternary D i ssec ted former f l ood Sand, si l t ,  c lay ,  a nd grave l  Late Q ua ternary 
f luvia l terrace p la i ns " e l evated" above depending upon sou rce; 
(O ft) present f l ood p l a i ns c ross-bedded 
Q ua ternary F lood plai ns of r ivers Sand, si l t ,  c lay ,  and grave l Ho locene to late P l ei sto-
a l l uv ium a nd ma jor stream s depending upon environment c ene at  depth 
(Qa l) a nd source; c ross-bedded 
Marsh and peat Estuar i ne and i nterdune w et - Hor i zonta l ly bedded sand , Ho l ocene; surface  depos i ts 
(mpt) lands w i th vegetative cover; si l t ,  a nd c lay ,  r ich i n  t o  the present 

u nder dunes and O a l  organ i c  materia l 
Def lat ion p la in Wind-swept areas exposed to F i ne- to medi um -gra i ned Var iab l e  depending upon 
and beach sand the water tab l e  i n land from sand , i ndi sti net  cross- condi ti ons; sti l l  chang i ng; 
(sdpb) the for edune; beaches beddi ng, hor i zonta l so i l  Ho locene 

hor izons associa ted w i th 
water tab l e  loca lly 

Tida l f l a t  Estuar i ne wet lands located Hor izonta l ly bedded sand , Ho locene; surface deposits 
(tf) w i th i n  th e range of norma l si l t ,  c lay ,  and organic to the present 

tida l f l uctuat ions mater ia l 
S tab l e  sand Forested dunes and vege- F i ne-grai ned sand wi th Late Ho locene d ependi ng 
(ss) toted i nterdune areas; i nd i sti nct cross-bedding on protective cover 

foredunes 
Unstab l e  sand Large  dunes i n  land from F ine-grai ned sand w i th Var iab l e  depending upon 
(su ) def lat ion p la i ns; i ndi sti net cross-bedding condi t ions; sti l l  chang i ng; 

tra nsverse dune fi e l ds Ho locene 
F i l l  and spoi l s  Marg i na l to wet lands ,  road Dredge spoi Is, sol i d  waste , H i stor i c ,  genera l ly l ess than 
(fs) fi I I  i n  t he  up lands and oth er sand , si I t ,  c lay ,  sawdust 50 years 

di ssected terra ins  and woodchi ps; dum ped ----- - --

Origin 
Coasta l deposits u p-
l i fted by tectonism 

Pr ior f lood p l a i n  
" e l evated" by  down -
cutti ng 
Ri ver deposits la id  
down in  f l ood stage 

Sedim ent entrapm ent by 
vegetat ion i n  h igher 
ti da l areas 
Lag deposits in w i nd 
erosi on areas a nd 
coasta I depos i t ion 

Ocean and r i ver sedi -
m ent w i nnowed by t ida l 
ac tion 
Wi nd-b l ow n  sand w i th 
natura l cover 

W i nd-b l own sand i n  
b i g  dunes and wi th no 
cover 
Man-made 

L__ __ -----------------
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Un i t  
0 uaternary 
mar i ne terrace 
(Om t) 
Q ua ter nary 
f luvia I terrace 
(O ft) 
Q ua ternary 
a l l uv ium 
(Oa l) 

Marsh and peat 
(mpt)  
Def la tion p lain 
sand a nd beaches 
(sdpb) 

Tida I f la t  
( tf) 

S tab l e  sand 
(ss) 

U nstab l e  sand 
(su) 

Fi I I  a nd spoi Is 
( fs) 

-- L_ 

1 See Soi l s .  

Tab l e  9 .  Eng i neering geology o f  sur fi c i a l  geo logic un i ts 

Soi 1 1 Hazards2 Resources 
S i l t  loam , si l ty c l ay  Ocean erosi on , stream -bank Sui tab l e  for deve lopm ent; 
l oam , sandy loam , erosion m i n ima l hazar ds over large 
sand ,  si l t  areas 
S i l ty loam , s i lty c lay Pendi ng, h igh water tab l e ,  Sand and  grave l ;  groL•nd 
loam str eam -bank eros ion wa ter; agr icu ltur a l  land 

Sandy and loam y sand , F loodi ng ,  pend i ng ,  set t l i ng ,  Sand and grave l ,  f i l l  mater-
si l ty loam , s i l ty c l ay si l ta tion,  h i gh ground water i a l ,  ground water , agr icu l-
loam tura I land 

S i l ty loam , s i lty c l ay, L iquefact ion , sett l i ng ,  f l ood- W i l d l i fe 
muck i ng ,  h igh ground water 
Sand W i nd eros ion , w i nd deposi t ion,  H igh  ground water poten-

h igh water tab l e ,  t ida l and tia l ,  sh e l l  f i sh,  w i l d l i fe 
ground-water f loodi ng 

S i l ty c lay ,  loam , Ocean f lood i ng ,  l i quefact ion ,  She l l  f i sh , w i l d l i fe 
pea t  sett I i ng 

Sand w i th surfi c ia l W i nd erosi on , ocean and F i l l  mater ia l ,  ground water 
h umus, loamy sand grou nd-water f l ood ing ,  

ground-wa ter po l l u t ion 

Sand W i nd deposi t i on ,  w i nd eros ion ,  F i l l  mater i a l  
ocean f loodi ng,  ground-water 
pol lu ti on 

Var iab le  Sett l i ng ,  s l i d i ng ,  f loodi ng , N ew land for deve lopm en t  
l iquefact ion 

-- - -

2 See appropr iate  parts of text . 

Add i tiona l land use 
su i tab i l i ty charac ter i s t ics 

Th i n  loca l l y ,  poor drai nage 
i n  p laces, fa i l u re  in deep 
cuts 
Surface textures common l y  
much finer than those at 
depth , very th i n  loca l ly 
S urface textures common ly  
much  f i ner than those at depth , 
var iab le  waste disposa l  poten-
tia l ,  cav i ng 
Extreme ly var iab le  soi I con-
d i ti ons,  cav i ng 
Poor foundation streng th ,  
cav i ng ,  h igh ly  var iab le  soi l 
condi t ions,  m i nima l waste 
disposa l 
May under l i e  dunes i n  th e 
subsurface; cav i ng; fi I I  may 
have r egiona l adverse impact  
on biota 
May over l i e  com pressi b l e  I soi l s ,  h igh w i nd-eros ion 
potenti a l ,  r estri cted waste 
disposa I potentia I 
May over l i e  com press ib l e  
soi l s ,  may conta in  pan de-
pos i ts a t  depth , m i n ima l 
waste di sposa l 
Hazards resu It from poor fi I I  
se lect ion,  poor p lacem ent , 
a nd i nsuffi c i ent considera t ion  

_ of substra te proper t ies 
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sand un i t (ss ) .  T he Dune sand of the terraces i s  probably W iscons i n  i n  age . 
T he mar i ne terraces a re of comp lex or i g i n  and vary i n  age from a n  est imated 2 m i l l io n  years at B l ue 

R idge ( Ba ldw i n  and others, 1 973) to approx imate ly 30, 000 years ,  as determ ined by rad iocarbon age dates, 
a long the seaward edge of the Wh i sky Run Terrace (R i chard Kent ,  PP& L, ora l commu n ica t ion , 1 975 ) .  T he 
la t ter depos i ts  probably were l a id  down  du r i ng an i nterstada l r i se i n  sea leve l dur i ng the l a te P l e i stocene,  
as  desc r ibed by Curray ( 1 965 ) .  The bu l k  o f  the terraces proba b ly are las t  i nterg l a c i a l  (Sa ngamon ), or 
approx imate ly 1 00 , 000 years o l d .  

E ng i neer i ng geo logy: The f la t  upper surface of  t he terrace depos i t s  i n h i bi t s  eros ion a nd promotes 
deep wea the r i ng . So i l s  i n c l ude s i l t  loam a nd si l ty c l ay loam over f i ner-gra i ned o lder mate r ia l ,  and 
sandy loam, sand, and s i l t  over some of t he more recent w i nd-b lown depos i ts  (see Soi l s ) .  I n  t he so i l  
hor izons and at depth ,  i ron-cemented pans are devel oped loco l ly (see Soi I s ) .  

Geolog ic  hazards are pr ima r i ly concentra ted a long the edges o f  t he terrace depos i ts  and i n c  I ude 
ocean erosion (see Coasta l E rosion and Deposi t i on ) ,  stream-bank eros ion (see Stream Erosion and Depos i t ion ) ,  
a nd cavi ng i n  deep excavations (see Mass Moveme nt ) .  A long terraced coasta I head lands ,  ground -water 
movement a l ong the base of the terrace depos i t s  common ly  promotes s lough i ng of t he surfi c i a l  mater i a l  even 
in areas where t he coasta l eros ion rate i s  m i n ima l . 

Permeabi l i ty ra nges from h igh  for many of t he sur fi c i a l  beach  depos i t s  and wi nd-b low n depos i ts to 
moderate or low for t he fi ne r-gra i ned mar ine depos its at depth . Permeab i l ity of t he Coqu i l l e Forma t ion 
i s  favorable and for the areas of pan deve lopment i s  very low . G round-water potent ia l var ies  accord i ng l y ,  
bu t  i s  genera l ly moderate . 

Potent i a l  for waste di sposa l is var i ab le  depe nd i ng on loca l  g round -water cond i t ions ,  t he nature of 
t he proposed waste -d i sposa l tec hn iques ,  and t he type of terrace depos i ts  prese nt at t he proposed s i te . 
Landf i l l s i n  t he Wh i sky R un  terrace area are successfu l  i n  spite of the moderate permeab i l i ty because of 
t he low water table and re la t ive i so la t io n .  Sept ic  ta nks in so i l s deve loped on w i nd-b lown  sand may fa i l ,  
howeve r ,  ow i ng to the greater gra i n  s ize and h i gh permeab i l i ty o f  t he unweat hered dune sa nd be neath t he 
soi I hor izo n .  Dec i s ions for potent i a l  waste d i sposa l i n  t he Quaternary mar i ne terrace un i t  (Omt ) are h igh ly  
comp lex and requ i re on-s i te exam inat ion . 

T he Quaternary mar ine terraces have a h igh  potent ia l for future deve lopment because of the i r  char
acter i s t ic  low s lopes a nd good drai nage . T he terrace mater i a l  is excavated with l i t t l e  d i ff icu l ty and i s  
su i ted to use as f i l l  mater i a l . I n  p laces, spec ia l ized uses have deve loped i n  response to unusua l loca l  
cond i t ions . Where b l ack  sands are concent rated , m i n i ng operations have l eft large excavat ions now 
ut i l ized i n  part for la ndfi l l s .  Where nea r-surface impermeab le  pa ns are presen t ,  cra nberry bogs have bee n 
constructed . 

Quaterna ry f l uv i a l  terrace deposits  (Oft )  

Geo logy : A l luv ia l  terraces are formed whe n  cont i nued up l i ft o f  t he land prompts the stream t o  cut 
dow nward th rough i ts  f lood-p l a i n  depos i ts  to form a new fl ood p l a i n  a t  a lower e levat io n .  The d i ssected 
and fragmented remnants of the former f lood p l a i n  are t hen  seen as terraces a l ong the s ides  of the va l l ey 
( F igure 5 ) .  Quaternary f l uv ia l  terrace deposi ts are deve loped loca l ly i n  the m idd le and upper reaches of 
a l l  t he major r i vers of the study area , 

T he terrace depos i ts  consi st of sand a nd s i l t a long t he Coos R i ve r ,  Mi l l i coma R i ver ,  and m idd l e 
dra i nage of the Coqu i l l e R i ve r ,  and of sa nd , s i l t , and grave l a long the Umpqua R iver and i n  t he upper 
reaches of  the Coqu i l l e R i ver . D i st r i but ion of grave l is a funct ion of the nature of the source area and 
not so l e ly of stream grad ient . Many of the t r ibutar ies of the M i I I  i coma R iver  exh ib i t  ve ry steep grad ients 
but are not assoc iated w i th  grave l because the watersheds are u nder l a i n  ent i re ly by sandstone and s i l tstone . 

Terrace th i cknesses vary from approximate ly 30 feet i n  t he lower reaches of major  r i vers to a few 
feet i n  the upper reaches of the Coqu i l l e R i ver . C haracter i st ica l l y t he upper few feet of t he terrace 
depos i ts  are f i ner gra i ned than depos i t s  a t  greater depths . T he f l uv i a l  terraces are younger than t he mar i ne 
terraces on ove r look i ng r idge c rests and are probably very late P le istocene in age . 

E ng i neer i ng geo logy : The f l u v i a l  terrace depos i t s  form f l at ,  poor ly to moderate ly drai ned l andforms 
above the present -day f lood p l a ins . Soi l s  cons i st of s i l ty looms and s i l ty c l ay looms (see Soi l s ) .  Major 
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Figure 5. F luviol terraces in  the middle 1 eoches of the Coqui l ie  River. Foreground 
terrace is younger than background terrace. 

Figure 6 .  Compressible horizons of pea t under l ie  the highway a long Davis S lough; 
note the dips and swa les. 
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hazards i nc l ude pend i ng ,  h igh ground wate r ,  a nd stream-bank erosion a long t he edges . Where terrace 
depos i ts  are t h i n ,  t he characterist ics of t he under ly i ng bedrock a re s ign i f icant and must be considered in 
a l l  enginee r i ng pro jects . 

T he te rrace deposits are easi ly excavated a nd a re moderate ly to we l l  suited for use as fi l l .  A l t hough 
g round-wate r product ion and subsurface permeabi l i ty are moderate , i nfi l trat ion i s  common ly s low owing 
to mant l i ng deposits  of s i l t  a nd c l ay .  T he te rrace depos i ts are we l l  su i ted to deve lopment s i nce there a re 
f la t  landforms and mi n ima l  hazards over large a rea s .  The commun it ies of Coqu i l l e ,  Myrt le Po i n t ,  Reeds
port and Scottsburg are s i tua ted i n  par t  or  e nt i re l y  on ter ra ces . Where up land streams spi l l  onto poor ly  
defi ned channe ls  on te rraces , l oca l f lood i ng i s  a d i st i nct hazard , as in  the area surround i ng Arago in  the 
m idd le  Coqu i l l e  dra inage . Mi nera l resources i nc l ude loca l h ig h-grade depos i ts of sand and grave l .  

Quaterna ry a l l uv i um (Qa l )  

Geo logy : Unconsol idated deposits of poor ly sorted grave l ,  sand,  s i l t ,  and c l ay i n  t he f lood p l a i ns 
a nd channe l s  of major r i vers and streams is ass igned to the Quaternary a l l uv iu m .  Th i cknesses vary from a 
few fee t  i n  t he up l and va l leys to greater than 1 00 feet i n  some estuarine areas . Grave l and sand predomi nate 
i n  t he Umpqua R iver drai nage and t he midd le a nd upper reaches of the Coqu i l l e R iver .  E l sewhere grave l is 
l ack i ng owi ng to t he weat her ing prope rties of t he sandstone and s i l tstone t hat under l ie t he other watersheds . 
F las h-f lood depos its cons i st i n  part of coarse sa ndstone rubb l e .  

T he Quaternary a l l uv i um o f  major f lood p l a i ns consists of  t h ree types o f  sed iment :  1 )  sa nd a n d  s i  I t  
i n  levees l i n i ng prese nt-day stream channe l s ,  2 )  c ross -bedded sand and s i l t  beh i nd levees ,  and 3 )  a sur
fic ia l  layer of s i l t  and c lay , ri ch  in organ i c  matte r ,  beh i nd the levee s .  T he levees formed when rap id ly 
moving f lood waters sp i l led over the channe l  banks a nd dropped the coarsest sed iment nearest the strea m .  
T he cross-bedded sand and s i l t  represent forme r courses o f  t he stream channe l i n  t he va l l ey s .  The surfi c i a l  
f ine -grai ned sediment over the channe l deposi ts  was l a i d  down re l at i ve ly recent ly by qu ieter f lood waters 
on t he f lood p l a i n  away from the ma in  r i ver channe l . 

T he Quaternary a l l uv i um occupies channe l s  cut  i nto t he youngest mar i ne terrace s ,  for wh i c h  a n  age 
of less than 200, 000 years has been i nferred (see Quater nary mar i ne terrace deposits ) .  In add i t ion ,  the 
lower reaches of t he major streams are ad j usted to prese nt sea leve l .  An  age of l ess than  20, 000 years 
can be i nferred for a l l uv i um i n  these areas (see Coasta l Erosion and Deposi t ion) . The re lat ive age of the 
a l luv ium of the i nter i or i s  l ess certa i n ,  but obvi ous ly i s  l ess than tha t of the r iver terraces, for wh ich 
a la te P l e i stocene age is  i nferred . 

E ng i neer i ng geo logy : So i l s deve loped upon the Q uaternary a l l uv i um are comp lex and are the resu l t  
of  weat her ing , flood-p la i n  depos i t ion ,  a nd p l ant growt h .  T hey i n c l ude si l ty looms , s i l ty c lay looms,  and 
si l ts with varyi ng organi c contents . Soi l s  on  t he levees grade downward i nto coarse r  mate r ia l (see Soi l s ) ,  
a nd surface soi l in the depressio ns beh i nd levees grades downward i nto fi ner -grai ned so i l  p rofi les at depth 
(see Soi l s ) .  I nterbeds of varying g ra i n  s ize and peat are common . 

T he levees retard drai nage, and the ma in  geo logic hazards i nc l ude pend i ng of ra i nwater as we l l  as 
stream flood i ng .  A l t hough d i tches and dra i nageways are ma inta i ned i n  much of t he a l l uv i um,  pend i ng 
persists t hrough t he summer months i n  many areas . Other hazards i n c l ude si l tat ion  (see St ream E rosion 
and Depos i t ion ) ,  high ground water ,  a nd sett l i ng of ground under st ructure s .  

T he Quaternary a l l uv i um i s  easi ly excavated but i s  prone t o  cav ing,  espec i a l ly i n  satu rated a reas . 
Su i tabi l i ty for use as fi l l  ranges from low for the c lay -r i c h  peaty depos i t s  to h igh for the sa ndy grave l s  of 
t he upper Coqu i l le R i ver . I n fi l t rat ion and drai nage a re a fu nc t ion  of topography , so i l  type , and locat ion 
o f  t he water tab l e . Genera l ly t he ground is wet or saturated year round and g round-water product ion i s  
good .  

T he Quaternary a l l uv i um i s  best su i ted to agr i cu l t ura l and other open-space uses and  genera l ly shou ld  
not  be considered for permanent deve lopme nt . Because of t he h igh  water  tab le ,  sept i c  tanks and other  for ms 
of  waste d isposa l are not recommended . In add it ion to ground water and h igh ly product ive so i l , resources 
i n c l ude sand and grave l loca l ly .  
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Marsh and peat (mpt) 

Geo logy : Wet l and depos i ts r ich in organ i c  matter a nd exposed at the surface are ass igned to marsh 
a nd peat (mpt ) .  Marsh a nd peat are w ide ly dis t r i buted a nd are present around the edges of estuar ies a nd 
i nterdune lakes and a long s loughs . As a l l uv ia t ion and dune m igra t ion  spread i nto new areas, the marshes 
a re bur ied u nder a var i ety of surfi c ia l  un i ts . Consequent ly , the subsurface d istr i but ion of the marsh and 
peat i s  fa r greater t ha n  t he surface d i str ibut ion and must be considered in dea l i ng w i t h  t hese other un i t s . 
Areas of present-day marsh and pea t  deve lopment are recogn ized on t he bas is of abundant vegetat ion ,  
low- ly i ng a nd saturated ground , and s inuous drai nage . 

Un i t s  wh i ch  may i n c l ude i nterbeds of peat are t he Quaternary a l l uv i um,  t ida l f la t s ,  Quaternary 
f luv ia l terrace depos i t s ,  and Quaternary mar i ne terrace depos i t s .  Un i ts  wh ich  may ove r l ie t he peat i n 
c lude stab le  sand a nd unstab le  sand . T he  d i st r i bu t io n  of  peat i n  t hese un i ts i s  determ i ned by on-s i te sub
surface i nvest igat ions and cannot be accurate ly pred i cted beforehand . 

E ng i neer ing geo logy : So i ls assoc iated w i th marsh and peat i nc l ude s i l t  loam, s i l ty c lay loam,  a nd 
c lay w i t h  vary i ng amounts of organ i c  conte nt (see Soi l s ) .  Geo log ic  hazards i nc l ude h igh  ground wate r ,  
flood i ng ,  and caving i n  deep excavat ions . Under l ight t o  moderate loads , the spongy t o  fi brous mater i a l  
making u p  peaty so i ls compresses and expe ls  water to produce hazardous sett l i ng ove r pro longed per iods o f  
t ime . H ighway 1 0 1 a long Dav is S lough sou th  of  Coos Bay was construc ted on pea ty and marshy mater ia l 
a nd has exper ienced severe d i ffere nt ia l set t l i ng ( F igure 6) . An add i t iona l  hazard i n  areas of l arger fi l l s 
a nd deve lopments is t hat of spread i ng of unconso l idated mate r ia l  la te ra l ly i n  t he subsurface i n  response to 
t he increased load . Impacts may i nc l ude so i ls d i s locat ions and t he actua l  format ion of r idges and mounds 
a longside the o r ig i na l  deve lopment . 

Where necessary , the severe restr i c t ions posed by t he soi I cond i t ions assoc iated w i t h  mars hy ground 
can common ly  be overcome by any of a var iety of eng ineer i ng te chn iques i n c l ud i ng 1 )  excavat ion and 
backfi l l i ng w i t h  more su i tab l e  mater ia l ,  2) pre load i ng ,  3 )  t he use of p i l i ng or spread foot i ng ,  4) dra i n  
construct ion to accommodate m igrat i ng subsurface water mobi l i zed by t he add i t iona l load, 5 )  and t h e  use 
of counterwe ights to cont ro l  so i l  adj ustments adjacent  to such l arge const ruct ion pro jects as e levated h igh
way f i l l s .  For  sma l l  structures, the use  of f i l l  needed to avoid  pro jected f lood ing  may be suffi c i e nt to 
overcome the set t l i ng prob lem . Whe re peat is present i n  t he subsurface , t he extent of t he hazard can 
be accurate ly  determi ned on ly by subsurface study . 

De f lat ion p l a i n  and beach  sand (sdpb) 

Geo logy : Def lat ion p l a i ns are broad , low - ly i ng reg ions w i t h i n  t he dune areas wh i ch  serve as sources 
of  sand for the l arge i n land dunes . Commo n ly t he de f lat ion p la i ns are s i tuated immed iate ly i n land from 
t he foredune . T hey are character ized by e i th er w idespread fie lds of low transverse dunes (see W i nd E ros ion 
a nd Depos i t ion)  or f lat  a reas eroded to the l eve l of the summer water tab le . I n  t he wi nter a r i se i n  t he 
water tab le produces lakes and marshes . 

Beaches are t he pr imary source of a I I  sand for t he dune f ie Ids and are d i scussed i n  deta i I under Coasta I 
E rosion and Depos i t io n . The beaches a nd deflat ion  p la i ns c ons ist  pr imar i ly of fi ne- to med ium-gra i ned 
u nconso l i dated sand . Because t he def lat ion p la i n s  a l so are assoc i ated w i t h  marsh deve lopment , t hey com
mon ly are unde r l a i n  by i nterbeds of peaty mater ia l .  As shown by we l l - log data , a reas of present -day dunes 
may a l so be under l a i n  by hor izons of peaty mater ia l represent i ng former def lat ion bas ins  and i nte rduna l 
l ake s .  

T he beaches a nd  defl a t ion p l a i ns a r e  sources of  w i nd-b lown sand for l arger dunes . Because t hey are 
adj usted to prese nt -day sea leve l (see Coasta l  E rosion and Depos i t ion ) ,  a max imum age of 5 , 000 years i s  
i nfe rred for them . Def la t ion-p l a i n  depos i ts  i n  t he subsurface a re probab ly considerab ly younger than 
20, 000 years . 

E ng i neer i ng geo logy : In add i t ion  to sand , t he de f lat ion p l a i ns a l so are associated w i t h  s i l ty c lay 
a nd peat . Geolog i c  hazards may i nc lude ocean f lood i ng ,  poss ib le  l iquefact ion dur i ng moderate to strong 
eart hquakes ,  d i ffe ren t ia l  sett l i ng ,  and cav ing of excava t ion s .  H igh  water tab le proh i b i t s  most forms of 
waste d isposa l in the marshy deflat ion p l a i n s .  Where transverse dunes are deve loped , t he cont i nua l s h i ft i ng 
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of the l andscape and other aspects of w i nd erosion and depos i t ion const i t ute se r ious d i ff icu l t ie s  to most 
forms of  deve lopme nt . Def lat ion p l a i ns are de l icate features represent i ng a ba lance between sand supp l ied 
and removed by the w i nd .  Where foredunes have bee n  estab l i shed , t he d im i n i shed sand supp ly has resu lted 
in en l argement of t he def lat ion p l a i n  (see W ind Eros ion a nd Depos it i on ) . 

Resources of t he def la t ion  p la i n  i nc lude w i ld l i fe a nd h igh  ground-water potent i a l ;  resou rces of the 
beach  i nc l ude sand and she l l fi s h .  Par t  of the def lat ion  p l a i n  on Nort h Sp i t  (Coos Bay) has been ut i l ized 
as  an i ndust r i a l  waste lagoo n .  The site is i so l ated from water we l l s and i s  mon itored on a regu lar  basi s ,  
T he foredune between the l agoon a nd the beach i s  probably an  adequate defense aga i nst storm-surge 
e ros ion and tsunam i s  (see Coasta l  E ros ion and Deposi t i on ) .  

T ida l f lats (tf) 

Geo logy: T ida l f lats a re depos i ts of s i l t ,  c lay , a nd sand s i tuated w i t h i n the ra nge of  norma l  t ida l 
f l u ctuat ions (mean h igh  a nd mea n  low wate r )  i n  t he estuar ies  and ot her coasta l areas . T ida l -f la t  mate r i a l  
i s  a l so located i n  t he subsurface beneath dunes , near t he  mouths of  major r i vers,  a nd  beneath Quaternary 
a l l uv ium a long t he i nner boundar ies  of estuar ie s .  S i l t  a nd mud predom i nate , but sand i s  common i n  areas 
of  moderate current ac t i v i ty sue h as  at t he mout hs of streams a nd in ebb c hanne I s . I t  a I so p redom i nates 
i n  reg ions downw i nd from sp its a nd dune accumu l at ions near t he mouths of major r ivers . 

T h i cknesses vary from greater t han 1 00 feet near the Coast to a few feet or less i n  t he i n land a reas .  
D i st r i but ion a nd th i ckness of  t ida l -f la t  depos i t s  beneath dunes and  a l l uv i um a re  uncerta i n .  Scattered 
water we l l s on  North Spit west of Coos Bay penetrate a tota l th i ckness of greater than 200 fee t  of  uncon
so l i da ted mater ia l ,  much of wh i ch  probab ly  is t ida l -f lat mater i a l . T h i s  fi gure i s  unusua l ,  however , and 
t h icknesses w i t h i n  t he prese nt-day bays probab ly do not exceed 1 00 feet a nd genera l ly are probab ly less. 
Near Emp i re , bedrock i s  mant led by on l y  30 to 40 feet of  t i da l -f lat  mater ia l .  

E ng i neer i ng geo logy:  Because t he t ida l f la t s  are cont inua l l y reworked by t ida l ac t ion ,  they a re 
mant led by no true so i l s .  Gra i n-size d i st r i butions are equ iva lent t o  s i l ty c l ay, loam , and sand, however . 
Geolog ic hazards i nc lude cav i ng of excavat ions ,  poss i b l e  l iquefact ion dur ing earthquakes (see Earthquakes) , 
a nd d i ffe rent i a l  sett l i ng; tsunami potent ia l ,  t i da l  f l ood i ng,  and storm surge (see Coasta l  F lood i ng ) .  Peaty 
hor i zons a nd compress i ve c lay a re common in t he subsurface of t ida l -fl at  areas . 

Major resources i nc lude w i l d l i fe ,  she l l  f i sh , a nd a t hr iv i ng biot i c  commun i ty .  Land use potentia l  
u nder natura l cond i t ions i s  severe ly restr i cted , and t he i mpact of extens ive fi l l s may be substa nt ia l (see 
Geo logy of Est uar ies) . Sep t i c  tanks a nd la ndfi l l s are unacceptab l e .  Construct ion  of br idges , docks, a nd 
other structures for water-dependent uses shou ld  be preceded by adeq uate e ng i neer i ng stud i es to assess 
t he fou ndat ion c haracter i s t ics  of t he s i te . Hazards assoc iated w i t h  subsurface peat must be cons ide red i n  
eva luat i ng t he s i te (see Marsh a nd peat (mpt )) . Hazardous cond i t i ons can be overcome by a var iety of 
eng i neer i ng techn iques i n c lud ing p lacement of prope r fi I I  mater i a l ,  the use of end-bear ing p i les where 
t ida l -f lat deposits are t h i n ,  and t he use of  fr i c t io n  p i l i ng whe re deposi ts are re lat ive ly t h i c k . 

Stab le sand (ss) 

Geo logy : Stab le sa nd inc l udes 1 )  a l l  stab le  dunes not located on mar i ne te rraces ,  2) i nterdune 
areas w i t h  a we l l -deve loped vegetat ive cover , and 3 )  t he foredunes s i t uated betwee n the beaches  and 
t he def lat ion p l a i ns immediate ly i n la nd .  T he foredunes are art if i c ia l  featu res wh i ch  have deve l oped 
subsequent to t he i ntroduct ion  of European dune grass to the Oregon Coast in t he 1 920 ' s  a nd 1 930 ' s .  

Stab le sand does not i nc l ude vegetated dune sand that over l ies mar i ne terraces ( see Quaterna ry 
mar i ne terrace depos i t s )  from wh i c h  i t  is d i st i ngu i shed on  the bas i s  of topograph i c  sett i ng and re la t ive 
degree of so i l  deve lopmen t .  Stab le sand is c lose ly re lated to present  systems of sand moveme nt ,  whereas 
eo l ian sand on t he mar ine te rraces i s  a product of past systems of sand movement by t he w i nd . 

Stab le  sand consi sts p r imar i ly of fi ne-gra i ned u nconso l i dated sa nd , but a l so i n c l udes mari ne sand , 
c lay , t ida l -f lat  mater i a l ,  a nd peaty hor i zons to depths of 80 to 1 50 fee t .  T he sand is not tota l l y eo l i a n .  
I ts  comp lex o r i g i n  can be best understood by env i sag i ng present -day du nes m igrat i ng i n l a nd over forest , 
Quaterna ry a l l uv i um , marsh, a nd l ake depos i ts , As defi ned , most of t he stab le sand i s  a p roduct of the 
last r i se i n  sea leve l ,  wh i c h  occurred dur ing t he past 20, 000 years , 
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Eng ineer i ng geo l ogy: Soi l s  deve loped on  s tab le sond genera l ly consist of loamy sond and f i ne sond 
a nd are fi ner gra ined than the parent mater ia l  at  dept h .  In areas of h igh  water tab le , impermeab le pans 
of  i ron-cemented sand are deve loped at sha l low depths i n  t he soi l or at greater depths i n  t he parent  mater i a l  
( see So i l s ) .  True so i l s a r e  not present on  the foredunes . 

Where vegetat ion is removed,  w i nd erosion and deposit ion may be i n i t iated . Where pro longed 
per iods of construct ion are an t i c ipated in se ns i t ive areas, temporary means of sand stab i l i zat ion in exposed 
a reas shou l d  be considered . Foundat ion stre ngth is var iab le  depend i ng upon  t he type of mate r i a l  in the 
subsurface . For moderate to large structures, deta i led subsurface i nvest igations are recommended . I n  
reg ions of  h i g h  water tab l e ,  l iquefaction may accompany moderate to h i g h  earthquake act ivi ty or  w ide 
f l uctuat ions in the water tab le . 

Foredunes const itute art i fi c i a l  obst ruct ions where beaches former ly merged a lmost impercept ib ly 
w i t h  def lat ion p l a i ns a nd dunes i n land . As suc h ,  they absorb storm waves wh ich  previous ly were d i ss i pated 
over much l arger area s .  They therefore are sub ject  to catastroph i c  erosion dur ing severe storms (see Coasta I 
Eros ion ) .  Damage to foredunes by tsunam i s ,  however ,  can be expected to be re lat ive ly low ow i ng to the 
l im i ted number of waves i nvo lved . 

Excavat ions i n  t he foredune open avenues  for sand m igrat ion and can acce lerate wi nd deposit ion of 
sand i n la nd . I n  add i t ion ,  struct ures p la ced i n  t he excavat ions can act to i n h i bit  sa nd m igrat ion i n  a more 
loca l sense and can be expected to be p l agued by undesirab l e  sand depos i t ion as we l l .  

Resource potent i a l  of stab le sand i nc ludes ground wa ter and w i l d l i fe .  Ground-water po l l ut ion  can 
be m i n imized by :;t r ict  cont ro l of  waste d i sposa l .  I n  areas of  so i l  deve lopment, examinat ion of t he coarse r ,  
more permeab le pare nt materia I i s  necessary to accurate ly assess waste-disposa I potent ia  I .  

Unstab le  dune sa nd (su) 

Geo logy : Th i s  un i t  i n c l udes those parts of a l l la rge du nes t hat are not protected from the w i nd by 
vegetat ive cover . Ob l ique dunes and parabo l i c  dunes (see W i nd Erosion a nd Depos i t ion)  are t he most 
common dune forms . Sma l l  t ra nsverse dune s  are i nc l uded i n  t he d i scussion of def lat ion p l a i n  and beach 
sand (sdpb) . 

W i nd-b lown sand from beac hes and def lat ion p l a in s  is deposited on  t he act ive dunes . Migrat ion 
rates of the dunes vary from a few i n ches to severa l  feet per year (see Wind E rosion a nd Depos i t ion )  
depend i ng l a rge ly upon the extent o f  t he sou rce a rea . Act ive du nes sit uated i n l a nd from broad def lat ion 
p l a i ns and tra nsverse dune f ie lds  advance t he most rapid ly . 

Wi th  the recent deve lopment of foredunes , the supp ly of sand de l ivered from t he beach to t he 
def lat ion p l a i ns has been reduced over la rge a reas . Conseque n t ly the amount of sa nd reach i ng the wi nd
ward face of the l arge tra nsverse and ob l ique dunes (see Wind Erosion and Deposi t ion )  a l so has decreased 
and the dunes no longer are in equ i l ibr i u m .  As t he dune sa nd migrates i n l a nd there i s  less add i t iona l sand 
to rep lace i t ,  and the def lat ion p l a i n s  are w iden i ng . U l t imate ly , ac t ive dunes as  we now know them cou ld  
d i sappear from much of the coasta l area . 

E ng i nee r i ng geo logy: Active dune forms represent  a ba la nced response of t he terra i n  to prese nt 
w i nd patterns , vegetat ive cover ,  a nd sa nd supp ly . C hanges in a ny one of t hese can i n i t ia te unexpected 
c ha nges in the pattern of w i nd depos i t  ion . For i nstance ,  s t ructures or excavat ions  p I  aced i n  areas of  
wi nd eros ion can promote loca l w i nd depos i t ion  detr imenta l to  the deve lopmen t .  For furt her d iscussion 
see W i nd Eros ion and Depos i t ion . 

Ow i ng to very h igh  i nfi l t rat ion rates and permeab i l i t i e s ,  runoff i s  very low and grou nd -water poten
t ia l i s  exce l l ent in  act ive dune areas . Dur i ng the ra i ny season i t  is not uncommon for ground water to 
emerge at the surface between steeper dune faces and to produce loca l i zed qu i cksand cond it ions . The 
g round water is eas i ly contami nated a nd t he use of sept i c  ta nks a nd other forms of waste d i sposa l i s  
genera l ly not re commended . 

Ac t i ve du nes d i sp l ay low to moderate foundation st rengt h and may over l i e  peaty mater i a l  i n  t he 
subsurface (see Marsh and peat (mpt ) ) . Resources i nc I ude ground water and foundary �und . Use of t he 
sand for fi l l  u nder heavy structures  i n  f lood -prone areas is not recomme nded ow i ng to potent ia l l i que
fact ion when saturated . Stabi l iza t ion  of act ive dunes shou ld  be p receded by a t horough i nvest i gat ion 
of  a l l  poss ib le  consequences . 
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Figure 7 .  F i l l  placed in southeast Saunders Lake {Reedsport quadrang le) i s  suited 
for l ight structures. 

Figure 8 .  Continual fi l l  failure of Highway 101  on the Coos-Douglas County l ine 
may be traced to im proper selection of fi  I I  materia I .  
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F i l l  and spo i ls (fs )  

Descr ipt ion :  T he term fi l l  re fers t o  a l l  mater ia l s  p l aced on  t he land surface to create new l and or 
for t he di sposal of waste . F i l l  mater i a l s  i nc l ude sand , si l t , mud , sawdust , wood ch ips,  mi xed rock and 
soi l debr i s ,  so l id waste , and dredge spo i l s . Most f i l l s are located i n  the regions border i ng estuaries and 
streams (see Estuaries) .  Other examp les of fi l l  inc lude stream and channe l  cross i ngs for major roads and 
side h i  I I  base mate r ia l  for logg i ng roads .  

Geologic hazards: Geo logic hazards assoc i ated with fi l l s are determ i ned by t he type c fi l l  materia l 
used , the location of t he fi l l ,  a nd the techn iques used i n  p lac i ng t he fi l l .  Poor ly eng i neered fi l l  projects 
are subject to a w ide var iety of d i ffi c u l t i e s ,  whereas proper e ng i neer ing and s i te location m i n im izes hazard 
poten t ia l . 

Sawdust and wood ch ips const i tute a l arge percentage of the fi l l  used i n  downtown Coos Bay . I f 
l arge structures are ant ic ipated , the eng i neer ing propert ies of t he fi l l  mate r i a l  and a ny long-term changes 
it may undergo shou ld be considered . I n  areas under la i n  by eo l i a n  sand un i ts ,  sand is often  used for fi l l .  
Care shou l d  be exerc i sed to assure that the eng i neering propert ies of the f i l l  are consistent w i t h  t he requ ire
ments of t he pro jec t . Of part i cu lar  concern a l so is t he prac t i ce of creat i ng hous ing lots by push i ng sand 
from cuts i nto topographic lows (F igure 7) . I n  t he up l ands where b l ast ing may produce l arge b locks of 
sandstone for fi l l ,  t he la rger b locks shou ld  be broken down to m i n im i ze t he risk of l ong-term irregu l ar 
sett l i ng . I n  weathered terra i n ,  fi ne -gra i ned so i l s  shou ld  not be used for deep fi l l s .  Use of c lay -ri ch  fi l l  
may be the cause of cont inued sett l i ng o n  t he Coast H i ghway at t he Coos-Doug las County l i ne ( F igu re 8 ) .  
F i l l  p laced on dra i nage sewers i n  Reedsport has l e d  t o  sagg i ng and i neffec t ive ru noff contro l over t he years . 

N umerous topograph ic  and geo log ic sett i ngs are un su i ted to i nd i sc r iminate use of fi l l  materia l .  Steep, 
impermeab le s lopes suc h as  t hose common  in t he i nte r ior up lands are poten t i a l  s i tes of road fa i l ure i f  adequate 
d ra i nage a nd proper eng i neer i ng are not provided . Areas of peaty so i l  or ground-wate r discha rge are 
potent i a l  s i tes of d i fferent ia l sett l i ng . Sma l l  drai nages , espec i a l ly i n  urban i z i ng areas , shou ld  not be 
i nd i sc r im i nate ly fi l l ed . Wi nter runoff pass i ng t hrough t he f i l l  from ups lope can lead to basement f lood i ng 
or sett l i ng . 

Var ious techniq ues can be emp loyed to bring t he eng i neer ing propert i es of t he fi l l  mater ia l or the 
fi l l  locat ion w i t h i n acceptab le l im i ts .  T hese i n c l ude proper pack i ng of fi l l  materia l ,  p lac i ng of fi l l  mate
r ia l under proper moi sture cond i t ions ,  and the i nsta l l at ion of adequate surface and subsurface dra ins . A lo ng 
streams and r i vers, fi l l  materia l can be fronted w i t h  r iprap or other protect ive fac i ngs i nc l ud i ng natura l 
vegetat ion where appropr i ate . 

Large-sca le  fi l l  pro jec ts a lso impact t he b iot ic  community, and i n  c r i t i ca l  areas t h i s  factor s hou l d  
be  considered . I n  estuar ie s ,  for examp l e ,  l arge-sca le l andf i l l  operat ions a nd spo i l s  d i sposa l operations 
can modi fy c i rcu lat ion and d i sp lace w i l d l i fe (see Geo logy of  Estuar ies) . Dredging operat ions a l so may 
re l ease tox i c  mater i a l  locked up in the sed ime nts and can mod i fy t he gra i n -size d istr ibut ion of the surface 
sed iments . 

S o  i I s  

Genera l 

Unconsol idated m i ne ra l mate r ia l at the Earth ' s  surface formed i n  p lace by weathering over a period 
of  t ime and d i ffe r i ng from t he mate r i a l  from wh ich  i t  i s  der ived i s  termed soi l .  T h is defi n i t ion  i s  less rest r i c
t ive t han t hat emp loyed by many agronomists ,  who l i mi t  so i I to  mater ia l capab le  of  support ing p lant  growth ,  
a nd i t  i s  more rest r i ct ive t ha n  t hat of  many soi l s  sc ient i sts who inc lude depos i t ional  surfi c i a l  un i ts  as  so i l  
(see S urfi c i a l  Geo log i c  Un i t s ) .  T he defi n i t ion is consistent w i t h  t he met hods o f  samp l i ng ( l im i ted to t he 
upper 5 or 6 feet )  emp loyed by t he U .  S .  So i l  Conserva t ion Service , a nd i t  emphasizes t he un i que char
acter ist ics of the weat hered zone . 

Weathe r i ng processes of the Eart h ' s  su rface i nc l ude c hemica l  breakdown of m inera l s ,  c hemica l 
reconst i tut ion to form new m i nera l s ,  p hys ic a l  d i si ntegra t ion ,  a nd leach i ng . Spec if ic  processes are governed 
by the nature of t he pare nt mater ia l ,  topograph i c  sett ing , c l imate , bio log ic  act i v ity , and t ime . Because 
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physica l and chemica l condi tions vary vert i ca l ly w it h i n  t he so i l ,  hor izons of d iffe r i ng composit ion and 
text ure are deve loped , T he upper , or A, horizon is t he zone of  leach i ng and c lay remova l .  I t  is t he 
zone of max imum organ ic  act iv i ty and may be t he site of remova l  of i ro n ,  carbonate ,  or other mate r ia l s .  

T he midd l e ,  or B ,  hor izon is t he zone of accumu l at ion o f  suspended materi a l  derived from t he  A 
hor izo n .  Accordi ng l y ,  t h is horizon is c haracterized by re l at ive ly h igh concentrations of si l icated c lay 
mi nera l s ,  iron ,  and other mater ia l s  removed from the A hor izon . Bas ica l ly ,  t he  under ly i ng C hor izon 
consists of partia l ly weat hered a nd decomposed parent  materia l .  

Some env i ronments such as f lood p la i ns,  wet la nds ,  and  dune a reas are t he sites of cont i nu i ng depo
sit ion  rat her than un i nterrupted penetra t ive weatheri ng . T he unconso l idated materi a l  may extend to re l a
t iv e ly great depths and  i s  treated as surfi c i a l  geologic un i ts in t h i s  study . It is t reated as so i l  by t he U .  
S ,  So i l  Conservat ion Service . 

Systems of so i ls c lassi fication 

T he Nat iona l Cooperati ve Soi l s  Survey of the U .  S ,  Department of Agr i cu l ture adopted t he Seventh 
Approximation System of So i l s C lassi f ication i n  1 965 . I n  i t  so i ls of  t he nat ion are grouped into order (based 
on regiona l c l imate ) ,  suborder (based on physi ca l sett ing) ,  group (un i formity and types of hor izons ) ,  sub
group (gradat ions between horizons ) ,  fami l ies (broad textura l a nd composi t iona l features re lated to p lan t  
growth potent ia l ) , ser ies (parent mater i a l  and  ge�et ic  horizons ) ,  a nd type (based on surface texture )  
(see Appendix A ) .  A t  t he  top o f  t he scheme , soi l s  o f  coasta l  Oregon a re  ca l led Utiso l s on t he  basis of 
t he moist temperate c l imate . At t he bottom of the scheme,  loca l so i l s are named accord i ng to so i l  p ro -
fi l es and surface textures . For i nstance , B lack lock fi ne sandy looms are c haracteri zed by a d i st i nct soi I 
p rofi l e  and by fi ne sandy loam a t  t he surface . F ie ld recogn it ion of soi l  textures is summar ized i n  Appendix B .  

A l l  so i l s  mapping is conducted using the system o f  c lass i fication adopted by the U .  S .  Department 
of Agr icu l tu re . Two other major systems of c l assi fi ca t ion i nc l ude the Un i fied So i l s C lassi f icat ion (Append ix 
C) used by t he U .  S ,  Army Corps of  Engi neers a nd the AAS HO (American Associat ion of State H ighway 
Offi c ia l s) System (Appendix D) used by t he U .  S .  Bureau of Rec lamat ion and other government agenc ies . 
Compar i son of the part i c l e -size boundaries emp loyed by the t h ree systems is g i ve n  i n  Appendix E .  Genera l 
equ i va lence of so i l s categories i n  t he three systems are i nc l uded i n  Tab l es 1 0  t hrough 1 5 .  

T he U . S ,  Department of Agr icu l tu re system of so i l s c lassif ication is based pr imar i ly on gra i n -size 
d istr ibut ion and le nds i tse l f  we l l  to regiona l mapp i ng .  T he Un i fied System is more r igorous and p laces 
emphasis on t he eng i neer i ng properties of t he soi l ,  i n c l ud i ng p last ici ty i ndex (a measure of  t he water 
content at wh ich  t he so i l  behaves as a p last i c ) ,  l iqu id  l imi t  (a measure of  the water conten t  at wh ich  t he 
soi l be haves as a l iqu id ) ,  a nd organ ic  content . T he AASHO System is used to c l ass i fy so i l s accord i ng 
to those propert ies t hat a ffect use i n  h ighway const ruct ion a nd mai nte nance . 

Soi l s  propert ies and uses 

Tab les 1 0  th rough 1 5  summar ize the propert ies a nd uses of t he soi Is of western Coos and Doug las 
Counties as furni shed by t he U . S .  So i l  Conservat ion Serv i ce . Data on propert ies  are co l lected from 
t he upper 5 or 6 fee t  of t he eart h a nd are not d i rect ly  app l icab le to mater ia l at  greater depths . State
ments regard i ng processes a nd use potent ia l are genera l ized . P roper site eva l uation requ ires a n  assessment 
o f  bedrock and surfic ia l geo logy (see Bedrock Geo logic Un i ts a nd Surfi c ia l Geo logic  Uni t s ) ,  geo log ic  
processes (see Geo log ic  Hazards ) ,  and m i nera l  wea l t h  (see Natura l Resources ) ,  i n  addit ion to  a considera
t ion of  so i ls ( th i s  sect ion ) .  

D i  st ri but ion 

The so i ls of  western Coos and Doug las Count ies are the acid ic  and l eached products of weather ing 
i n  a moist temperate c I imate under con i fe rous cover .  As shown on T ab ies  1 0 t hroug h 1 5 ,  soi I deve lopment 
i s  c lose ly re l ated to l a ndform and parent mater i a l . 

T he up land so i Is are characte r ized by moderate to rapid runoff, moderate to extreme erosion hazard , 
var iab l e  l iqu id  l im i t ,  var iab le  p last i c  l im i t ,  moderate to h igh corros iv i ty ,  and low to moderate shr i nk-swe l l  
potent ia l . T he A horizons are domi nated by si l ty l ooms and the B horizons are gene ra l ly si l ty c lay . On 



Soi I 
e nviron- U . S . D . A . 

ment  system 
Sandstone Bohannen 

grave l l y l oam 
Orford 
0-22" s i l ty c lay loam 
22-59" s i  I ty c lay 

Sandstone 59-70" grave l l y  s i l ty 
c lay loam 

and Temp l eton 
0- 1 5 "  s i l t  l oam 

s i l tstone 1 5-42" s i l ty c lay loam 
Dem ent 
0-7" si l t  loam 
7-45" s i l ty c lay l oam 

Sandstone W i nema 
and 0-2 1 "  s i l t  loam 

s ha l e  2 1 -60" si l ty c l ay 
S i I ts tone M i  I I i  coma 

and 0-8" loam 
sandstone 8-35" grave l ly l oam 

Or ford 
S i I ts tone 0-28" s i l ty c lay loam 

S i I ts tone Peav i ne 
and 0- 1 0" s i l ty c lay l oam 

sha l e  1 0-36" s i l ty c l ay 
Sed . rocks H oneygrove 
and basa l t  0-60" c lay 
Basa l t  B loch ly 
and 0-6" si l ty c lay l oam 

sa ndstone 6-60" s i l ty c l ay 
S i I ts tone Tras k  

and 0-8" sha l y  l oam 
s ha l e  8-28" sha ly  s i  I t  l oam 

Astor ia 
S edim en- 0- 1 9" s i l ty loam 

tory 1 9-50" si l ty c l ay 
rock 50-68" s i l ty c lay loam 

Tab l e  1 0 . Up land soi l s - proper t ies ,  Coos and Doug las  Cou nt ies , Oregon 

Perm . Erosion Liqui d P last ic 
Un i fied AASH O  (i n/hr)  Runoff hazard l im i t l im i t  pH 

M edium Mod . to 4 . 5-
SM A-4 2 . 0-6 . 3  to rapid severe 5 . 5  

M L  A-4 .6-2 . 0  M edium Moderate 35-40 5- 1 0  5 . 0-
C L  A-7 . 2-0 . 6  to to 4 1 -50 1 5-25 5 . 6  
GM A-2-4 . 6-2 . 0  rapid severe 35-40 5- 1 0  

Moderate 
M L  A-4 .6-2 . 0  M edium to very 25-35 2- 1 0  5 . 6-
C L  A-6 . 2-0 . 6  to rapid severe 35-40 1 1 - 1 5  6 . 0  

M L  A-4 to .6-2 . 0  S l ow to S l ight  to 25-30 1 -5 5 . 0-
A-7 . 2-0 . 6  rapid severe 4 1 -50 1 5-20 6 . 5  

M ed i um Moderate 
M L  A-4 . 6-2 . 0  to rapid to 30-40 7- 1 0  4 . 5-
M L  A-7 . 2-0 . 6  ( > 1 2%) severe 40-50 1 0- 1 5  5 . 0  

M edium Modera te 
M L  A-4 .6-2 . 0  to rapid to 25-30 N on- 6 . 1 -
GM A-2 .6-2 . 0  ( >30%) severe p l ast i c  6 . 5  

M edium Moderate 
C L  A-7 . 2-0 . 6  to rap id  to 4 1 -50 1 5-25 5 . 0-

( >30%) severe 5 . 5  
M ed i um Moderate 

M L  A-7 . 2-0 . 6  to rap id  to 45-55 1 5-20 4 . 5-
M H  A-7 . 2-0 . 6  (>30%) severe 60-85 30-45 6 . 0  

M ed ium S l igh t  to 4 . 5-
M H  A-4 . 2-0 . 6  to rapid modera te 6 . 5  

Moderate 
M H  A-5 . 6-2 . 0  M ed i um to very 50-65  5- 1 0  4 . 5-
M H  A-7 . 2-0 . 6  to rapid severe 50-65 1 0-25 5 . 0  

M L  A-4 2 . 0-6 . 0  S low to Moderate 25-30 N P-5 4 . 5-
M L  A-2, A- 1  r·ap id to h igh 25-30 N P-5 5 . 0  

M L  A-4 . 6-2 . 0  Moderate Moderate N P  N P  4 . 5-
M H  A-7 .6-2 . 0 to to 50-60 1 1 -20 5 . 0  
M H  A-7 · -

- ·�-2 . 0  rapi d severe 50-60 1 1 -20 

Corrosivi ty 
S tee l  Concrete 

Low 

H igh Mod. 

Mod . Mod . 

Mod . Mod . 

H igh H igh 
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H igh H igh 
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Soi l U . S . D .A . 
envi ronm ent system U ni fi ed 

Bohannen 
Sandstone grave l l y l oam SM 

Orford 
0-22" s i l ty c lay loam M L  
22-59" si l ty c lay  C L  

Sandstone 59-70 grave l l y s i l ty GM 
c lay  loam 

and Tem p leton 
0-1 5" s i  I t  loam M L  

s i I ts tone 1 5-42" si l ty c lay lm C L  
Dem ent 
0-7" si l t  loam M L  
7-45" si l ty c lay  

l oam 
!Sandstone Wi nema 
and 0-2 1 "  s i l t  loam M L  
sha l e  2 1 -60" si l ty c lay M L  
S i  I ts tone M i l l i coma 
and 0-8" loam M L  
sa ndstone 8-35" grave l ly l oam GM 

Orford 
S i l tstone 0-28" si l ty c lay loarr C L  

S i l tstone Peavi ne 
a nd 0-1 0" si l ty c lay l oam M L  
s ha l e  1 0-36" si l ty c lay M H  
Sed . roc ks Honez:grove 
and b asa l t  0-60" c l ay  M H  
Basa l t  B lach lz: 
and 0-6" s i l ty c lay  l oam M H  
sandstone 6-60" s i l t y  c lay M H  
S i l tstone Trask 
and 0-8" sha l y  loam M L  
sha l e  8-28" sha l y  s i l t  l oam M L  

28" sha ly  si l t  loam 
Astor ia  

Sedim entary 0- 1 9" si l ty l oam M L  
rock 1 9-50" s i l ty c lay  M H  

50-68" s i l ty c lay lm . MH  

Tab l e  1 1 .  Up land soi I s - uses, Coos and  Doug las Coun t ies ,  Oregon 

Sewage 
AASHO Construct ion use Sept ic tank l agoon 

Not  su i tab l e  for aggregate; S evere ,  steep Steep s lopes , 
A-4 sui tab l e  for l oca l roads on s lopes , sha l low h igh permea -

g en t l e  s lopes bedrock bi l i ty 
Not su i ta b l e  for aggrega te; S evere, steep Acceptab l e  

A-4 may be used as fi I I  or s lopes,  low on gent l e  
A-7  excavated on  gent l e  permeabi l i ty s lopes 

A -2-4 s lopes 

N ot su i ta b l e  source of  sand S u itab l e  on Acceptab l e  
A-4 or grave l ;  su i tab le  for levees, gent l e  s l opes on gen t l e  
A-6 fi l l  on gent l e  to mod . s l opes s lopes 

Not  su i ta b le for aggrega te or Acceptab l e  Poss ib l y  su i t-
A-4 to construct ion exc ept on gent l e  where  s l ope , ab l e  on  
A-7 s lopes t h i ckness and gent le  s l opes 

perm . a l low 
Good topsoi l ,  not su i tab l e  S evere where Severe on 

A-4 for aggregate; base for roads perm . is  low steep s lopes 
A-7 and reservoirs or s lopes h i gh 

Not  su i tab le  for sand or L im i ted by Lim i ted by 
A-4 grave l ;  su i tab l e  canst . si tes steep s lopes , th in  soi Is and 
A-2 on mod . to gent I e s lopes th i n  soi Is steep s lopes 

Not su i ta b l e  for construction Lim i t ed by Lim i ted to 
A-7 or road base steep s lopes, areas of  l ow 

th i n  soi I s  s lopes 
N ot su i tab l e  for construc tion S evere - low Not su i ta b l e  

A-7 perm eabi l i ty 
A-7  and t h i n  soi I s  

Su i tab l e  for l igh t  struc tures S evere - low Acceptab l e  on 
A-4 on moderate s lopes perm eab i l i ty mod . s lopes 

Not su i ta b l e  for aggrega te; S evere - low L im i ted by 
A-5 sui tab l e  for l oca l road base perm eab i l i ty  steep s lopes 
A-7 on modera te s lopes 

Genera l ly not su i ta b l e; su i t- Severe l im i ta- Not su i ted 
A-4 ab l e  for dwe l l i ngs on g ent le  l ions due to 

A-2 ,A- 1  s lopes bedrock 

Su i tab l e  for loca l roads, road  L imi ted su i t- S ui tab l e  on 
A-4 f i l l ,  and sma l l  bu i l di ngs ab i l i ty gent le  s lopes 
A-7 loca l l y 
A-7 

San i tary 
land1 1 i i  

Not su i t-
ab l e  

Acceptab l e  
on  gent le  
to moderate 
s lopes 

Su i tab l e  on 
gent le  s lopes 
w/th i c k  so i l  
Lim i ted by 
th i n  soi l s  

Acceptab l e  
on gent l e  
s lopes 
U nsui tab l e  
on th i n  soi ls ,  
steep s l opes 
Not su i ta b l e  
- th i n  soi l s  

Not su i tab l e  
- th i n  soi l s  

Acceptab l e  

Lim i ted by 
s lopes 

N ot su i tab l e  
owi ng to 
s lopes 

Not su i tab l e  
- s lopes and 
depth to 
bedrock 

Comments and 
present use 

M a i n l y  used for 
t imber production 

T imber produc t ion ,  
recreat ion, water 
supp ly ,  w i l d l i fe 

W ood land,  recrea-
t ion ,  and w i l d l i fe 

Timber , forage crops , 
recreat ion,  w i l d l i fe ,  
a nd urban develop-
m ent 
Pastures, homesites, 
water supp ly ,  and 
w i ld l i fe 
Timber , recreat ion,  
and w i l d l i fe 

T imber,  recrea tion, 
w i ld l i fe ,  water 
supply_ 
Grains ,  pastures, 
orchards , homesites , 
t imber,  recreation 
Timber product ion 

Timber , water supply, 
a nd w i l d l i fe 

Timber production , 
recreat ion ,  water 
supp l y ,  w i l d l i fe 

U sed for wood land ,  
pasture,  recreat ion,  
and  water supp ly  
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Soi l  
environ-

ment 

M ar i ne 

terrace 

M ar i ne  

and  

e o l ian 

terrace 

R iver 

terrace 

Low 
mar ine  
terraces 

a nd de l tas 

U . S . D .A .  
system 

Coos Bay 
0- 1 2" si It loam 
1 2-34" s i l ty c lay loam 
Bu l lards 
0-38" sandy loam 
38-60" sand 
B lack lock 
0-22" fine sandy l oam 
2 2-32" loamy sand 
32-60" loamy f ine  

sand 
Bandon 
0- 1 7" sandy loam 
1 7-30" loamy f ine 

sand 
30-50" loamy f ine 

sand 
Sa lander 
0-53" si It loam and 

s i l ty c l ay  loam 
Knappe 
0-68" si It l oam a nd 

si l ty c lay loam 
Li nt 
0-60" si l ty c lay loam 
Chetco 
0- 1 2" si l ty loam 
1 2-54" si l ty c lay 
54-60" c lay  

----

Tab l e  1 2 . Terrace soi l s - propert ies,  Coos and Douglas Counties , Oregon 

Perm . Eros ion L iqu id  P l ast ic 
U ni fied AASH O ( in/hr) Runoff hazard l im i t  l im i t  pH 

M L  A-4 0 .6-2 . 0  S l ow to S l ight to 25-30 0-5 5 . 6-
M L  rapid severe 30-40 5- 1 0  6 . 0  

SM A-2-4 0 .6 -2 . 0  S low to S l ight to N on- 5 . 6-
S P-SM A-2-3 2 .0-6 . 0  rapid severe p lasti c 6 . 0  

SM A-4 0 . 6-2 . 0  S low to S l ight  N on- 5 . 0-
(pan) moderate p l astic 6 . 0  
SM A-2 2 .0-6 . 0  

SM A-2 0 .6-2 . 0  S l ow to S l ight to 1 5-25 0-5 5 . 6-
(pan) . 06-2 . 0  moderate moderate 6 . 5  

SM -S P A-2 2 . 0-6 . 0  N on-
p l astic 

M L  A-4 0 . 6-2 . 0  S low to S l ight to 30-40 5 - 1 0  5 . 2-
rapid severe 5 . 8  

C L  A-6 0 . 6-2 . 0  S l ow s l ight  30-40 1 0- 1 5  4 . 5-
5 . 0  
5 . 0-

M L  A-5 0 . 6-2 . 0  M ed i um Moderate 40-50 5- 1 0  5 . 5  

M L  A-4 0 . 6 -2 . 0  Very s l ight 30-40 5- 1 0  5 . 1 -
M L  A-7 0 . 06- . 2  s low 4 1 -50 1 5-20 6 . 1 

� 3-7 - < . 06 
-- --L__ 50-60 20-25 

-- -- -- -

Corrosiv i ty 
S te e l  Concrete 

Mod . Low 

Mod . Low 

H igh Low 

Low -
mod . Low 

Mod .  Low 

Mod . H igh 

H igh  H igh 

Mod . M od . 

-- �-

Shri nk-
sw e l l  

potentia l  

Low 

Low 

Low 

Low 

Low 

Low 

Moderate 

Mod . to 
h igh 

-

I I 

m 

z 
G) 

z 
m 
m 
;;:o 

z 
G) 

G) 
m 

0 
I 
0 
G) 
-< 

(./) 
0 
I 
(./) 

w 
U'1 



Soi l 
environment 

Mar i ne 

terrace 

Mar i ne 

and 

eo l ian  

t errace 

R iver 

t errace 

Low 
Mar ine  
t erraces 
and de l tas 

-- ---

U . S . D . A .  
system 

Coos Bat 
0-1 2" s i l t  loam 
1 2-34" s i l ty c l ay 

loam 
Bu ! lards 
0-38" sandy loam 
38-60" sand 
B lack lock 
0-22" fine sandy 

loam 
22-32" l oamy sand 
32-60" loamy fine 

sand 
Bandon 
0-1 7" sandy loam 
1 7-30" l oam y fine 

sand 
30-50 " loamy f ine 

sand 
Sa lander 
0-53" s i  I t  loam and 

s i l ty c lay loam 
Knappa 
0-68" si It loam and 

si l ty c lay loam 

Lint  
0-60" s i l ty c lay 

loam 

Chetco 
0-1 2" s i l ty loam 
1 2-54" s i l ty c l ay 
54-60" c l ay 

--

Uni fi ed 

M L  
M L  

SM 
SP-SM 

SM 

(pan) 
SM 

SM 
(pan) 

SM -SP 

M L  

C L  

M L  

M L  
M L  
MH 

Tab l e  1 3 . Terrace soi l s - u ses , Coos and  Douglas Counti es ,  Oregon 

Sewage 
AASHO Construct ion use Sept i c  tank lagoon 

Base for l i gh t  struc tures and L imi ted by low Lim i ted by 
A-4 road beds permeabi l i ty s lope 

Su i tab le  for l igh t struc tures , Su i tab le on Not su i tab l e ,  
A-2-4 roadfi I I ,  and sand supp ly gent l e  s l opes rapi d perco-
A-2-3 lo tion 

A-4 S u i tab l e  as sand source at N ot su i tab l e  N o t  su i tab le  
depth , poor l y  drai ned 

A-2 

A-2 Su i tab le  for l igh t  struc tures Su i tab l e  if pan Not su i tab l e ,  
where s lopes perm i t  i s  r i pped h i g h  perco-

lotion rates 
A-2 

Su i tab le for loca l roads and S u i tab le  on Su i tab le  on 
A-4 l ight  structures whe re s lopes lower s lopes gen t l e  s lopes 

perm i t  
S u i tab le  a s  base for roads ,  Su i tab le  on Su i tab l e  on 

i A-6 l igh t struc tures; a l so sha l l ow gent I e s lopes s lopes l ess 
excavations and em ba nkment ( 1 2%) than 7% 
mater i a l  
Su i tab l e  a s  a base for roads Su i tab l e  on Su i tab l e  on 

A-5 and l ight  structures; a l so for s l opes l ess s lopes I ess 
sha ! low excavat ions a nd for than 1 2% than 7% 
em bankment mater ia l  
Not  su i tab l e  for most con- Poor H igh  water 

A-4 struction ow i ng to f lood drai nage tab l e  
A-7 condi t ions 
A-7 -- - -- --

San i tary 
landfi I I  
Lim i ted by 
s lope 

Not  sui tab l e ,  
rapid perco-
lotion 

Not su i tab l e  

Not su i tab l e ,  
h igh perco-
lotion rates 

Su i tab le  on 
gent l e  to 
mod . s lopes 
Su i tab le  

S u i tab le  

H igh  water 
tab l e  

----- --- -

Comments and 
present use 

T imber , water sup-
p ly,  urban deve l -
opment ,  recrea tion 

W i ld l i fe,  recrea-
t ion,  hom es i tes ,  
pasture ,  t imber 
Cranberry bogs ,  
pasture, wi l d l i fe ,  
t imber , recreation 

Hom esi tes, water 
supp l y ,  recrea tion , 
spec i a l ty crops , 
timber 

Timber , recreat ion,  
w i l d l i fe 

Used mai n ly  for hay 
and pasture; a I so 
for homesi tes and 
timber production 
U sed ma in ly  for hay, 
pasture ,  home�ites , 
and t imber produc-
lion 

Pasture and w i l d l i fe 
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Tab l e  1 4 .  Low land soi l s - propert i es, Coos and Doug las Count i es ,  Oregon 

Soi I 
nviron- U . S . D . A .  Perm . Erosion Liqu id  P lastic 
ment system Un i fied AASHO (in/hr) Runoff hazard l im i t  l im i t  pH 

S tab le  Netarts and 
dune Westport N on- 5 . 1 -

0-60" fi ne sand SM A-2 > 20 . 0  S low S evere p lasti c  6 . 0  
U nstab le Act ive dunes 6 . 0- N on- 4 . 6-
dune 0-72" fine sand SM-SP A-2 20 . 0  S low S evere p last i c  5 . 0  

Coqu i l l e 
M arsh 0- 1 3" si l t  loam M L  A-4 0 . 6-0 . 2  S l ow 30-35 5- 1 0  4 . 5-

1 3-40" s i l ty c lay loam C L  A-6 0 . 2-0 . 6  to s l ight 30-40 1 2-20 5 . 0  
40-60" s i l ty c lay C L-CH A-7 0 . 06- . 2  ponded 45-55 25-35 

Marsh and C latsop 
t ida l  0-6" peat Pt A-8 0 .6-0 . 2  S low to s l ight  4 . 5-
f lat 6-36" s i l ty c lay M H  A-7 < . 06  ponded 50-60 1 5-20 6 . 5  
Peat Bra l l i er S low to Non- 4 . 1 -

0-60" peat or muck  P t  A-8 0 .6-2 . 0  ponded S l ight p last ic 6 . 5  
N eha l em 
0- 1 7" S i l ty loam M L  A-4 0 .6-2 . 0  S low SJ.i.�ht to 25-35 5- 1 0  4 . 6-
1 7-60" si l ty c lay loam M L-C L A-6 0 . 6-2 . 0  severe 30-40 1 0- 1 5  5 . 5  
Gardiner 

O uater- 0-8" sandy loam SM ,M L A-4 0 . 2-0 . 6  S l ight  to N on - 5 . 1 -
nary 8-56" loamy f ine sand  SM A-2 6 . 0-20 S low severe plast ic 6 . 2  

30-60" sand and GP, SM A- 1 6 . 0-20 
grave l  

a l luvium N estucca 
0- 1 4" si It loam M L  A-4 0 . 6-2 . 0  S low to Low 25-35 5- 1 0  4 . 5-
1 4-4 1 "  si l ty c lay loam C L  A-6 0 . 2-0 . 6  pon ded 35-40 1 5-20 5 . 5  
4 1 -60" si l ty c lay C L  A-7 0 . 2-0 . 6  40-50 20-25 
Brenner 
0-2 1 "  si l ty c lay loam C L  A-6 0 . 6-2 . 0  S l ow to S l ight 25-40 1 1 -20 5 . 1 -
2 1 -52" si l ty c lay C L, CH A-7 0 . 06- . 2  ponded 4 1 -55 20-30 6 . 0  

Mixed Lang lois 
rrorine  0-28" si l ty c lay loam C L  A-6 0 . 2-0 . 6  Very S l ight  35-40 1 5-20 5 . 5-

and fluvia I 28-52" si l ty c lay CH A-7 . 2  s l ow 50-60 25-30 6 . 0  
Beaches 0-72" f i ne sand  or SM , S P, A-2 6 . 0-20 S low S evere N on-

sand SM p lasti c 

Corros iv i ty 
Steel  Concrete 

Low Low 
Very 
low Low 

Low to 
H i gh moderate 

High Low to 
moderate 

Very 
h igh Moderate 

Mod . Low 

Mod . Low 
to 

low 

Moderate 
High to 

h igh 

Very Low to 
high moderate 

H igh Moderate 

H igh H igh 

Shr i nk-
swe l l  

potentia I 

Low 

Low 

Low to 
moderate 

Low to 
modera te 

Moderate 

Low 

Low 

Low 
to 

moderate 

Low to 
moderate 

Moderate 

Low 
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Tab l e  1 5 .  Low land soi l s - uses, Coos and Douglas Counties , Oregon 

Soi l U . S . D . A .  Sewage 
environm ent system � nified AASHO Construction use S eptic tan k  lagoon 

Stab l e  N etarts and Wi  I I  su pport l ight  struc tures; Acceptab le  
dune Westport use l im i ted by hazards on some Not su i tab le  

0-60" f i ne  sa nd SM A-2 gent l e  s lopes 
U nstab le  Active dunes Source of sand,  not su i tab le  
dune 0-72" f ine sand SM -S P A-2 for structures N ot sui tab l e  Not  su i tab l e  

Coqui l i e Not sui ted owi ng to low �arsh 0-1 3" si It loam M L A-4 bearing strength and other N ot s u i tab l e  Not su i tab le  
1 3-40" si l ty c lay loam C L  A-6 hazards 
40-60" si l ty c lay C L-CH A-7 
C latsop Not sui ted owi ng to geologic 

Marsh and 0-6" peat Pt A-8 hazards N ot sui tab le  Not su i tab le  
t i da l  f lat  6-36" si l ty c lay M H  A-7 

Bra l l i er Not su i tab l e ,  bear i ng 
Peat 0-60" peat or muck Pt A-8 strength and hazards N ot sui tab le  Not su i tab le 

N eha l em Loca l roads, em bankm ent Su itab l e  S ui tab le 
0-1 7" si l ty loam M L  A-4 materia I ;  f lood i ng where no where no 
1 7-60" si l ty c lay loa111 M L-C L A-6 f lood i ng f loodi ng 
Gardi ner Su i tab le  for loc a l  road G enera l ly Not su i tab le  
0-8" sandy loam SM)v\L A-4 base; source of grave l ;  not suitab le  - f lood ing  

O uaternary 8-56" loamy fine sand SM A-2 f looding 
30-60" sand & gravel G P, SM A-1  

a l luvium Nestucca 

J 
Su i tab l e  i n  part for em bank-

0-1 4" s i l t  loam M L  A-4 ments ,  di kes and levees N ot su i tab l e  N o t  su i tab le  
1 4-4 1 " si l t yc lay loam C L  A-6 - f looding 
4-60" s i l ty c lay C L  A-7 
Brenner Not su i tab le  ow i ng to Poor ly  drained,  N ot suitab le  
0-2 1 "  si l ty  c lay loam C L  A-6 f looding hazards low perm eabi l - - h igh water 
2 1 -52" si l ty c lay C L , CH A-7 i ty tab l e  

M ixed Lang lois  Not  su i tab le  ow i ng to Poor ly drai ned , N ot su i ta b le 
mari ne and 0-28" si l ty  c lay loam C L  A-6 f lood ing  hazards low permeabi l - - h igh  water 
f l uvia l 28-52" si l ty c lay CH A-7 i ty tab l e  
Beaches 0-72" fi ne sa nd or SM , S P, A-2 Source of sa nd; not su i ted N ot su i tab l e  N o t  su i tab le  

sand SM to construct ion 

Sanitary 
landfi l l  

N ot sui tab le  

Not  su i tab le  

Not  suitab l e  

Not  su i tab le  

Not  su i tab le  
Sui tab le  
where no 
f lood ing  
N ot su i tab le  
- f looding 

Not su i tab le  
- f looding 

N ot su i tab le  
- f looding 

N ot su i tab le  
- h igh  wate·r 
tab l e  
Not su i tab le  

Comments and 
present use 

H om esites,  w i l d l i fe, 
and recreation 
Wi l d l i fe and 
recreation 

Pasture, crops , 
w i l d l i fe ,  and 
recreation 

Pasture and wi l d l i fe 

Pasture and wi l d l i fe 

Hay and pasture 

Hay a nd pasture 

Pasture and forage 
crops 

Pasture, hay a nd 
w i l d l i fe 

Pasture and wi l d l i fe 

Beach recreation 
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EN G I N E ER I N G  GEO LO G Y - STRUCTURAL AN D TECTO N I C  S ETT I N G  3 9  

steepe r s l opes o f  sandstone bedrock ,  a rubb ly C horizon of  bedrock debr i s  i s  present at sha l low dept hs .  
T he h igh c lay content o f  t he B horizon and t he prese nce o f  impermeable bedrock a t  sha l low depths con
tribute to the low i n fi l trat ion rates .  Soi l t h i cknesses are  variab le . Recent  mapp i ng shows Mi l l i coma and 
Temp le ton so i ls whe re Astoria and Trask soi l s  were mapped i n  ear l ier stud ies . A l l  four o f  t hese so i l  ser ies 
a re summari zed on Tab les 1 0  and 1 1 .  

The  terrace soi l s  a re  character ized by s low to moderate runoff , s l ight  to m odera te erosion potent ia l 
w i th h igh erosion poten t ia l on steep s lopes , var iab le  l i qu i d  l im i t ,  var iab le p last ic l im i t ,  vari ab le  corro
sivi ty , and  low to moderate shr i nk-swe l l  potentia l .  Soi l s  over fi ne-gra ined mar i ne  deposi ts a nd r iver de
posi ts have c l ay- r i ch  B horizons, whereas so i l s  deve loped over eo l ia n  or beach sand grade downward from 
looms i nto sandier hor izons . R iver  terra ce soi Is a long t he Umpqua and Coqu i  l i e R ivers over I ie deposits of 
sand and  grave l ly sand . Terrace materi a l  a long other drai nages is f i ner gra i ned , be i ng restr icted to si l t s ,  
c lays,  and sands , 

Because of t he f la t  upper surfaces of t he terra ces, erosion has been m i n ima l  over la rge areas a nd 
weatheri ng has proceeded to re l ative ly  great dept hs.  I n  p lace s ,  t he bedrock beneat h  the te rrace deposits 
a l so has been weathered s ign i f icant ly so t hat i t s  eng i neer ing propert ies are modi fied . Fai l ures i n  deep 
cuts resu l t  where t he reduced shear ing strength i s  not accommodated (see Mass Moveme n t ) .  I nfi l t rat ion 
rates are moderate , with t he except ion of B lack lock sandy looms and the Bandon s i l ty looms for wh i ch  
l ow i nfi l t rat ion rates a nd h igh  runoff or  pond i ng a re  character i st i c . I mpermeab l e  iron-cemented horizons 
in t he subsurface formed as  i ron was leached from t he A hor izon by organ i c  ac ids and was redeposited i n  
t he B horizon i n  response to di fferi ng soi l cond i t ions . 

Many of the low land so i I s  recognized by the U .  S .  Soi I Conserva t ion Serv ice have no soi I hor izons 
a nd are t he products of ongo i ng depos i t ion rat her than weathe r i ng . Examp les i n c l ude beac hes a nd wet
lands . T he low land so i l s  exhibit extreme var iabi l i ty bot h  vert ica l ly and l atera l l y .  For examp le , i n c l uded 
in t he Quaternary a l l uv ium are levee depos its a nd flat f lood-p l a i n  depos i t s . At dept h t he loamy so i l s of 
t he levees pass i nto permeab le  sand depos i t s ,  whe reas t he s i l ty flat depos i t s  pass downward i n to a c l ay
r i ch  B horizon of low permeab i l i ty .  At greater dept hs a w ide var iety o f  mate r i a l s  may be e ncountered 
( see Quaternary a l l uv ium ) .  

T he various sand un its  are genera l ly character ized by h igh i nfi l trat ion rates a nd low s l ope erosion . 
Where sa nd deposits are t h i n ,  however ,  over land f low can  produce gu l ly ing or stream-bank erosion . T he 
low- l y i ng low land soi l s ,  i nc l ud i ng peat , mars h ,  t ida l f l a ts ,  and  parts of t he Quaternary a l l uv ium,  genera l ly 
a re f la t- ly i ng and are si tuated i n  regions of h igh  water tab le . They are character ized by low i nfi l t rat ion 
rates  and pondi ng . Some depressions in  t he sa ndy un i ts ,  such  as i nterdune marsh ,  have deve loped impermeable 
i ron-r ich  soi l  hori zons sim i lar  to t hose of the terrace sands . 

T he low l and so i l s vary from nonp l as t ic  i n  the sands to moderate p last ic i ty i n  some of the c l ay-r ich  
horizons of  the a l l uv ium . Corrosivity var ies from moderate to  h i gh and shr ink -swe I I  potent ia  I varies from 
low to mode rate . 

S t r u c t u r a l a n d T e c t o n i c  S e t t i n g 

Genera l 

Structura l i nterpretat ions of the study area i n c l ude reconna i ssance geologic mapp ing of Coos County 
( Ba l dw i n  and others,  1 973) a nd a more deta i led i nvest igat ion of  t he Coos Bay area (Al l en  a nd Ba ldw i n ,  
1 944) made i n  connect ion w i th a study o f  t he coa l fie lds . Lit t l e  new structura l data o f  reg iona l s ign i f icance 
was deve loped i n  the present st udy . Structura l data for western Doug las County i s  more l i m i ted than that 
for western  Coos County , and t he d i str ibut ion of  cert a i n  rock u n i ts  i s  st i l l  not fu l ly u nderstood (see d i scus
sion of  Tyee Format ion u nder Bedrock Geo logic Un i ts ) .  

S i nce i ts  lau nch ing o n  J u ly 23, 1 972, t he Earth Resou rces Techno logy Sate l l i te ( ERTS- 1 )  has ma in
ta i ned a 560-m i l e orb i t  and has transmitted a wea l t h  of  observat iona l da ta  to  Earth for computor processing 
i nto photo- l i ke imagery . Exam i nat ion of t hese images on a sca le of 1 : 250, 000 substant iates on a tentat ive 
bas i s  the structures defi ned i n  previous on -the-ground i nvest igat ions . Deta i led , more systemat i c  study is 
needed , however ,  to fu l ly u t i l i ze this new source of data a nd to prov ide further refi nements in our u nder
sta nding of t he st ructure of  t he study area . 
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Know ledge of str ucture enables the geo logist to 1 )  assess the d i st r i bution of m inera l resources (see 
Mine ra l Resources) 2) assess t he potent ia l for earthq uake act iv ity , 3) map t he d i str ibut ion of rock un its ,  
a nd 4) assess more accurate ly t he d istr ibut ion of  geo logic hazards . 

F ive broad regions of structura l  si gni fi cance are recogni zed i n  th i s  d i scussion:  1 )  t he Pac i fi c  Basin 
and cont i nenta l she l f ,  2)  the northern K lamath Mountains in southern Coos County, 3) t he western Coast 
Range , wh ich  makes up t he bu lk  of  Coos and Doug las Countie s ,  4) the Coos Bay Sync l i nor i um ,  a reg ion 
o f  comp lex fo ld i ng throughout t he Tert iary , and 5 )  coasta l terraces and sea c l i ffs , features in  which fau l t i ng 
is detected wi th  re lat ive ease . 

Pac i fi c  Basi n and cont inenta l she l f  

According t o  the p late tecton ic  theory , t he crust and upper mant l e  o f  t he Earth are subdivided in to 
a ser ies of semi -i ndependent s l abs or p lates, each of which is mov ing l atera l ly i n  response to deeper seated 
act iv i ty w it h i n  t he eart h .  Boundaries between the p lates are s i tes of 1 )  sea f loor r i ses in areas of d ivergence , 
2) t renches or re lated features i n  areas of convergence , or 3) transform fau l ts i n  zones of para l le l  movement . 

I n  t he nort heastern Pacif ic Bas i n ,  a re la t ive ly  comp lex border zone has deve loped between t he Pac i fic  
P late on the west and t he North Ame r ican P late on the east ( F igure 9) . As  the Paci fic P la te  moves nor th  
re lat ive to the N orth Am er i can P late , a r ight  latera l com ponent of movemen t i s  exper ienced a long the 
var ious fau l ts and r i ses wh ich separate th e two p la tes . Off the coast of Oregon th ese i nc l ude the M endoc i no 
Escarpment ,  the Gorda R i se ,  the B lanco Fracture Zone, and the J uan de  F uca R i se . 

T he st ructures are t he locus of considerab le  tectonism . H igh  heat f low is reported a long t he r i ses 
(De h l i nger ,  1 969) . Greatest se ismic activity i s  located a long the t ra nsform fau l t s ,  and most ep icenters 
are fa i r ly sha l low (Northrop and others, 1 968) . R ight late ra l  fau l t  p lane so l u t ions c haracter ize bot h t he 
B la nco and Mendoc i no fracture zones (Tobin a nd Sykes ,  1 968) , and rates of d i sp lacement are severa l em 
per  year (Atwater ,  1 970) . Seismic data a l so i nd icate a ser ies of r ight  latera l ep icenters radiat i ng nort h
westward i nto t he Gorda P l ate from the j uncture of t he San Andreas Fau l t  and the Mendoc i no Escarpment . 

T he most i nte nse earthquakes on record for t he study area or ig i nated on t he Mendoc i no Escarpm en t  
w i t h in  200 mi les of t he  coast of  Ca l i forn ia (see Earthquakes) . A l t hough th i s  observation is  consi ste nt w i t h  
t he genera l  tecton ic  mod e l  of t he region , more data are needed for a comp l ete assessment of potent ia l  
se ismic act iv i ty , a nd i nvest igat ions cont inue . S i lver ( 1 97 1 ) re cen t ly defi ned a l a rge subsea fau l t  off t he 
coast of Oregon w i t h  a d i sp lacement of 70 k i lometers . He i nte rprets cessat ion of act iv i ty a long the fau l t  
approx imate ly  500 , 000 years ago . 

Major structures of the cont i nenta l she l f  i n c l ude 1 )  t he Coqu i l l e Bank ,  a north-south doub ly p l u ng ing 
ant i c l i ne off the south  Coos County Coast , and 2) an unnamed la rge nort h-sout h-trend ing basin between 
Cape B lanco and t he Coqu i l l e Bank w hi c h  is fi l led w i th  extensive Miocene and P l iocene sed iments . Othe r  
structura l  features i nc l ude u nconformi t ies ,  fau l t s ,  and fo lds si mi l ar t o  those on shore (McKay ,  1 969) . 

A bur ied c hanne l of t he Coqu i l l e R iver is s i tuated northwest o f  the present -day Coqu i l l e R i ver and 
i s  fi l l ed w it h  sed iments s im i lar to those of  t he Coqu i l l e Format ion on shore (see Q uaternary marine terrace 
depos i ts) . An ancient  bed of t he Coos R iver u nde r l ies t he dunes nort hwest of Coos Bay (Robison ,  1 973) . 
A short d i stance o ff t he coast of Cape Arago , upfo lded bedrock is exposed on the sea f loo r .  Fart her nort h ,  
bedrock un i ts of  t he cont i nenta l  she l f  are mant led by unconso l i dated depos its o f  Quaternary age . 

Northern K l amath Mounta ins 

T he nort hern K lamath Mountains i n  t he study area are c haracter ized by 1 )  nort heaster ly  trend i ng 
compressive structures i nc l ud ing th rust fau l t s ,  2) b l ock fau l t i ng ,  3) w idesp read d i str ibution of the perva
sively sheared Otter Poi nt Format ion ,  and 4) scattered loca l basins or downwarps w i t h  rocks assigned to 
t he Tert ia ry Looki ngg lass Format ion .  T he structures are products of late Mesozoic and ear ly Tert iary 
tecton i c  episodes and are not a measure of p resent-day se i sm ic i ty . Present up l i ft is t he product of deep
seated isostat ic processes and,  on t he basis of c urrect informat ion,  does not appear to  be concentrated 
a long major fau l ts at t he Ear th ' s  surface . Recorded se ism ic act iv i ty in t he K lamath  Mounta i ns i s  very low 
(see Eart hquakes) . 

B l uesc h ist pods w i t h i n  the Otter Po int Format ion are dated at 1 30 mi l l ion years (Co leman ,  1 972) . 
T he b l ueschists and re l ated rocks may be the metamorphi c  equ iva l ents of t he Ga l i ce and Dot han Format ions 
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(Co leman , 1 972) and may have been i ntroduced i nto the Otter Po i nt Format ion dur ing Late J u rass ic sub
duct ion or Late C retaceous t hrust fau l t ing . In Curry County the Co lebrooke Sch i st ,  a un i t  sim i la r  i n  
compos i t ion to  t he b l uesc h i st pods, over l ies rocks o f  Cretaceous age . 

Recent ev idence i nd icates t hat t hrust i ng conti nued i nto t he ear ly Eocene . The Roseburg Format ion 
d isp lays southeaste r ly t hrust i ng and i s  character ized by t i ght , i soc l i na l  fo l d i ng overturned to t he south
east . Ba ldw i n  and Lent ( 1 972) postu l a te that at one loca l i ty t he Co lebrooke Sch i st l ies st ructu ra l ly above 
rocks of Eocene age . Tertia ry strata contai n i ng b l uesch i st pebb les  in Curry County or ig ina l ly mapped as 
Umpqua Format ion (Co leman , 1 972) have subsequent ly bee n mapped as Look i ngg l ass Format ion (Ba ldw in ,  
1 974) . An uppe r age l im i t  of t h rust i ng of m idd le  Eocene rather t han Late C retaceous i s  ind i cated . 

Scattered h ig he r  g rade , o lder (approx imate ly 1 50 mi l l ion years) b l uesch ist pods i n  t he Otter Poi nt 
Format ion are apparent ly unre la ted to t he Ga l ice or Dot han Format ions and a re of  uncerta i n  ori g i n .  Perhaps 
t hey represe nt deep-seated metamorph ism of undef ined rocks a l ong the cont inenta l marg in (Coleman and 
Lanphere ,  1 97 1 )  or beneath a sea-fl oor r ise as postu la ted by Dud ley ( 1 972) for som e s im i  lor rocks i n  Ca l i 
forn ia . B locks o f  th e b luesch ist were th en incorpora ted i nto the younger Otter Poi nt Forma tion dur ing 
subduct ion of tha t un i t  or du r ing la ter th rusti ng in the Late Cretaceous (Co l eman and Lanph ere ,  1 971 ) .  
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Coast Range 

The westerro Coast Range is characterized by gentle north-south folds and scattered faults (Figure 10) .  
Little detail is  avai !able and del ineation of structures is  difficult owing to the uniformity of rock types. 
A sma l l  anticline and syncline are indicated east of Reedsport. The Elkton Formation east of Scottsburg 
occupies the axis of a broad syncline trending along the crest of the Coast Range . The contact between 
the Tyee and Flournoy Formations i n  the Umpqua drainage is speculative (see discussion of Tyee Formation), 
and structural interpretations of the area are subject to revision. 

With the exception of the Coos Bay area, the youngest sediments i n  the Coast Range portion of this 
investigation are Eocene . Consequently, accurate determination of upper age limits on the fau l ting i n  
the Coast Range is not possible. I t  i s  doubtfu l ,  however, that the mapped faults are younger than Eocene. 
There is no evidence of present activity. 

Figure 10 .  Plane of a sma l l  unmapped fault exposed in quarry a long M iddle Fork 
of the Coqui lie River (SW � sec. 20, T .  29 S . ,  R .  I I  W . ) .  

Coos Bay Synclinorium 

The Coos Bay Synclinorium is an area of crustal weakness centered at Coos Bay and contains numerous 
sma l l  synclines and anticlines. It has been the locus of repeated deposition throughout the Tertiary, as 
shown by the original local distribution of the Coaledo Formation (late Eocene), Tunnel Point Formation 
(Oligocene), Miocene sedimentary rocks, Empire Formation (P l iocene}, and numerous marine terraces. 
Structures ore more intense than in most ports of the Coast Range, and dips approach vertical in places. 

Al len and Baldwin ( 1 944) mopped 17 folds and 9 faults in  the Coos Boy area. Major downwarps 
include the South Slough Syncline, in which South Slough is locatecl. ond a syncline under Isthmus Slough. 
The Westport Arch between South Slough and Isthmus Slough underlies the uplands south of Coos Bay . 
Structures shown on the geology maps were token from mapping by Baldwin in Baldwin and others ( 1973). 
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Coast a l  terraces and sea c l iffs 

Exce l l ent exposures a long sea c l iffs and flat upper surfaces of mar i ne terraces provide exce l l ent 
opportun i t ies for detect i ng fau l ts and other structures . Poss ib le  Q uaternary fau l t ing has been descr ibed 
or i nferred at  severa l loca l i t ies a long the sout h  Coos County coast l i ne .  A l t hough deta i led study is beyond 
t he scope of this i nvest igat ion ,  the loca l i t ies are descri bed br ief ly be low .  

A sma l l  offset of approximate ly 1 0  fee t  (vert ica l )  of bedrock , terrace depos i t s ,  and t he terrace sur
face is  noted at Yoaka m Poi nt nort h of Cape Arago .  Ba ldw i n  ( 1 966) interprets t he feature as a bedd ing 
p lane s l i p  fau l t  w i th in  a sync l i na l fo ld . As such  it may be rest r icted to sha l l ow depths rather t han  a deep
seated st ructure and may not be capab le of produc ing la rge earthquakes . Consistent w i t h  t h is i nterpre ta
t ion  is  the extreme ly l ow se ismicity of t he area and t he predom inance of fo l d i ng in  t he Coos Bay are a ,  

Severa l offsets of  Eocene bedrock are mapped a long t he face o f  t he Wh isky R u n  terrace north of 
Bando n ,  and fau l t ing of  the terrace mater ia l i s  a d is t inct poss ib i l i ty .  Ba ldw i n  ( 1 975 , ora l communicat ion) 
mainta ins ,  however, t hat the fau l t i ng is restr i cted to bedrock.  Offsets i n  terrace deposits i n  a quarry 
north of Bandon (NWt SWt sec . 1 7 ,  T .  28 S . ,  R .  1 4  W . )  are i nterpreted as possi b l e  fau I ts by Janda 
( 1 975, wr i tte n communicat ion) , but may represent sett l i ng features re lated to t he late P l e istocene f luc
tuations of sea l eve l .  

T he leve l of t he terrace sou th  of Sunset Beach is  approx imate ly  20 feet h igher than t he l eve l of the 
terrace beh ind the beach . Janda ( 1 975, written communicat ion) i nfers that fau l t ing in the Bay and in land 
i s  a poss ib le  exp lanation . Sma l l  offsets i n  sandstone r ibs immediate ly offshore can be i n ferred from aer ia l  
p hotographs . 

Pre l im i nary study of ERTS imagery i nd icates that a promi nent l i near extends from Ch i ckami ne m ine 
(p lacer) in South S l ough sout heaster l y  a long t he east side o f  t he Coqu i l l e Va l l ey ,  past Coqu i l l e and Myrt l e  
Poi n t ,  into t he K lamath Mounta in s .  A northwestward proj ect ion of  the l i near trend passes ou t  to sea i n  
t he Cape Arago-Bastendorff Beach area . T he I i near i s  not evident in t he Quaternary un its . 

T he fau l t - l i ke features at Sunset Beach and Yoakam Poi nt are not c l ear l y  understood , T hey may 
represent loca l d i sp lacements in fo lds ,  as suggested by Ba l dwin ( 1 966) for t hose at Yoakam  Poin t ,  or t hey 
may represent large-sca le  sett l i ng or surfi c ia l  fau l t ing a long o l der zones of structura l weakness . I n  v iew 
of t he low se ismi c i ty i nterpreted for t he reg ion at t he present t ime ,  the features do not appear to be deep
seated structures capab le of produc i ng l arge earthquakes , Major concern shou ld  be for loca l d i sp lacements 
and low foundat ion st rengths rather t han severe tectonic act iv i ty . For large pro j ects , add i t iona l study is 
necessary . 
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M I N ERA L R ESOURCES  

T he study area has l im i ted meta l l i c  and non-meta l l ic m i nera l resources, exce l le nt grou nd-water 
potent i a l  in some of  t he dunes areas, and poor ly  defi ned but modest fue l resources . More deta i led d i s
cussion of  t he m i nera l resources of  Doug las a nd Coos Count ies i s  ava i lab le  i n  Bu l l e t i ns 64, 75 , and 80 
o f  t he State of Oregon Department of Geology and M ine ra l  Indust r ies .  

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

B lack sands 

B lack sand deposits are concentrates of  heavy m inera l s  (usua l ly dark in co lor) in wave- and current
deposi ted sed iments on mari ne ter races , on beaches,  and on  submerged Ho locene shore I i nes  out to sea . 
T he depos i ts have a comp lex or ig in i nvo lv i ng erosion from i n l and areas , depos i t ion i n  Tert iary sed imentary 
un i ts ,  and Q uaternary erosion and redeposi t ion . Depos i ts  c lose ly  assoc iated w i t h  present -day streams 
probab ly  have not u ndergone a second cyc le  of  erosion and depos i t ion .  

M i nera ls i n  b lack sands deposits conta in  i ron , c hromi um ,  and  mi nor go l d ,  t i tan ium,  z i rcon ium,  
p la t inum,  and garnet . Reserves are not accurate ly defi ned and  are now under invest igat ion by  t he  Un i ted 
S tates Geolog ica l  Survey and t he Oregon State Un iversity Schoo l of Oceanography . Offshore research 
revea l s  a depos i t  of b lack sand about 7 m i l es from the Coast midway between the Coqu i l le R iver and Cape 
Arago . T he depos i t  is approx imate ly 3 m i les  long and 1 m i l e  w ide and is s i tuated at a depth of 1 0  to 20 
fat homs . Maximum percentage of heavy m i nera l s  i n  recovered samp les is 1 7  percent . T he depos i t  is sma l ler 
a nd lower in grade than other submerged b lack-sand deposits off t he coast of  C urry County . 

Onshore deposits are concentrated on the marine terraces i n  the Bandon area . One est imate p laces 
the reserves of  c hromite ore in conce ntrat ions greater than 5 percent at 1 , 9 1 3 , 000 long tons (Ramp, in 
Ba ldw in  and ot hers ,  1 973) . Product ion from t he b lack sands began at W hisky Run C reek in 1 852 .  In t he 
succeedi ng two decades, approx imate ly  $ 1 00, 000 worth of go l d  was recovered from th i s  c l a im .  Between 
1 903 and 1 929 a total  of 804 ounces o f  go ld  and $ 1 , 707 worth of p la t i num was recovered from the  Wh isky 
R un-Bu l l a rds area . I n  Wor ld  War I I  ( 1 943) , 46 ,500 tons of sem i -fin ished chromi te (35% ) was recovered 
a nd stockpi led at Coqu i l l e .  

C hrom i um i s  a strateg ic  and c r i t i ca l  commodi ty used for a var iety o f  purposes i n c l ud i ng meta l l u rgy , 
transportat ion ,  construct ion , and machi nery manufactur ing . I n  v iew of the l ow domest ic  product ion and 
t he international trend towards nat iona l i zat ion of mi nera l resources , the rema i n i ng deposi ts of b l ack sa nd 
i n  the Coos County coasta l a rea may someday become econom i c .  In add i t ion , cont i n u i ng i nvest igations 
may uncover add it iona l deposits . 

Go l d  and si l ver 

Severa l sma l l  m i nes and prospects for go ld  and si l ver are located i n  t he Powers area and to the sout h .  
T he major i ty o f  t he mi nes are p lacer operat ions i n  tr i butaries o f  t he Sout h Fork o f  the Coqu i l l e R iver .  Pro
d uc t ion over the years has been negl i g ib l e .  Lode operations are associated w i t h  Mesozoic int rusions of 
d iorite into the Pre-Tert iary Ga l ice  Format ion (Rocks of Pre -Tert iary Age ) .  Sa lmon Mountain m i ne ,  located 
at  an e levat ion of approx imate ly 3 , 000 feet 1 0  mi l es south  of Power s ,  produced between $75 , 000 and 
$ 1 00, 000 worth of go ld  between 1 885 and 1 936 . I ncreased prospec t i ng can be expected in t he future w i t h  
t he great l y  i ncreased pr ice i n  go ld . 

Copper 

A l l four  copper occurrences in Coos County l i e  ou tside the study area and are located in  Pre-Tert iary 
terra i n .  T he Bo l ivar m i ne ,  1 5  mi les  sout heast of Powers, produced 300 tons of ore . Other prospects south  
o f  Powers report no product io n .  
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Manganese 

Sma l l  manganese prospects are associated w i th  marine chert deposits in  t he Otter Po in t  Format ion 
of  sout hern  Coos County . The depos its are loco I ized and w ide ly  scattered , and there are no s ign i f icant 
reserves . Secondary enr ichment by weathe r i ng is commo n .  T he McAdams mine ,  5 m i l es i n land from t he 
coast , on the Coos-Curry County l i ne , produced 1 00 to 1 50  tons of ore dur ing World Wars I and I I .  

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

S i l i ca sand 

T he large size , accessibi l i ty , and re lat ive ly h igh qua l i ty of t he sand depos i ts i n  t he Coos-Umpqua 
dunes area are favorab le to the product ion of  s i l i ca sand , T he sand is  remarkab ly un i form in gra i n  s ize 
a nd is sign i fi can t ly  lower i n  i ron content than t he beach and dune sands of more marg ina l  qua l ity a long 
t he Oregon Coast nor th  of Heceta Head . 

Mi nera logic ana lysis of a samp le taken near Hauser showed 32 percent q uartz , 38 percen t  fe ldspa r ,  
1 3  percent c hert , 1 3  percent agate , and a sma l l  percentage of  rock fragments and dark , heavy minera l s  
such a s  magnet i te , A chemica l ana lys is  o f  a samp le  taken near Rogers showed a s i l ica content of  82 . 4  
percen t  and a n  i ron oxide content of 0 . 75 percent .  T he rema inder consisted o f  ox ides o f  a l um inum,  t ita
n ium,  ca l c i um ,  magnes i um ,  sod ium , and potass ium . 

Accord ing to Carter and others ( 1 964) the sand is su ited to use i n  t he foundr y ,  sand b last i ng , fi l lers ,  
and ceramics i ndustr ies . W i th magnet ic separation and acid leach i ng of the iron ox ides , t he sand is  a l so 
su i tab l e  for t he manufacture of cer ta i n  types of g l ass . T he re lat ive ly h igh content of a l um i na l im i t s  uses 
for ce rta i n  types of g l ass . 

Limestone 

A sma l l  l imestone lens  is located immediate ly  west of the confl uence of the Coos and M i l l i coma 
R ivers in section 35 , T .  25 S . ,  R .  1 2  W .  approx imate ly  8 m i l es east of  Coos Bay . Ana lyses of ca lc ite 
content average about 80 percent , and one source est imates tota l reserves at  about  80, 000 tons (Ramp in 
Baldwin and others , 1 973) . The depos i t  over l ies f lows of Roseburg basa l t  and represents a reef deposit 
t hat formed in Eocene t imes on top of a subsea vo l can ic  l andform . Conce ivab ly , simi lor deposits may 
someday be d iscovered associated w i t h  other exposures of  Roseburg basa l t .  

L imestone deposits of th i s  type i n  western Oregon are gene ra l ly sma l l ,  and future discoveries,  i f  
a ny ,  w i l l  be loca l ized . The l imestone i s  medium grade and i s  best su ited to use a s  fert i l izer . H isto r i ca l ly ,  
some o f  t he l imestone i n  t he above deposits has been used loca l ly for mortar . 

E conom ic deposi ts of c lay can form e i t her by a l luvia l deposi t ion i n  regions of low current act iv i ty 
or by deep penetrat ive weather i ng on f lat l andforms (see So i ls ) .  I n  Coos County , c lay of a l l uvi a l  orig i n  
was used for t he manufact ure of  brick and t i l e i n  t he Myrt l e  Point area at  t he turn of t he century . I n  the 
1 930' s the Coos Bay Br ick and T i l e  Manufacturing Company operated in  Marshfie ld  ( now Coos Bay ) .  

Peat 

Peat cons i st s  of part ia l ly decomposed vegetative mate r ia l  and i s  genera l ly formed in  wet lands , I n  
the study area i t  i s  present i n  many o f  the low l and surfi c ia l  geo logic un i ts ( see Geo l og i c  Maps; S urf i c ia l  
Geolog ic  Units - marsh and peat) . Former ly used as a fue l ,  peat is now be ing sought e l sewhere i n  t he 
country as a soi l cond i t ione r ,  a hort i c u l t ura l  commod i ty , and in a l imi ted quant i ty for b l e nd i ng w it h  by 
products of the sugar indust ry for cat t l e  feed .  The qua l ity and poten t ia l  uses of peat deposi ts  of western 
Oregon have not been invest igated . 
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C o n s t r u c t i o n  M a t e r i a l s  

C rushed stone i s  used for const ruct ion of h ighways , and b roken stone i s  used for j et ty construct ion 
and r iprap . Sand and grave l are used in  the const ruct ion o f  h ighways ,  streets, roads,  foundations, and 
many other types of  structu res . For every hous i ng sta r t ,  approximate ly  1 75 cubic yards of concrete is 
needed for t he i nd ivi dua l structure and for t he numerous other proj ects i t  generates, inc lud ing streets, 
sewers, sc hoo ls ,  l ibraries, shopping centers, and i ndust ri a l  fac i l i t ies . 

Coos County is defi cient i n  grave l and h igh-qua l ity rock for concrete aggregate . Western Doug las 
County is r i ch  i n  t h is commodity and exports l arge quant it ies to Coos County . Rock su itab le  for roadfi l l ,  
base materia l ,  and surfacing is i n  adequate supp ly  i n  Coos County , but is genera l ly l ack ing i n  western 
Doug l as County with t he except ion o f  hard sandstone wh ich  is used for loca l road repa i r  in the Smi t h  R iver 
d ra i nage .  Est imates of future needs for various construction mater ia l s  g iven be low are based on very l imi ted 
data . 

Crushed and broken stone 

T he U .  S .  Bureau of Mines reported t hat in 1 969 a tota l  of 309, 000 tons of stone was used i n  Coos 
County; more comp le te records of t he Sta te of Oregon Department of  Geology and Mine ra l  I ndustr ies 
i nd i cate a p roduct ion tota l  o f  680, 000 tons in 1 969 and 728 , 035 tons in 1 973 . Assumi ng a s l ow rate of  
popu lat ion  growth  (see Popu l at ion ) and con t i nued consumption at t he rate of  ten  tons per  year per capi ta ,  
a tota l of approximate ly 20  mi l l ion  tons of c rushed and broken stone w i l l  be  needed i n  t he study area by 
t he year 2000 . Th i s  is equ iva lent to a p i t  2, 000 feet on a side and 50 fee t  deep . 

Large,  acti ve operat i ons near ma jor l i nes of transporta tion are summar ized i n  Tab l e  1 6 .  Genera l 
ized i n format ion on dormant si tes and  areas of  favorab l e  geo l ogy can  be i nferred from th e geologic map  or 
by r eference to Ba ldw i n  and others ( 1 973) . Deta i led i nforma tion on quarry operations of a l l  siz es can be 
obta ined from the Mined Land Rec l amation Division of the S tate of  Oregon Department of  Geo logy and 
Minera l I ndustr ies . 

Q uarry stone has certa in advantages and d i sadvantages compared to stream grave l .  It makes a 
better base for paved surfaces and is better suited to construction of o i led and macadamized roads . Where 
jo in t ing i s  coarse , i t  is su ited to use as r i prap for r iverbank protect ion . It is not we l l  su i ted to use as 
concrete aggregate and is more cost ly  to produce than sand and grave I .  Jettystone can be der ived from 
some occurrences of mar ine basa l t  and b l uesch ist by stockp i l ing la rger bou l ders or by emp loy i ng spec ia l ized 
b lasting techniques to min imize shatter ing . Two Coos Bay T imber Operators ' q uarr ies in the m idd le reaches 
of  Kentuck S lough have good potent i a l  for jettystone product ion (Jerry Gray , ora l commun icat ion 1 975) .  

Quarr ies i n  Coos County are located primar i ly i n  basa l t  and associated i nt rusi ves (Basa l t  o f  Tert i ary 
Age ) a long Kentuck C reek and sout heast of Coqui l le and in the b l uesch ist of t he Otter Po i nt Format ion i n  
t he B r idge area , Severa l sma l l sandstone quarries in t he northern part o f  the County and  i n  western Doug l as 
County were deve loped i n  the past when spec i f ica t ions for road mater ia l were less r ig id . 

A b l ueschist outcrop on  Baker C re.ek sout hwest of Broadbent and immed iate ly  outside t he study area 
produced 1 00 , 000 tons of j e tty rock in 1 962- 1 963 for the Coos Bay sou th j etty . A tota l of 35, 000 tons of  
j e tty stone for j etty construct ion a t  the mouth of th e Coqu i l l e R i ver was  r emoved from Tupper Rock between 
1 884 and 1 9 1 6 .  Tupper Rock at Bandon was ori g i na l ly over 1 00 feet h i gh . M ost quarry s tone of the Coast 
Range fa i ls to mee t  s ize  and densi ty requ i r em ents for j etty stone (Sch l i cker and others ,  1 973) . Th e sandstone 
of th e Coast Range i s  prone to excessive abrasion , a nd th e basa l t  genera l l y i s  too c lose ly jo i nted to produce 
C lass A armor rock (9 . 7  to 27 . 8  tons) in th e necessary quanti t ies . 

S tandards for r iprap are less r ig id , and t h ick-bedded sandstone and mar ine basa l t  a re genera l ly 
su itab l e . Large b locks capab le of w i t hstand ing storm waves are requ i red for shore l i ne protect ion; for 
r iverbank protect ion sma l ler stones can be used . 
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Table 1 6 .  Major quarry operators i n  western Coos County 

O perator Loca tion Comm en ts 

Coos Bay T imber Operators 

Koosrock sec .  27 , T .  25 S . ,  R .  1 2  W .  Mar ine basa l t  w i t h  4-6 feet 
overburden 

Kenstone sec . 26 , T .  24 S .  , R .  1 2  W .  Marine basa l t  w i t h  20 feet 
overburden 

Kenrock sec .  3 ,  T • 25 S • , R • 1 2 W • Mar i ne basa l t  w i t h  1 8  feet 
overburden 

Coos County H ighway 

E negre n sec .  27 , T • 25 S • , R • 1 2 W .  Mar i ne basa l t  

K u hnert sec .  3 ,  T .  25 S • , R • 1 2 W .  Mar i ne basa l t  

Morris sec .  29 , T .  29 S .  , R .  1 2  W .  Mar i ne basa l t  

Hervey sec .  1 0 ,  T .  28 S . , R .  1 2  W .  Mar ine basa l t  

Johnson Rock Products sec . 3 ,  T • 25 S • , R • 1 2  W .  Mar i ne basa l t  

K i nche loe Q uarry sec .  36 , T .  29 S . ,  R .  1 2  W .  B l uesch ist 

Norway Rock Products sec .  30 , T .  28 S . ,  R .  1 2  W .  Mar i ne basa l t  w i th  3-5 feet 
overburden 

Oregon State H ighway Dept . 

Baker C reek sec .  1 7 ,  T .  3 1  S . ,  R .  1 2 W . B l ueschist 

Myrt l e  Creek sec . 1 6 ,  T .  30 S . ,  R .  1 1  W .  B l uesch ist 

Sand and grave I 

Consumpt ion of sand and grave l i n  western Coos County is approx imate ly 400, 000 tons annua l ly ,  
t he major i ty o f  wh ich  i s  trucked i n  from t he Reedsport area . No spec i fic consumpt ion f igures are ava i l 
ab le  for western Doug las County . Assuming a s low rate o f  popu la t ion growth  and cont i nued annua l con
sumption of 7 tons per capita , a tota l of 1 2  mi l l ion tons of sand and grave l w i l l  be needed in  western  Coos 
a nd Doug las Count ies by t he year 2000. 

In western Doug l as County the Umpqua R iver Nav igation Company (by far t he largest producer )  i s  
under contract to mai nta i n  c hanne l s ,  s ide channe l s ,  and turn ing basins i n  t he lower 10  mi les o f  t he Umpqua 
R ive r .  T h is operat ion produced 388, 908 tons of sand and grave l in 1 973 . 

Sand and grave l i n  the bed of t he Umpqua R iver is rep len ished by stream act ion and const i t utes a 
renewable resource . Spec i fic f igures on the annua l rate of resupp ly are not avai l ab l e ,  but t he tota l 
probably does not great ly  exceed t he average annua l amount be i ng dredged from t he river . 
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T he U .  S .  Bureau of Mines reports that sand and grave l  product ion i n  Coos County was 1 40, 000 
tons in 1 969 and 1 8 1 , 596 tons in 1 973 . Most product ion is from sma l l  operat ions in t he midd le  reaches 
of the Coqu i l le drai nage and from operat ions in t he terraces around Bandon . Sand and grave l is recovered 
from the bed of  t he Coqu i l l e  River dur ing l ow wate r  and is stockp i led for use d ur i ng t he rest of t he year . 
I t ,  too , const i tu tes a renewable resource . 

Bedrock of other drai nages i n  the study area does not produce coarse sed iment , and bed loads o f  
t hese streams cons i st of  sand , s i l t ,  and c lay . 

T he sand and grave l on t he mar i ne terrace near Bandon is s i tua ted near the base of t he depos i t  and 
i s  ove r l a i n  by 20 feet of  f iner grai ned overburden .  S ize d i str ibut ion o f  t he grave l l imits potenti a l  uses , 
and the overburden m ay prec lude econom i c  recovery of m uch of th e depos i t  (Gray and Ram p ,  i n  Ba ldw i n  
a n d  others, 1 973) . The  deposi ts a r e  par t o f  th e Coqu i l le Formation (see Su r fi c ia l G eo log ic  U n i ts 
Q ua ter nary mar ine  terrace deposi ts) . 

Many temporary sand p its of vary i ng size have been  excavated i n  the d unes of western Coos and 
Doug las  Count ies .  Use of some of the sand for g lass and manu factur ing purposes has been  studied by t he 
U .  S .  Bureau of M ines ( see S i l i ca Sand) . Excavat ion of eo l i an  sand on terraces is primar i ly to leve l 
terra i n  for urban use . T he sand is used loca l ly for fi l l .  

P Iann i  ng considerations 

T he demand for quarry stone , sand , and grave l in western Coos and Doug l as Count ies w i l l  probab ly 
i ncrease s l ow ly  dur ing t he next few decades .  I f  h ighway construct ion i s  u ndertaken ,  however ,  demand for 
t hese products w i l l increase sharp ly . Major sources of supp ly wi l l  cont inue to be t he channe l s  of t he 
Umpqua and Coqu i  l ie R ivers and outcrops o f  Tert iary bdsa I t .  A It hough Basa I t s  of Ter t iary Age under I ie 
approx imate ly 30 sq uare mi l es i n  Coos County, the supp ly of  econom i c  stone i s  rest r i cted owi ng to t he 
i so lat ion,  th ick overburden ,  and l ong steep s lopes of many of t he exposures .  

T he product ion of  aggregate i s  esthet ica l ly u np leasing i n  te rms o f  no i se ,  stream turbid i ty , dust , 
and d i stu rbance of t he land . Loca t ion near commun i t ies is requ i red ,  however , ow i ng to h igh  hau l i ng 
costs and nat ura l d i str ibut io n .  For economic reasons it i s  imperat ive that u rban growth be prevented from 
spraw l i ng ind i scr im i nate ly  over fu ture sources of supp l y .  Li kewi se ,  zoning ord inances , zoning variances, 
and ot her p lann ing dec isions shou ld  not arb i trar i ly d i scr im inate agai nst t he aggregate industry . 

The aggregate i ndustry and soc iety are best served by the imp lementat ion of mu l t i p le use and sequen
t i a l  land use po l ic ie s .  V i sua l  and acoust ic screen ing can m i n im ize the adverse esthet i c  impacts of grave l 
and quarry operat ions . Abandoned p i ts can serve as s i tes for houses , landfi l ls ,  or other  struc tures ,  depend
i ng upon overa l l  physica l a nd cu l tura l setti ng . R ec lamation of m i n i ng c la im s  i s  overseen by th e M ined Land 
R ec l amat ion D i vis ion of th e S ta te of Oregon Depar tment  of  Geo l ogy and M i nera l I ndustr i es .  

F u e l 

O i l  and gas 

The formation of recoverab le  oi I or gas in nature requ ires 1 )  t he accumu lat ion of carbonaceous 
mater ia l in f ine-gra i ned source beds ,  2) t he presence of coarse r-gra i ned porous reservo i r  rock upstructure , 
and 3) a structural or strat igraph ic  trap to confine the m igrat i ng o i l  or gas i n  t he reservo ir rock .  Many of 
t he most product ive o i l f ie lds  of the wor ld  are assoc iated w i th  bas i ns hav ing a h i story of rapid depos i t ion 
and subsidence . T he weight of the sediments accumu lat i ng in t he center  of t he bas i n  in  t he geo log ic  past 
squeezed the oi l i nto the reservo i r  rock ,  where it was t rapped by surround i ng struct ures . 

I n  t he Tertiary sect ion of the study area ,  cond i t ions necessary for the format ion of o i l are genera l ly 
favorab le . S i l tstone and sandstones are potent i a l  source and reservo i r  rocks respect ive l y ,  and t he region 
has a geo log i c  h istory of bas i n ing,  espec ia l ly i n  the Coos Bay area . Factors t hat loca l ly may inh ib i t  t he 
format i on of recoverab le oi l inc l ude the low organ ic  conten t  of the si l tstones , t he sma l l  s ize of t he bas i n ,  
low permeabi l i ty of  t he sandstone , and  poor spa tia l re la t ionsh ips between t he source rocks and  the reservo i r  
rocks .  Exp lorat ion i n  the region i s  st i l l  i n  i ts i nfancy and accurate determ i nat ion o f  the o i l  and gas poten
t ia l  is not curre nt ly poss ib le . Reports of gas and o i l  shows are i nc l uded in many o f  t he logs for exp loratory 
we l l s in the Coos Bay area (Tab le 1 7) .  



Company 

Coast Oi I Co . 
(deepened by 
Fat E l k  O i l  Co . )  

Coast O i l  
Co . 

Coast O i l  
C o .  

Coast O i l  
Co . 

Coast O i l  
Co . 

L ibby 
Mine 
area 

Oregon 
Coastal 
Co rp . 

Pacif ic 
Petrol Co . 
(J . B . Ewe l l )  

Pan American 
Petro l eum Corp . 

Ph i l l  ips 
Petro i .Co . 

S unset Oi l  
Co . 
( J . B . Ewe I I )  

Warre n ,  E . M .  

West Shore 
Oil Co .  

M I N ERA L R E SOURCES - FU E L  

Tab l e  1 7 . Ho les dri l l ed for o i l and gas i n  Coos County 

We l l  Name 

Wel l No . 1 

Wel l N o .  2 

We l l  No . 3 

Wel l No . 4 

Rhoades
Menasha 
N o . 1 

P i tch Coal 
occurrence 

J . Coy 
N o .  1 

Morrison 
N o . 1 

ocs 
P-01 1 2  

Dobbyns 
N o . 1 

Bandon 

Coos Coun ty 
N o .  1 -7 

? 

Loca tion 

Coqui l l e  area 
N E:lrS E:lr sec . 1 0, 

T .  28S . ,  1 3  W .  

Coqui l l e  a rea 
N E:lrSW:lr sec . 1 0, 
T • 28S • , 1 3  W .  

Coqu i l l e  arec 
SW:lrS E:Jr sec .  1 0, 
T .  28S . ,  1 3  W .  

Coqu i l l e  area 
SW:lrS E� sec .  1 0 , 
T .  28S . ,  1 3  w .  

Westport Arch 
N E:lrSE� sec .  32 ,  
T .  26S . ,  13  W .  

Westport Arch 
Approx . sec .  3 or 
4' T .  26S . ' 1 3 w .  

Bando n a rea 
NW :lr sec . 4, 
T . 29S . ,  1 4W . 330' 
S . o f  N . l i ne & 330' 
E . 0 f W .  l i ne 

Bandon area 
S }NW :lr sec . 28, 
T .  28S . ,  1 4  W .  

Ba ndon area 
T ract 1 02 

Coos Bay area 
SW4 sec . 28 , T . 26S . ,  
1 3  w .  330 ' S  . & 330' 
E . from W l cor . 

Bandon area 
Sec . 4 , T . 29S . , 
1 4 W . 

Coqu i l l e  area 
S E lsec . 7 ,  T . 27S . ,  
1 3 W . 450 ' N . of 
S .  l i ne &2200 '  W .  
0 f  E .  I i ne 

Bandon a rea 
NWk sec . 23 ,  
T .  30  S • , 1 4W. 

Da te 

1 929-
1 934 

1 939 

1 939 

1 939 

1 938 

1 920 

1 953 

1 936-
1 937 

1 967 

1 943-
1 944 

1 944 

1 963 

1 91 3-
1 9 1 9  

Depth 
Dri l i ed 

2526' 

2255 ' 

1 640' 

1 640' 

1 365' 

1 894' 

2282 '  

6 1 46' 

694 1 ' 

1 089' 

6337 ' 

Rema r ks 

Cable too l s .  A thi n o i l -bear i ng 
sand reported at 1585 ' and gassy 
sa l t  water  at 1 745' • 

Cable tool s .  A good gas flow 
reported at 1 1 70' . 

Cable too l s .  Reported to be a 
sma l l  gas we l l .  

Cab l e  tool s .  H i t  f low ing sa l t  
water . 

Cable tool s .  Reported shows of  
ga s  and  n umerous coal layers . 

P i tch coal found i n  fractures of 
coa l . Th i s  i s  a form of  aspha l t .  

Rotary . N o  o i l  o r  gas shows re
ported . 

C la imed enough gas was encoun
tered to fire the boi l er . 

Gas show a t  5400' in t ight  
sa ndstone . 

Gas sand on e l ectr ic l og at 1 040'. 
S ubmar ine basa l t  at 2300' . 

Rotary . No i n formation . 

Rotary . T races of gas and o i l . 
Bottomed i n  Coal edo Formation . 

1 400 ' +  No in formation . 
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T he West Shore Oi l Company d r i l l ed  the fi rst oi l and gas we l l  in Coos County i n  1 9 1 9  near the 
town of  Bandon . No production was reported i n  t he we l l  nor has s ign i fi cant  produc t ion been reported i n  
1 0  other w i ldcat  we l l s dri l l ed dur ing the fo l low ing 4 0  years in the County . Coast O i l  Company , however ,  
e ncountered strong gas shows i n  2 of  i t s  ho les dr i l led 2� m i l es sout hwest o f  Coqu i l le a long Fat E l k  C reek .  
A ho l e  near Bandon dr i l l ed by Pac i fi c  Petro leum Company i n  1 94 1  reported ly  y i e l ded enough gas t o  fi re 
t he engine boi l e r .  

T he Coos Bay Sync l inor ium (see Struct ure ) i s  prom i s i ng from the standpo i nt o f  rock type , t h ickness, 
structure, and geo log i c  h i story . At  l east 1 0 , 000 feet of  fo l ded si l tstones and sandstones may under l ie t he 
region . Ph i l l ips Petro l eum Company d ri l l ed on the Westport Arch south of Coos Bay , between South S lough 
a nd Isthmus S lough , but encountered submar i ne basa l t  a t  a depth of 2 , 300 feet .  The e lectr ic logs i nd i cated 
the prese nce of a 1 0-foot gas sand at 1 ,  040 fee t ,  but no tests were made . Another we I I  dri l ied 3� m i les  to 
the southwest in 1 963 by E. M. Warren and Assoc iates penetrated over 6 , 000 feet of  Coa ledo Format ion .  
Severa l gas and oi l shows were found i n  the Warren we l l ,  bu t  t he rock was  too f ine gra i ned to  produce 
commerc ia l  amounts of petro leum . 

Upper Coa ledo is exposed a long the crest of a narrow ant i c l i ne between Ist hmus S lough and Catch i ng 
S lough . A l though more sect ion is ava i l ab le  here than i n  t he ant i c l ine to t he west , no dr i l l i ng has been 
done on  th i s  structure . Fau l t i ng and gent l e  p l ung i ng to the south provide c losure i n  th i s  d i rect ion .  T he 
struct ure extends 7 m i l es and has a widt h  of 1 to 2 mi l e s .  

T he geo logi c h istory of the cont i nenta l she l f  is s im i la r  to  t hat of t he ma i n l and . Recent ly t he  she l f  
has become subject  to systemat ic  i nvest igat ion by oi l companies  ( F igure 1 1 ) , t he U . S .  Geo log ica l  Survey , 
and the Department of Oceanography at Oregon State Un ivers i ty . Research has i n c l uded geophys ica l  i nves
t i gat ions and sed iment samp l i ng .  McKay ( 1 969 ) has tentat ive ly  corre lated offshore bedrock un i t s  defi ned 
bY t he i r  se ism ic  properties to bedrock un i t s  exposed onshore . Major structures i nc l ude t he Coqu i l l e Bank 
(see St ructure ) ,  the southern part of the Heceta Bank , and a large l i near basi n between Bandon and Cape 
B lanco that i s  f i l led w i th  a th ick M iocene to P l iocene secti on . Genera l ly ,  t he late Tert iary sect ion i s  
th icke r  and more extensive on  the she l f  than onshore , a feature wh i ch  contr ibutes t o  t he attract iveness o f  
t he she l f  i n  terms of o i l  potent ia l .  

On ly  fou r  of the e leven tracts o ffered for l ease i n  the " Bandon B lock " i n  1 964 were leased . Pan 
Ameri can and its partners dri l led to a depth of 6 , 1 46 fee t  and bottomed i n  Tyee Format ion i n  1 967 ( Ba l dw i n  
and ot hers , 1 973) . A good gas show was encountered a t  5 ,  400 feet i n  a 60-foot sandstone , but t he bed 
was too t ight to y ie ld commerc ia l  amoun ts. 

Approx imate ly 1 , 1 00 square mi l es of  she l f  l ands offshore from Coos County remain unexp lored for 
o i l  and gas . Prospects are considered to be good for the area ,  and i t  is considered to be one of the best 
for petro leum exp lorat ion in western Orego n .  S im i l a r  potent i a l  i s  i nterpreted for the so uthern part of  t he 
Heceta Bank off the coast of Doug l as County . No exp !oratory we l is have been dr i  l i ed onshore i n  wester n  
Doug las  County . 

Coa l 

Coa l i n  the Coos Bay area was commercia l ly m i ned from 1 854 to t he c l ose of Wor l d  War I I .  Product ion 
tota led 3 m i l l ion tons and peaked at 1 1 1 , 540 tons i n  1 904 when the Beave r Hi l l  M i ne was in fu l l  operat io n .  
T he seams are most abundant in the upper member o f  t he Coal edo Formation ( a  late Eocene de l ta ic  deposi t ) , 
b ut a l so occur i n  t he lower and midd le  members . Land ove r l y i ng t he coa l is i n  pr ivate , c i ty ,  County , State , 
and Federa l ownersh i p .  T he coa l fie lds were studied intensive ly  by A l l en  and Ba l dw in  ( 1 944) and are c urrent ly 
be ing rei nvesti gated by the State of Oregon Department of Geology and M i nero I Industries . 

T he coa l has an average heat i ng va l ue of s l ight ly l ess t han 1 0 , 000 BTU per pound and conta ins 1 7  
percent moist ure , 8 percent ash, and 1 percent o r  less o f  su l fu r .  I t  i s  subbi tum inous i n  grade . Ana lyses of 
numerous samp les from various loca l i t ies i n  severa l m i nes are summarized by A l len  and Ba l dw in  ( 1 944) . 
Add it iona l tests are desi rab le at t he  present t ime to eva l uate the  coa l i n  terms of present techno l ogy . 

A tota l of approx imate ly one b i l l ion tons of coa l (not a l l economica l ly recoverab le )  may be prese nt 
i n  t he Coos Bay area . T h is is equiva lent to a 40-inch seam under ly i ng the tota l extent of t he Coa ledo 
Forma tion . H owever , a l l  grades of coa l at a l l  depths and in a l l  th i c knesses of seams are consi dered i n  th e 
ca lcu la t ion {Mason a nd Erw i n ,  1 955) , and much of the coa l can never be m i ned . M i nab le  coa l under present 
econom ic  and techno logic cond i t ions is considerab l y  l ess and tota ls abou t 60 mi I l i on  tons . Depth s  of l ess 



M I N ERAL R ES O U R C E S - FU E L  

" / ( / / / 
/ / 

( / 

/ 
/ 

( �\ 
?gel l  (8353'1 

,. -; �  ,. -f  (3348 ) 
1 /  / 1 "' 

I _  ..... 
v -'  

I I � 
/ 

f I � I I 1 a ( ( su '- su s 
I I -.; './ 
\ I � 

\ 
\ I I / \ 
\ I ( 
) I t(Yv 

I /  c;/ 7 
I 

I I r / 

' �'- � 

su 
su 

su s 
su AR PA 
su -<?. su 
s PA 
I s 

'1 Uni 
- \ 

on ( 12,285') 1 
1... -, 

Scole i n  M i le s  
0 3 

I A E-"3 

M'oter 

A t  lanti  c -R i chfi  e ld 

Pan American Petro l .  Grou p 
Sh e l l  Oi l C o .  

S iandm d O i l . .  

- -
� 

AR 

PA 

s 
S D  

I 

I 
I 
l 

�\ \. 
PA ! S ! S 
T 

PA. PA su \ 
PA PA su \ 

AR 1 S su 
PA 

PA TM 

� 

I 
I 
I 

I 
I 
I 
I 
I 

I H e ce ta  
1 H e a d  
I 
I 
I 
1 Florence 

D o u g l a s  Co 

Co 

C o  

S tandard Oi  I a n d  U n i o n  Oi  I . . SU 
Texac o ,  I n c . and Mobi l O i  I . . TM 

Texa c o ,  Atlant i c -R i c h fi e ld ,  Mobi l T 

[ S ti p p l ed a r eas i ,-, d i c a te canc e l l ed F edera l leases , and l i ned areas show state leases .] 

F igure 1 1 .  Deep we l ls and l eases off the sou thw est Oregon Coast . 
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t han 1 ,  500 feet , seams greater t han 30 inches t h ick ,  and d i ps of  less than 45° are used i n  arr iv ing at th i s  
est imate (Hughes, ora l communi cat io n ,  1 975 ) .  To t he southeast at Eden R idge ,  Pacific Power and Light 
owns an add i tiona l 50 m i l l ion  tons of reserves .  T he coa l a t  th i s  remote loca l i ty is  h i gher in heat va l ue 
and occurs i n  t h i cker and more gen t l y  dippi ng seams , but l ies under a considerab le  overburden and is ex
tensive ly fau l ted .  

T he proven reserves ( 60  m i l l ion tons) i n  t he Coos Bay area are sma l l  and  account for on ly one ou t  o f  
every 25 , 000 tons o f  proven reserves of  medium- to  low-grade coa l  i n  the Un ited States . T he  coa l reserves 
o f  the Un i ted S tates i nc l ude 430 bi l l ion tons of subbitum inous coa l ,  450 bi l l i on  tons of l ign ite , and 67 1 
b i l l ion tons of b i tumi nous coa l . I n  addi t ion ,  t here are an  est imated 1 . 3 tr i l l ion  to ns o f  unmapped reserves 
w i th in  the l imi ts  of economic  recovery (Hunter, 1 970) . With  t he recent great increases in the price of oi l ,  
marg ina l  deposits that were considered uneconomic i n  1 968 now may be considered economic . T hus ,  t hese 
figures have undoubted ly increased considerab ly si nce t hey were made , 

T he coa l reserves of Coos County are not suited to large-sca le  coa l gas i fication under present tech
nology , An average-sized p lant  produc i ng 250 b i l l ion  Btu ' s  per day would exhaust the ent i re reserve i n  
6 years , assuming 50 percent recovery . Sma l le r  p lants keyed to loca l i ndustry may be feas ib l e ,  however ,  
i n  v iew of esca l at i ng energy costs nat ionwide .  

Water requirements a l so p lace restr ict i ons on  deve lopment . I n  a typica l coa l gas ificat ion p l ant , 
pro jected water needs vary from 7 , 000 to 30, 000 ga l lons per m inute depend ing upon  water qua l i ty and the 
extent of recyc l i ng (Dav is a nd Wood , 1 974) . This compares w i t h  a present rate of ground-water production 
in t he dunes of 3 , 000 ga l lons per m inu te (see Groundwater ) ,  and minimum streamflows of  5 , 400 ga l lons 
per mi nute on  the South Fork and 5 ,  850 ga l l ons per m inute on t he Nort h Fork of t he Coqui  l ie .  Average 
f lows dur i ng low months are 1 4, 360 and 24, 680 ga l lons per mi nute respective ly (Oregon Water Resources 
Board, 1 963 ) ,  

Potent i a l  fut ure use o f  the coa l for power i s  loca l and sma l l  in  sca le . For deve lopment to proceed ,  
severa l obstac les wi l l  have t o  b e  overcome, i n c l ud i ng over lapping ownershi p ,  economic constra i nt s ,  and 
t he need for support i ng t ransportat ion and water systems . E nv i ronmenta l  considerat ions in t he Coos Bay 
area i nc l ude a i r  and water po l l ut ion and use rest r ic t ions in t he Sout h S lough Sanctuary wh ich  l im it poss ib le  
future m in ing to  certa in areas a nd under str i ct cond i t ions , 

G r o u n d  W a t e r  

Genera l 

Ground water is water that fi l l s the open spaces i n  rock and so i l  beneath t he land surface . The top 
of t he zone of saturation ,  ca l led t he water tab l e ,  conforms i n  a genera l way w i t h  topography , so t hat i t  
i s  re lat ive ly near the surface i n  depressio ns and is  s i t uated at greater depths a long r idges.  Porosi ty and 
permeabi l ity are key considerat ions in determin ing t he capabi l i ty of geo logic mater ia l s  to ho l d  and t rans
mit ground water . 

Porosity is the percentage of open spaces per un i t  vo l ume . Open spaces i nc l ude pore spaces (opening 
between grai ns ) ,  fracture s ,  and jo i nts . The si ze ,  number, and arrangement of t hese open spaces is depend
ent upon  the shape , s ize ,  m i neral const i t uents, and arrangement of  t he part ic les t hat make up t he so i l  or 
rock ,  as we l l  as the composi t ion ,  a l terat ion , and deformation of t he rock or so i l .  

Permeabi I i ty is t he capacity to transm i t  water and is dependent upon poros i ty , the s i ze of the pore 
spaces , and the degree of  i nterconnect ion between the pore spaces. "The coeffi c ient of  permeabi l ity is 
t he rate of f low (ga l l ons per day) through a square foot of cross sect ion , under a hydrau l ic grad ient of 
1 00 percent at a temperature of 60° F . " (To lman,  1 937) .  Mater ia ls such as sand w i t h  re lat ive ly  la rge 
i nterconnected pore spaces are very permeab le and have h igh capac i t ies , In contrast , jo i nted bedrock 
may have h igh t ransmi t t i ng potent i a l s  loca l ly ,  but may have very low ho l d i ng capac it ies . 

I n  areas w here the geo logic materia l s  are both porous and permeable and where hydrau l i c  grad ient 
i s  suffic ient to generate f low ,  the ground water is  in constant mot ion . Precip i t a t ion is  absorbed into t he 
soi l ,  perco l ates downward to the water tab l e ,  and flows s low ly down-grad ient to a po i nt of discharge . 
T h is  type of ground-water  system can produce water w it h  fa i r ly  constant chemi ca l character ist ics and low 
temperature a nd is genera l ly a h i gh ly desirab le  resource . Because of loca l and regiona l var iat ions i n  
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geo log ic  condit ions, however ,  ground-water qua l i ty and avai l ab i l ity vary considerab ly wi th  location in  
t he study area . 

Water-we l l  records are on  fi le  a t  the Office of the State Engi neer i n  Sa lem and i n  the Port l and 
Office of  the U .  S .  Geo log ica l Survey . Pub l i shed  repor ts dea l i ng w i t h  t he ground water of  the study 
area i n c l ude Rob ison ( 1 973), Oregon Water Resources Board ( 1 963),  and Brown and Newcomb ( 1 963) .  

Distr ibution 

Ground water is  most abundant in t he Coos-Umpqua dune sheet north of Coos Bay , where we l l  y ie lds 
o f  severa l hundred ga l lons per minute are common (F igure 1 2) .  Y ie l ds i n  t he terrace units and a l l uvium are 
a few tens of  ga l lons per mi nute , a nd y ie lds i n  the bedrock un i ts are very low , se ldom exceeding 5 ga l lons 
per mi nute . Drawdowns are sma I I  in t he dunes and great on the terraces and in bedrock . Ground-water 
d istr ibution in t he bedrock is sporadi c .  Depths to produc ing grou nd-water hor izons in a l l  areas are genera l ly 
l ess than 200 fee t  and many we l ls are less than 1 00 feet dee p .  

Low lands: T he Coos-Umpqua dune sheet consi sts o f  8 0  t o  1 50 feet o f  f ine- to medi um-gra i ned uncon
so l idated sand (see Surfi c i a l  Geologic U nits) and const i tutes the l argest source o f  ground water in t he study 
area . Presen t l y ,  in t he southern part of t he dunes area , 1 8  we l l s wi th  y ie lds averagi ng 200 ga l lons per 
mi nute are produc i ng approx imate ly 4 m i l l ion ga l lons of water per day for i ndust r ia l and domest i c  uses . 
The water is under t he contro l  of the Coos Bay-Nort h  Bend Water Board . Farther north the o n ly ground
water production from the dunes i s  for loca l use a t  campgrounds . 

Prec ip i tation averages 62 inches per year reg iona l ly .  Runoff is between  1 2  and 1 8  i nc hes annua l ly 
and evapotranspiration averages 8 inches  annua l ly .  Recharge ( ne t  38 inches per year) is pr imar i l y  by 
prec ip i tat ion reg iona l ly ,  but i n  p laces i nc l udes loca l ru noff from up land drai nages .  Discharge approximate ly 
equa l s  recharge and is  by pump i ng and subsurface outf low i nto the Pac i fi c  Ocean . Vert ica l permeabi l i ty 
is  two orders of magni tude less t han horizonta l permeabi l i ty , and depress ion cones dur ing pumpi ng are 
v irtua l ly nonex istent . I nstead , w i thdrawa l  i s  accompan ied by sma l l  lowerings of the water tab l e  over large 
areas . Lake and stream l eve ls a re re l ated d i rect ly to the leve l of  the water tab le . Dur ing t he wet w inter 
months, l ake leve l s  r ise a t  rates of about 2 feet per month ,  and dur ing t he dry summer months, l ake leve l s  
l ower at  rates of  about 1 foot per month .  Lake leve l s  f l u ct uate 3 t o  6 feet during t he year . 

Excessive rates of ground-water w i thdrawa l  i n  t he future cou l d  lead to 1 )  reduction of subsurface 
d isc harge i nto t he ocean,  2) induced sa l twater in trusion a long the coast , or 3 )  lower ing of  lake leve ls 
beyond acceptab le  l im i ts . A l t hough ground-water w i thdrawa l  may generate only m inor changes in t he 
l eve l o f  t he water tab l e ,  much of t he terra i n  of t he dunes may be sensi t ive to t hese mi nor c hanges .  I nc l uded 
are sha l low lakes, marshes , and def lat ion p la ins .  Most recent est imates p lace t he upper l imit  of  ground
water production at abou t 15 mi l l ion ga l l ons per day (Robison, 1 973) and recommend monitor i ng for sa l t 
water i ntrusion a long the coast l i ne .  

W ithi n the Coos and Coqu i l l e  f l ood p la ins,  surfic ia l  mater i a l  consists o f  si l t s ,  c lays, and sands wi th  
l ow permeabi l i t ies and poor drai nage . S urface pond ing occurs many t imes  dur ing t he year . Pote nt ia l  
y ie lds are genera l ly sma l l  to moderate and we l l s are easi ly contami nated . The aeri a l  extent of a l l uv ium 
in  t he Umpqua dra i nage i s  i ns ignif icant  i n  terms of  potent i a l  ground-water product ion . A long the Smi th  
R iver t he a l l uv ium y ie lds water suffic ient for rura l domest ic demand . 

Terraces: Mar i ne terraces form f lat coasta l exposures from ha l f  a m i l e  to 5 mi les w ide a long the 
coast of  Coos County and are unde r l a i n  by sem i conso l idated sand and s i l t  w i th  local pebbly hor izons . 
Produc ing we l l s are genera l ly adequate for domest i c  purposes (Tab le  1 8 ) .  Recharge is pr imari ly by d i rect  
p rec ip i tat ion , and discharge is  a long the sea c l iffs or into loca l streams . I n f i l trat ion is retarded in many 
areas by i ron pans i n  t he so i l  profi l e  or by layers of low permeabi l i ty mater ia l  at greater depths .  We l l s 
may be easi l y  contaminated i n  regions of surfi c i a l  ponding . Favorab le  topography w i l l  cont inue to encour
age ru ra l  and urban deve lopmen t  of  t he mar i ne terraces, and i ncreas i ng demands on t he ground-water resources 
can be ant i c ipated . 

F luv ia l te rrace depos i ts a long the Coos, Coqui l le ,  and Umpqua R ivers consist of sand ,  si l t ,  c lay , and 
grave l and provide adequate ground water for scattered domest ic  needs espec ia l ly in t he i nter ior of Coos 
County . Ground water is  genera l ly avai lab le  at sha l l ow depths. In agr icu l t ura l areas, contami nat ion is 
a d i st i nct possi bi l i ty , espec ia l ly if there is surfi c ia l ponding . 
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F i gure 1 2 . Ground-water d istr i bution 1 n western Coos and Doug las Count ies . 



Tab l e  1 8 .  Representat ive water w e l ls i n  western Coos and Doug las Cou nt ies,  Oregon 

Loca tion 1 Topograph ic 
(unconfirm ed) Owner Year un i t  

Sec . 9 , T . 22S . Koeh ster 1 972 Up lands 
R .  9 W .  
Sec . 3 1 ,  T .  22S . Pearson 1 974 Up lands. 
R .  1 2  W .  i 

Sec . 1 7, T .  23S . Z i em i enczuk  1 973 Up lands 
R .  1 2  W .  I 
Sec . 1 3 , T . 23S . Dunes Mo- 1 964 Low land-
R .  1 3  W .  bi le Ranch du nes 

Sec . 26 , T . 24S . Farm er , T .  1 965 Up lands 
R .  1 1  W .  

Sec . 1 1  dbb , T .  24S � orth Bend 1 966 Terrace-
R .  13 W .  J r . H i gh mar i ne 
Sec . 33adb , T . 24S PP&L  i 1 960 Low land-
R .  1 3  W .  I dunes 

i 

Sec . 29c , T . 25S . J u strom 1 969 Up lands 
R .  1 2 W .  Stromme 

Rea I tors 
Sec . 21 de, T .  27S . S t r ic t  land 1 973 Terrace-
R .  14 W .  mari ne 

Sec . 1 8aa , T . 28S . l<a ne , E .  1 973 U p lands 
R .  13 W .  
S ec . 8 , T . 29S . Loftin , R . 1 972 Terrace-
R .  1 4  W .  mar i ne 

Sec . 6ab , T . 30S . C rane ,  E .  1 969 Up lands 
R .  1 4  W .  

Sec . 34bb, T . 27S . Rose, L .  1 972 F l uv i a l  
R .  1 2 W .  terrace 

----

Geologic Depth 
un i t  Mater i a l  (ft) 

E l kton �andstone 1 1 0 

F lournoy Sandstone 1 05 

Coa l edo Sandstone 1 75 
w i th coa l 

Sand Dune sand 42 

F lournoy pandstone : 1 1 9 
pnd sha l e  

O m t  Sand? 1 83 

Sand Sand 1 52 

Coa ledo Sandstone 1 360 
and I 
c lays tone 

O m t  Coarse 54 
sand 

upper Sandstone 1 43 
Coa ledo 
O m t  Sandstone  77 

Otter F i n e  sand 48 
Poi nt 

Roseburg A l luv ium 1 2 , 
at depth over sha l e  30 

Cas ing F i n ish 
6 "  to 63 '  -

6" to 28 ' -

6" to 40' Open 
ho le  

6"  to  32 '  5 5/8" 
screen 
32 ' -42 '  

6 '  to  24 '  O pen 
ho le  

6"  to  89 '  Screen 
to 1 5 1  '? 

1 0" to 66 ' 8 "  no . l C  
8"  1 20 '  screen 
to 1 4 1 ' 63 '- 1 1 0 ' 

no.T'2to 
1 20' 

- Aban-
do ned 

6"  to 77' 6" to 
. 008 
s lot scr . 
5 1  ' -77' 

6" to 50' S lotted 
25'-45' 

6 "  to 73' 6 "  to 
. 008 
s lot scr . 
72 '-77' 

6" to 43' 6 "  to 
. 008 
s lot scr . 
43 '-47' 

40" cone . O pen 
1 8 ' to 
toto I dep . I 

Water depth 
and date 

60 ' (9/ 1/72) 

60 '  ( 1 974) 

60 ' (5/23/73) 

4 ' ( 1/9/74) 

1 6 ' (4/30/65) 
sa l t  water at 

1 1 2 '  
52 ' ( 2/25/66) 

1 5 ' (9/29/60) 

1 00' (4/2/69) 

30' (6/1 6/73) 

30' ( 1 1/2; 73) 

45', aqu i fer 
at 72 ' ( 1 972) 

33 ' (7/ 1 5/69) 

1 ' ( 1 0/27/72) 

Yi e ld Spec if ic  
(gpm)  Draw down capac i ty2 

7 40 0 . 1 7  

20 1 5  1 . 3 

4 1 1 1  0 . 36 

43 27 1 . 6 

200 Tota l -
i n  1 h r . 

20 30 0 . 67 

572 33 1 7 . 2  

3 360 0 . 08 

1 5  Tota l 
i n  1 hr . -

2 Tota l -
i n  1 hr . 

1 5  Tota l -
i n  1 h r . 

8 6 1 . 3 

9 0 -

The U . S .  G eo logi ca l Surveysystem of locat ing wel l s  -is exp la i ned i n  Append ix F .  
2 Spec if ic  capac i ty i s  yi e l d  (gpm) d iv ided by drawdown (feet); i t  i s  a more ac curate m easu re of we l l  product ivi ty than i s  yi e l d .  
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Tab l e  1 9-a .  Chem ica l  ana lyses of water from lakes and product ion we l ls ,  Coos-Umpqua dunes area (from Robison ,  1 973) 

� � 
Tot a l  '; 

;:<: 
s � 

'; int e rv a l  of u 
"' � � 6 z 

s c r e P.n o r  
� � � 

� 6 -� 

p e r f o r a t ion::; Da l �  of "' � � "' 5 u ·� '" � 
Loc a l  W e l l  ( dep t h in c o l  l ee - ·� � u � ·� 

0 0() ., 
d e s igna t i on numb e r  ( f e e t )  t ion 

· �  '" "' � 0 
"' .... u "' 

B e a l e  Lake 1 2 / 1 5 / 5 5  1 . 6  0 . 06 1 . 2  l . l  9 .  6 

Hor s f a l l  Lake 9 / 1 8 / 7 0  . 0  , 06 1 . 7  1 . 9 1 4  

B l u eb i l l Lake 9 / ! 8 / 7 0  l . 50 1 . 9  1 . 7  1 9  

Wel l 44 2 4 S / 1 3 W - 3 2abd 8 7 - 1 8 5  1 0 / 2 8 / 7 0  3 0  1 . 0  2 2  l l  1 7  

46 2 4 S / l 3 W - 3 2 d c b  8 0 - 1 8 0  1 0 / 3 1 1 7 0  2 4  . 02 2 7  2 0  ! 8  

( 4 7 ' 48 , 4 9 )  8 /  8 / 5 8 2 3  2 .  5 3 3  3 . 4  9 .  7 

48 2 4S / 1 3W - 3 3 d b c  8 2 - 1 3 4  4 /  7 I 59 2 0  2 . 4  3 1  4 . 9  1 2  

4 9  2 4 S / l 3 W - 3 3 a c d  7 8 - 1 3 0  7 / 1 7 / 7 0  2 2  2 , 6  2 3  3 . 4  9 .  6 

5 5  24S / 1 3 W - 2 7b b d  53 - 9 7  1 0 /  4 / 7 0  3 1  . 0 5  2 6  6 . 8  1 9  

5 6  24 S / 1 3W - 2 2 c c d  58 - 1 00 7 / 1 6 / 7 0  - - 4 .  l - - - - - -

5 7  24S / 1 3 W - 2 2 c a c  5 8  - l  0 0  6 / ! 8 / 7 0  3 6  . 9 0  4 0  7 .  7 2 1  

5 8  2 4S / l 3 W - 2 2 b d c  63 - I l l  6 / 1 8 / 7 0  3 0  6 . 6  3 6  5 . 0  2 2  

M i l l igrams p er l i t e r  
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0.. "' � u � "' u � 

0 . 9  7 0 1 . 3  1 5  0 . l  

2 . 2  0 0 1 0  2 5  . l 

2 . 8  7 0 7 . 8  3 3  . o  

8 . 7  1 4 3  0 2 . 8  2 3  . l  

- - 1 8 9  0 7 . 5  2 8  . l  

4 , 9  l l O  0 2 . 9  1 6  . o  

6 . 0  1 2 0  0 3 . 0  1 8  . 0  

3 .  5 9 0  0 4 , 2  1 4  . l  

- - 1 24 0 l . O  2 7  - -

- - - - - - - - 2 7  - -

5 .  7 1 6 4  0 . 0  3 4  . I  

4 , 3  1 4 2  0 . 0  3 3  . I  

"" 0 z � 
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z "' 0 "' 

0 . 1  0 . 0 1  3 7  

1 . 2  - - 56 

• 5 - - 7 0  

. l  - - 1 9 0  

• 3 - - 2 2 0  

. l  - - 1 50 

. 0  - - 1 60 
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Up lands: T he up lands comprise the largest p hysiographic un i t  o f  t he study area and are genera l ly 
under l a i n  by a th in  mont l e  of soi I over i ndurated bedrock of sandstone ,  s i l tstone,  or basa I t .  Permeabi I i ty 
is very low and ground-water y ie ld  to we l l s  is very sma l l  (Tab l e  1 8  a nd F igure 1 2) ,  rare ly exceed i ng a 
few ga l lons per m inute . Many we l l s d r i l led i n  the up lands are dry . The coa l mi nes of t he Coos Bay area 
were bas ica l ly dry dur i ng the i r  opera t ion . Recharge and ground-water mot ion,  w here present , i s  genera l ly 
a long promi nent bedd i ng p lanes, jo ints, and fau l ts .  D i scharge i s  i nto streams downs lope . Ground-water 
potenti a l  i s  sporad i c ,  and drawdown is commonly excessive ow i ng to the low ho ld ing capac i ty of t he strata . 

Qua l i ty 

Water qua l i ty data for some of the we l l s i n  t he Coos-Umpq ua dunes area is tabu lated i n  Tab l e  1 9a .  
Dr i nk i ng water standards defi ned by t he U .  S .  Pub l i c  Hea l t h  Serv ice ( 1 962) i s  prov ided i n  Tab le  1 9b .  
V i rtua l ly a l l  o f  t he ground water of  the study area conta ins some iron , a nd some we l l s y ie ld water w it h  
i ron  conte nts above t he acceptable l imits for dr ink ing water . Ot her m inera l consti tuents do not appear 
to be a prob l em . 

Ground water der ived from low l and areas w i th peaty hor i zons i n  t he subsurface is some t imes ac id ic  
and may possess offensi ve odor s .  I n  areas of pond ing and poor we l l  construct ion , bacter ia l contami nation 
may be i nt roduced i nto t he ground-water supply resu l t i ng in outbreaks of hepat i t i s  (see P l ann ing Consid
erations) . A study by the Coos County Hea l th  Department i n  1 96 1  revea led t hat 52 percen t  of t he ground
water we l l s surveyed and 78 percent  of t he spr i ngs surveyed fa i led to meet adopted standards . Sept ic-tank 
e ff luen t  and surfi c i a l  water from fe rt i l ized f ie lds or pasture land may a l so i nt roduce n i t rate i nto t he ground 
water in regions of poor we l l  design  or locat ion . Young infants are part icu lar ly sensi t ive to th i s  type of 
water pol l ut ion .  

Tab le  1 9-b . Dr inki ng-water sta ndards defi ned by the U . S .  Pub l i c  
H ea l th Serv ice ,  1 962 

Recomm ended Maximum a l lowab le  
Const i tuent l im i t  ppm l i m i t  ppm 

Fe ( I ron) 0 . 3  - -
M n (M anganese) 0 . 05 - -

S04 (Su l fa te) 250 . 0  --
C l  (Ch lor i de) 250 . 0  -- 1 
F I (F luoride) 0 . 8- 1 . 7  1 . 6-3 . 4  
N 03 (N i tra te) 45 . 0  - -

As (Arsenic) 0 . 0 1 0 . 05 
D i sso lved so l ids 500 . 0  - -

1 Varies inverse ly  w i th m ean annua l temperature 
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P lann ing cons iderat ions 

Management of t he ground-water resource shou l d  be d i rected towards t he mu l t i p l e  goa l of 1 )  max
i mi z i ng the use of t he resource , 2) m in imiz i ng t he adverse e ffects of wi thdrawa l ,  and 3) mai ntai n ing or 
i mprov i ng the qua l i ty of  t he ground water .  In t he dunes area ,  cont i nued monitor i ng of t he ground-water 
l eve l and the posi t ion of  t he sa l twater i nterface in t he subsurface is recommended (Rob ison , 1 973) to 
assure effic ient  we l l  operat ion,  to avo id we l l  i nterference , and to mainta i n  an esthet i ca l ly p l easing 
natura l area . Met hods o f  max imi z i ng the ava i l ab i l i ty of  ground water  i nc l ude 1 )  seasona l ly adj ust i ng t he 
rate of product ion,  2) damm ing the out l ets o f  streams f low ing t hrough t he dunes areas , 3 )  art i fic i a l l y  re 
charg i ng l akes i n  the dunes dur i ng per iods o f  excess product ion ,  and 4) pumpi ng ground water from sha l low 
depths in t he area of  subsurface d ischarge a long the Coast . 

T he proper spac ing ,  construct ion, and location of we l l s are overseen by the Department of Env i ron
menta l Qua l i ty ,  t he State Eng i neer ,  and County offic ia l s .  T he  danger of overwi t hdrawa l  o r  contam inat ion 
wi l l  be of  i ncreasi ng concern i n  t he study area as deve l opment cont i nues . In fectious hepat i t i s  common ly  
occurs after the fi rst periods of heavy ra i n  i n  western Coos and Doug las Count i es i n  areas of  unsewered 
c lustered deve lopments such as Lakeside , Greenacres , and Char l eston .  It i s  post u lated that dur ing t he 
rai ny season perched and ponded water on t he terraces moves latera l ly at sha l low depths to enter the 
deeper wa ter tab le  a long improper ly sea led or constructed we l l  casi ngs or other avenues . Bacter ia der ived 
from sept ic  tanks and past ure l and trave l s  w ith  t he water to enter sources of  domest ic  water . 
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G E O LOG IC HAZARDS 

A geo l og ic  hazard is any geo logic process or condit ion w hi ch  may be hazardous to man or may be 
a t hreat to his  act iv i t ies .  I n  th i s  sect ion are d i scussed stream and ocean f lood i ng ,  h igh ground water,  
mass movement , stream erosion and depos i t ion,  coasta l  e rosion and deposi t ion ,  w i nd erosion and depos i t ion,  
and earthquake potent ia l .  Landform is basic to a n  understand i ng of geo l og i c  hazards and is emphasi zed 
t hroughout t he d iscussion . 

Deve lopment i n  reg ions of geo logic hazard shou ld be restricted to those forms of land use that are 
e ither compat ib le  w i th the condi t ions or t hat can be eng i neered to prov ide an adequate leve l of safety . 
T he accompany i ng Geo logic Hazards Maps de l i neate areas of existi ng or poten t ia l  r i sk . 

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

Genera l 

A stream f lood is a temporary rise i n  streamflow resu l t ing i n  bank overflow and t he i nundat ion of 
adjacent low l ands (Tab le  20) . Various subd ivisions o f  f lood areas i nc l ude the f lood p l a i n  (subject to i nun
dat ion by larger f loods) ,  t he f loodway (stream cha nne ls or c hanne ls  t hat  convey fast -movi ng water ) ,  and 
f loodway fri nge (area of t he f lood p l a i n  outside t he f loodway, but  subject to period ic  f lood ing ) .  I n  t he 
l ower reaches of streams hav i ng low grad ients and natura l levees such as t he Coos , Coqui l le ,  and Umpqua 
R ivers ,  th e f loodway fr i nge and the f lood p la i n  are more or l ess synonymous . 

The  Corps of E ng i neers , th e U . S .  Soi I Conservat ion Service ,  and the U . S .  Geo log ica I Survey , by 
usi ng var ious com puter mode ls , de l i neate  areas subject to f loodi ng . The programs are used to produce 
f l ood maps for a vari ety of desired frequenci es . An I nterm edi ate Reg iona l F lood (a lso referr ed to as the 
1 00-year f l ood) i s  th e f l ood havi ng a 1 percent probabi l i ty of occurri ng in a ny given year . F loodi ng i nd i
cated for the low er Umpqua and Sm i th R ivers (see G eo log ic  Hazards Maps of  R eedsport ,  Goodw i n  Peak ,  
S i l tcoos Lake, and  Scottsburg quadrang l es) i s  a Pre l i m i nary I n termediate Reg iona l F lood a nd i s  based on  
pre l im i nary da ta devel oped by  t he  U . S .  G eo log ica l Survey a nd Doug las County . 

I n  th e absence of sta t ist ica l mod e ls ,  maps show i ng past f lood i ng can be assemb l ed usi ng f lood records ,  
h igh -water marks ,  i n tervi ews ,  newspaper accoun ts ,  and a er ia l and surface photographs . Such data are 
the bas is of the M aximum Observed H i stor i c  F lood i nd icated for most of the va l leys of Coos County (see 
Geo log ic H azards Maps of Coos Bay , Coqu i l l e ,  Lang lois , Bandon a nd Pow ers quadrang l es) . The per i od 
of observat ion is approximate ly 1 00 years . The i ndicated f l ood di ffers from the I ntermedia te Regiona l 
F lood because it is not based on a r igorous sta t ist ica l trea tmen t  of f lood data . I t  i s ,  rather , a compos i te 
of many h i stor ic  f l oods of u ndeterm i ned frequency . 

For areas i n  wh ich there  is l i t t le or no recorded data , f lood-prone regions can  be deduced from 
topography, la ndforms,  soi ls,  vegeta tion patterns,  and other natura l features . I nformation of th is  sor t i s  
genera l i zed and consti tu tes the basis for the de l i nea tion  of f l ood-prone areas of  northwestern Coos a nd 
western Doug las Counti es (see Geo l ogic Hazards Maps of Si l tcoos Lake a nd Reesport quadrang les) . 

I n  many up land areas,  reaches of streams havi ng l i t t l e  or no f lood p la in  are the si tes of a n  addi tiona l 
type of f looding charac ter i zed by rapid  str eamf low and catastroph i c  eros ion and deposi t ion . For lack of 
a better term these f loods are termed f lash f loods .  T hey are most preva lent  in  the steep in terior up lands 
where reg ional s lopes exceed 50 percent and re l i e f  is moderate to high ( 1  , 000 feet or more ) .  T hey occur 
dur i ng inte nse fronta l  and adiabat ic rainfa l l .  Extreme cond i t ions of erosion and depos i t ion  associ ated 
w i t h  f lash  f l oods impose severe rest r ic t ions on  roads, fi l l s ,  and bridges (see Stream Erosion and Deposi t i on ) .  

Causes 

S tream floodi ng in coast a l  Coos and Doug las Counties is the resu l t  of h igh  ra i n fa l l  (see C l imate )  on 
moderate ly s lop i ng to steep ly  s loping terra i n  (see Topography a nd Geo log i c  Hazards Maps) w i t h  low rates 



Type Vari ety 

F lash 
f lood 

E Low land 0 
Q) 
c. stream ..... 

l/) 
f lood 

T ida l 
f loodi ng 

S torm 
surge 

c 
0 
Q) 
u Tsunam i  0 

(Sei sm i c  
sea wave) 

Pondi ng 

Qj ..... 
0 
3: H igh ""0 c grou nd :J 0 water 0 

Tab l e  20 ,  F loodi ng of w estern Coos and Doug las Counti es ,  Oregon 

Di str ibut ion Causes Im pact  Recomm endations 

I nterior up lands w i th S teep s lopes , low M i nima l bank overf low ow - Lim i ts on deve lopment through zon i ng ,  
regiona l s l opes 50"/o or i nfi l trat ion ra tes , i ng to lack of f lood p la i n; proper eng ineer i ng of necessary struc-
greater and moderate h eavy rai nfa l l  channe l  scouri ng and stream - tures, proper land management 
to h igh r e l ief bank erosi on 
F load p la i ns of stream s Same  as f lash f l ood Wide var iety of structura l Contra l i ed deve lopment through proper 
a nd other wet la nd areas, i n  headwa ters; damage and water damage, zon i ng ,  bui I d ing codes , subd iv is ion 
no soph i st i cated computor channe l obstruc - si l ta t ion of crop land,  safety regu lations; f lood i nsu rance, effective 
mode l s  avai !ab le for Coos t ions a nd effects of and h ea l th hazards, disrup- dissem i na tion of i n forma tion , constru e-
County ocean f loodi ng i n  t ion o f  transporta t ion  t ion  of di kes and  l evees 

low lands 
Low - lyi ng coasta l areas Da i l y and seasona l Aggrava tes stream f loodi ng , I ncorporate  i nto m ode l s  of stream 
i nc l ud i ng beaches and t ida l var i a tions sa l t  water i nundat ion , i nun- flood ing ,  appropr iate zoning and 
marsh , highest t i de dates immature h igh marsh , po l ic i es , construct ion of tide  gates 
6 feet above m s l  covers mature h i g h  marsh 
Same as t ida l f lood i ng Wind and low at- Same as ti da l f loodi ng a nd I ncorporate  i nto mode ls of stream f lood-
a nd addi t ive to i t; w i n- mosph er ic pressure add i t ive to it; a l so i nc l udes i ng; appropr iate zon ing and po l i c ies; 
ter and spr i ng; h ighest e l evate loca l sea severe wave erosion in p laces; t ide gates; short range predi c tion a nd 
recorded storm surge 4 .  3 l eve l ,  waves !water l eve l s  4-5 feet above warni ngs 
feet not counti ng waves addi tiona l mature h igh marsh poss i b l e  
Same as other ocean Large magni tude Loss of I i fe to unwary beach - Same as t ida l  and storm surge f l oodi ng; 
f loodi ng ,  but can i nun- regiona l earth- comber s ,  c Iammers, and a l so , a w e l l -coord i nated, thorough and 
date greater areas; am p l i - quakes w i th vert i- campers at low e l evat ions; effective war ning system to a I I  coasta I 
tude of 1 5  feet possi b l e ,  ca l  disp lacem ent damage to moori ngs and other a reas 
loca l runup u ndefi ned; (e . g .  A l eutians); low -e l evat ion structures; sa l t  
diss ipa t ion i n  estuar ies ,  a ttenuation i s  a water i nundat ion 
amp l i fi ca tion a l ong func tion of di sta nc e 
head lands 
F loodway fr i nge ,  beh i nd Low i n fi l tration F lota t ion ,  cav i ng ,  corn pres- Restr icted deve I opm ent th rough 
l evees, depress ions, w et- rates i n  topograph- i b l e  so i I s ,  f lood i ng ,  waste proper zon i ng , subdivi sion regu la-
la nds, i n terdune areas i ca l ly confi ned disposa l ma l funct ions t ions,  po l i c i es and rev i ew processes; 

a reas 
Sam e as pond ing ,  a lso Accumu lat ion of ;:>ame as pondi ng; a l so Proper engineer i ng and construction 
i nc l udes areas of ground- surface water or i nc l udes set t l i ng ,  unfavor- of necessary and approved structures 
wa ter discharge i ntersect ion of ab le shr i nk-swe l l ,  and l ique-

grounc surface  fact ion dur i ng ear thqua kes 
w i th water tab l e  
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o f  i nfi I trat ion (see Engineer ing Geo l ogy ) .  As the rapid ly mov ing st ream water i s  de I ivered downstream 
to f la t- ly i ng low lands, t he reduced ve locity l eads to f lood i ng of adj acent areas . Common ly,  ocean f lood
i ng (see Ocean F lood i ng )  further  aggravates the f looding . Acts of man wh ich  may a l so aggravate f looding 
i nc l ude channe l fi l ls and modi ficat ions (wh ich  requ i re perm i ts from the U .  S .  Army Corps o f  E ngi neers or 
t he State Land Board) and construct ion i n  t he f loodway (which is undergoi ng i ncreas i ng regu lat ion on t he 
S tate and loca l l eve l ) .  

Land use a l so can i nf l uence f lood i ng by a l teri ng surface-water reside nce t imes and i nfi l tration rate s .  
I n  a recent study on part of  Long I s land , New York , urban i zat ion of open l and was shown to  increase the 
vo l ume of  d i rect runoff by factors of  1 . 1  to 4 . 6 ,  depe ndi ng upon loca l condi t ions . Peak runoff i ncreased 
by a factor of  3 (Seaburn , 1 969) . A sim i lar study of t he Co lma Creek drai nage in C a l i fornia revea led a 
doub l i ng of storm runoff but no change i n  peak f low ( K nott , 1 973) . A variety of mode l i ng procedures is 
ava i lab le  for pred ict ing runoff patterns i n  areas of  changing l and use (Rantz , 1 97 1 ) .  

T he impact  of logg ing on stream f lood i ng appears to be m in ima l . Studies in  the A l sea dra i nage 
( Harris, 1 973)  and t he H . J .  Andrews Experimenta I Forest (Rothacke r ,  1 970a )  show no i ncrease in peak 
f lows a fter c lear-cut logg ing . These conc l usions are based on the se lect ion  of a 95-percent leve l of  con
fidence i n  their graph ica l  compar isons , however, and a se lect ion of  a 67-percent leve l of confidence might 
y ie ld d i fferent  conc l usions. A l so,  l i t t l e  attent ion has been given to the actua l vol ume of storm-generated 
runoff (as opposed to peak f low )  and t he manner of  its conveyance t hrough l ow land areas.  A l so , i ncreased 
si l tat ion downstream and t he possi b le impacts on low land f lood i ng are in need of more study . 

A benefi c i a l  impact of logg i ng is increased streamf low dur i ng t he dry summer months when consump
t ion i s  at i ts pea k .  Remova l of con i fers has been  shown to reduce summer evapotranspirat ion by approxi 
mate ly  1 8  inc hes i n  the H .  J .  Andrews Experimental Forest (Rothacker,  1 970a ) .  As a resu l t ,  summer 
streamflow after logging i ncreased by about 30 percent (Moore , 1 966) .  In regions of  dryer c I imate , t h i nner 
soi l s ,  and less un i form con i fer cover t ha n  in the H .  J .  Andrews Exper imenta l Forest , t he impact of  logg ing 
on  annua l evapotransp i rat ion i s  probab ly less than 1 8  inc hes . 

Distr ibution 

Coos County :  The Coos R iver bas in  covers 729 square m i les and has an annua l  runoff of  2 , 500, 000 
acre feet . Annua l precip i tation is 83 i nc hes . The Coq u i l l e  R iver basi n covers 1 , 094 square mi l es and 
has an annua l  runoff of  2 , 500, 000 acre fee t a l so . Annua l  prec ipitat ion varies from 60 inches a long t he 
Coast to greater than 1 00 inches east of Powers and averages 66 i nches . 

Extreme h igh and low discharges for var ious parts of t he two drai nages are l isted on  Tab l e  2 1 . H igh  
w i nter f lows are a product of steep s lopes and low infi l trat ion rates, and low summer f lows resu l t  pr imar i l y  
from t he very l ow ground-water storage capaci t ies of t he  bedrock in  the up lands . 

Water e l evat ions for t he ca lc u la ted 1 00-year f lood for the Coqui l l e basi n are i nd i cated on Tab l e  
2 2 .  T he fig ures are approximate and were der ived from a stream profi l e  deve loped by t he U .  S .  Army Corps 
of Eng i neers ( 1 972 ) .  Actua l mapp i ng of the 1 00-year f lood is not yet ava i lab l e .  Because t idewater exte nds 
i n land to A l l egany on the Coos River , simi far data are not avai I ab le  for the Coos basi n .  

On the Coqui l l e  R iver , bankfu l l  d ischarge between Bear and Lampo Creeks is 1 8 , 000 cfs .  A d i s
c harge of th i s  magni tude i s  poss ib le once every three years on t he Nort h ,  Sout h ,  East , and Midd le Forks 
of the Coqui l l e R i ver . Moreover , the combi ned tota l d ischarge of any two forks exceeds 1 8 , 000 cfs every 
year ,  and river ba nks i n  t he lower reaches of t he dra i nage are overtopped about t hree t imes each year 
( U .  S .  Army Corps of  Eng ineer s ,  1 972 ) .  

At Coqu i l l e ,  bankfu l l d ischarge i s  a t  gage he ight 1 6 . 0  (9. 6 feet ms l ) .  A t  gage height 1 7 . 5  ( 1 1 . 1  
ms l ) ,  f loodi ng of  t he l ow lands begi ns a long t he Sout h Fork near Catch ing Creek . At gage he ight 20 .5  
( 1 4 . 1 ms l ) ,  t he f lood p la i ns between Myrt le  Po i nt and N orway are f looded . Downstream from Coqui l le ,  
most o f  t h e  r iver bottom i s  h igher than  t he surrounding low lands beh ind the levees ow i ng to s i  I tat ion of 
t he channe l s .  For t hi s  reason ,  post-f lood drai nage is i nh ib i ted ,  and the use of  f loodgates is not poss ib l e . 
Prior to ag ri cu l tura l deve l opment, much of t he lower va l ley was characterized by marsh growth and pro
l onged pond i ng .  

Doug las County :  T he Umpqua R iver bas in  covers 4, 560 square m i les and has a n  annua l runoff 
wh ich  varies from 2 . 2  mi l l ion  to 9 m i l l ion acre feet .  Approximate ly 80 percent of the watershed l ies 
upstream from E l kton, and consequent ly only a sma l l  port ion of i t  l ies w i t h i n  the study area . The dra in
age of the  Sm i th  R i ver covers 346 square mi l es .  
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Tab l e  2 1 . Extreme discharges at  se lected stream gag ing stations, Coos County ,  Oregon 1 

M i nimum discharge Maximum d ischarge 
Gag i ng stat ion and water years of record cfs2 Month c fs2 Month 

(:oqui l le River basi n3 
South Fork above Panther Creek near 1 . 0 Oct . 1 96 1  8 , 830 Dec . 1 964 
l l l ahee 1 957- 1 965 

South Fork near I l la hee 1 957- 1 965 1 . 6 Oct . 1 96 1  1 2 , 000 D ec . 1 964 

South Fork at Powers 1 9 1 7- 1 926 , 1 2  Oct . 1 96 1  48, 900 D ec . 1 964 
1 930- 1 965 Sept . 1 939 

N orth Fork near Fairview 1 964- 1 965 4 . 6  Sept . 1 965 4 ,660 Jan .  1 965 

N orth Fork near M yr t l e  Poi n t  1 930-1 946, 1 3  Sept . 1 965 38 , 400 D ec . 1 964 
1 963- 1 965 

M idd l e  Fork  near Bri dge 1 930- 1 93 1  1 . 0 each year 4, 430 Apri l 1 929 

M idd l e  Fork  near Myrt l e  Poi n t  1 93 1 - 1 946 1 . 0 J u ly 1 93 1  3 1 ,800 Oct . 1 924 

Coos R iver basi n 
West Fork Mi l l icoma near A l l egany 1 . 8 Sept . 1 965 8 , 1 00 Nov . 1 960 
1 955- 1 965 

Tenm i le  Creek near Lakes ide 1 958- 1 965 1 . 4 Oct . 1 96 1  3 , 330 Dec . 1 964 
Sept . 1 965 

1 Tab le  modi fi ed from Oregon Water R esources Board , 1 963 . 

2 1 cub ic foot per second (cfs) equa ls approxima te l y  450 ga l lons per m i nute (gpm).  

3 D i scharge at  the Coqu i l l e  R iver be low Myr t le  Po i nt is not ca lcu la ted owi ng to t i da l  i nf l uence .  
Estimated d i scharge o f  Coqu i l l e dur i ng 1 964 f l ood was 1 20, 000 cfs .  
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Figure 1 3 .  F loading of the Cope Arogo Rood, Coqui l ie  Vol ley, during the 1 964 
flood. (Photo courtesy of The Wor I d) 

Figure 1 4 .  F looding o f  the Coqu i l le River ot Coqu i l le during the 1 964 flood. 
(Photo courtesy of The World) 
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Locat ion 

Coqui l l e R iver 

Bandon 

R iverton Ferry 

Coqui l l e 

South Fork 

Mouth of N .  Fork 

Myrt le  Po i nt 

Mouth of Midd le  Fork 

Broadbent 

Powers 

North Fork 

Mouth of East Fork 

M idd le  C reek 

Evans Creek 

Midd le Fork 

Myrt l e  Creek 

French i e  Creek 

Tab l e  22.  Water e levations of the 1 00-year f lood 
i n  t he Coqui l l e R i ver bas in l 

Approximate low 
water e le vat ion 

R i ver mi l e  ( feet )  ms l 

0 . 1 varies w i t h  t ide 

1 6 . 4 varies wi th  t ide 

24 . 6  varies w i t h  t ide 

36 . 3  1 . 5 

37 . 4  2 

4 1 . 0  4 

46 . 2  1 2  

64 . 5  200 

9 . 1  1 3  

1 8 . 8  5 1  

25 . 8  1 05 

8 . 8  1 1 1  

1 3 . 8  1 60 

l Tab le  adapted from U . S .  Army Corps of Eng i n eers , 1 972 
2 23 m s l  for 1 890 f lood; 2 1 . 1  m s l  for 1 964 f lood 
3 46 . 75 ms I for 1 964 f lood 

1 00-year f lood 
e levat ion 
( feet ) ms l  

8 

22 

242 

36 . 5  

4 13 

42 

48 

222 

37 

88 

1 47 

1 1 8 

1 66 
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Figure 1 5. Extensive flooding of the Coqui l le Valley two mi les north of Coqui l le  
during the 1964 flood. (Photo courtesy of The World) 

Figure 16 .  F looding of the o ld Coqui l le-Bandon Road near Coqu i l le during the 1974 
flood . (Photo courtesy The World) 
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Figure 1 7 .  F looding o t  Coqui l le during the 1 974 flood. (Photo courtesy The World) 

Figure 1 8 .  Shallow flooding at Coqu i l le during the 1 974 flood. (Photo courtesy 
The World) 

- --
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Extreme h igh  d i scharge o f  t he Umpqua R i ver  gaged a t  E l k ton was 265 , 000 cfs dur ing t he Decembe r  
1 964 f lood . Extreme l ow discharge was 640 cfs on  J u ly  1 8 ,  1 926 . Extreme ly low summer d i scharges i n to 
the estuary are not as common as i n  othe r  coastal estuaries owi ng to t he moderat ing  i nf l uence of t he great 
size of the drai nage basi n and t he summer runoff from the C ascade Range . 

T he distr ibution of t he Pre l i m i nary In termediate Regiona l  F l ood ( 1 00-year f lood) was der ived from 
detai l ed  contour maps ( 1 " equa l s  400 fee t )  and pre l i m i nary f lood-water e l evat ions data suppl ied by the 
Port land Office of the U .  S .  Geo logi ca l Survey . Leve l of the 1 00-year flood i s  approximate l y  9 . 3  feet  
above mean sea leve l at  T he Po i nt and 1 1  fee t  above mean sea leve l  at t he U.  S .  H ighway 1 0 1 bridge 
north of R eedsport . A l though the figures are subject to rev is ion,  t hey are adequate for the map sca l e  
used i n  t h i s  study . 

F l oodi ng destroys structures t hrough current act ion,  s i l tat io n ,  a nd water damage . It in f l i cts l osses 
on agr icu l tural  land by scouring topso i l ,  eroding  stream banks, s i l t i ng  crop l and ,  and k i l l i ng l i vestock . 
I t  t hreatens c it izens by i so la t i ng dwe l l i ngs, damaging  property , d i srupting transportat ion,  and po l l u t ing 
or d isrupt i ng water supp l i e s .  

C oos County: The December 1 964 f lood was the greatest f lood on record in Coos County i n  th i s  
c entury ( F igures 1 3 , 1 4 ,  1 5) .  Tota l damage i n  t h e  Coqui l le bas i n  was $3 . 1  m i l l i on and i nc l uded 
$ 1 . 44 m i l l i on to agr icu l tura l land , $868 , 000 to i ndustr ia l property , $ 1 78 , 000 to transporta t ion ,  and 
$323, 000 to channe l im provem ents . Tota l damage i n  the Coos bas in  was $ 1 . 2  m i l l i on . 

At Myr t le  Poi nt ,  the South Fork of the Coqu i l l e R iver crested at 46 . 8  feet above mean sea leve l ,  
near ly 1 0  feet  above f lood stage and approx imate l y  5 feet above the level  o f  t he I ntermed iate Regional  
F lood . At C oq u i l l e  the f lood crested at 2 1 . 1  fee t  (ms l )  and wate r  averaged 1 5  feet deep on  t he f lood 
p l a i n .  Th i s  compares w i th  a crest of 23 fee t  ( msl ) for the la rgest f lood on  record in t hat a rea in 1 890 
and a c rest of 24 feet (ms l )  for the I ntermed iate Regional  F l ood . C a l c u l ated recurrence frequencies for 
1 964 d i sc harges vary considerab ly  in t he County and a l so i nc l ude frequenc ies of 4 years on t he Nort h 
Fork at Fai rv iew , 1 0  years on the West Fork of the M i I I  i coma near A l legany , 1 2  years on Gettys Creek 
near Myrt l e  Poi n t ,  and 1 7  years on  Tenm i le C reek near Lakeside (Waanane n and others , 1 97 1 ) . 

Spec i fi c  damage d uring the f lood of 1 964 i nc l uded destruction of logging roads and bridges i n  t he 
up lands ,  f lood i ng of t he sewage t reatme nt p lant at Myrt l e  Poin t ,  and forced evacuat ion of numerous 
residences at  Myrt l e  Poi nt . The commun i ty of Coq ui l le was i so lated from Coos Bay by 3 feet  of water 
over the road at  a po in t  4 m i le s  west of C oqui l l e .  Downstream two p l ywood p la nts were f looded to depths 
o f  4 feet and numerous h ouses and pastures were damage d .  In the C oos Bay area l arge sed iment  deposi ts  
restr icted sh ipp i ng and dockside load i ng in the Bay and severa l t ide boxes and t ide gates were damaged , 

T he January 1 97 4 flood resu l ted  i n  $28, 000 damage a long the North Fork of the Coqui l i e ,  $ 1 09 , 000 
a long the South Fork of the Coq ui l l e ,  and $ 1 73 , 000 a long the lower reaches of the Coqu i l l e  R iver . T he 
f lood crested at 1 7 . 6  fee t  (ms l ) (gage he ight  24 feet )  and i nundated l arge low land areas ( F igures 1 6- 1 9) .  
I t  was t he th i rd l argest f l ood si nce the 1 955 fl ood , wh ich  crested at 37 fee t  near Myrt le Poin t . 

Projections by the Oregon Water Resourc c:s Board ( 1 972) show that annual  f l ood damage i n  t he Coos 
R iver bas i n  w i l l r i se to $ 250, 000 in 1 980, $384, 000 in t he year 2000, and $582 , 000 in the year 2020 . 
F igures for the Coqui l l e bas i n  are $642, 000 in 1 980, $997 , 000 i n  the year 2000 and $ 1 , 496 , 000 i n  t he 
year 2020 . F igures are i n  1 965 do l l ars and assume cont i nued deve lopment w i th  no flood contro l . 

Doug las County :  The f lood of December 1 964 was the greatest f lood o n  offic i a l  record for the 
Umpqua basi n .  Peak d i sc harge was 265, 000 c fs at E l kton compared to a peak d i sc harge of  2 1 8 , 000 c fs 
for t he largest prev ious f lood i n  1 955 . T he 1 964 f l ood is approximate ly equ iva lent to t he I ntermediate 
Regional F lood in t he study area , 

Damage dur i ng th e 1 964 f l ood i n  the Reedsport area tota l ed $4 m i l l i on to $5 m i l l i on .  Water l eve l s  
averaged 4 fee t  i n  m uch of  northern Reedspor t (F igu res 20,  2 1 ,  22) , a nd i n  p laces waters a pproached the 
eaves of bui !d i ngs . F lood i ng of the comm un i ty was the resu l t  of  overtopped di kes (Harr i s  a nd Wi l l i ams ,  
1 97 1 )  and pi pi ng of water through m uskra t ho les i n  the di kes . M a i ntena nce requirem ents for the recon
struc ted d i kes ca l l  for tota l remova l of vegetat ion  to a l lev ia te the muskr a t  prob l em .  
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Figure 19.  F looding of agricultural land near Coqui lle during the 1 974 flood . 
(Photo courtesy The Wor I d) 

Figure 20. F looding of the Reedsport commercial district in the 1 964 flood. {Photo 
courtesy The Courier) 



GEOLOGIC HAZARDS - STREAM F LOOD I N G  

Figure 2 1 .  F looding of residential district in  Reedsport i n  the 1964 flood . (Photo 
courtesy The Courier) 

Figure 22. F looding of a shopping district in  Reedsport during the 1 964 flood. 
(Photo courtesy The Courier) 

69 



70 E N V I R O NM E NTA L G E O LO G Y  OF W E S T E R N  COO S A N D  DO U G LAS COU N T I ES 

Upstream at Scottsburg the f lood crested at 45 . 8  feet on the south side o f  t he h ighway bridge and 
f lowed over that s ide of t he bridge . Many homes were f looded;  w hen  f lood waters receded ,  approximate ly 
15 homes had been washed away . Two m i l e s  upstream at  We l l s C reek,  waters crested at  54 . 8  fee t  and 
f looded severa l  structure s .  Downstream,  f lood waters covered parts of  t he Loon Lake Road , t he Deans 
Creek Road,  and the Smi th  R iver Road ,  a nd rose to the l eve l of the Scho l fie l d  Creek Road in some p lace s .  

Recomme ndat ions 

On the State leve l ,  assi stance in deve lop i ng f lood-p la i n  management p l ans  i s  provided by t he O regon 
Water Resources Board, and broad po l i c ies are formu l ated by t he Land Conservat ion and Deve l opmen t  Com
mi ss ion . N umerous Federa l  agencies a l so assist i n  dea l i ng w i t h  f lood hazards ,  as d i scussed be low . 

S tructura l means of water storage or re te n t ion such as dams, l evees , and d ikes do not appear to be 
feas i b l e  methods of flood contro l i n  western Coos County . Effect ive fl ood contro l by water storage wou l d  
requ i re a tota l capac i ty of  530, 000 acre fee t  i n  t he  Coqui l l e R iver drai nage . Loss of arab l e  land ,  damage 
to fi sh ru ns, and topographic restra i nts make t h i s  a l ternat ive unfeasi b l e  at t he prese nt t ime (U . S .  Army 
Corps of Eng ineers, 1 972) . Levee construction wou l d  great ly reduce bank storage and wou ld  requ i re a 
channe l leve l of 40 feet at Coqu i l l e to accommodate a f lood equ i va l ent to that of 1 964 . T h is  i s  near ly  
20 feet above the  leve l of  the  1 964 f lood . Channe l improvements requ i red to  s ign i fi cant ly  a l l ev iate f lood
i ng wou l d  be expensive to mai ntai n and wou ld i nvol ve dest ruct ion of natura l levees . 

Exist ing st ructures for f lood contro l  i n  western Doug l as County i nc l ude levees a long the lower reaches 
of t he Umpqua and Smith Ri vers to provide protection from 25-year f loods, and a dike around north Reeds
port to provide protection from t he 1 00-year f lood . T here is no f lood protect ion for Gard i ne r ,  and parts 
of t he communi ty are frequent ly f looded by ocean and stream flood ing .  

T he U .  S .  So i l  Conservation Serv i ce admi n i sters t he Wate rshed Protect ion and  F l ood Protection Act 
of  1 954 and prov ides technica l  ass i stance for channe l protection and ot her f l ood-re l a ted proj ects . 

Dec la rat ion of a f looded area as a disaster area by t he Governor a l lows the re l ease of funds for t he 
restorat ion of publ i c  fac i l i t ies ,  r iver -bank repa i r ,  and low-i nterest loans to i nd iv idua l s  and sma l l  busi nesse s .  
Assistance o f  t h i s  type i s  coord i nated by the Offi ce of  Emergency Preparedness , the State Emergency Serv i ces 
Cente r ,  and l oca l offic ia l s .  

Emerge ncy preparedness i nc l udes f lood forecast i ng and f lood war n i ng by the Nat iona l Weather Serv i ce 
R iver Forecast Center i n  Port land . F l ood f ight i ng by local  personne l is common ly  supp lemented by the U .  S .  
Army Corps o f  Eng ineers and is coord i nated by the State Emergency Operations Center . The F lood I nsurance 
Act of 1 968 i s  adm i nistered by t he U .  S. Department of Housi ng and Urban Deve lopment  w i t h  t he assistance 
of the State Water Resources Board and prov ides f lood i nsurance to i nd iv idua l s  and busi nesses in regu la ted 
deve lopments . 

Zoning codes regu l ate regiona l  l and use and can be wr i t ten to restr ict  l a nd use i n  various parts of 
the flood p l a i n .  Subdiv i s ion codes can requ ire d isc losure statement s ,  f lood warni ng signs, and const ruct ion 
pract ices compati b l e  w i th f lood potentia l .  Bui ld ing codes often regu late f loor e l evations a nd prov ide for 
water proofi ng , anch or i ng ,  and oth er appropr i ate constr uction standards . 

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

Genera l 

Ocean flood i ng is t he i nundation of low l and areas by sa l t  wate r owing to t i da l  act ion,  s torm surge , 
or tsunam i (see Tab l e  20) . Landforms subj ect  to ocean f lood i ng i nc l ude beaches , marshes , coas ta l  low l ands ,  
and low- ly i ng i nterdune areas .  T he h ighest predi cted t ide i s  approx imate ly  6 feet above mean sea leve l .  
T he h ighest p robab l e  storm surge i s  4 to 7 feet above preva i l i ng t ida l  e l evat ions . T he hig hest probab l e  
tsunami i s  approxi mate ly 1 4  feet h i gh i n  t he mouths o f  estuar ies and s l i g ht ly h igher  o n  t he beaches . Because 
tida l f looding occurs dai l y ,  the e ffect of h igh  t ides i s  superposed on that of storm surges or tsunami s  i n  
determ i n i ng th e impact of  those phenom ena . The  s imu l taneous occurr ence of an ex treme  storm surge and 
a n  extreme tsu nam i i s  considered h i gh ly improbab le  and i s  not i nvesti gated . 
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T ida l f l ooding 

Causes :  T ides are t he period ic  r i ses  and fa l l s of sea leve l w hi ch  occur approx imate ly two t imes per 
day . T ides are pri mari ly caused by the permanent deve lopment of two bu l ges of water i n  the oceans formed  
i n  response to  t he  gravitat iona l  attract ion of  t he Moon .  On t he s i de  of t he  Ea r t h  fac ing t he Moon,  the 
grav i ty of  the Moo n  a tt racts the water to form a bu lge ,  a nd on the s ide opposi te t he Moon a s im i l ar bu lge 
i s  formed ow i ng to centr ifugal  acce le ration . T he Sun exerts a sim i l ar e ffec t  on t he Eart h ' s  oceans, but to 
a le sser extent . T he net resu l t  i s  a secondary set of t i des  superposed on those of the Moon . When the 
t ides of the Sun and t he Moon co i nc ide (approx imate ly  b imonth ly ) , observed t ides are add i ti ve ,  gi vi ng 
extreme t ides  ca l l ed spr i ng t ides . Dur ing other a l ignments the t ides tend to cance l to various extents, 
g iv i ng less extreme tidal s i tuat ions.  Whe n  the Earth, Sun, and Moon form a r ight ang l e ,  cance l l at ion 
i s  t he greatest and gen t l e  neap t ides resu l t .  

Other ma jor factors o f  t ida l  generation i nc l ude 1 )  the variat ions i n  the d istance o f  t he Earth t o  t he 
Moon,  2) the var ia t ions i n  t he d istance of the Eart h to the Sun ,  3) t he dec l i na tion of t he Earth 's  orbit  a round 
t he Sun w i t h  the equator, and 4) the dec l i na tion  o f  the Moon ' s  orb i t  w i t h  t he Eart h ' s  equator . I n  a l l ,  severa l  
dozen major and several hundred mi nor per iod ic it ies a ffect t ides . T he phys ica l  configurations of  the various 
ocean basi ns and shore l i nes a l so are factors wh i ch contribute measurably to tidal l eve l s .  

T ida l  e le vations: T ida l  e levations a t  spec i fi c  loca l i t ies vary w i t h  t he re lat ive i nf l uence of  the 
various t ida l  period ic i t ie s ,  the characte r i st i cs of t he bas i n ,  and t ime . In the Pacif ic Ocean ,  da i ly h igh  
t ides and da i l y  low tides are  not equa l . Thus, a h igher h igh  t ide and a lower h igh  t ide ,  and a h igher l ow 
tide and a l ower l ow t ide are recognized . Var ious t ida l  e l evat ions re l evant to naut ica l c hart i ng ,  coasta l  
e ng i neeri ng,  and nav igation are i l l ustrated on Tab le 23 . 

Mean l ower low wate r  is arbitrari ly defi ned as ' 0 '  and i s  the base l eve l  of a l l other t ida l  e le vat ions . 
Mean l ow water marks the boundary between submerged l and and t ida l  f l at s .  Mean sea l eve l  i s  based upon 
observations taken over a number of years and serves as t he datum base for topograph ic  maps produced by 
t he U. S .  Geologica l  Survey . Mean sea leve l varies wi th  l ocat ion ,  but a l ong t he Oregon Coast is gen
e ra l ly 4 feet above mean lower low water . K now l edge of  mean sea l eve l i s  requ i red to interre l ate l and 
e l evations and t ida l e levations . T hus,  an 8 foot t ide is on ly  about 4 fee t  above mean sea leve l . 

Mean h igh water is the average of a l l  observed h igh  t ides and for the Oregon Coast is approx imate ly 
3�  fee t  above mean sea l eve l . Mean higher h igh water i s  genera l ly l ess t han a foot above mean high 
water . Both are approx imate ly equ iva lent to the ground e levat ion of mature marshes w i t h  we l l -def ined 
dra i nage . 

T he h ighest p red icted t ides fl ood the h ighest marshes ,  and the h ighest observed t ides (preva i l i ng 
h igh t ide p l us storm surge) i n undate t he marshes a nd may flood other l ow- l y i ng areas . Accord i ng to Tab le  
23 ,  the  hi ghest t ide in  Y aqu i na Bay dur ing  t he observat ion per iod was  1 2 . 6  feet , or  nearly 5 feet above 
mean h igh wate r ( t he l eve l of  h igh  marshes) . Over cons iderab ly l onger periods of t ime , max imum observed 
t ides at  the mouth of t he Umpqua R iver and at L inco l n  C i ty were about 1 3  feet ,  and adoption of th i s  f igure 
for t he study area is reasonab le . 

I mpact and recommendat ions :  T ida l  act ion i n undates t ida l  f l at s  and marshes ,  enhances estuarine 
c i rcu lat ion (see Geology of Estuar ies) , a ids navigation ,  contro l s  sed imentat ion and depos i t ion ,  and supports 
a complex of bio logic act iv i ty in the Oregon coastal zone . A l l construct ion and fi l l s  i n  t he t ida l zone 
shou ld  proceed on the basi s of care fu l p l anni ng and are subj ect to po l icy statements formu lated by t he 
Oregon Coasta l  Conservat ion and Development Commission . Perm i t s  are issued by t he State Land Board 
and the U . S .  Army Corps of E ng i neers .  Hazards associated w i th t ida l  f lood i ng are discussed in deta i l 
under Storm surge . 

S torm surge 

Genera l :  S torm surge is t he r i se of sea l evel  above pred ic ted t ide leve l s  owi ng to l ow barometri c 
pressure and wi nd . Loca l factors i n f l uenci ng t he magni t ude of storm surge a l so i nc l ude bottom grad ien t ,  
shore s lope , posi t ion of t he coast re l a t ive to t he storm cente r ,  and harbor configurat ion . 
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Tab l e  23 . Representat ive t i da l  e l evat ions of the Oregon Coast 1 

E l evation 
(feet) T ida l term 2 Descr i pt ion 

1 4 . 5  Extrem e  h igh t ide H ighest proj ected t ide that can occur and i s  th e sum of the 
h ighest predicted t i de and th e h igh est observed storm surge . 
Very long recurrence i nterva ls are assumed . I t  is the l eve l  
used by  engi neers for t h e  des ign of harbor structures . 

1 2 . 6  H i gh est measured t ide  H ighest t ide  m easured on the  t ide  staf f .  
1 0 . 3  H ighest predicted t ide H ighest t ide  predicted by the t i de tab l es . S torm surges and 

other c l im ot ic factors are not considered . 
8 . 4 M ea n  h igher h igh water Average he ight  of the h i ghest h igh t i des observed over a 

spec i fi c  t ime i nterva l .  T ime i n terva l s  are se lected on  the 
basis of the  moon ' s  many cyc l es and th e degree of refi nement 
requ i red . Th is  p lane  i s  used by th e Nat iona l Ocean Serv ice  
to  reference nav igati ona l c l earances . 

7 . 6  M ean  h igh water The average of a l l  observed h igh t i des , I t  i s  th e boundary 
betw een  t i de land a nd " up land , "  the land genera l ly at  or 
above the l eve l of mature h igh marsh . 

4 . 6  Mean  t ide  l eve l  A l eve l  m i dway betw een mean h igh water a nd mea n  low water . 
The di fference betw een m ea n  t i de l eve l  a nd loca l mean  sea 
l eve l  r ef l ects asymmetry between l oca l h igh and low t ides . 

4 . 5  Loca l m ea n  sea l eve l The loco I average h eight  of the water surface  for a I I  stages 
of the t ide . 

4 . 1  Mean  sea l eve l  A regiona I datum based on observat ions taken over a number 
of years on  the West Coast of the Un i ted States and Canada . 
I t  is th e reference for e l evations on U . S .  G eo l og ica l  Survey 
topograph ic  maps .  

1 . 5 Mean l ow water The average of a l l  observed low t i des .  I t  i s  the boundary 
between t ide land a nd submerged l and . 

0 . 0  M ean  l ower l ow water The average he igh t of the  lower l ow t i des . 
-2 . 9  Lowest predic ted t ide The lowest t i de predic ted on the t i de tab l es .  

--=3: 1 Lowest m easured t ide The lowest t ide actua l ly measured on the t ide staff . 
-3 . 5  Extrem e  low t ide The lowest estimated t i de that can occur . 

1 Spec i fic  figures are based on 6 years of t ide observat i ons a t  the  Oregon S tate U niversi ty Mar i ne 
Sc ience Center doc k on Yaqu i na Bay . Va lues vary from estuary to estuary , w i th i n  an  estuary ,  
a nd w i th the in terva l of observation . 
The above f igures are good approximat ions for va l u es i n  the study area . 

2 Adapted from Oregon D ivi sion of State Lands ( 1 973) . 
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T he low barometri c  pressures wh ich  accompany storm act i v i ty i nduce sea l eve l to rise s l ight ly  at a 
rate of approx imate ly 1 cen t imeter per m i l l imeter drop i n  pressure (approximate ly  1 foot per i nch in mer
cury) . T he max imum poss ib le  storm surge resu l t i ng d i rect ly from f l uctuations i n  barometri c pressure is  
about 3 feet . 

Wave " set -up " is t he retarded return of waves to t he sea owi ng to w ind fric t ion .  Set-up i s  approx i
mate ly  T O  to  20  percent o f  wave he ight  i n  ext reme storms (Fa i rbr idge , 1 966) . T hus , i n  regions where 
wi nter storm waves are common ly 20 feet h igh  near s hore , as a l ong the Oregon Coast ( U . S .  N aval  Ocean
ographic Offi ce , 1 966) , set -ups a long beaches may approach  2 to 4 feet . Wi th i n  bays where t ida l  gages 
are genera l ly l ocated ,  howeve r ,  wave set-ups are much less and recorded storm surges are there fore less . 

Magn i tude : A l ong the At lant ic seaboard and t he G u l f coasta l zone , storm surges as h igh  as 9 to 
1 2  feet have been  recorded over l arge areas .  At Pass C hrist ia n ,  Miss iss ippi , Hurr icane Cami l le de l ivered 
a 25-foot storm surge in 1 96 1 . The c i ty is s i tuated at t he narrow head of  a wide-mouthed bay t hat faced 
d irect l y  i nto the storm . Along t he Oregon Coast ,  storm surges genera l ly are less than a foot and probably 
do not exceed 4 to 7 feet ,  depend i ng on local  condi t ions . Dur ing a 45-year observation period , t he h igh
est  observed tide was 3 . 8  fee t  above mean h igher h igh water ( U .  S .  Army Corps of  Eng ineers,  1 973) . 
Dur i ng a 6-year observation per iod a t  the Oregon State Un ivers i ty Mar i ne Science Center i n  Yaqu i na Bay , 
t he h ighest observed storm surge was 4 . 2  fee t .  Bot h  observations were made at l ocations w i t h  min ima l  
wave set-up . 

Extreme h igh  t ide i s  t he sum of t he h ighest predicted t ide and t he h ighest observed storm surge . I t  
i s  used as  a reference for coasta l  eng i neering and has  a very l ong recurrence i nterva l . Usi ng data deve loped 
for Yaqu ina Bay , an extreme h igh t ide of approx imate ly 1 4  feet  ( 1 0  feet ms l )  can be tentat ive ly adopted 
for t he study area . 

Impact :  Ocean f loodi ng caused by h igh  t ides and storm surges i s  common i n  t he w inter and resu l ts 
i n  considerab le  l ow land f loodi ng ( F igure 23) . The r i se i n  sea l eve l h i nders stream drai nage , further con
t r ibut ing to  i n l and f lood hazards . Because e levated base leve l ( l eve l  of prevai l i ng seas) rather t han  s i l ta 
t ion i s  a major cause of f loodi ng,  dredgi ng and c hanne l mod i ficat ions cannot a l lev iate t he s i tuat ion i n  
t he lower reaches of  many coastal streams . Storm surges a l so a l l ow waves to pass unbroken over coasta l  
bars to  d i rect ly attack beach and dune areas ( see Coasta l  Erosion and Deposi t ion) . 

On January 3 and 4 ,  1 939 heavy seas i n f l i cted cons iderable damage on the Sunse t I nn  located i n  
wooded low lands immediate ly i n land from Sunset Beach .  Breakers 4 fee t h i gh were reported around the 
wa l l s of t he I n n ,  and t hree cabi ns nearby were washed from the i r  foundations (Coos Bay T imes) . 

On January 5 ,  1 939, a second storm surge , superposed upon  an  8 . 5  foot t ide and poss ib ly upon t he 
swe l l s of t he first storm , destroyed six of 1 5  cab ins at Sunset I nn ,  covered parts of South Broadway Street 
i n  Coos Bay , and lapped water aga i nst some of the l ower l y i ng stores in Char l eston . One l arge wave 
broke over the ti p of th e Coos Spi t and sent water i n to South S lough , dam ag i ng moor i ngs and spreading 
water 500 yards i n land from th e norma l  h igh  water mar k at  th e Coos H ead CCC Camp . The road to the 
Coast Guard Stat ion at Char l eston was a l so damaged . 

Recommendat ions: Ocean f looding by storm surge and h igh t ides can be pred icted on t he basis of 
t ida l tab les and weather pred ict ions.  P l ann ing measures for l ong -range protect ion shou l d  i n c l ude prov is ions 
for pub l i c  d i sc losure of hazardous areas . Dur ing t he summer months , the many l ow- ly i ng coves and beach 
areas are deceptive ly peacefu l ,  as the example of  the i 1 1 -fated Sunset Inn i I I  ustrate s .  Because storm surge 
and stream f looding often co i nc ide ,  storm surge shou l d  be cons idered in a l l mode l s  of stream f lood ing .  

T sunami 

Genera l :  Tsunam i i s  the term app l i ed to waves generated at sea by large earthquakes or part i cu lar ly  
v io lent  submar ine vo lcan ic eruptions . T sunamis  are d i fficu l t  to detect at sea ,  havi ng wave l engths of  a 
h undred m i les  or more and amp l i tudes se l dom exceed i ng a foot or so . Ve loc i ty of t he waves is determi ned 
by the depth of the ocean and approaches 450 m i les  per hour in parts of the Pacif ic Ocea n .  

As tsunamis  approach land ,  t he sha l l ower depths cause t he water t o  p i l e  upon i tse l f ,  thus i ncreas ing 
t he amp l i tude . I n  some of t he coasta l i n l ets of Japa n ,  tsunamis g reater than 80 feet h igh have been generated 
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Figure 23. Logs scattered on Bandon Spit  indicate level of  recent ocean floodi ng . {Photo courtesy 
Oregon Highway Division) 
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by l oca l  se i sm ic  act iv i ty . T he l argest tsunami s  on record , a n  estimated 1 20 feet h igh ,  occurred on the 
coasta l l ow l ands of  J ava dur ing the eruption of  Kraka toa in 1 883 . T he he ight of any g iven  tsunami at 
a ny given loca l i ty i s  determ i ned by l )  t he magn i tude of t he d isturbance generat i ng t he tsunam i ,  2) atte n
uat ion , 3) bathymetry , and 4)  run -up . 

M agn i tude of the disturbance: M ost tsu nam is  are generated by seism i c  act iv i ty . Factors favor i ng 
the genera tion of destruct ive tsunam is  i nc lude a magni tude 7 . 5  ear thquake on  the R ich ter Sca l e ,  a sha l 
low focus, a large area o f  displacem en t ,  a nd verti ca l disp lacem ent  a long the act ive fau l t .  S tr i ke-s l i p  
fau lt i ng (hori zonta l d i sp lacement) genera l ly does not generate tsunamis . 

W i l son a nd Torum ( 1 972) re l a te the maximum height  of tsunamis to t he magn i tude of t he earthquakes 
wh ich produced them . Data were co l l ected for tsunamis at poi nts with i n 500 mi les  of  the i r  respect ive 
epi centers . Thei r  equation shows t hat for earthquakes of R i chter magn i tude 8 . 7  (the l argest poss ib le  q uake) 
t he largest probab le  tsunami a nywhere in the wor l d  i s  approximate ly  1 00 feet in he igh t .  S im i l a r ly , q uakes 
of  magni tudes less than 6 . 7  on the R ic hter Sca l e  are shown to generate tsunam is  of  3 fee t  in hei g ht or less , 
wh ich probab ly wou l d  have I itt l e  or no effect  o n  structures . T he above determ i nat ions are stat ist ica I ,  
however ,  and are genera l ized i n  that they do not consider pecu l iari t i es of i nd iv idua l  future tsunami s .  

Atte nuat ion :  As waves move away from t he i r  poi n t  of orig i n ,  they d im ini sh  i n  s ize  (attenuate) ow i ng 
to fr ict ion , d ispersion ,  a nd other factors. Where t he mechanics of generat ion of a part i cu l ar tsu nami  favor 
propagation in one d i rection over a nother , t he propagation is said to be d i rect iona l , a nd wave he i g ht is 
i nverse ly proport ional  to t he square root of t he distance ( a tsunami  a d i stance 2x from orig i n  is  1 1-..f2as 
h igh  as at  poi n t  x) (Wiege l ,  1 969) . Where propagation favors no d i rect ion over a nother , i t  is said to be 
nond i rect iona l ,  and wave height is i nverse ly  proport iona l  to t he d ista nce (a  tsunami at d i stance 2x from 
orig i n  is � as h igh  as at poi nt x) (W iege l ,  1 969) . T he A l aska earthquake of 1 964 produced a d i rect iona l 
wave toward the easte rn  and southern margi ns of the Pac i fi c  Ocean and is a na l yzed by Li -San and Di voky 
( 1 972) . I n  cont rast to the destructive waves de I i vered to t he West Coast of the Un ited States (see Impact ) ,  
t he tsunami reach i ng the coast of  Japan was genera l ly on ly  1 t o  2 feet h ig h .  Li kew ise ,  t he Tokachi -ok i  
eart hquake of May 1 6 ,  1 968 i n  Japa n ,  wh ich  reg i stered 7 . 8  on the R i c hter Sca l e ,  de l ivered a tsunami 
o n ly 6 inches high on the Oregon Coast ( Pattu l l o and ot hers, 1 968) . 

Ba thym etry: M uch o f  the impact  of tsunam is is determ i ned by the extent to wh i ch the wa ter pi l es 
u pon i tse l f  as the tsu nam i approaches shore . Th i s ,  i n  tur n ,  is determ i ned by subsea bathym etry i n  th e 
deep sea , on the conti nen ta l  she l f ,  a nd nearshor e .  A long the Oregon Coast , possi b le shoa l i ng areas 
i nc l ude the gent le she l f  off the coast of C l a tsop County , t he Heceta Bank off the centra l Oregon Coast , 
a nd Coqu i l l e  Bank off the coast of southern Coos County . Too l i t t l e  i n formation is avai lab le  to determi ne 
the extent to wh ich  t hese l ow-water areas amp l ify or dissipate tsunamis .  L ikewise the e ffect of t he subsea 
canyons is  a l so undefi ned . 

Topographic features of more l oca l extent a l ong the coast of Doug las and Coos Count ies a l so i nf l u
ence the  impact of  tsu nam is . Genera l ly ,  t he tsunam is tend to  concentrate on the  head l a nds a nd to  d i s
perse i n  the  estuaries . D i spersion resu l t s  from the  narrow , shal low en trances, the  extens ive marshes ,  a nd 
the wi ndi ng l ower reaches of the estuari es .  I n  other parts of the wor l d ,  wide , deep harbor e ntra nces are 
k nown to amp l i fy tsunami s .  

R un -up : Run -up is that e levation on l and that a tsunam i may reach and is measured re lat ive to 
preva i l ing sea leve l at t he t ime of the tsunami . For i nstance, a tsunami wi th  a 1 0-foot run-up occurr ing 
at t he t ime of an 8-foot t ide would reach an e l evation of 1 8  feet above mean l ower l ow wate r .  (T ides are 
measured re l a ti ve to mean  l ower low water . )  In Oregon th i s  i s  approx imate l y  1 4  feet above mea n  sea 
leve l . 

Run-up i s  determ i ned by loca l bathymetry a nd topography ,  a ng le of i nc idence ,  bottom s lope, bot
tom perm eabi l i ty in sha l low areas , a nd by th e nature of  th e materia l under ly i ng th e low land areas . Gen
era l l y ,  r un-up is 1 to 1 �  t imes wave he ight  (Wi l son and Torum , 1 972) , but  may approach 2 t imes wave 
heigh t under i dea l condi ti ons (Torum , 1 972) . A long the coast of Coos a nd Doug las  Count ies ,  run-u p  
i s  probab ly  equiva lent  t o  H (height o f  th e tsu nam i a s  i t  breaks nearshor e) a long the head lands , and 
greater than  H a lo ng the coves and beaches . I n  th e estuar i es ,  where th e tsu nam is tend to d i ss ipate, the 
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Figure 25. Salvage operations of a sma l l  croft at Charleston after the 1 964 tsunam i .  
(Photo courtesy The World) 



G EO LO G I C  H AZAR D S  - OC EAN F LOOD I N G  

run-up is measured re la t ive t o  the wave height i n  t he estuary rather t han  a l ong t he coas t .  Run-up  is 
probab ly  l ess than l oca l H owing to t he dampi ng e ffects of t he marsh .  T he impact, however ,  may be 
d isproportionate ly high owi ng to the g reat  extent and the very low e l evations of much of the estuary 
border l ands. 

77 

Impac t :  Potent ia l damage by tsunamis i nc l udes f lood i ng o f  t ide l ands and per iphera l marshes and 
l ow l ands , damage to moori ngs and vesse l s ,  and in j ury or drowning of persons on beache s ,  in isol ated 
coves , and on l ow- ly i ng terrai n .  Th i s l atte r impact i s  part i cu l ar l y  s igni fi cant in  view of  i ncreased tourism 
and extensive beachcomb i ng and c l amming a long coasta l Coos and Doug las Count ies . 

T he Good Friday Al aska earthquake of March 27, 1 964 satisfied a l l  requirements for the gene ration 
of  a destruct i ve tsunami a long t he Oregon Coast .  It reg istered 8 . 3  to 8 . 6  on t he R i chter Sca l e  and invo l ved 
vert ica l  d i sp lacements of regional extent  in  the nearest zone of tecton ic  convergence , a factor w hi ch  favors 
t he generat ion of destructive tsunamis ( l saaks and others , 1 968) .  In contrast , vert ica l  fau l ting i n  t he sea 
floor r ise systems off the coast of  Oregon i nvo l ves more l oca l  disp l acements of  lesser magni tude (maximum 
R ic hter magni tude 6 . 8) i n  a region of tectonic divergence rat her t han  convergence . Fau l t i ng on the Men
doc i no Escarpment to t he southwest i s  primari l y  strike-s l i p  (see Structural and Tecton ic  Sett ing) and genera l ly 
does not generate tsunami s .  T he tsunami generated by t he A l aska quake coincided w i t h  h igh  spri ng t ides 
and exhib i ted d i rect iona l  propagat ion towards t he Oregon Coast . A l though data are l im i ted , it is a fa i r ly  
accurate i nd i cator of potent ia l  damage a l ong t he coast of  Coos and Dougl as Count ies from tsunamis or ig in
at ing in  t he nort heast Pacifi c .  

Tota l damage a l ong t he Oregon Coast amounted t o  $700, 000 and four drown ings .  Losses wou l d  have 
been conside rab ly  greater had t he tsunami arrived dur ing a period ·of heavy tourist use rather t han l a te at 
night i n  March .  Wave heig hts of 4 to 1 4  feet above preva i l ing mean high water ( F igure 24) were recorded 
in Oregon ,  and a wave greater than 20 fee t  h igh was recorded in Crescent C i ty ,  Ca l i fornia . There , ana l y
sis of  t ida l  gage data has revea l ed a 1 00-year recurrence frequency for tsunamis of t hat  size . Downtown 
Bandon was temporari l y  fl ooded , and at C har leston severa l  boats were sunk ( F igure 25) or beached ( F igure 26) , 
and damage to docks tota l l ed $7 , 000 . At Sunset Bay the p i cn ic  grounds were fl ooded (F igure 27) ,  and a 
water l i ne 3 feet deep was l ater observed in t he restroom of t he park fac i l i ty .  Owing to d issipation w i t h in  
t he Coos Bay est uary , no  damage was noted upstream from C har lesto n ,  and at North Bend t he on ly  ev idence 
of  the tsunami was t he record ing of t ides at s l igh t ly  greater than pred ic ted l eve l s .  

Because tsunamis de l iver waves over a period o f  severa l hours ,  conservat ive estimates o f  t he maximum 
probab l e  tsunami for the study area m ust assume t hat t he tsunam i w i l l  be superposed upon mean h igh water 
(approx imate ly  7� fee t  above mean l ower l ow wate r and 3 feet above mean sea l eve l ) .  Remarkab ly ,  t he 
tsunami generated by the Good Friday eart hquake in A l aska occurred d uring h igh spr ing t ides.  Using t he 
Good F riday tsunami ,  therefore , as an  approximate measure of the h ighest probab l e  tsunami ,  i nundation 
by tsunamis to e levations of 17 feet above mean sea leve l in  some coasta l areas o f  t he study area shou ld  
be expec ted . Run-ups to e levations of  25 feet are poss ib le  i n  some beach areas . 

Genera l impacts may i nc l ude 1 )  catastroph ic  f looding of beaches, 2) m i nor foredune eros ion, 3) sal t 
water flooding o f  coastal l ow lands and i nterdune areas, and 4 )  marsh l and f lood i ng near the mouths o f  estu
aries .  Superposi tion of tsunamis and extreme h igh tides (h ighest pred icted t ide and h ig hest observed storm 
surge) is extreme ly improbab l e  a nd is not considered in th is  invest igat ion . 

Recomme ndat ions: T he greatest t hreat  of tsunamis is loss of l i fe to i nd iv idua l s  such as c l ammers , 
hunters, beachcombers, and beach campers i n  l ow- ly i ng areas such as beaches , t ida l  f lats ,  and marshe s .  
I t  i s  imperat ive ,  there fore , t hat  l oca l warn i ng procedures be  effic ient and comprehens ive . Tsunamis are 
detected by t he Seism i c  Sea-Wave Warn i ng System at t he E nv i ronme ntal Sc ie nces Serv ices Admi nistrat ion 
sta t ioned i n  Honol u l u .  Warni ngs a re re l ayed fi rst to t he Oregon State Emergency Serv ices Offi ce and 
t hen  to county and c i ty personnel a l ong t he Coast . A tsunami watch means t hat condi t ions conducive to 
the generat ion of a tsunami have occurred . A tsunami warning means t hat an actual  tsunami has been  
observed .  

Once a tsunami warni ng has been received by l oca l  offi c ia l s  i t  must be re l ayed to t he popu lace by 
rad io and TV announcements and t hrough the e ffect ive use of t he beach patro l . Because many isol ated 
coasta l a reas and coves may a l so be occupied ,  use of he l icopters and other l ow-f ly ing c raft shou l d  be 
considered . T he pub l i c  shou ld  be i nformed that tsunamis i nvo l ve many waves over a period of several hours . 
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Figure 26. A smal l  croft beached near Charleston after the 1 964 tsunami . (Photo 
courtesy The World} 

Figure 27. Damage to the picnic grounds at Sunset Beach by the 1 964 tsunami . 
(Photo courtesy The World) 
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T he first wave is often preceded by a pronounced w i thdrawa l  of the sea t hat may l ure t he unwary observer 
to his deat h .  Moreover,  tsunami warn i ngs shou ld  not go unheeded mere ly  because the area escaped dam
age dur ing a previous tsunami warni ng . 

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

General  

A water tab l e  s i t uated h igh enough to have an adverse e ffect  on a se lected act iv i ty of man is termed 
h igh ground water . It is recognized on  t he basis of we l l - l og data and surfic ia l  a nd soi l features such as 
marshy ground , t he presence of reeds or marsh grass, extreme ly  f la t  topography or depress ions ,  h igh organic 
content  i n  the soi l ,  a nd b lack to bl ue-gray soi l mott l i ng .  Pond i ng i s  t he l oca l  accumu l at ion of runoff or 
ra i n  water a nd is due to l ow s l opes ,  topograph i c  rest r ict ion s ,  or l ow permeabi l ity of the u nder l y i ng soi l or 
bedrock . It const i tutes a spec ia l  case of h igh ground water in the sense that it represents perc hed water 
cond i t ions in wh ich  t he water table l ies above t he surface of  t he ground . Pondi ng is recogni zed by the 
same features as those of high ground water . 

I n  t he study area , h igh ground water a nd pondi ng are most common on l ow l and and terrace landforms, 
espec ia l l y  o n  f l ood p l a i ns a nd f l uv ia l  terraces where over l a nd f low i s  impounded by nat ura l or art i fi c i a l  
l evees .  Lakes a nd marshes i n  t he Coos-Umpqua dune sheet are a l so areas of  h i gh  water tab le . Qu icksand 
condit ions and s l umpi ng in some d une areas are products of hig h  ground water . 

H igh  ground water or pond i ng can l ead to l )  f lood i ng of basements , underpasses ,  and othe r subsur
face faci l i t ies ,  2) f lotat ion  or damage to buoyant structures such as p ipe l i nes , tanks, sw immi ng poo l s ,  
new ly i nsta l led septi c ta nks , a nd basem ents , (3) di fferen tia l sett l i ng of large t o  m oderate-sized structures , 
a nd 4) com p l i cations i n  th e i nsta l lat ion of underground fac i l i t ies . I nc luded i s  the danger of cavi ng dur i ng 
excavati on . 

Other probl ems i nc l ude the poss ib i l i ty of shr i nk-swe l l  re l ated damage (see Soi l s )  as t he soi l  responds 
to r i s i ng a nd fa l l i ng of t he water tabl e ,  l iq uefact i on phenomena du r i ng earthquakes (see Eart hquakes) , a nd 
threats to water qua l i ty i n  a reas of waste d i sposal . Hepat i t i s  may occur i n  areas where agr i cu l t ural  runoff 
or sept ic-tank e ffl uent po l l utes surface or near-surface water t hat  later f lows i nto domest i c  ground-water 
we l l s ( see Ground Water) . Sept ic-tank i nsta l l at ions and o ther  methods of waste d isposa l are overseen by 
t he Departme nt of E nv i ronmenta l  Qual ity . 

Recommenda t ions 

E ng i neer ing studies for l arge structures genera l l y  take high ground water or pond i ng i nto cons idera
t ion ,  but hous ing deve lopers and i nd iv idual  homebui l de rs some times fa i l  to do so . Of spec ia l  concern  i s  
t he pract i ce o f  cover i ng drai nage areas w i t h  fi l l  dur i ng t he summer months t o  produce add i t iona l  l and for 
deve l opment . Dur i ng the wet w i nter months , when  subsurface f low saturates t he fi l l  mate r ia l , severe 
ground-water f lood i ng can resu l t .  

E ng i neer i ng sol uti ons for dea l i ng w i t h  ground-wate r f loodi ng i n c l ude the i nsta l lat ion o f  drai nage 
t i le s  beneat h and around subsurface structures, construct ion on pi l i ng ,  and imp lementat ion  of safety pro
v i sions agai nst cavi ng dur ing excavat ion . I n  reg ions of part icu la r ly  severe hazard , seasonal construct ion 
may be necessary . 

I n  areas of regiona l commerc ia l  or res ident i a l  deve lopmen t , suc h as shoppi ng centers or h ig h-density 
subd iv is ions, i nf i l trat ion rates are grea t l y  reduced . F lood i ng wi l l  resu l t  i f  the added runoff i s  not hand led 
adequate ly . Gent le  s lopes can be constructed to e l evate i nd iv idua l structures a nd to di r ec t  r u noff to gut
ters a nd dra i ns . Prov i s ion s  shou ld  a l so be made to assu re  tha t th e disposed runoff does not adversel y effect 
adjacent land use . 

Sump pumps a nd dra i n  ti l e s  are ofte n used to hand le  severe leak i ng of basements i n  regions of h igh  
i nfi l t rat ion o r  h igh ground water . Where prob lems are le ss severe , sea l a nts may be app l ied to  e i t her the  
i nterior or t he exterior of the  foundation wa l l  (Consumer Reports, J u l y ,  1 974) . 
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M o s s  M o v e m e n t  

General 

Moss movement is the movement of rock or soil material downslope in response to gravity. As sum
marized on Table 24, various kinds of moss movement ore recognized on the basis of 1) type of movement, 
2) rote of movement, 3) type of material, and 4) water content. Treatment of specific instances of moss 
movement must be keyed to these parameters. Hence, i n  a genera I way the recognition of the type of 
moss movement is a fundamental step in dealing with moss-movement hazards {see Recommendations). 

Rockfall is the rapid or extremely rapid movement of rock down steep slopes. It is most prevalent 
in the steeper uplands and along sea cliffs and occurs in terrain of Sandstone of Tertiary Age or Basalt of 
Tertiary Age. Areas of rockfall ore characterized by talus flanking steep cliffs. Vegetation commonly 
masks the to I us. 

Debris flow is the very rapid movement of saturated soil and rock material down steep slopes (Fig
ure 28). I t  is most prevalent where thin soils overlie Sandstone and Sil tstone of Tertiary Age on regional 
slopes of approximately 100 percent (45° slope) or greater . Debris flow commonly forms linear slurry-like 
deposits in steep canyons and differs from rockfa l l  i n  that saturated soi l material predomi nates rather than 
rocks. 

Figure 28. Shal low debris 
flow on a steep slope. Slide 
is typical of moss movement 
along South Fork of Coqui lie 
River, where stream-bank 
erosion undercuts steep slopes. 



G EO LO G I C  H AZAR D S  - MASS M OV EM E N T  8 1  

Earthf low is s im i la r  to debris f low i n  i ts v i scous f low of soi l and rock mate r ia l  but i s  le ss rapid and 
occurs on gent l e r  s l opes . I t  a l so penetrates to greate r depth s .  Earthf low i s  most preva lent i n  moderate l y  
s loping up land o reos unde r l a i n  by sheared Rocks of  Pre-Tert iary Age ond sheered t o  deeply weathered 
Sandstone ond S i l tstone of Tert iary Age . H igh s i l t  and sond content of  t he so i l  ond modera te ly steep s lopes 
fovor more ropid moveme nt , ond ge nt ler  s lopes r i che r  in c l oy fovor s lower rotes of moveme nt . U nder 
nat ural cond i ti ons , earthf low occurs on  s lopes as gent le as 20 percent in terra i n  u nder la i n  by Rocks of P re 
Tert ia ry Age and 3 0  pe rcent i n  terra i n  unde r l a i n  by Sandstone of Tert iary Age . 

S l ump i s  the downs lope rotat ional  movement of so i l  or rock materi a l  a long a few s l ide surfaces .  I t  
c haracterizes t he ups l ope por ti ons o f  eart hf low terrai n and i ts d is t r ibut ion,  there fore , i s  s im i l a r  to that of 
earthf low . Movement i s  genera l l y  rap id  to modera te ly  rap id  and i s  p receded by t he deve l opment of cracks 
i n  t he ground where the s l ip p l ane i nte rsects the ground sur face . 

Earthf low and s l ump terra i n  i s  i nterpreted on t he bas i s  of a reconnai ssance observat ion of the features 
I i s  ted in the appropr iate co lumns of Table 24 . F ie ld stud ie s ,  aerial p hotographs , topograph ic  maps, and 
geologic maps were used to out l i ne t hese areas on the Hazards Maps . Rockfa l l a nd debris f low terra i n  i s  
determ i ned primar i ly on the basi s  o f  s l ope and rock type and secondar i l y  on t he basi s  o f  scattered observat ions . 

Causes 

Mass movement occurs where t he downs l ope component of  grav i ty exceeds t he shear resistance . I n  
a reas where s l ides are undes i rab le , t herefore , t he act iv i t ie s  o f  man s hou ld  be contro l led  to assure t hat the 
downs lope component of grav i ty i s  m i n im ized and that the s hear  resi stance i s  max imized or at l east ma i nta i ned . 

Downsl ope grav i ty component :  We ight of t he soi l  co lumn i s  i ncreased by t he improper p l ac i ng of 
fi l l  for road construct ion or construct ion s i tes .  Increased water content resu l t i ng from seasonal prec ip i ta t ion 
or dis rupted dra i nage patterns has t he same effect . Debr i s  f l ows and earthf lows often resu l t .  I t  i s  doubtfu l , 
however , whether t he increased soi l moi sture assoc iated w i t h  l ogging has an impact on s l ope stab i l i ty .  S l ides 
genera l ly occur  in t he w i nter when soi l s ,  even under forest cover ,  are saturated . Other factors d i scussed 
be low are probab ly  more s ign i f icant in l ogged areas .  

Mode l s  of  s l ope fa i l ure presuppose that  the we ight  of the so i l  co l umn i s  perpend icu lar to t he Earth ' s  
s urface . Where nearby b last i ng i s  a factor , a horizonta l acce l erat ion i s  i ntroduced a long w i t h  the acce ler
at ion of  gravity , and t he net resu l t  i s  to produce a n  i nc l i ned d i rect ion of  acce lerat ion for the so i l  co l um n ,  
I n  e ffect ,  the s l ope i s  i ncreased and fai l u re may resu l t .  For more d i stant b l asts and for earthquakes of the 
magn i tude poss i b l e  i n  t he st udy area ,  the e ffect of a reor iented acce l e rat ion i s  probab ly  secondary to the 
i mpact of ground shak i ng on soi I cohesion as d i scussed be low .  

Shear res istance : A n  i ncrease o f  pore pressure acts to reduce i nte rna l fr i c t ion and t hereby to reduce 
shear res i s tance . Water accumulat ing in t he so i l  and acting agai nst an i mpermeab l e  zone tends to buoy 
the so i l  part i c l e s  upward and to reduce the component of g ravi tat ional  attract ion act ing agai nst t he s l ope . 
Debris f lows i nvol v i ng t h i n  soi l s  ove r l yi ng impermeab le  bedrock and earthf lows on gent le r  s l opes can be 
attr i buted in par t to i ncreased pore p ressure . 

Cohesion , t he bond ing at t ract ion of so i l  par t i c l e s ,  can be reduced by shr i nk-swe l l  phe nomena , 
frost wedg ing ,  b l ast i ng or se i smic act i v i ty w i th  associated l iquefact ion (see Eart hquakes) , and variat ions 
in moi sture content in the so i l .  T he impact of moi sture content var ies w i th  soi l type ( F igure 29) . For 
examp l e ,  sma l l  i ncreases in moi sture content may actua l l y p romote bond ing in fine s i l ts, whereas s l i gh t ly  
greater amounts of moi stu re may promote l iqu id  response . C lays ,  on the  othe r  hand , may accomodate 
l a rge quant i t ie s  of water before reach ing the i r  l iq u id l im i t  but deform p last ica l ly over long per iods of 
t ime w i th le sser water contents . Much  of the earthf low terra i n  on moderate to gent l e  s l opes is the resu l t  
of  l ong-term p l ast ic deformat ion o f  cohes ive soi l s .  More rapid earthf lows o n  steeper so i l s  are i n  part t he 
resu l t  of sat urat i on of more s i l ty so i l s and t he consequent l oss of cohesion a l ong c r i t i ca l  horizons . 

Ot her factors wh ich  contr ibute to shear resistance i n c l ude i ndepe ndent means of support and t he 
d is t r ibut ion of so i l  on the s l ope . Root support by t rees i s  now recogn ized as a pr imary agent of s l ope sta
b i l ity i n  forested areas ( F igure 30) . Most s l ides i n  l ogged over areas (ex c l ud i ng those assoc i ated w i t h  
road constructi on) a re att r ibuted to t he l oss o f  root s upport t hrough  decay afte r l ogg i ng .  Remova l o f  t he 
toe of s l ide areas or so i l  from near the base of a mode rate s l ope can i ni t i ate s l i d i ng by reduc ing shear 
res i stance . Toe removal i s  often  the resu l t  of  improper l y  des igned cuts ( Figure 3 1 )  o r  of stream-bank 
e rosion ( F igure 32) . 
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Figure 29. Water seeps (dark areas) in a sl ide moss near Powers; major co use of 
sliding was stream-bonk erosion nearby. 

Figure 30. Shal low eorthflow on a moderate slope initiated by the removal of trees . 



Tab l e  24 . C lassi f ication of mass movement  

Type Movement Materia I Water content Topography 
Roc kfa I I  and Extrem e ly rapid B locks and Low to Near  ver t ica l s lopes i n  steep 
mi nor to very rapid bou lders of moderate i nterior up la nds , a lso steep 
roc ks l ide fa l l s and s l i des bedrock sea c l i ffs 
Debris f low Very rapid v is- Rock and soi I Genera l l y  h igh; Up land s lopes of approx i-
( inc ludes cous f low i n  varying can be l ow mate ly  1 00%1 s lopes or 
mud flow)  proportions w h ere movement greater 

caused by 
u ndercutti ng 

Rapid  v i scous F resh to Low to Steep h igh va l l ey wa l l s  of 
Rapid f l ow a long w eathered m oderate i nterior up lands 
earthf low i nnum erab le  bedrock Gen t l e  to moderate s l opes w i th 

sur faces of stream -bank erosion or deep 
I 

fa i lu re  roadcuts 
Weath ered M oderate to S lopes of approximate l y  50 to 
bedrock and h igh 1 00% in up lands and a long 
soi I sea c l i ffs 

S low to moder- P lasti c soi I Deep ly w eather ed moderate 
S low ate v iscous f low and deep ly  H i gh s lopes (20-50%) of the up la nds 
earth f low ( i nc l udes soi l weathered w i th p last ic  soi l s  or deep l y  

creep) bedrock weathered and sheared bedrock 

S l ow to rapid B edrock or Modera te to Ups l ope marg i ns of earth f lows; 
S l ump m ovement on a soi I h igh a I so soi I fai l ures on moderate 

basa l p lane s lopes 
-- - ---------

1 Percent s lope is ratio of verti ca l dista nce to hori zonta l dista nce 

Additi ona l characteristics 
Vertica l s l opes w i th jo i nted or bed-
ded bedrock exposures; u nvegetated 
ta lus , oth er s igns of recent activ i ty 
L inear to e longate s lurry- l i ke de-
pos i ts in steep channe ls  or on steep 
s lopes; debr i s  commonly gu l l i ed and 
sparse ly  vegetated 

Steep, h igh h eadscarp ,  ir regu lar 
rubb ly topography, irregu lar dra i nage 
Sag ponds , i rregu la r  soi l d istr ibut ion,  
bow ed and ti ! ted trees, reduced s l ope 
r e lativ e  to rest of s l ope 
Sam e as above ,  but common ly  does 
not i nvo lve  bedrock; extent and depth 
common ly  l ess, and d i st inguish i ng 
features common ly  more subdued 
Same features as abov e ,  but much 
more subt l e  owi ng to reduced rates 
of movement (as l i t t l e  as a few i nches 
per year) ; subdued topography ,  dis-
ordered soi l in cuts , trees bowed 
dow ns lope; h igh  c lay content typica l 
Rota tiona l movement  on a curved 
basa l s l ip p lane ,  we l l -pronounced 
h eadscarp ,  r educed s l ope, d i srupted 
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Figure 3 1 .  Failure of  deep roadcut in  deeply weathered materia l  a long H ighway 1 01 
between Bandon and Coos Bay ( sec . 25, T .  27 S . ,  R .  1 3  W .). 

Figure 32. Slide along county road in Catching S lough inlet influenced by stream
bank erosion during the 1 974 flood. (Photo courtesy The World) 
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D istr ibut ion 

Mass movement i s  most preva len t  i n  the up lands and a long sea c l i ffs . Sma l l  u nmapped s l i des occur 
a long t he edges of terraces, a l ong sma l le r  streams and gu l l i es ,  and on moderate ly  steep s lopes of  l oca l  
extent , With in  eac h l andform the spec i fi c  type of s l i d i ng is re lated to s lope . Very steep s lopes (greater 
t han 1 00 percent regiona l ly and near vert i ca l  l oca l ly)  favor rockfa l l and rocks l i de; moderate s lopes (between 
50 and 1 00 percent) favor debris f lows and rapi d  earthf lows; and gent le s lopes (20 to 50 percent) favor s low 
earthf low in areas of shearing or c l ay -r ich  soi l s .  

Up lands: Mass movement in  areas of Rocks of  Pre-Tert iary Age in southern Coos County is dominated 
by s low to rapid earthf low . Cond i t ions conduc i ve to s l i di ng i nc l ude 1 )  pervasive sheari ng of t he bedrock 
(see Structure and Tecton ic  Set t ing) , 2) moderate s lopes , 3) undercutt i ng by v igorous stream-bank erosion 
a long major streams, and 4) d iverse rock types, each with i ts  spec i f ic  s l ope stabi l i ty requ i rement s .  Rapid 
to s low eart hf low occurs on s lopes be tween 20 and 50 percent, a nd iso la ted rockfa l l s occur on steeper can
yon wa l l s .  

Mass movement i n  terra i n  unde r l a i n  by Sandstone o f  Tert iary Age varies w i t h  structure , rock type , 
a nd topographi c sett i ng . I n  i n l and Coos and Doug las Counties, deep stream d issect ion favors rapid erosion, 
and so i l s  are genera l ly t h i n  over impermeab le  bedrock . Debr is  f l ows and rapid earthf l ows character ize the 
steeper s lopes and rockfa l l predomi nates a l ong vert ica l  l edges . I n  t he Coqu i l le  dra i nage, where pervasive 
shearing and reg iona l  fau l t i ng favor deep weatheri ng , s l ow earthf low on  moderate s lopes is the dom i nan t  
mass movement , espec ia l ly i n  areas unde r l a i n  by  th ick s i l tstone i nterbeds of t he Roseburg and Bateman Format ions . 

Large deep s l ides pene trate to great depths i n  bedrock ( Sandstone of Tert iary Age) at severa l loca l i t ies 
in the i nterior up lands i nc l ud i ng S i tkum,  Loon Lake , and t he area around Scottsburg on t he Umpqua R iver . 
At S itkum a l arge s l ide mass covering severa l sq uare mi l es b locked t he East Fork of t he Coqu i l l e R iver i n  
preh istor ic  t imes and  promoted stream deposi t ion upstream to  g ive t he  a l l uv i a l  va l ley upon wh ich  S i tkum 
is now located , Apparent ly  stream-bank erosion u ndercut t he bed rock s l ope to such a depth t hat the 
stre ngt h  of  t he bedrock was no longer suff icient to support t he weight of the mounta i n .  A t hick s i l tstone 
i nterbed probab ly was the l ocus of s l i d i ng . A sim i lar origi n is in terpreted for the Loon Lake s l ide in t he 
Umpqua drai nage and for the mass ive s l ides near  Scottsburg . Reg iona I d ips measured near Scottsburg dem
onstrate that s l ide movement is genera l l y concentrated a l ong bedd ing p lanes. Depths of t he S i tkum and 
Loon Lake s l ides probab l y  exceed seve ra l hundred fee t .  The s l ide masses are character ized by very i r reg
u la r  topography and consist i n  par t of large d i soriented b locks of bedrock , many the size of houses . 

Sea c l i ffs : Pronounced undercut t i ng by wave action is t he dr iv ing mechanism of mass movement a long 
sea c l i ffs in much t he same manner as stream-bank erosion is t he d r iv ing mechanism of much of t he more 
act i ve mass movement i n  the upl ands . S l ide mater ia l  i s  removed qu ick l y  and maj or types of sl id i ng are 
t hose associated w i t h  steep s l opes such as rockfa l l ,  debris f lows, and rap id earthf low (see Coasta l  E rosion) . 

F l at l andforms: Mari ne terraces , r iver  te rraces , r iver a l l uv i um ,  and gent le  s l opes on bedrock are 
subject to m i n ima l  erosion and consequent ly  may be deep ly weathered , I nterbeds of peaty mater i a l , h igh 
water tab l e ,  and l ow degrees of conso l idat ion a l so contr i bute to t he character is t ic low shear stre ngt hs of  
t hese materia l s .  Deep ar t i fi c i a l  cuts for roads and other  deve l opments may produce s l ides . Examp l es 
i nc l ude the s l ump-earthf low a long H ighway 1 0 1 southeast of South S lough near t he head of Ta l bot C reek 
and the earthf low a long t he Oregon Coast H ighway near the mout h of C hi na Creek 3 m i les northwest of 
Coqui l l e .  In t he l atter s l ide ,  a 1 00-foot cut  w i th  a benched s l ope of approximate l y  80 percent was reduced 
to a 40 percent s l ope by s l umpi ng .  L imi ts for s l ope ratios or cu t  he ight genera l ly can be  ca l cu l a ted before 
hand us ing basic soi l s  i nformat ion as summar ized by K ryn i ne and J udd ( 1 957) . 

Debris fl ows and rapid earthf lows remove val uable soi l ,  promote s l ope erosion , a nd c log stream 
channe ls  (see S tream E rosion and Deposi t i on ) .  In add i t ion ,  they can destroy a variety of structures i nc l ud
i ng h ighways ,  p ipe l i nes, loggi ng roads, and houses . Large earthf lows on steep s lopes may move fast enough 
to k i l l  persons standing in the i r  pat h .  Rockfa l l s  pose dangers to h ikers a nd even motori sts in mountai nous 



86 E N V I RONM E N TA L  G E O LO G Y  OF WESTERN COOS AN D D O U G LAS C O U N T I ES 

a reas  a nd to beachcombers at the base of sea c l i ffs . I n  add i t ion , h i k i ng tra i l s  a l ong t he crests of sea c l i ffs 
are equa l ly dangerous i n  t hat  s l umping of so i l s or terrace deposits may occur at a ny t ime (see Coasta l 
E rosion) . 

S low earthf lows w i t h  rates of movement as sma l l  as a few i nches to a few feet per year are par t icu la r ly  
bot hersome because t hey are usua l ly d i ffi cu l t  to  recognize (see Tab le  24) , and t hei r effects are  common ly 
not experie nced for a considerab le  t ime a fte r deve lopment has bee n  comp le te d .  Thus, g radua l movement 
may s l ow ly  crack founda t ions ,  dest roy structures,  and warp l i near features such as p ipe l i nes and roads . 
Variab l e  soi l and ground-water cond i t ions produced by the s l i d i ng may lead to d i fferent ia l set t l i ng ,  g round
water f lood ing ,  and sept ic-tank fa i I u re . 

Areas o f  pre h istor ic deep fa i l u re may exhibi t var iab le foundation stre ngt h ,  var iab le soi l cond i t ions ,  
and poor d ra i nage . Recent s l i d i ng al ong gu l l i es and a long steepe r  s l opes w i th i n t hese s l ide areas i s  unre
l ated to the ori g i na l  fa i l u res and is l oca l and surfi c ia l  i n  compar i son . 

Recommendations 

Type and density of  l and use in mass-movement  areas shou ld  be contro l l ed  by zon i ng regu l a t ions 
wh i ch key deve l opmen t  to the actual  potent ia l  of t he land .  Deta i led l ands l ide mappi ng for reg ions of  
potent ia l  urban growth is  recommended . Areas of active s l i d i ng shou l d  be avoided for most types of l a nd 
use . 

Four bas ic e ng i neer i ng techniq ues are avai l ab le for the t reatment of speci fi c  s l ides .  T hey are 1 )  un
l oadi ng t he head of t he s l ide , 2) l oad i ng or  contro l l i ng t he toe of  the s l ide w i t h  buttresses or  reta i n i ng 
wa l l s ,  3) removi ng water from t he s l ide or control l i ng i nfi l trat ion , a nd 4) sh i ft i ng t he surface of fai l ure 
to greater depths w i t h  any of a variety of  structure s .  The  spec i fi c  causes of t he i nd iv idua l  s l ide shou ld  
be determ i ned and  t he method of  treatme nt shou ld  be  se lec ted and adj usted to  fi t t he  prob lem . To prevent 
t he i n i t iat ion of  new s l ides on s l opes of  no prior s l i d i ng ,  bas ic  gradi ng pract i ces such as t hose out l i ned i n  
the Un i form Bu i l d i ng Code shou l d  be fo l l owed . 

Spec i fic  met hods of dea l i ng w i t h  rockfa l l  or rocks l ide poten t i a l  i n  areas of steep s l ope may a l so 
i nc l ude 1 )  contro l l i ng b lasti ng where vi brat ions may i ni t i ate s l id ing ,  2) screen i ng or sc rap i ng of s lopes 
where t here is danger to motori sts or other persons be l ow ,  3) const ruct ing of proper ly  e ngi neered re tai n
i ng wa l l s at t he foot  of  acti ve ta l us whe re ro l l i ng rocks may prese nt a hazard , 4) p l ac i ng warn i ng s igns 
at part i cu la r ly  cr i t ica l loca l i t ies a l ong roads , h i k i ng tra i l s ,  or beach areas, a nd 5) grout ing of jo i nted 
c l i ffs where j ust i fied . 

Spec i fi c  met hods of dea l i ng w i t h  debris f low and earthf low may a l so i nc l ude 1 )  cu t t i ng loggi ng 
roads i nto bedrock whe re fi l l  i s  not su i tab l e ,  2) adj ust ing logg i ng tec hn iques to the requ i rements of t he 
terra i n ,  3) contro l l i ng b l asti ng whe re l iquefact ion might i n i t iate s l i d i ng ,  4) contro l l i ng stream-bank eros ion 
where i t  undercuts s l opes , and 5 )  contro l l i ng drai nage . On many of the s l ower-movi ng s l i des ,  cyc l i c  soi l 
phe nomena such as shri nk-swe l l  or frost heav ing are dom i nant factors i n  s l i d i ng ,  and proper drai nage would 
do much to a l lev iate the s i tuation . 

I n  extreme ly cri t i ca l  areas, where the cost is j ust i fied , a var iety of equipment can be emp l oyed to 
moni tor  pore pressure , rotat ion,  s l ope no i se ( B lake a nd ot hers , 1 974) , and s l ope extension . Dur ing t he 
s l ide season ,  when maintenance and repair work is an t ic ipated , t he s l ide areas shou ld  f i rst be exam i ned 
ups l ope for signs of  conti nued act iv i ty , suc h as the deve l opment  of  extens ion cracks . Observat ions shou ld  
conti nue t hroughout t he mai n tenance program . Mai ntenance work i s  not  recommended dur i ng storm acti v i ty . 
Occasiona l l y ,  a sma l l  s l ide at t he base o f  a s lope is fo l l owed by a much  l a rger s l ope fa i l ure . An example 
i s  t he s l ide o f  J anuary 1 974 near Canyonvi l l e ,  which c l a imed n i ne l ives .  

A l l cuts may poten t ia l l y  oversteepe n s l opes a n d  shou l d  be carefu l ly eval uated i n  terms of  jo i nt i ng,  
weather i ng , bedd i ng ,  heterogeneous l i t ho logy ,  and other factors to assure that  t he cr i t ica l s l ope is not 
exceeded . On f lat  l a nd forms, reduct ion of shear stre ngth by penetrat ive weather ing is of part icu lar con
cer n .  A l l f i l l s shou ld  be adequate ly  e ng i neered a l so and shou l d  be constructed of mater ia l  capab le of 
w i t hstand i ng projected st resses (see Surfi c ia l  Geo l og i c  Un i t s - Fi l l  a nd spo i l s ) . 
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S t r e a m  E r o s i o n  a n d  D e p o s i t i o n  

Genera l 

Stream e rosion i nc I udes s l ope e rosion ,  stream-bank e rosi on , and scour i ng by f lash f loods .  Down
stream from si tes of  erosio n ,  depos i t ion i s  i nduced by changes in  st ream parameters (ve l oc i ty ,  d ischarge , 
w id th ,  dep th ,  load,  and channe l roughness) wh ich  reduce the carry i ng capac i ty of t he stream . Examp les 
i n c l ude depos i t ion on the i nner parts o f  meanders , beh i nd obstac l es ,  and on f lood p l ai n s .  The d i st r ibut io n ,  
causes , rate s ,  impacts,  and methods of  treatment o f  t he var ious types of  stream e rosion and deposi t ion  are 
summarized i n  Tab le  25 . 

S lope E rosion 

S lope e rosion i s  the regional e ros ion wh i ch  occurs on s l opes rather t han in the we l l -defi ned channe l s  
i n  t he va l l eys between t hem . It i n c l udes sheet wash ( the un i form remova l of soi l w i t hout t he deve lopment  
o f  consp i cuous channe l s) ,  r i l l  erosion (the remova l of  so i l  by cut t i ng numerous sma l l  but  consp icuous r i vu le ts) , 
and gu l ly erosio n ( the remova l of so i l  by the formation of channe l s  on  a s l ope ) .  

Sandy and f i ne sandy soi l s  are t he most suscept ib le t o  s lope erosion .  Coarser mater i a l s  are less eas i l y  
t ransported by r i l l s .  F i ner-gra i ned ,  c lay -r i ch mater i a l s  are gene ra l ly more cohesive and  c l uster t o  form 
l arger part i c l es ( ca l led peds) , wh ich  resist e rosio n .  Organ i c  matter tends to reduce so i l  e rod ib i l ity . H ig h  
permeabi l i t ies a l so reduce so i l  e rod ib i l i ty by removi ng runoff othe rw i se ava i l ab le  for transport of so i l  materi a l . 
Where so i l s a re t h i n  t he nature of t he under l y i ng bedrock i s  a l so s ign i fi cant . Detai l ed t reatment of the above 
factors for many soi l  types is avai lab le  t hrough the U . S .  So i l  Conservat ion Serv i ce .  

Other factors i n f luenc i ng s lope erosion i n c l ude annua l ra i n fa l l  i ntensi ty ,  s l ope l e ng th ,  and s lope 
grad ien t .  Gene ra l l y t he s lope eros ion per u n i t  area on moderate to steep s l opes i nc reases w i th  t he square 
of t he s lope i nte nsity (expressed i n  percent) (Young and Mutch l e r ,  1 969) and w i th  the square root of the 
s lope l ength (Young and Mutch l er ,  1 969) . Thus erosion per unit a rea on  a s l ope of two unit l engths is 1 . 4 
t imes the erosion on a s lope of one un i t  l ength . 

Aspects of l and use wh ich  i n f l uence s l ope erosion i nc l ude remova l of vegetat i on ,  so i l  d i sturbance ,  
a l terat ion of s l opes,  mod i ficat ion of drai nage patterns , and conservat ion pract ices , A recent study shows 
t hat i ntensive agr i cu l ture and construct ion associated w i th  u rbanizat ion may i ncrease sed iment y i e l ds by 
65 to 85 t imes ( K nott , 1 973) . After the i ni t ia l  cuts, fi l i s, and l andscaping associated w i t h  i n te nse urban
izat ion are stabi I i zed , sed iment  yie Ids  decrease marked l y .  

Yorke and Davis ( 1 97 1 )  document a 90-fo ld increase i n  sed i ment  y i e l d  i n  a sma l l  Mary l and wate r
shed du r i ng conversion from pasture and wood l and to townhouse s .  The p hysi ca l  parameters of  the  s i te were 
s im i la r  to parts of coasta l Coos and Doug l as Counties and i n c l uded a low s lope of 1 . 3 percent ,  an annua l  
ra i n fa l l  of 4 1  i nches per year,  and predomi nate ly s i l ty loam soi l s .  

R igorous a na lys is  o f  a l l  t he above factors (U . S .  D .  A .  Soi l a nd Conservation Serv ice , 1 972)  i s  
requ i red to proper ly  assess s l ope eros ion potent ia l . A casua l  survey of  gu l ly i ng ,  for examp le , i s  i nadequate 
a nd may l ead to inaccurate resu l ts .  T hus ,  on steep bedrock s l opes ,  gu l l ies  are poo r l y  deve l oped ( F igure 33) 
and erosion pote nt i a l  is very h igh . Road fi l l s i n  such areas shou l d  be carefu l ly located and proper ly e ng i neered . 
L ikewise ,  on gent ly  s lop i ng terraces, gu l l ies  are few and so i l s  are very th ick . Art i f i c i a l  changes i n  the 
l a ndscape may i nduce considerable e rosion loca l ly i n  spi te of the natura l topography wh ich  suggests on ly 
a m i n ima l  po ten t ia l  for erosion . Land use can lead to s ign i ficant erosion i n  both the up lands and coastal 
terraces regard less of t he d i ssim i lar i t ies  in topography , soi l th i ck ness , and regional  s lope . 

I n  rura l residen t ia l  areas , mod i fi ca tions of the l andscape are considerab ly less than for rap id ly  urban
iz i ng areas and are spread over longer periods of  t ime . Sed iment y ie lds are correspond i ng l y  l ess and are 
most c l ose ly  re l ated to road construct ion . Regions deve l oped for open-space use , such as parks a nd wate r
shed prese rves ,  undergo t he sma l l est i nc reases i n  sed iment  y i e l d .  

T he impact  o f  logg i ng o n  sed iment y i e l d  varies great ly w i t h  the area i nvo l ved , t h e  techn iq ues i nvo l ved ,  
and  the  exten t  of road construct io n .  On an exper imenta l s i te i n  the Cascades where conservat ion was  not 
practi ced sed iment y i e lds i nc reased by a fac tor of 67 after c l ear-cu t  logg i ng and s l ash burn ing (Dyrness , 
1 969) . S im i l ar resu l ts are c i ted for a n  ana logous study i n  C a l i forn ia (Anderson ,  1 97 1 ) .  I n  the N eed l e  Branch 
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Mater ia l and landform 

U p land str eams w i th 
l i t t le  or no f lood p l a i ns 
and scoured i n  bedrock, 
in particu lar the hard 
Tertiary sandstone of 
the i nter ior up lands 

Moderate to steep up
land s lopes and long 
gent l e  s lopes of the 
up la nds , terraces ,  and 
other coasta I areas 

U nconso l i dated f l ood
p lai n mater i a l  of the 
coasta I l ow lands and 
dune sand wh ere  
crossed by  streams 
from the inter i or 

Tab l e  25 . Stream erosion and deposit ion 

Process i Factors and causes 
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H igh prec i pi tat ion , 
impermeab l e  bedrock ,  
steep s l opes and 
stream gradi ents ,  mod
erate to high r e l i ef 
R eduction of carry i ng 
capac i ty of th e stream 
genera l ly through ab
rupt ly r educed gradi
ent at base of s l ope 
Favored by si lty to 
sandy soi I of low cohe
sion , steep a nd/or long 
s lopes, lack of surface 
protection 
R eduction of gradient 
at base or lower con
cave part of erodi ng 
s lope 

Hydrau l i c  fri ct ion a nd 
mea nder i ng ,  discharge 
greater than stream mean 

Loca I changes i n  stream 
r egimen i nc l ud ing nat
ura I and man-made ob
structions, r eduction i n  
discharge , i ncreased 
l oad u pstream , etc . 

Rate 

Suffi c i ent  to 
remove a l l  
avai lab l e  soi l 
and bou l der 
cover 
Extr eme l y  
rapid 

S low to very 
rapid dependi ng 
on s l ope ,  a nd 
soi I propert i es 

Var iab l e  de
pend ing upon 
loca I factors 

S low under nat
ural condi t ions; 
rapid near 
im proper stream 
use 
Var iab l e  depend
i ng on l oca l con
di t ions a nd up
str eam condit ions 

Impact 

Scou r i ng to bedrock , re
m ova I of vegetation ,  road 
destruction, c l ogg i ng 
of cu I verts, and damage 
to manmade structures 
Bur ies roads and c logs 
cu lverts , b locks channe l s ,  
bur i es property 

R emova l of soi l ,  r educ
tion of productivi ty a nd 
i nfi ltration capac i ty ,  
i ncreases ru noff, damage 
l andscaping 
S i  I tat ion of crops and 
lawns, c logs storm sew ers ,  
damage to  l andscapi ng 

Undercut structures, de
stroys farm lands, a l ters 
channe l  characteristics 

H i nders navigation ,  re
d i rects cur rents toward 
other banks , promotes 
marsh deve l opment i n  
estuar ies 

Treatment 

P roper road engi neer i ng ,  
l arge cu I verts over chan
nels ,  log cr ibbing for f i  I I ,  
mai ntenance of  vegetation 

M i nimize ups lope scour
i ng by above methods , 
avoi dance of a reas,  per
iodi c maintenance 

Mai ntai n vegetati ve cover , 
seasona I construction i n  
c r i ti ca l  areas , proper l y  
hand le  i ncreased runoff 
from a l tered land use 
M i nimize ups lope gu l ly
i ng by above m ethods , 
sett l i ng ponds i n  noncri t
i ca l  areas, f lush sewer 
l i nes ,  proper l y  engi neer 
l and use 
Revetments, r i prap, and 
stream-bank vegetation , 
bar a nd snag r em ova I ,  
channe l  dredgi ng ,  and 
contro l  of channe l use 
M i nimize upstream ero
s ion ,  dredg i ng of chan
ne l s ,  proper e ng i neer i ng 
of channe l  and estuar i ne 
use 
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GEOLOGIC HAZARDS - STREAM EROSION AND D E POSITION 

Figure 33.  Unchanneled slope erosion 
exposes bore bedrock on parts of this 
s lope near Power s .  

89 

watershed of the Alsea drainage, post-clearcut sediment yields for the year after logging were six times 
the pre-logging mean (7-year observation period) (Harris, 1971; Harris and Wi I I  iams, 1971 ). Present 
logging regulations on the State and Federal level are designed to reduce erosion to acceptable amounts 
(see Recommendations) . 

F lash-flood scour and stream-bank erosion 

A flash flood is a torrent of high-velocity water flowing down o narrow stream channel and having 
a high potential for stream-bed and stream-bonk erosion (see Stream Flooding). Recent flash flooding is 
easily recognized on the basis of unvegetoted, coarse stream-bed deposits and scattered debris (Figures 
34 and 35). Where vegetation has reclaimed the channe l ,  recognition of flash-flood potential is based 
on indirect features such as steep side slopes, steep gradients, impermeable bedrock, and the absence of 
a flood plain.  In the study area, most flash-flood channels are restricted to upland areas having a local 
relief of 1 , 000 feet or  greater. In areas of less relief, local discharge is not sufficient to generate floods 
of catastrophic nature . 

Stream-bonk erosion is the loss of land by bonk caving along the courses o f  established streams and 
rivers. It occurs as the streams assume sinuous or meandering courses, especially during times of flooding. 
Stream-bonk erosion is most common along flood plains and at the bose of river terraces or large landslides 
in the uplands. Stream-bonk erosion is characterized by steep river bonks overlooking deeper water ports 
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Figure 34. Logs and debris flushed down a flash-flood channel north of Allegany 
on the West Fork of the M i I I i  coma River . 

Figure 35. Some locality os Figure 34; note that boulders and sand c log the old 
stream channel to the level of the top of the log jom. Culverts under roods 
with settings such os this may be i I I  advised (see text) . 
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o f  stream channe l s  on t he outer side of  meanders . The i n ner edges of  meanders are genera l ly sha l low and 
c haracterized by grave l bars or other deposits (F igure 36) . 

Stream-bank erosion  is noted o n  most of the sharper tu rns of the Coqu i l l e (F igure 37) , Coos, and 
Umpqua R ivers . A long the Coqui l l e R iver,  t he stream-bank eros ion u ndercuts terraces i n  bedrock and 
i n i t iates mass movement i n  the up la nds (see Mass Movement ) .  The rates of erosion are re lat ive ly  s low ,  
but the impacts are considerab le  where up land topography l im i ts deve lopment a n d  road construct ion to 
near-stream corridors . 

As t he rapid ly f low i ng f lood waters from the up lands spi l l  i nto the low-gradie nt reaches of the 
Coqu i l l e  a nd Coos R i vers , carry ing capac ity is  d im i n i shed , and much of the sed iment load is depos ited i n  
t he channe l . I n  addit ion , f lood waters r i s ing over the banks a nd spread ing i nto the low la nds depos i t  more 
sed iment a long t he banks a nd on the f lood p la i n s .  S i nce t he last I ce Age , natura l channe l s i l tat ion and 
l evee deve lopment has e l evated ri vers to the extent t hat water e l evat ions in the channe ls of the lower 
Coqu i l l e  R iver are now near or above that of t he surroundi ng f lood p l a i n  even dur ing t imes of moderate or 
low f low . 

Superposed on  natura l si l tation is t he poss ib i l i ty t hat chang i ng land use i n  t he past 1 00 years has 
i ncreased the rate of sed imentat ion .  Dicken ( 1 96 1 ) att r ibutes rap i d ly acce l erated marsh growth nor th  of  
Bandon near the mouth of the Coqu i l l e  R iver to i ncreased si l tat ion due to logg i ng and forest f i res . A l ter
native ly ,  it can be argued that the rapid spread of marsh is  a natura l resu l t  of estuar ine sed imentat ion 
fo l low i ng large -sca le changes in the course of the lower Coqu i l l e River i n  recent t imes (see Geo logy of 
Estuaries ) .  

Impact and recommendations 

S lope erosio n removes va l uab le topso i I ,  a nd s lope deposi t ion c logs drai ns, c logs sewers ,  a nd s i l t s  
lawns . Where a l lowed to cont i nue to the point  of gu l ly formation ,  these processes damage l andscaping 
and resu l t  i n  more rapid runoff of surface wate r .  I n  c lear  cuts  and areas of forest fire s ,  the contr ibut ion 
of  sed imen t  to la rger streams may have cons iderab le  impact downst ream . 

S lope erosion a nd deposi t ion can be m in im ized by proper p l an n i ng a nd management . Roads i n  t he 
up lands shou ld  be located on  benches, r idge tops , and gent l e  s lopes rather than on steep hi l l  s ides or i n  
narrow canyon bottoms . Vegetation remova l a nd so i l  d i stu rbances shou ld  b e  kept to a m i n imum dur i ng 
construct ion . Where new l and uses w i l l  measurab ly  a ffect i nfi l trat ion rate s ,  adequate prov isions shou ld  
be  made to  hand le  runoff . I t  may be desirab le  or necessary to deve lop erod ib i l i ty maps pr ior to construc
t ion . Other techniques to m i n imize erosion and deposi t ion inc lude t he use of buffer str ips and sett l i ng 
ponds a long drai nages and t he app l ication  of  protect ive ground cover such as m u l c h ,  aspha l t  spray , p last ic 
shee ts ,  sod, or j ute matt i ng in cri t i ca l  a reas . 

F lash-f lood damage i n  the up lands inc l udes road and br idge washout s .  T hese tota led severa l hundred 
t housand do l l ars in  the 1 964 f l ood a lone . Where f lash-f lood channe l s  sp i l l  i nto f lat terra i n ,  rubb le  a nd 
debris fans may qu ick ly  bury roads and c log cu l verts . I n  t hese areas pe riodic road mai n te nance a nd c lear
i ng often proves more economica l  than cu lvert repa i r  and c lear i ng . 

Where res iden t ia l  construct ion is an t ic ipated , prov isions shou l d  be made to assure t ha t  no deve lopment 
i s  a l lowed in  the actua l f lash-f lood channe l and that bridge abutments a nd channe l crossi ngs do not s ign i f i
cant ly a l ter streamflow . Road fi l l s shou ld  be d i scouraged i n  areas of  f lash-f lood scour and rap id streamf low . 
Where necessary , road f i l ls shou ld be cr ibbed or composed of r i prap of adequate s ize to prevent e rosion . 
Channe l cross i ngs i n  s ide h i l l s shou l d  be constructed wi th  adequate cu lverts, and per iodic mai nte nance 
shou ld  be performed to assure that t he cu l verts are not b locked w i t h  debr is . 

Stream-bank eros ion i n i t iates l ands l ides, undercuts roads ,  a nd destroys structure s .  It undercuts levees 
dur i ng times of f lood i ng ,  resu l t i ng i n  regiona l f lood ing of  some low l a nd areas . On a sma l ler sca l e ,  t he 
p lac ing of imprope r ly des i gned fi l l s a long ephemera l s treams i n  t he summer is often  fo l lowed i n  t he wi nter 
by cost ly damage from erosion associ ated w i th  storm runoff . 

Sed ime ntat ion damages fresh wate r habi tats, i ncreases the cost of water treatment , a nd leads to ex
cessive wear in pumps and spri nk lers . I t  contr ibutes to marsh growth and si I tat ion in est uar ie s .  For examp le , 
dur i ng the 1 964 flood, sed imentation h i ndered nav igat ion and dockside loadi ng i n  Coos Bay . S i l tat ion i n  
the midd le and lower reaches o f  stream channe l s  raises r iver leve l s  and contributes to f lood i ng .  Upstream 
sed imentation produces bars of grave l ,  sa nd , or s i l t , and d i rects currents agai nst opposite stream banks, 
l ead ing to further erosion . 
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Figure 36. Stream-bonk erosion, landsliding, 

<I and bar development on the Middle Fork 
of the Coqu i l le River west of Bridge . 

Figure 37. Stream-bank erosion and sliding 
necessitate major road repairs north of 

\7 Powers on the South Fork of the 
Coqui l ie  River. 
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The impact of stream-bank erosion on st ructures can be m in imized by avo id ing bu i ld i ng near t he 
outer bends of meanders a nd by adequate ly rei nforci ng cr i t ica l areas w i t h  r i prap . Regiona l stra ig hten ing 
of  streams i s  not  a v iab le  so l ut ion  to stream-bank e ros io n i n  most i nstances because i t  tends  to increase 
grad ient and thereby to i ncrease channe I erosion a nd erosion downstream . 

Other met hods of m i n imiz ing stream erosion a nd sedimentation i nc l ude proper land managemen t ,  
t he remova l of logjams a nd snags i n  c hanne l s ,  and  dredg i ng .  I n  t he study area , dredgi ng o f  t he lower 
reaches of  major streams probab ly  wou ld not be bene fic ia l in te rms of f loodi ng owing to t he i nf l uence of 
ocean f loodi ng (see Ocean F loodi ng) . L ikewise dredgi ng i n  t he m idd le reaches of streams wou l d  probab ly 
not  measurab ly  reduce flood i ng ,  except in  carefu l ly se lected areas ,  ow i ng to spec i f ic  channe l requ i re 
ments (see Stream F loodi ng) . Terra i n  modi fications i n  areas of chang ing l a nd use such  as urban izat ion 
shou ld  proceed on ly after the maximum probab le  runoff has bee n  accommodated in the manageme nt p l a n .  

Various governmenta l  agencies are i nvo l ved i n  the contro l of  eros ion and sedimentation . T he U .  S .  
Forest Service conducts hydro logic studies a nd i nvest igates eros ion and sed imentation resu l t i ng  from forest 
practi ces on Federa l l ands . The Oregon State Un iversity Department of  Forestry has an ongo i ng program 
of  i nvest igat i ng erosion,  sed ime ntation ,  and streamf low re lated to various forest pract i ces . T he S tate 
Department  of  Forestry regu l ates forest use t hrough t he imp lementat ion  of t he Forest Pract i ces  Act of 1 97 1 . 

T he U .  S .  So i l  Conservat ion Service maps so i l s  and advises loca l offic ia l s ,  and l oca l  So i l  and Water 
Conservat ion Distr i cts  conduct surveys a nd promote conservation by manag i ng Federa l a nd State projects 
w i t h i n  the i r  boundaries . The U .  S .  Army Corps o f  E ng i neers constructs and fi nances levees and performs 
other channe l  protection and modification fu nctions , 

C o a s t a l E r o s i o n  a n d  D e p o s i t i o n 

Genera l 

Patterns of coasta l erosion and depos i t ion are contro l led by tectonic up l i ft ,  wor ldwide f luctuations 
in sea leve l ,  bedrock hardness , structure ,  sed iment gra i n  s i ze , and d i st r ibut ion a nd re l a t ive s ign i fi cance 
o f  sed iment sources such as r ivers . I n  Coos County terrace leve l s  prov ide c lues to t he rate of tectonic 
up l i ft .  T he e levat ion ( 1  , 600) a nd probab le age (2 m i l l ion years) of B l ue R idge suggests a rate of up l i ft of  
o ne inch  per  thousand years , Lower terraces for wh ich  rad iometr ic age dates are ava i lab l e  ( see Surfic ia l  
Geo log ic Un i ts - Q uaternary mar ine  terrace deposits) a re  w it h i n  the range of recent eustat ic  changes i n  
sea leve l and  cannot be used to  approximate rates of  up l i ft .  The e levation of the  Bandon terrace of San 
gamon Age ( 1 00 , 000 years) poss ib ly  is a l so due i n  l arge part to a s ign if icant ly h igher stand of sea leve l ,  

Changes i n  sea leve l i nduced by the growth and retreat of cont i ne nta l g lac iers duri ng t he Ice Age 
were re lat ive ly rap id . Submerged terraces off t he coast of Coos and Curry Count ies at depths of 300 , 2 1 0 , 
1 50 ,  a nd 60 feet (Oregon S tate Univers i ty ,  1 967) probably formed dur ing t he fina l retreat of t he g laciers . 
Sea leve l has r isen approx imate ly 400 fee t  dur ing t he past 1 5 , 000 to 20, 000 years (Curray , 1 965; M i l l iman 
and Emery , 1 968 ) .  An  average r ise of sea leve l of  o ne foot every 70 years is i nd icated . Because g l acia l ly 
i nduced r i ses  i n  sea leve l are much more rapid than te . tonic up l i ft it is poss ib l e  to have f looded r iver mouths 
a long the r i s i ng coast l i ne of southwest Oregon . 

The lowest submerged terrace (300 fee t  be low present sea leve l )  is located 1 0  naut ica l  mi le s  off t he 
coast of C urry County , i ndi cati ng an average rate of coast a I retreat of 3 feet per year . Because sea I eve I 
has remai ned re lat i ve ly  stab le  for the past 5 , 000 years (Curray , 1 965) ,  t he present  rate of regional  coasta l 
e rosion is considerab ly  l ess . 

Wave refract ion concent rates energy on t he head lands (F igure 38 ) and d isperses i t  i n  the coves . T he 
un iversa l pattern of coastal retreat is one of p lanat ion to g ive a l i near coast l i ne of retreat as the head lands 
are attacked and the coves are aggraded . Various aspec ts of head land and beach eros ion in t he study area 
are summari zed on Tab le 26 . 

Head la nd erosion 

Regiona l  coasta l erosion rates a long t he head l a nds vary from less t han  one inch per year to severa l 
i nches per year dependi ng upon bedrock , structure , topographic set t i ng ,  a nd other factors . Superposed on 
regiona l averages are loca l ,  more sporad ic  p henomena resu l t i ng from local  condi t ions , 
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Figure 38. Storm waves at Cape Arago . (Photo courtesy The World) 

Figure 39. Face Rock at Bandon is one of many sea stacks marking the position of 
the former shoreline.  



Reg iona I 
la ndform Mater ia l 

H eterogeneous 
Pre-Tertiary 
bedrock 

Tertiary sand-
H ead lands stone and m i nor 

si I ts tone 

Tertiary si I t-
stone and m i nor 
sandstone 

F i ne- to 
m edi um-
grai ned 
u nconso l i -

Beaches 1 dated 
beach and 
w i nd-deposi ted 
sand 

1 See a l so Tab le  27 

Tab l e  26 . Summary tab l e  of coasta l erosion , Coos and Doug las Counties, Oregon 

Loca l 
landform 

Sea stacks a nd 
i rregu lar h ead-
lands (Bandon) 

R ugged h ead-
la nds and coves 
contro l l ed by 
beddi ng a nd 
jo i nt i ng (Cape 
Arago) 
S traight c l i ffed 
shor e l i n e  
(Twomi l e  Creek) 

Dr i ft beach and 
dunes (Coos 
dune fi e ld) 

Sem i  -starved 
dr i ft beach 
(N ew R iver area ) 

Swash beach 
(Sunset Beach) 

--

Charac ter i st i cs 
N um erous steep stac ks w i th 
irregu lar coast l i n e ,  variab l e  
surfi c ia l  terrace deposits 
and variab l e  beach deve lop-
m ent 

I r regu lar coast fo l low ing 
j oi nts and bedd i ng ,  h ead-
lands and coves, vert ica l 
c l i ffs , and no beach 

Set back  from rugged sand-
stone head lands, th i n ,  nar -
row beach w i th l i tt l e  o r  no 
berm 

Th ick  deposits,  large dunes 
i n land , smooth ly convex to-
ward shore , or i en ted at ang l e  
to wave fronts , adequate sed i-
ment source 

Th i n  deposi ts, dunes few or 
l acki ng; smoot h l y  arcuate to 
stra igh t ,  or i ented at  s l igh t  
a ng le  to waves; l im i ted sed i-
m ent source 
S trong I y convex toward shore , 
or iented para l l e l  to oncom i ng 
waves , between h ead lands ,  
l im i ted sediment source, no  
dunes 

-- - ---

Approximate rate Ma jor causes and 
of erosion m echanisms 1 

Extreme ly  s low ,  l i t t l e  to no R efracted waves at tac ki ng 
change i n  past 1 00 years i n  h ead lands ,  coasta l retreat 
many areas; l oca l s l ides of a long j oi n ts and bedd ing 
surfi cia I materia I a nd bed- p la nes, rockfa l l  and s lump-
rock rockfa l l ,  how ever i ng and s l id ing of u ncon-

so l i da ted surfic ia l  mater ia l 
Very s l ow ,  few i nches per Refrac ted waves attac king 
year or l ess on  average; h ead lands,  coasta l retreat 
sporadic b lockfa l l  or s l id- a long bedding p lanes and 
i ng of man t l e  materia l may j oi nts , rockfa l l  and s l id i ng 
remove 1 0' or more in one a nd s l ump ing of unconso l i -
episode,  how ever dated surfi c ia I materia I 
Estima ted few i nches per Attack by waves passi ng 
year average; l ess sporadic over beach duri ng ocean 
tho n above owi ng to finer f loodi ng (see Ocean F lood-
joi nti ng and uni form i ng ) ,  order l y  retrea t  of 
l i t ho l ogy near-vert ica l c l i ffs 
N eg l i g ib l e ,  but w i th loca l  Epi sodic and  loca l remova l 
undercutt ing of dunes at of beach and dune mater i a l  
t imes . Rapid erosion pos- during h i gh t i des and/or 
sib l e  th rough a r t i fi c ia l  storms; under natura I cond i-
changes i n  beach equi l ibr ium tions the loss is usua l ly 

short- l ived 
N eg l i g ib l e  under present Epi sod ic a nd loca l remova l 
condi t i ons, l i t t l e  change in  of beach mater i a l  by storm 
h i stor ic  t imes, m oderate to waves and/or h igh t ides; sub-
rapid eros ion possib l e  through sequent  constructive waves 
man ' s  act ions genera l ly restore beach 
S low , l ess than adjacent Advance of sea a long topo-
h ead lands (rapid erosion dur- graph i c  depressi ons and 
i ng i n i t ia l stages of cove j oi n ted bedrock . O nce estab-
deve lopm ent or mi nor changes l i sh ed , cove beach l i tt l e  
i n  sea l eve l )  eroded a s  long a s  sea l eve l  

a nd adjacent head lands 
_ f'�_sist 
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Figure 40. Bedrock headlands at  Bandon are undergoing very slow rates of coastal 
retreat .  (Photo courtesy Oregon H ighway Division) 

Figure 41 . Earthflows and debris flows cause rapid and sporadic coastal retreat 
immediately south of Cape Arago.  (Photo courtesy Ore . Hwy.  Division) 
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Pre -Tertiary bedrock: Near Bandon in sou t hern Coos County irregu lar head l ands and sea stacks 
( Figure 39) are composed of he terogeneous, hard, Pre-Tert iary bedrock . E ros ion is d irected a long struc
tura l weakness such as shear zones , fau l ts ,  and zones of re la t ive ly  soft bedrock . Regiona l ly ,  the rate of 
eros ion is extreme ly s low ,  and in some areas there has been l i tt le or no change for the past 1 00 years . At 
Bando n ,  for examp le , o l d  dwe l l ings perched on steep faces of sea c l i ffs remain u ndamaged to the present 
day ( F igure 40) . In other p l aces, such as at the Bandon V iewpo in t ,  s l ides and noticeab le eros ion of weaker 
bedrock and over ly i ng terrace materia l are apparent . Genera l ly the rate of  erosion in  the Pre-Tert iary 
bedrock is l ess than one i nc h  per year to a lmost neg l i g ib l e ,  but loca l ly i t  is considerab ly  greater . 

Tert iary sandstone:  T he Cape Arago Head l a nds of centra l Coos County are composed of regu lar ly 
i nterbedded sandstone and m i nor  si l tstone and are character ized by the un i form deve l opment of  prominent 
head l ands and sem i -c i rcu l ar coves . E rosion is concentrated a long s i l tstone i nterbeds a nd joi nts and i n 
c ludes blockfa l l ,  terrace s l ump, and s lope erosion . 

Compariso n  of recent shore l i ne w i t h  p hotographs taken 70 years ago shows l i t t l e  or no regiona l  c hange 
at Ocean Shores . On-s i te exam inat ion,  however, revea ls recent b lockfa l l and hazardous overhangs i nvo l v i ng 
l oca l retreats of 1 0  fee t  or more . At Cape Arago a sea cave extend i ng th i rty feet i n to the c l i ff is t he cause 
of  surfi c i a l  s l id i ng ups lope and i l l ustrates t he ro l e  of structure in loca l i z i ng coasta l  retreat . Reg iona l rates 
of head land erosion probab ly do not exceed a few inches per year, but random retreats in  areas of weakness 
or u ndercu tt i ng may exceed severa l tens of feet ( F igure 4 1 ) at one t ime , espec ia l ly dur ing w i nter storms . 
Retreat o f  si l tstone c l i ffs w i th in  coves is somewhat more rap id  and may approach 1 i nch per season t hrough 
t he action of  ra i n  a lone . A possib l e  max imum rate of si l tstone c l i ff retreat of 1 foot per year is suggested 
by exami nation of orig ina l  surveyors maps of  t he Sout h Cove area made in 1 889 . 

Exami nat ion of man-made structures at Coos Head suggest a retreat of the massive sandstone c l i ffs 
o f  between 2 and 1 0  feet loca l ly i n  the past 30 years . Where terrace mate r i a l  over l ies impermeab le  bed
rock ,  saturation dur ing the w i nter months favors s l umping that extends loca l ly la ndward for a d istance as 
much as twice t he th ickness of t he deposi t .  

Tert iary s i l tstone and m i nor sandstone : South o f  Cape Arago are deve loped head l ands i n  Tert iary 
s i l tstone t hat are characterized by stra ight  c l i ffed shore l i nes ( F ig ures 42 , 43) fronted by narrow low beaches . 
T he head lands are attacked by win ter storm waves passi ng over  the beach ,  and c l i ff retreat is un i form and 
regu lar compared to that of t he sandstone head l ands. The rate of retreat is d i ffi c u l t  to assess but probab ly  
approaches severa l  inc hes per year in  p lace s .  I n  s im i lar rocks of sim i lar sett i ng,  Math iot ( 1 973) measured 
retreats averag i ng 4 . 7  i nches per year to the nort h in Li nco l n  County . The erod i ng head lands const i tute a 
major source of mate r ia l  for t he Bandon Beach to t he south . 

Recommendations: Coasta l erosion rates , sporad ic b l ockfa l l ,  and terrace s l umping shou l d  be con
sidered in the location of  a l l deve l opments a long head l ands .  Erosion rates can be derived from t he study 
of  sequentia l maps and photographs , exami nat ion of  County and c i ty records, i nterv iews,  on-site i nspec
t ion and moni to r i ng ,  and landform ana lysis . Factors to be considered i n  l andform ana lysis i nc l ude d istr ibu
t ion of  vegetat ion ,  types of mass movement , degree of  beach  protect ion ,  bedd ing ,  a nd the presence of  
structural weaknesses such as jo i nts and fau l t s .  

Setbacks are most c r i t i ca l  i n  areas of  ove rhang , steep landward d ips ,  and t h i ck terrace depos i ts 
over look ing steep c l i ffs . Indiv idua l fa i l u res i n  te r race deposits are somewhat i ndepe nden t  of coasta l  e rosion 
ra tes and are a fu nc t ion of satura tion and th i ckness of the deposi t .  Because of head land erosion , par ts of 
coasta I h i ki ng tra i  Is are now located dangerous ly near the edge of sea c l i ffs and shou l d  be re located . 

Beaches 

A beach  is  a s lop i ng zone of unconso l idated mate r i a l  si t uated between the ocean and other landforms, 
such as terraces, up lands,  sea c l i ffs, and dune s .  Deposits tossed by storm waves to t he backside of beaches 
are ca l led berms . Beaches i n  t he study area consist of fi ne- to medi um-gra i ned sand ( 0 . 1 25 to 0 . 5  mm) 
(Twenhofe l ,  1 946) and a re coarser grai ned than nearshore sediments wi th in  a few m i les of l and ( K u lm and 
others, 1 975 ) .  The beaches inc l ude a prom i nent dr ift beach (Coos-Umpqua Beach ) ,  a semi -starved beach 
(New River  a rea ) ,  and seve ra l swash beaches (S unset Beach ,  North Cove , South Cove) . C haracterist i cs of 
t he var ious types of  beaches and the hazards assoc iated w i t h  them are summar ized on  Tab le  26 . 
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Figure 42. Retreat of a si ltstone headland at M erchants Beach is prompted by c lose 
jointing and minimal protection by the beach . 
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Figure 43. Retreat of si ltstone headlands at Merchants Beach is hastened by local 
slumping. 



G EO LO G I C  HAZARDS - C OASTA L E R OS I ON A N D  D E POS I T I O N  99 

T he formation of a beach requ i res a source of sed ime nt and is contro l l ed primar i ly by l ongshore dr i ft , 
topographic sett i ng ,  and c l imat i c  act iv i ty as summar ized on Tab le 27 . Variat ions i n  t hese de termi ne t he 
form of a given beach , and c hanges i n  any one of these can affec t  the stabi l i ty of a given beach through 
t ime . An understanding of  t hese parameters is fundamenta l in assess ing probab le  beach ad j ustments ( insta 
b i l i ty) that may ar ise through t he activi t ies o f  man (see Recommendations) . 

Source: The major sou rce of sed iment in the study area is t he Umpqua R iver,  wh ich  crosses t he 
center of t he Coos-Umpqua beac h .  N umerous more loca l drai nages a re now b locked w i t h  beach sand and 
dunes ( S i l tcoos Lake and Tenm i l e  Lake ) .  Recent studies (K u l m  and others, 1 975) suggest t hat very f ine
gra i ned sand and fi ner mate r ia l  escape the sed imen t  t raps o f  t he estuaries (see Geology of Est uaries) and 
enter the surf zone , where they are avai lab le  for beach or dune deve lopment . Coarser-gra ined mater i a l  
may a l so escape the estuary du r ing severe f loods or strong ebb t ides . Vo l umes o f  sed iment carried by t he  
Umpqua , Coqui l l e ,  and  Coos R i vers annua l ly are 564, 000 tons , 1 00 , 000 tons, and  72 , 000 tons respect ive ly .  
Some o f  the coarser materia l o f  the beaches probab ly was a l so derived from the she l f  and was transported 
i n land by surf action a long a retreat ing coast l i ne dur ing the Ho locene r ise in sea leve l ( K u l m  and othe rs ,  
1 975) . The h ead lands south o f  Coos Bay probab ly  supply l ess than 60, 000 tons of  sedim ent per year 
(assum i ng 3 inches annua l r etrea t ,  1 00 foot c l i ffs , 6 m i l es of coast l i ne ,  and 2 tons per cubic yard) . The 
bu l k  of th i s  mater i a l  is too fi ne  gra i ned for beach deve lopment . R ecent stud ies show tha t a sig ni f i can t  
portion of t h e  coarse mater i a l  of the sur f zone i s  ac tua l ly reworked she l f  mater i a l ( Ku lm a nd others ,  1 975) . 

Beaches in t he coves south of Coos Bay derive sed iment from loca l head land erosion , s lope wash ,  
and loca l drainages , such a s  B i g  Creek at  Sunset Beach (F igure 44) . Sediment supp l ies are l im i ted and 
beaches are narrow and th in  (F igure 45) compared to t he we l l -fed dr ift beaches to t he north ( F igure 46 ) .  
Longshore d r i ft i s  a very mi nor factor i n  sed ime nt supp ly . 

Major sources of sed iment  for Sacchi Beach ,  Agate Beach ,  Merchants Beach ,  and Bandon Spit  are 
t he sandstone head lands of Coa l edo Format ion at Cape Arago and the sands of Wh isky Run terrace . Usi ng 
heavy minera l ana lysis,  Rottman ( 1 972) demonstrated that the terrace sands were derived in large part from 
Coa ledo bed rock . The present-day beach sands , t herefore , are probab ly a l so be ing der ived from t hat source . 
T he fi ne gra i n  size of the dune and beach sands north of Bandon a l so is consistent w i t h  a Coa ledo source . 
Sacchi Beach ,  Agate Beach ,  and Merchants Beach are removed from large sources o f  sed iment and t here-
fore are narrow and have poor ly  deve l oped berms . 

Sources of sed iment  sout h of Bandon i nc l ude local  drainages such as C rooked , Ch i na ,  Twomi l e ,  and 
Fourmi l e  Creeks . Poss ib ly some sed iment from t he Coqui l l e R iver is carried sout hward around the Bandon 
head lands by longshore dr i ft . The tota l supp ly of sed iment is modest , and t he beaches are narrow and 
backed by l agoons (F igure 47) .  Up l i ft keeps pace w i t h  depos i t io n ,  and a broad marine terrace w i t h  a sand 
mant l e  has deve loped . Owing to t he l im ited supp ly of sand , d unes are poor ly  deve loped and t he beaches 
are te rmed sem i  -starved .  

Longshore dr i ft :  Longshore d r i ft i s  the transport of  sand a long t he coast l i ne by t he act ion o f  waves 
and curre nts . As waves impi nge ob l ique ly on the coast l i ne ,  sand is t ransported dow n t he Coast in the 
breaker zone . At greater depths, waves touch bottom at a depth equa l to ha l f  t he d i stance be tween crests , 
and they tra nsport sed iment i f  t he energy supp ly (determ i ned i n  part by wave height )  is suffic ient . C urrents 
a l so can t ransport sed iment i n  deeper water but l i t t le data about t hem are ava i lab le  for the Oregon Coast . 
Genera l ly ,  s igni fi cant longshore dr i ft appears to be rest r ic ted to depths less t han 60 fee t  ( U .  S .  Army Corps 
of Engineers ,  1 973 ) ,  a l t hough evidence for some t ransport at greater depths is ava i l ab le  ( K u l m  and others ,  
1 975) .  Longshore d r i ft a l ong t he Oregon Coast i s  norther l y  in the w inter  and souther ly in  t he summer .  On 
t he midd le  and outer she l f, evidence suggests a m i nor net t ransport to t he nort h  ( K u l m  and others , 1 975) .  

A study off the coast of Newport revea led mean ve loci ties o f  1 3  to 27 centimeters per second at 
depths of 20 to 75 meters at various t imes of  the year . K u l m  and others ( 1 975 ) record ve loci t ies of 30 cen
timeters per  second at depths of  36 meters i n  ca lm  weather and 75 cent imeters per  second at  a dept h of 50 
meters in  severe storms . Very fi ne sand is transported at  depths o f  90 to 200 meters off t he Oregon Coast , 
depending on loca l cond i t ions . Re lat ionships between current ve loc i tie s ,  part i c le size , and transport 
p rocesses are summarized in F igure 48 . 

Osc i l latory r ipp l e  marks i ndicat ing bottom agitat ion but m in ima l  transport have bee n photographed 
at  depths of 6 1 2  fee t ,  but genera l ly are rest r icted to depths of less t han 300 feet (Komar and others , 1 973) .  
Sand is t he domi nant  bottom mater ia l at depths less than 200 to 300 fee t  (Oregon State U niversity , 1 967) . 
At greater depths muddy sand and mud predominate . 
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Figure 44. Sunset Beach is a typical cove or swash beach characterized by wave 
approach paral le l  to the shore. 

Figure 45. Sand for Sunset Beach is supplied by local drainage and headland erosion; 
note Big Creek i n  the lower left. (Photo courtesy Oregon Highway Division) 
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Tab l e  27. Factors of beach equ i l i br ium i n  coasta l Coos and Doug las Counti es, Oregon 1 

Locat ion Source of sediment Longshore dr i ft Geomorphic setting 
Major streams from the i nter- M oderate a nd uni form Seasona l a nd l ong-

Coos Bay ior i nc l ud ing Um pqua River ,  construction waves term m igrat ion of 
to Coos R i ver , and Coqui l l e  and currents impinge rhythmic  topog-
F l or ence R iver . from the northwest . raphy (see text) 
and the Contr ibutions from coasta l Choppy ,  severe, spo- i nc l udi ng beach 
Bandon erosion are secondary and radic destructiona l cusps and offshore 
Sp it area sma l l  w i th the exception waves and currents bars may a ffec t  

of Bandon Sp i t  area . im pinge from the south- l oca l beach a nd 
w est i n  w i nter . dune stabi l i ty .  

Dra i nages of more l oca l extent Same as above but a Latera l m igration 
N ew R iver i nc lud ing Davis ,  Fourm i l e ,  more l im ited supp ly  of streams and re-
area in  and Twom i l e  Creeks . of sand .  ducti on o f  h ead lands 
southern  Coasta l erosion m i nima l ,  but Loca l vari a tions owi ng affect beach 
Coos County of possi b l e  loca l s ignif icanc e .  t o  dr i ft impedence by stabi I ity 

h ead lands a nd channe ls . 

South Cove , Sma l l  l oca l streams f low i ng Genera l l y not of s ig- Genera l ly stab l e  
N orth Cove,  i nto coves such as B ig Creek ni ficance  as a source of as l ong as h ead-
Sunset at Sunset Beach . beach sediment .  l ands persist . 
Beach ,  H ead land erosi on variab l e ,  Waves impi nge on  Sensitive to sma  I I  
Bastendorff but genera l ly sma I I .  beach para ! le i  to the cha nges i n  sea 
Beach , and shore l eve l . 
others 

L___ --- - - -- -- - -- --- - - - -- -- - - -- - - -----

1 E l ements of c l imate having short- and long-term inf luences on beach stabi l i ty i nc l ude large storms ,  
ser ies o f  large storms, cyc l i c  c l imatic activity i nduced by  sunspot activity and  other astronom ic  
phenomena , and  long-range c l imatic variati ons wh ich a l ter sea leve l (see Coasta l Erosion and 
Deposi tion - Genera l ) . 

Acts of man 
J etty construction b locks long-
shore dri ft ,  causing sediment 
starvat ion downdri ft and  sed i-
ment accumu lotion updri ft; 
spec if ic s i tuati ons often 
com p lex .  
Excava tion i nterrupts sand 
supply to dow ndr i ft beaches 
i f  conducted i n  the zone of 
effective l ongshore  dr i ft 
(active beach and berm a nd 
offshore) . May promote 
coasta l erosi on . 
D redg i ng i nterrupts longshore  
dr ift ,  causi ng sediment star-
vat ion downdri ft . 
Activ i t ies affect ing l ongshore 
drift genera l ly exert m inima l 
im pact . 
I ndirect impacts may resu I t  
from i n land l and  use of  re-
giona l  extent . Uses affect-
i ng sediment supp ly are most 
cr i t ica l . 
---- - ------ ---- __ , 
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Figure 46 .  The Coos-Umpqua Beach is  
a drift beach with abundant sand 

6 supplied by regional drainages (see 
text). 

Figure 47. Beaches at New River ore 
semi-starved drift beaches with 

<J modest supplies of sand delivered 
from local drainages. (Photo 
courtesy Oregon H ighwoy Div. )  
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F igure 48 _ E rosion and depos i tion p l otted as a fu nct ion of par ti c l e  
size and current ve loc i ty .  (after D unbar  and Rodgers , 1 957) 
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Topography: Topograph ic  features  hav ing a bear i ng on beach stab i l i ty inc l ude the presence or 
absence of head l ands , the m igration of rhythmic topography (see be low) , and ot her factors . Where two 
head lands are present , swash beaches may deve lop between them ow ing to wave refrac t ion . Where one 
head land is p resen t ,  numerous types of  beaches are possi b l e  depending upon the ba lance of other factors . 
Changes i n  t he extent of head lands or jett ies near beaches genera l ly impacts beach stab i  I i ty .  

R hythmic topography a long a beach refers to  the  systemat ic deve lopment of landforms such  as  bars , 
r ip channe l s ,  po in ts, and beach cusps . Under favorab l e  c i rcumstances , these are deve loped i n  a regu la r  
and repeated pattern a long t he Coast . As coasta l hyd ra u l i cs change wi th  t he seasons or  w i t h  longer-term 
c l imat i c  or  t idal  var iat ions, these feat ures migrate i n  concert up and down the beach ,  sub ject ing spec i fic 
l oca l i t ies to a l te rnat i ng cond it ions of stabi l i ty and i nstab i l i ty ( Sonu , 1 973) .  

Ot her topograph ic  features o f  s ign i fi cance t o  beach stab i l i ty i nc l ude modi fi cat ions of  terra in  wh ich  
may inf luence the supp ly of sed iment . These i nc l ude dredgi ng ,  excavations i n  t he l i ttora l zone , la tera l 
m ig rat ion of streams cross ing beaches , and variat ions in coasta l erosion rates o f  head lands . 

Weather :  Summer swe l i s  are c haracteri zed by long wave l ength and uni fo rm s ize . They t ransport 
sand in  the beach  zone and  are responsib l e  for beach construct ion .  Winter waves,  in cont rast , a re short 
and choppy and have a destruc t ive inf luence on coastal beaches and at sha l low depths . Summer swe l l s 
genera l ly are from t he northwest and wi nter waves genera l ly are from t he sout hwest , espec i a l ly d uri ng 
ga les .  Bascom ( 1 95 1 )  dete rmined t hat for Pac i fic Coast beaches a wave he ight to l engt h  ratio of 0 . 03 
was the cutoff poi nt between constructive waves at lower va l ues and destructive waves at h igher va l ues .  

Long-term f l uctuations i n  t he  weathe r  may inf l uence t he ba lance between construct i ve waves and 
destruct i ve waves and a l so may i nf l uence long-term migrat ion patterns of rhyt hmic topography . A l t hough 
t he spec i fic pattern is unc lear,  recent research c l ear ly demonstrates t hat short-term and long-term cyc l ic 
c l imat i c  f l uctuations are a real i ty and t hat t he earth is enteri ng a per iod of s ignif icant c l imat ic  c hange . 
I n  terms of present  p l ann i ng efforts and deve lopment , however ,  the impact wi l l  probab ly be neg l i g ib le i n  
t he study area . Foredunes and sp i ts are t he most suscept i b l e  t o  c l imat ica l ly i nduced changes i n  beach 
stabi l i ty .  



1 04 ENVI RONM E NTA L GEO LOG Y  OF W E STERN COOS AN D D OU G LAS C O U N T I ES 

Histori c  changes: T he Coos-Umpqua dune fie l d  and beach const i tute one of the most stab le  stretches 
of  t he Oregon Coast . There has been l i tt le natura l c hange i n  this area i n  t he past 1 00 years , with t he ex
ception of  w i nd erosion and depos i t ion i n land (see Wind Erosion and Depos i t ion)  and latera l m igrat ion of 
t he lower reaches of Tenm i l e  Creek , 

Art i fi c i a l  changes have occurred at a l l  s i tes of jetty construct i on ( for  dates of construct ion see Geo l 
ogy of Estuar ies) . At t he mout h o f  the Umpqua River,  the nor t h  spit has grown seaward a long the north jet ty ,  
a nd the south shore has undergone comp lex e rosion a n d  deposi t ion a l ong the south and m idd le jett ies . Gen
era l ly ,  deposit ion has occurred between t he south and  midd l e  j etty , and  e rosion has occurred north of t he 
sou t h  jetty where it is not fronted by the midd le  jetty (see Reedsport quadrang l e ) .  

T he north  sp i t  at Coos Bay has w idened at its southern end t o  meet t he nor th  je tty , and a wide beach 
( Bastendorff Beach)  has deve loped south of  the south jetty . Pr ior to construction of t he jett ies,  t he out l et 
from the estuary was c haracter ized by a migra t i ng breaker zone about 200 fee t  w ide and 1 0  feet deep 
( F leming,  1 955) .  

Swash beaches i n  t he Cape Arago area are re l at ive ly stab l e ,  w i t h  the except ion of seasona l losses 
o f  sand t hrough wi nter storm act ivity . Couched between prom i nen t  head lands, t hey wi l l  persist as long as 
the head lands rema in . Sunset Beach ,  located at t he mouth of a fau l t -contro l l ed drai nage , i s  a typ i ca l 
swash beach ,  be ing m in i  mo l ly dependent on longshore dr i ft for its modest supp ly of sand .  Tree roots anchored 
to bedrock in t he cove suggest a former more seaward shore l i ne in the not-too-distant past . At the t ime t he 
t rees were grow i ng ,  t he s i te where they are now located probably resemb led the present day park s i te  si tuated 
a short d ista nce in land , When t he trees grew t hey probably were rooted in fresh water perched above sa l t  
water a t  dept h .  T hus , t he presence o f  the roots be low present-day sea I eve I does not necessari ly i nd i cate 
recent f l uct uat ions of sea leve l . 

Bandon Beach ,  sit uated north of t he Coq u i l l e R ive r ,  consists of f ine sand derived from s i l tstone head
l ands to t he north . Litt l e  natura l change is noted a l ong t he beach and coasta l  retreat is p robab ly c lose ly  
t ied to the ra te  of retreat of Fivem i le Poi nt , To the sout h ,  the spit  is anchored by t he nor th  jetty . Beach 
g rowth has  occurred beh ind both north and sou t h  jet t ies .  

T he B lack lock-Bandon Beach ,  s i tuated sout h o f  Bandon ,  represents a grow i ng beach ridge i n  a n  area 
of  modest sa nd supp ly . Over most of its extent , t he beach is separated from the i n l a nd sand and terraces by 
a narrow lagoona l river (New R iver )  wh ich  empties near its northern end ( see F igure 47) . Maj or changes 
i nc l ude t he m ig ration of t he mout h of the r iver from sect ion 15 in 1 879 to sec t ion 3 ,  1 �  mi l es to t he north ,  
a t  a l ater t ime . N ew Lake formed somet ime i n  the la te 1 800's when beach sand and logs dammed t he r iver 
mouth . Marsh growth and a l l uviation has reduced the l ake to i ts present size , wh ich  i s  cons iderab ly less 
t han  i ts  or ig i na l extent . 

Recommendations 

T he carry i ng capaci ty of waves is sig nif icant ly a l tered by mod i fi cat ions of bat hymetry , coasta l  topog
raphy , longshore d r ift , or c l imate , Recognit ion of prob l em areas rests fundamenta l ly on one ' s  v iew i ng of 
t he coast l i ne as a system of sed iment t ra nsport i n  equi l i br i um and i n  viewing c hanges i n  any of t he above 
factors in terms of the i r  potent i a l  e ffect on t he carry i ng capaci ty of t he waves or the supp ly  of sed iment 
avai lab le  to t he beaches.  

Geo log ic investigations shou ld precede a l l  deve lopment in  areas subject to  coasta l  erosion and 
deposit io n .  Goa l s ,  t he magnit ude and probab i l ity of hazard,  and economics large ly  determ i ne t he nature 
of  the i nvest igation and the met hod of treatmen t .  In beach areas , prov isions shou ld  be made to assure t hat 
modi fied patterns of  e rosion and deposit ion l ie w i t h i n  acceptab le  l im i ts .  Deve lopment on the foredune is 
potent ia l ly very hazardous .  

I n  head land a reas w i thout beaches , most engineer ing so l ut ions are uneconomica l . The most effect ive 
methods of  dea l i ng w i t h  coasta l erosion consist of adequate setback of new st ruct ures or re locat ion  of prev i 
o us ly  constructed structures ,  Coasta l  erosion rates i n  these areas can b e  est imated o n  the basis o f  h i stor ic  
records ,  on-site monitor ing ,  or la ndform ana lysis . Treatme nt of coasta l e rosion i n  beach a reas invo lves  
a w ide variety of techniques as  summarized on Tab le 28 . F ina l  se lection is based on  t he spec i fi c  purpose 
of the pro ject and t he cost and impacts of t he c hoices ava i l ab l e . 

Adverse impacts of coasta l e rosion and depos it ion common ly  can be m i n imized through proper engi 
neer ing . For exam p l e ,  starvat ion of beaches adj acent to jett ies can be reduced t h rough beach  nourishment,  
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Tab l e  28. Eng i neer ing treatment of coasta l erosion 

Purpose Cost Impact and other l im ita tions 

M i tigate erosion l osses Re lative ly  I m pact on borrow area; requires on-goi ng 
on beaches by storms low program i f  app l ied to areas with  long-term 
or other short-term threats of erosion 
act iv i ty 

Reduce f l oodi ng or R e la tive ly  May starve i n land dune areas l eading to  
catastroph ic  shore l ow defla tion and reduction of esth etic appeal 
regression; a I so , to 
mi nimize w i nd erosion 

Protect shore areas Moderate N ot suitab l e  in deep water; promotes loca l 
from wave erosion deposi t ion beh i nd th e structure and may l ead 

to downdri ft beach starvation 

S tabi l i ze i n l ets and H i gh I nduces large-sca l e  erosion or deposi t ion 
channe l s  and m i tigate of adj acent beach areas; benefits must out-
large-sca l e  erosion; w eigh costs 
promote large-sca l e  
depos i tion 

Protect h igh-va lue Variab l e  U nattract ive,  l im i ted beach access; mus t  b e  
structures o n  c I i ffs w i th designed to prevent undercutt ing or f lanki ng; 
or dunes design access to su i tab l e  construction mater ia l often 

a l im i ti ng factor 

Ma inta i n  or increase Moderate Promotes downdr i ft eros ion if too long; not 
sand supp ly  on beach to h igh su i ted to beach areas w i th steep gradients 
at a part icu lar si te 

Save structure from Variab l e  Space avai lobi  l i ty; mov ing ski I I  r equ ired 
probab l e  undercut t ing 
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sed iment bypass ing , or modi fied desig n .  T he impacts of groins can be reduced by p lac i ng l im i ts on t he i r  
l ength ,  and  t he impact of  j ett ies can  i n  some i nstances be  reduced by  deve lopi ng designs wh ich  max imize 
t he natura l bypass ing of  sed iments ( S i l veste r ,  1 974-b ) .  S im i l a r ly ,  dredg ing costs can be reduced t hrough 
the integrat ion of wave techno l ogy i nto pro ject  designs .  

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

Genera l 

T he transport of sand by wind i n  the Oregon coasta l  zone is favored by t he abundant supp ly o f  sand 
de l i ve red to t he beaches by t he surf (see Coasta l  E rosion and Deposi t ion ) ,  t he absence of protect i ve vege
tation over large areas, and the persi ste nce of moderate to stro ng wi nds dur ing much of the year (see Geog
raphy) . Major dune areas inc l ude the Oregon Dunes Nat iona l Monument i n land from t he Coos-Umpqua 
beach,  t he Bandon spi t  area , and t he New R iver area . Dunes in t he la tter  two regions are poor ly deve loped 
owing to the more l im i ted supp ly of sand . 

Dunes 

Genera l l y where sand is i n  l arge supp l y  i n  coasta l  areas a we l l -deve loped beach and seasona l ly f luc
tuat ing berm are deve loped .  I n land,  def lat ion p la i ns supp ly sand to grow ing dunes farther downw ind .  I n  
t he study area, th i s  genera l pa ttern i s  modif ied by two add i t iona l feature s .  F i rst , t he part icu la r  ba l ance 
o f  opposed seasona l w i nds,  vegetat ion ,  and sand supp ly has led to a unique deve lopment of l i near  dunes 
(ob l iq ue dunes) orie nted east-west ob l ique to bot h the nort hwest summer wi nds and t he southwest w i nter  
ga les  and located i n l and from the more typ ica l  tra nsverse dune system (F igure 49 ) .  Second , t he i nt roduc
t ion o f  Eu ropean dune grass a long t he berm has resu l ted  i n  t he deve lopment of  a stab le  and  growing fore 
dune a l ong t he back of t he beach  wh ich  t raps most of the sand that former ly was b lown i n land to t he defl a 
t ion p la i n . The locat ion , shape , a nd  re l ie f  o f  t h e  vari ous d une l and forms are summari zed on  Tab le 29 . 

T he dune system is a ba lanced a nd interre la ted mechanism o f  sand transpor t  and deposit ion . I n  
recent years, t he capture o f  b low ing sand b y  t he foredune has resu l ted in  a sand defic i t  i n  t he def lat ion 
p la i n ,  wh ich  consequen t ly  has g rown at t he expense of  the t ransverse dune system . Farther i n land t he 
ob l ique dunes may a l so be decay i ng ,  as sand de l i ve red to the prec ip i tat ion r idge from the w i ndward side 
i s  not rep laced by suffi c ient  sand from t he d im ini sh i ng t ransverse dunes . The long-term fate of t he dunes 
i s  unc lear ,  and it is suggested that  fu r ther l arge-sca l e  stab i l izat ion not be conducted w i thout an assessment 
o f  l ong-term impact on t he esthet i cs o f  dune systems . 

Histor ic  c hanges 

Di cken ( 1 96 1 ) docume nts numerous fi res a long the Oregon Coast in the  mid 1 800's . Undoubted ly  
many of  t hese fi res re l eased large amounts of  sand to  red ist r ibut ion by  t he wind . T he con i fe rous cove r  of  
t he eo l ian  sand on t he terraces nor th  of Cut C reek (north of  Bandon) were logged off pr io r  to p lacer m in i ng 
days .  The reg ion  is now covered by a t h i ck growth of a l most impenetrab le gorse , a p lant to l e ran t  of acid 
sandy so i l  and c haracter ized by thorns , a massive root system,  and v igorous growth .  The lowe r Bandon 
spit was an  expanse of  open sand in  1 887 but now i s  covered over la rge areas by scattered grass . T he Bandon 
f i re of 1 936 destroyed a sma I I  stand of  conifers on the lower extremity of t he spit . 

Dur ing the past 50 years the tre nd i n  t he Coos-Umpqua dune fie l d  has been towards stab i l izat ion as 
E uropean beach grass has spread to give an  ever-g row ing foredune between t he beach and t he def la t ion 
p la i n  (see Dunes) . On a more loca l sca l e ,  t he construc t ion  of je tt ies has promoted accret ion and dune 
growth at the mout h of t he Coos R iver and mixed erosion and deposit ion at t he mout h of  t he Umpqua R iver 
(see Coastal E rosion and Deposi t ion ) .  I n  the New Lake area south of  Bandon ,  the latera l  sh i ft i ng  o f  stream 
out lets has produced extensive lakes, marshes, and a l l uv ia l env i ronments i n land (see Coasta l  E rosion and 
Deposi t ion ) .  
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F i gure 49. Oblique dunes immediately south of the mouth of the Umpqua 
River . (Photo courtesy Oregon Highway Division) 

Figure 50. Steep dunes south of Bandon exposed to strong winds are stabi lized 
by sturdy vegetative cover. 
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Tab le  29 . Summary tab le  of dune landforms, Coos and Doug las Counti es ,  Oregon 

Descr i ption Foredune Defla t ion p la in  Transverse dune Ob l ique dune Prec ip i ta t ion ridge Parabo l i c  dune 

Location A long back Landward of  fore- Between deflation Landward from ex- Eastern extremi ty of B lowouts from 
(for p lan  v iew of beach dune in  wide dune p la i n  and ob l ique tensive transverse ob l ique dune sys- prec ip i tat ion 
see topograph ic  areas dunes or up lands systems tems or par abo I i c  r idges o f  ob l ique 
maps) dunes systems 

Shape and E longate par- Large f l a t  depres- S i nuous dunes E longate  dunes Para l l e ls th e w i nd Sharply convex 
or i entation a l i e I to the sions to the wa ter or i en ted perpen- obl ique to w i nter obstruct ion; steep l andwardf steep 

shore; no steep tab l e; devoid of di  cu lor to the and summer winds; s l i p  face ] land- s l i p  face 
s l i p  face ] dunes w i th excep- summer w i nds usua l ly asymmetr ic ward 

t i on of i so lated to the north 
h ummocks 

Re l i ef 25 feet or very low and f la t  5- 1 5  feet h igh 200 feet or more Contro l l ed by re l i ef Sam e as ob l ique 
less ( increasi ng i n  of obstructions 

h eight la ndward) 
Rate of movem ent Stationary,  S ta t ionary ,  but  Ob l i terated or Stationary w i th Vari es w i th size  and shape of dune, ex-

but grow en larg i ng i n  recent grea t l y  subdued seasona l f l uctua- tent of  source area and vegetat ive cover; 
through time years owing to def- by w i nter storm s t ions of form 2'/year north of Bandon; 2-6Y year west 

i c i t  in sand budget of  Eel Lake ( 1 945- 1 95 1 ); 6-1 7}'/year 
near F lorence ( Lane County) 

Comm ents I n i t iated and Defi c i t  sand budget Favored by abundant Sand supp l i ed by Sand deposit ion pro- B lowouts in pre-
mainta ined by and recent growth sand and strong w i nds; transverse dunes; moted by obstruc- c i pi tat ion r i dge 
European at tri buted to sand extent dimi nish ing as origin obscure t i ons, usua l ly forest usua l l y  occur at 
beach grass capture by fore- defl ation p la i n  breaks i n  the 
i ntroduced in dune expands vegetation 
1 930's 

l Th e l eeward side of a dune where sand is deposi ted by the w i nd 
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Sand deposi t ion is promoted w here natura l or man-made obst ructions d ivert or s low t he w ind ,  causi ng 
it to lose its carry ing capac ity . T he resu l t  can be the buria l or part ia l  bur ia l of roads, lawns, agr icu l tura l 
l and , or park ing l ots .  I n  urban areas where excavations expose o l d  dune deposi ts ,  sand b l own  i nto t he 
streets can c l og storm sewers dur ing heavy rains . I n  coasta l areas where houses or condomi ni ums are con
structed i n  regions of w i nd-b lown  sand , loca l adj ustments in w i nd patterns can resu l t  in part ia l bur i a l  of 
structures . 

Locations i n  t he path of advanc i ng prec ipitation r idges and parabo l i c  dunes are part icu lar ly  vu l ner
ab le . Rates of advance vary w ith t he size , shape , and l ocation of t he dune and a l so w i th the extent and 
degree of cover of t he source of sand . Between 1 945 and 1 95 1 ,  dunes west of Ee I Lake advanced at rates 
of 2 to 6 fee t  per year (Cooper , 1 958 ) .  A sma l l  i n land d une on t he Bandon spit advanced 30 feet between 
1 945 and 1 960 (D icken ,  1 96 1 ) . Near F l orence, i n  Lane County , rates of advance of 6 to 1 7� feet per year 
have been observed at some of t he larger dunes wi th  very la rge source areas .  Because dunes migrate , deposits 
of sand commonly obscure deposits of peat  and compress ib le  soi l i n  the subsurface {see Eng i neeri ng Geology ) .  

Over long periods of  t ime migra t i ng dunes can b l ock streams and r ive rs f low ing t o  t he sea i f  d i sc harge 
is i nsuffi c ient to f l ush the channe l . Where large amounts of sand are i nvo l ved , l arge l akes may resu lt , as 
seen at the Tenm i le Lakes area . Where sand supp ly is more l im ited, on ly sma l l  loca l streams are impounded,  
as i n  t he New Lake area . 

B lowi ng sand abrades surfaces of cars , houses ,  and other man-made objects . T he i rr i tat ion factor of  
b lowi ng sand shou ld  be considered in  the location of camping fac i l i t ies and othe r  sim i l a r  l and uses .  W here 
vegetat ion is removed by fi re , l ogg ing ,  or overgraz ing ,  w i nd e rosion may remove so i l  horizons necessary 
for revegetat ion . 

Recommendat ions 

W ind erosion is best control led by t he ma intenance , estab l ishment , or protection of vegetat ion i n  
cri t i ca l areas ( F igure 50) . T he estab l i shment  of a permane nt vegetat i ve cover idea l ly i nvo lves a succession 
of  p lan ts rang ing from sand-bind ing grasses through shrubs and t h i ckets to sta nds of p i ne ,  spruce , western 
hem lock or  Doug las fi r .  Expert i se in t he fie ld is ava i lab le  t hrough t he U .  S .  So i l  Conservat ion Serv ice 
a nd is summar ized by Brown and Hafenr ichter ( 1 962) . 

P rotect ion of vegetat ion i n  c r i t i ca l  areas i nc l udes l im ited access by veh ic les and pedestr ian traffi c 
and effective fire protect ion and fire figh t i ng . Expanses o f  gorse , such as t hat nort h of Cut Creek,  are 
parti cu la r ly  suscept ib le  to fi re . 

Adverse impacts of sand deposit ion can be m in im ized by restri c t i ng deve lopments and terra i n  mod i 
f icat ions i n  reg ions o f  b low ing sand and by  promot ing deposit ion i n  noncr i t ica l a reas w i t h  fenc ing , p lant ings,  
or other  means . Engi neering i nvest igations i n  dune areas shou l d  i nc l ude a considerat ion of b low i ng sand , 
and prospect ive deve lopers and buyers shou ld  be i n formed of the hazard . T he foredune is espec ia l ly sens i 
t ive t o  terra i n  mod i fi cat ions . 

E a r t h q u a k e s  

Genera l 

T he shaking of t he Earth ' s  surface wh ich accompanies the re lease of e ne rgy at depth is ca l l ed an 
eart hquake . Associated w i t h  t he re l ease are d i sp l acements a long p lanar su rfaces ca l led fa u l ts .  The 
specif ic location of the d i sp l acement w i t h i n  the Earth is ca l led t he focus and t he geograph ic  locat ion 
above t he focus on the Eart h ' s  surface is ca l l ed the epice nter .  T he crusta l  st ruct ure and tectonic behavior 
of  the nor thwestern Un ited States is very comp lex {see Structura l and Tectonic Set t ing )  and t he h i stor ic  
record i s  short . K now l edge of future tecton ic  act iv i ty and eart hquake potent ia l  is i ncomp lete . 
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C l assi fication of earthquakes 

I ntensity and magn i tude are measures of t he energy re l eased by an earthquake . On t he Modi fied 
Merca l l  i I ntensity Sca l e ,  observations of the effec ts of the quake on the Eart h ' s  surface serve as i ndi colors 
of i ts re l at ive sever i ty . Determinations made i n  t his way are subj ect to inaccurac ies owing to t he d i stance 
from the epicenter , t he nature of  t he subsurface where the observat ions are be i ng made , and t he subject iv i ty 
of t he v iewer . The Merca l l i  sca l e  tends to be imprec ise for t hese reasons . It is w ide ly used ,  however, 
owi ng to its un iversa l app l i cabi l ity and no need for equ ipment . A lso , t he gat he r i ng of numerous observa
t ions a l lows t he ident i fication and e l im i nat ion of i nconsistent and i naccurate data . 

T he R i c hter sca le  is based on  recordi ngs from se ismometers rooted i n  bedrock . It g ives a more d i rect 
measure of e nergy re lease dur ing an eart hquake and is less subject to errors t hrough loca l variat ions of t he 
subsurface . I nstead of i nd i cati ng " I ntensity " w it h  Roman numera l s  as used i n  t he Merca l l i  sca l e ,  t he R i chter 
sca le i nd i cates "magni tude " with  decima l numbers (Tab le  30) on a logar i thmic sca le . Each d ig i t  represents 
a 1 0-fo l d  increase in the amp l it ude of  t he se ismic waves and a 3 1 -fo l d  i ncrease in t he amount of energy 
re l eased , T hus , an earthquake of magnitude 5 . 0  is 31 t imes greater t han  an ear thquake of  magnitude 4 . 0  
and produce s se ismic waves w i t h  a n  amp l itude 1 0  t imes greater t han  t hose o f  t he magn i tude 4 . 0  q uake . T he 
sca le  ranges from less t han 1 for sma l l  quakes to s l ight ly less t han 9 for t he largest poss ib l e  quake . 

To convert observations on t he Merca l l i sca l e  to magni tudes on  t he R i chter sca le , severa l equat ions 
are ava i lab le , i nc l ud i ng :  

M B = 2/3 I +  1 (Gutenberg and R i c hter,  1 965) 

m = 0 , 43 I +  2 . 9  ( Stacey , 1 969) 
M va l ues are t he R i chter magnitudes and I va l ues are the Merca l l i  I ntensi t ies . T he re lat ionship defi ned 
by Stacey is based upon sha l low quakes and is par t icu lar ly  app l icab l e  to quakes or iginat ing off t he south
west  Oregon Coast . 

Eart hquake sever i ty 

Earthquake hazard is dete rm i ned  by the  magnitude of probab le  earthquakes , d i stance to t he epicenter ,  
ground response , a nd t he type of  construct io n .  An  ana lysis o f  t hese factors for t he study area is g iven be low . 

Magn i t ude : No epice nters have been recorded i n  western Doug las or Coos Counties for over 1 00 years . 
A sma l l  q uake occurred off t he coast o f  Doug l as County i n  1 938 (see Tab le  3 1 ) .  There have been no ep i 
centers i n  t he K l amath Mounta i ns for over  2 0  years (Couch and Lowe l l ,  1 97 1 ) .  T he histor i c  se ism ic i ty of 
t he study area is traced primari ly to act i v i ty in the Gorda Bas i n  (see Structura l and Tectonic Sett ing )  as 
summarized by Couch and others ( 1 974) .  Sma l l offsets on coastal te rraces are probab ly  not the resu l t  of 
deep-seated tecton ic  act iv i ty (see Structura l and Tecton ic  Sett ing ) but are i n  need of more thorough st udy 
for proper eva l ua t ion .  

T he earthquake potent ia l  for t he study area varies from m inor i n  the nort hern and centra l a reas to  
moderate and poss ib ly major in the southern and Coos Bay areas . Earthq uakes of  Merca l l i  I nte nsi t ies V to 
V I I  respect ive l y  are i nd icated . Couch and Deacon ( 1 972) determ i ned that the recurrence i nterva I of an  
earthq uake of  magni tude 8 . 0  in  t he Gorda Basi n was approximate ly  1 30 years . Q uakes a s  great a s  R ic hter 
7 , 3  have been recorded off the coast of nort hern Ca l i forn ia a l ong the Mendoc i no Escarpment and as great 
as 6 . 6  have been recorded on l a nd .  V ibrations generated by quakes in  t his  area have a ffected t he sou thern 
and centra l Oregon coast . In  add i t ion ,  l arge q uakes  in  the Puget Sound area have been fe l t  wi th moderate 
I ntensi t ies in t he study a rea . 

Distance : As seism i c  waves are rad iated t hrough the Eart h from the poin t  of orig i n  ( focus) t hey are 
attenuated (dimi n ished w i t h  distance) as a funct ion of  d ispersion ,  fr ic t ion,  depth ,  bedrock structure , and 
propagat iona l  properties o f  t he se i smic waves i n  quest ion .  For areas of  moderate earthquake hazard from 
externa l sources, such as the st udy area , attenuat ion is a cr i t ica l  factor in determ in i ng t he poss ib le  sever i ty 
of future eart hquakes . 
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Tab le  30 . Sca le  of ear thquake I ntensi t i es * 

Description of  e ffec ts 

I nstrumenta l :  detected o n ly by se ismographs 

Feeb l e :  noti ced on ly  by sens i tive peop le 

S l ight :  l i ke t he vi brat ions from a pass ing truck; 
fe l t  by peop l e  at rest , espec ia l l y  on upper f loors 

Moderate: fe l t  by peop le  wa l ki ng; swaying of  loose 
objects , i nc l ud i ng standi ng veh i c les  

Rather Strong:  fe l t  genera l l y ,  most s l eepers awakened 
and be l l s r i ng 

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

Very S t ro ng:  genera l a larm; wa l l s crack; p l aste r  fa l l s 

Destru ct ive:  car dr ivers ser ious l y  d i st urbed , masonry 
fissured ,  ch imneys fal l ;  poo r l y  constructed bui ld i ngs 
damaged 

R u i nous: some houses col l apse whe re ground begins  
to crack ,  and p ipes  break open 

D i sastrous : ground cracks bad ly ;  many bui ld i ngs 
destroyed; ra i l road l i nes bent; lands l i des on steep 
s lopes 

Very Di sastrous: few bui l d ings rema in  stand i ng;  
b ridges destroyed; a l l  serv i ces  di srupted; large 
l ands !  i des and f loods 

Catastroph ic :  tota l destruct i on; objects th rown i nto 
t he a i r ;  ground r ises and fa l l s in waves 

* After Ho I  mes ( 1 965 ) 

1 1 1  

Equ iva l ent 
R i chter 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 . 0  to 7 . 3  

7 . 4  t o  8 . 1  

Max . recorded 
8 . 9  

A review of records for past earthquakes (Tab le 3 1 ) shows t hat a quake of Merca l l i  X a long the Men
doc i no Escarpment attenuated to a quake of Merca l l i  V in t he Coos Bay area . A s im i l ar quake fart her out 
to sea was fe l t  over a much sma l ler area on land . Assum ing s im i lar attenuation propert ies for the largest 
poss ib le  quake a long the Mendoc ino Escarpmen t ,  a max imum possi b l e  future quake of  Merca l l i  V I I  can be 
tentat ive ly assigned to t he Coos Bay area ( see Impac t ) .  

I t  i s  emphasized , howeve r ,  that t h e  data are extreme ly l im i ted a nd t hat n o  two quakes attenuate i n  
exact ly the same way . Idea l ly ,  mathemat ica l  mode l i ng wou l d  supp ly a much more re l iab le  est imate of t he 
earthquake pote nt i a l  of the study area . A l t hough no such studies have bee n  conducted for the area , atten
uation curves have been prepared as par t  of  a much larger study by Couch a nd D eacon ( 1 972) . Their pre
di cted i ntensi t i es ,  wh ich  are consi derab ly h igher than those g iven above ,  are be l i eved by the author s  of 
this r eport to be i nconsistent w i th th e h i stori c  record and to be based on  i nsu ffi c ient  l oca l da ta . 



Magni tude and 
Date  I ntensi ty 

1 873 U ncer ta i n  
(Nov . 22) 

1 922 7 . 6 , 7 . 3  
(J an . 3 1 )  I =  X 

(ca lcu lated) 

1 923 7 .2 
(Jan . 22) I =  X 

(ca lcu la ted) 

1 938 I =V or l ess 
(May 28) 

1 954 6 . 6  
(Dec .  2 1 )  I - V I I 

F u tu re  8 . 0  
determ ined 
graph i ca l ly 
I =  X I , X I I 
(ca l cu lated) 

Tab l e  3 1 . Summary of ear thquake data for Coos and Douglas Count ies ,  Oregon 

Locat ion Loca I im pact  Comments 

U ncerta i n  N ot ava i lab le  V I I I  in  Port Orford (Curry County) where chimneys 
were topp l ed .  I ncomp l ete records on location of 
epi center . 

1 50 - 200 m i l es off V i n  Coos Bay where  s leepers I n  v iew of m ore recent construct ion in l ess favorab l e  
coast o f  Cape M en- were awakened ,  furn i ture areas, observed intensity of such a quake today wou ld  
doc i no on M endoc ino c rea ked , bui ld ings swayed , probab l y  be h igher loca l ly .  
Escarpm ent and rumb l i ng was heard . 

N o  damage . 

40 m i les off coast of N ot observed i n  Coos Bay- Microfi lmed copies of Coos Bay Times have no men-
Cape M endoc i no on N or th Bend area . I ntensi ty lion of loca l  shocks, a lthough notat ion i s  made of 
M endoc i no Escarp- VI at Eureka i s  th e h igh est s l ight tremors near Sacram ento . 
m ent onshore i ntens i ty on r ecord . 

Shor t  di sta nce off I V  i n  North Bend ,  tr ees and Coverage i n  l oca l  newspapers was m i nima l ,  suggest-
th e coast of Doug las brush sway at Gardi ner , fe l t  i ng tha t  I ntensi ty IV  observa t ions were loca l i zed to 
County throughout much of study area; reg ions, persons, or structures of  h igh sensi t iv i ty . 

not observed i n  other parts . 

Betw een Eureka and IV in par ts of Coos Bay area V I  a t  Brooki ngs . Attenuation is l ess than that  for 
Arcata onshore qua kes at  sea ow i ng possi b l y  to a deeper focus or 
(Ca l i f . ) to structura l setti ng . 

M endoc i no Escarp- V I I  assum ing a t tentuation Rough estimates on l y .  Avai lab l e  attentuat ion  curves 
m ent nearshore i s  s imi lar  to that of the 1 922 (Couch and D eacon ,  1 972) postu late greater impac ts ,  
assumed quake . Loca I im pact w i I I  but  may not be app l icab l e  (see text) . H i stor i c  on-

vary w i th ground condi t ions shore quakes have l ess a ttentuat ion,  but are of low er 
(Tab l e  32) . magni tude . 

"" 

m 
z 
< 
;;o 
0 
z 
s 
m 
z 
--i 
)> 
r-

GJ 
m 
0 
r-
0 
G) 
-< 

0 
-n 

� 
m 
(/) 
--i 
m 
;;o 
z 

() 
0 
0 
Vl 

)> 
z 
0 
0 
0 
c 
GJ 

);: 
(/) 

() 
0 
c 
z 
--i 
m 
Vl 



G EO LO G I C  H AZAR D S  - EARTHQ U A K E S  1 1 3  

Acce l e rat ion and ground response : The impact of an  earthquake i s  d i rect ly re l ated to ground acce l 
e rat ion and to the spec i fi c  response o f  the ground to t hat acce l erat ion .  Housner ( 1 965 ) has shown t hat for 
earthquakes of magn i tude 8 . 0, acce le ra tions greater t han 0 . 1 0  g ( 1  g equa l s  t he acce le rat ion of grav ity) 
are un l ike ly  at d i stances greater t han 80 mi l e s .  Thus,  for a l l  q uakes origi nat ing in t he v ic in i ty  of Cape 
Mendoc ino and t he Mendoc i no Escarpmen t ,  i t  i s  tentat ive ly conc l uded that none wi l l  produce ground 
acce le rations greater than 0 . 1 0  g i n t he study area . 

Ground response i s  a function of severa l  factors i n c l ud i ng t he nature of t he bedrock ,  t he nature of 
t he so i l ,  t he s l ope of the ground , and the water content of unconso l i dated geo log i c  un i t s .  T here are 
severa l types of ground-water response . E last ic response occurs i n  materia l i n  wh ich  t here is no damping 
and in wh ich  component part i c l es mai nta i n  t he same posi tion re lat ive to one another dur ing t he quake . 
E last ic response is a l most un iversa l  dur ing sma l l quakes and is most common in conso l idated bedrock and 
dry sem i -conso l idated surfi c ia l  units ( terrace depos its) dur ing moderate eart hquakes . 

Where competent bedrock uni ts  occupy precarious pos i t ions on hi l l s ides and are detached i n  moderate 
to st rong quakes, t he response is  sa id to be bri t t l e . Bri t t le response is  possib l e  in the steep ly s loping sand
stone terrain of t he i nterior and a long the head l ands (see Mass Movement ) .  

C lay-ric h  soi l s  and weathered bedrock w i th  apprec iab le  immobi l e  water  o n  moderate t o  steep s l opes 
may deform p last ica l ly in response to se ismic act iv ity to produce s low to rapid earthf low . Such response 
is  termed viscous response and may occur in the c l ay and si l ty c l ays over ly i ng weat hered finer-grai ned 
Tert iary bedrock uni t s  such  as t he Bateman Formation and the m idd le Coaledo Format io n .  

F ine -grained granu l ar so i l s  w i t h  h i g h  water con tent  may undergo a tota l loss o f  strength upon repeated 
app l ication of forces to give f l u id response or l iquefact ion . Basica l ly ,  l iquefaction occurs when se ism ic  
shak ing causes a reor ie ntation of  sediment grain i nto a more compact arrangement . During t he t ime of  re 
orientat ion,  t he load norma l ly borne by gra i n  contacts is transferred to the pore water, reduc ing t he shear 
strength tremendous ly and resu l t ing in vi scous behavior . Saturated c lay -free sed iments such as s i l t ,  sa nd,  
and grave l are most apt to u ndergo l iquefaction . 

I n  t he low lands , loss o f  structural  support through l iq uefact ion may occur i n  areas of fi l l ,  a l l uv ium,  
t ida l  f lat s ,  marsh ,  and sand . Sand mobi l ized at dept h may emerge at  t he surface as  rises or r idges .  Of 
part icu lar concern are the urban  areas of Coos Bay , North Bend , and Reedsport ly ing  on fi l l  materia l over 
estuar i ne sed iments . On moderate l y  steep to very steep s lopes of the up lands , debris f lows and earthf lows 
may deve lop in  saturated granu l ar so i l s dur ing t he wet w i nte r  months or on t he poor ly  drai ned parts of 
ancient l and s l i des . 

Type of constru ct ion :  Damage to structures by ear thquakes is c lose ly  re la ted to t he size of the con
struct ion ,  the nature of  t he frame and floor suspension ,  and the presence or absence of fac i ng .  Genera l ly ,  
sma l l  wood frame bui l d ings o f  three stor ies o r  le ss are the most res i stant to earthquake damage . Earthquake 
resistance is progressive ly less for larger bui l d i ngs w i t h  frames of ste e l ,  re inforced concrete , wood , u nrein
forced concrete , and bri ck . Const ructions of  unre i n forced adobe , ho l low concrete b lock , and hol low c l ay 
t i les  are t he least resistant  a nd may co l l apse i n  moderate shakes (Merca l l i V I I ) .  Faci ngs of unre i n forced 
masonry , br ick,  or concrete b lock are re lat ive ly suscept ib le  to damage . 

Recent i nvest igations show that for very th ick soi l s  ( severa l  hundred feet) wave l engths of se ism ic 
waves approximate the natura l wave lengths of bu i ld i ngs greater t han  1 0  stories i n  he ight . Damagi ng 
resonance can resu l t  where t he natura l period of vi bration of a bui l d i ng is s imi lar to that of t he ground 
on wh ich  i t  rests . For t h i nner deposits of 30 to 1 00 meters i n  th i ckness , sim i l ar to t hat of much of t he 
Oregon estuarie s ,  fundamenta l  per iods of vi bration are s imi l ar to those of bui l d i ngs fi ve to n ine stor ies 
h igh (N i c ho l s  and B uchanan-Banks , 1 974) . A l t hough t hese figures are pre l im i nary and genera l ,  they 
i l l ustrate t he vary i ng responses of d i fferent types o f  constructions to se ism ic  i nput i n  di fferent geo log ic 
set t i ngs . 

Impact 

T he histor ic  impac t of  earthquakes in  t he study area is summar ized on  Table 3 1 . Loca l  records of 
t he 1 873 quake , wh ich  was fe l t  with an I ntensity of  V I I I  i n  Port Orford , are not avai lab le  for Coos or 
Doug las Counties .  An eart hquake of magnitude 7. 2 a nd ca l cu lated I ntens i ty X occurred 40 mi le s  o ff t he 
coast of Cape Mendoc i no in 1 922 and was fe l t  w i th  an I ntensity of V in Coos Bay , but caused no damage . 
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An earthquake w i t h  a magn i t ude of 7 .  3 w hi ch  occurred 1 50 to 200 m i les o ff the coast of Cape Mendoc i no 
t he fo l lowing year was not fe l t  in Coos Bay . Maximum observed I ntensity on record was V I  i n  E ureka , 
Ca l i fornia . 

W i t h  a few pre l imi nary assumpti ons i t  is poss ib l e  to arri ve at a ten tat ive estimate of t he maximum 
probab l e  earthquake to be expected i n  t he Coos Bay area . In v iew of past se i sm ic i ty ,  i t  is assumed that 
a largest poss ib le  q uake o f  magn i tude 8 . 0  (Couch and Deacon , 1 972) w i l l  occur in t he Gorda Bas i n .  I t  
i s  furt her assumed t hat the q uake w i l l  occur nearshore on  t h e  Mendocino Escarpment ,  t h e  most act ive 
structure i n  the region (see Earthq uakes - magni tude) . Wi th  attenuation s imi lar  to t hat of the 1 922 quake , 
an  earthquake o f  Merca l l i  V I I  is ca l cu lated for the Coos Bay area; t he shock farther north wou ld  be corre
spondi ng ly l ess . Maximum I ntens i t ies  of Merca l l i  V-V I  probab ly  wi l l  not be exceeded at Reedsport . 

T he impact of a Merca l l i  V I I  quake varies w i t h  the type of construct ion and t he location and is sum
marized on Tab le  32.  For  firm ground (mar i ne and f l uv ia l  terrace depos i t s ,  gent l e  up land s lopes on bedrock 
or t h i n  soi l ) ,  neg l ig i b l e  damage w i l l  occur in bui l d i ngs of  good construct ion and s l igh t  to moderate damage 
w i l l  occur i n  bui l d i ngs o f  ord inary construct ion . Considerab le  damage may occur to poor ly constructed 
bui ld i ngs . On so l i d  bedrock (gent l y  s lop ing basa l t  or we l l -indurated sandstone) damage w i l l  be neg l ig i b le ;  
however ,  s l opes on  these un its a re  commonly moderate to steep and lands l i de damage i s  a primary concern . 
I n  areas of unstab le  mater ia l s  (granu la r  so i l s suc h as t ida l f la ts ,  some a l l uv i um ,  sand) ,  wave amp l i fi ca t ion 
may generate considerab le  damage even to spec ia l ly designed structures . L iquefaction poses an add i t iona l 
hazard in areas of h igh  ground water . 

Recommendations 

Western Coos and Doug las Count ies are regions of moderate urbanizat ion and low-rise construct ion 
in  which earthquake danger is primari ly a funct ion o f  external se ismici ty and loca l ground cond i t ions . 
Zoning regu lat ions , bui ld ing codes , and po l i c ies shou ld  proceed toward the mu l t i p le goa l of l )  promoting 
construction de� gn capab le of w i t hsta nd ing potentia l earthq uake act iv i ty ,  2) d i rect i ng t he locat ion of 
cri t ica l struct ures to so l i d  or firm bedrock ,  3) assur ing the safety of  i nd i vidua l s  i n  structures of  high occu
pancy (office bu i l d i ngs and schoo l s) ,  and 4) assuri ng the cont i nued operat ion of cri t ica l structures such  as 
hospi ta l s  in t he event of  an earthquake . 

A l though presen t ly avai lab le  data a l low genera l ized po l i c ies  and goa l s ,  t he formu l at ion of specif ic 
regu lat ions requ i res addit ional techn ica l in format ion i nc l ud ing more de ta i led i nformation on  eart hquake 
atte nuat ion,  th ick ness and saturation of surfi c ia l deposi ts ,  and speci fic responses of  surfic ia l  deposits to 
shak ing . 

W i th i ncreasi ng urban izat ion , th e tr end w i  I I  be towards construction of h igh er bui l di ngs i n  the core 
areas of th e major communi t ies and of i ndustria l  fac i l i t i es on spoi l areas i n  th e estuar i es .  Proper desi gn of 
larger new structures i s  especi a l ly cr i ti ca l  i n  the Coos Bay ,  Nor th Bend , and Reedsport areas . 

I n  t he absence of loca l se ismic data , adopt ion of t he re levant provis ions o f  t he Un i form Bui ld ing 
Code is recommended , Section 23 1 4  spec i fies broad bu i l d i ng requ i rements to accommodate base shear 
du r ing an earthquake . Factors considered i n  the ca l cu lat ions i nc l ude 1 )  type of frame and structure , 2) 
structura l  e l ements of t he bui l d i ng i nc l ud i ng fac ing,  wa l l s and ce i l i ngs , 3) the fundamenta l period of 
v ibration of the bu i ld i ng ,  4) the weight of the bu i ld i ng .  Spec i fi cations are broad and genera l ized , and 
figures used in t he ca lcu la tions are der ived from tab le s  or simp le  equat ions . 

Ear thquake r i sk is a l so incorporated i nto t he ca l cu l at ions . The st udy area is desig nated as Zone 1 
i n  t he nor th  ( for wh ich  eart hquakes of Merca l l i  Intensity V and V I I  can be expected ) and border l i ne Zone 
2 i n  t he extreme sout h ( for wh ich  earthquakes of Merca l l i  I nte nsity V I I  can be expected . A l t hough this  
f igure corresponds i n  genera l to that determ i ned on Tab le  31 for t he Coos Bay area ,  t he Uniform Bui l d i ng 
Code as it is now formu l a ted does not take i nto consideration ground response (see Tab le  32) .  I t  a l so does 
not take i nto consideration the i nteract ion of spec i fi c  structures w i t h  spec i fic ground responses ,  thus further 
underscor i ng the need for loca l study . 

T he Un iform Bu i ld i ng Code a lso discusses ch imney anchorage and re i n forcement (Sect ion 3704) , 
anchorage of wa l l s (Sect ion 23 1 3 ) ,  e leva tor construction ,  standby power faci l i t ies ,  and e l ectr ica l and 
fire -fight ing insta l la t ions i n  hig h  r i se structures ( Section 1 806 k ) .  



Sett i ng 

' fi rm 
ground '  

' so l i d  
ground '  

' u nstab le  
ground'  
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Tab l e  32 . Impact and recommendat ions for earthquake of I ntensity V I I ,  
Coos and Doug las Counties ,  Oregon 

Descr ipt ion 

Type of ground for 
wh ich offi c i a l  I nten
s i ty observati ons are 
accepted . 
N ot spec ifi ca l ly de
fined, but firmer than 
saturated fi I I  , and l ess 
fi rm than so l i d  bed
roc k .  I nc ludes f lat ,  
w e l l -dra i ned soi l s  
a n d  grave l s ,  etc . 

Impact 

V I I  - neg l ig i b l e  damage 
i n  bu i l di ngs of good 
des ign and con
struction . 
Consi derab l e  damage 
in poor ly bui I t  or 
designed structures . 
S l igh t  to moderate 
damage i n  ordi nary 
bui ld i ngs . 

N ot specifi ca l l y defined V I  or l ess - furni ture i s  
b u t  i nc l udes basa l ti c  moved , loose p l aster 
bedrock and fi rm , hard, fa l l s; some chimneys 
w e l l - indurated strata are damaged . 
such as th i c k  sandstone 
sect ions . A lso presup-
poses gent l e  s l opes or 
f la t  ground . 

N ot spec i fi ca l ly defined 
but no doubt i nc l udes 
granu lar soi ls ,  satur
ated ground, a nd soi I 
o n  steep s lopes subj ect 
to s l i di ng .  

V I I I  or greater - damage 
s l i ght  to considerab l e  
even i n  spec ia l ly 
designed structures . 
Great  damage to 
col lapse i n  poor ly  
designed structures . 
Some  w e l l -bu i l t  
wooden structures 
destroyed w i th I = X  
or greater . 

Recommendations 

Authorize  a seism i c  ground response 
study if large s tructu res are antic i 
pated or i f  urban izat ion begi ns to 
spread farther i nto the saturated 
t ida l  and coasta l areas . 

Requ ire that earthqua ke acce lera
t ions be i ncorporated i nto the de
s igns of l arge or h igh-r i sk structures . 
G enera l ly sma l l  w ood fram e struc 
tures of three or l ess stories are very 
stab l e  w hereas struc tures of greater 
h eights w i th unrei nforced concrete 
or masonry are more susceptib I e to 
damage . 

Zoning,  if des ired, shou l d  proceed 
toward the goa l s  of proper locat ion 
of  structures ou t of h igh -r i sk areas, 
the proper construct ion of struc
tures, and the m i n im i zi ng of r i sk 
to the popu l ac e .  Thus, greatest 
restr i ctions shou l d  be p laced on  
l arge structures of h i gh occupa ncy 
and  cri tica l need , such as mu l ti 
story schoo l s, hospi ta l s ,  and offi ce 
bui l d i ngs . 



Nam e  

F i l lab le  
subm erged 
land 

T i da l  
f l a ts 

Low 
t i da l 
marsh 

Mature 
t i da l  
m arsh 

D i ked 
sa I t  
marsh 

Tab l e  33 .  A c lassi fi cation of estuary wet lands,  Coos and Douglas Count ies,  Oregon 

Defin i tion 

Submerged land lyi ng be l ow the 
l eve l of m ean low water (+1 . 5  
feet) and l ess than 6 feet (-4 . 5  
feet) be low m ean  low water . 
Potentia l for bei ng fi l l ed for dry 
land use . 

F !at- ly ing land between m ean  l ow 
water ( 1 . 5  feet) and m ean h i gh 
water (7 . 5 feet) . Potent ia l  for 
bei ng fi l l ed for dry land use . 
Noted for profuse biotic activ i ty . 

Land simi lar to upper t ida l f lats 
above l oca l m ean sea l eve l  (4 . 5  
feet) a nd be l ow ma ture marsh , 
but characterized by gent l e  s lopes 
to h igher ground and i so la ted 
i s lands of arrow grass or marsh . 

Deeply channe l ed marsh sharp ly 
e l evated a few feet above m ost 
t ida I f lats; approximate l y  at the 
l eve l  of m ean h i gh water or  
s l igh t l y  h igher . 

S im i lar to mature t ida l m arsh , 
but  di ked and modi fied to g ive 
l eve l ground genera l ly for agr i 
cu  l tura I purposes . 

D escri ption 

Sha I I  ow bottoms of most estuar i es 
exc l usive of ma i n  channe l s .  Sub
strate of sand ,  si l t ,  m ud ,  or c lay .  

Extensive m udf lats a t  l ow t ides i n  
the margi na l and sha l low parts of 
estuar ies . I nc ludes ee I grass wet
lands in areas of m oderate current 
activity a nd low sedim en t  supp l y .  
Substrate o f  sand , si l t ,  o r  m ud .  

Marg i ns o f  estuar ies and mouths of 
s loughs where s low deposit ion i s  
favored by  low currents and  by sed i 
m en t  ent rapment  i n  vegetat ion . 
F loccu lat ion of c l ays may a l so be a 
s ign ifi cant factor i n  deposi t ion . 
S i l t and c lay . 

Shore areas border i ng t ide la nds 
a nd characterized by a l eve l  upper 
marsh surface dissected w i th deep 
i nterconnected d i tches ,  channe I s ,  
a nd potho l es near the t ide lands . I n  
upper s lough areas channels  are l ess 
we l l  deve l oped . 

Marg ina l  wet land areas of s l oughs 
bordered by di kes, levees , and tide 
gates . Fresh water vegetat ion has 
rep laced brackish water vegetation . 

Processes 

Vigorous water m ix ing; b iot ic act iv ity; 
a near ba lance of erosion and deposi t ion 
under natura l cond i tions . 

Da i ly t ida l  f loodi ng; v igorous mix i ng of 
water except in some marg i na l  areas; 
s low verti ca l accum u lat ion of sediment . 

Dai ly t i da l  f loodi ng; di ffuse drai nage; 
i nc i pient  sediment entrapment in vege
tation; potentia l for rapid marsh deve l 
o�en t . 

Suppl i es bu l k  of nutri ents to estuari ne 
biot ic communi ty; inundat ed by h igher 
t ides to depth s of severa l feet dur i ng 
severe storms; sediment  entrapment . 

I so la t ion from estuari ne system; advance 
of nonsa l t  vegetat ion; fresh water dom i 
nance . 
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G E O LO GY OF E ST UAR I ES  

G e n e r a l 

Estuaries are drowned r iver mouths formed by a re l at ive r i se of sea leve l .  T hey are genera l ly char
acterized by tidal i n f l ue nce and a mix ing of sa l t  and fresh water . T he major estuar ies o f  t he study area 
are the lower reaches of the Coos and Coqu i l l e  R ivers in Coos County and the lower Umpqua R iver i n  
western Doug las County . 

Ma jor geo log ic processes in the estuaries inc lude ocean f lood i ng,  sed imentat ion ,  and water m ix i ng . 
S im i lar to most est uaries of t he West Coast of Nort h Ameri ca, t he estuaries of the study area are charac
ter ized by v igorous t ida l  currents, abundant sa nd and sed iment supp ly , and re la t ive ly rap id  a l l uviat ion 
a nd marsh deve lopment . Si l t  and c lay predomi nate around t he marg i ns of t he estuaries and f ine- to medi um
grai ned sand is abundant i n  t he mai n  c hanne l s .  

Estuaries are centers o f  organic act ivity a nd support a comp lex inter lock ing web o f  p lant and an ima l 
l i fe wh ich  i nc l udes phytop lankton a l gae (mi croscopic  p l ants) ,  ee l grass , zoop lankton (microscop ic  an ima l s ) ,  
crustaceans, c lams, worms, and predators (fi sh ) .  The physica l set t ing and re la t ive ly  protected waters i n
v i te  harbor u se  by man ,  and  the  resource potent ia l  and  favorab le  geography of the surround i ng  areas favor 
deve lopmen t .  

T hrough t ime,  the biot ic communi ty of  an  estuary has become adj usted to  t he part i cu lar sa l i n i ty , 
nutrie nt , and temperature leve l s assoc iated w i t h  c i rcu la t ion  as it occurs under natura l condit ions . Poor ly 
p lanned or improper ly  located obst ruct ions can have adverse impacts on t hese de l i cate ba lances a nd can 
i ni t i ate undesirab le  b io logic and phys ica l s ide effects i nc l ud i ng stagnat ion . To date , very l i t t l e  is known 
concern ing t he to l erances of estuari ne b iota to outside i nf luence . Water mix ing and po l l ution d i spers ion 
in estuaries are reviewed by Dyer ( 1 973) .  

T he various par ts of  estuaries have di fferent p hys ica l requirements and set t ings (Tab le  33) a nd perform 
d i fferent funct ions . Par t icu la r ly  sens itive to changes in currents are the iso la ted s loughs w i t h  low l eve l s  of  
fresh  water i nput from the surround ing watershed . Current act iv ity is low and even sma l l  c hanges i n  t hem 
can exert s igni f icant impact . Marsh lands provide most of t he organ ic  mater ia l  for estuar ies ,  and the mai n 
tenance of  access between t hem and t he rest of  the estuary i s  essent ia l  for t he hea l th  o f  t he e nt ire system . 
Ee l  grass t ida l  f l ats provide pro tection for a wide variety of sea l i fe but requ i re waters of h igh sal i n ity 
and low turbidity . Increased fresh-water f low or storage of  log booms over them are i ncompat ib le  w i t h  
t he i r  bio log ic  resource va l ues. 

G e o l o g i c  P r o c e s s e s  o f  E s t u a r i e s  

C i rcu l a t ion 

Genera l :  C i rcu l at ion and water m ix i ng w i th i n  the est uary is promoted by the oppos ing forces of 
o utf low i ng fresh water and i ncomi ng t ida l water . I n  addi t ion ,  in two- l ayer systems where fresh water 
f lows out over mar i ne water , t he greater density of t he mar i ne water generates l andward currents a lo ng 
t he bottom of the estuary . F l uctuations i n  t he degree of ci rcu lat ion are contro l l ed largely by var iations 
i n  t he t ides, st ream f low ,  a nd storm or low stream -flow phenomena , but a l so are great ly i n f luenced by 
the act iv i t ies of man .  Mix ing is c l ose ly l i nked to the seasons ,  w i th t he most t horough mix i ng occurr i ng 
i n  t he wi nter a nd t he l east mix i ng occurri ng in t he summer . 

Mixed water and two- layer , or wedge , systems domi nate i n  Oregon estuaries i nc l ud i ng those of t he 
study area . Two- layer systems i nvo lve seaward-mov i ng fresh water near t he surface and i n l and movi ng 
mar i ne water at depth .  A zone of d i ffusion between t he two l ayers conti nua l ly sk ims mar i ne water from 
the lead i ng edge of t he lower system (sa l t  water wedge) . S i ze ,  shape , and posi t ion of the sa l t  water 
wedge at depth is dependen t  on the shape of t he estuary and the nat ure of the curre nts . 
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D i ffusion is the domi nate mix i ng act ion during gent l e  current act ion . Turbu lence is domi nate duri ng 
rapid incoming t ides or rapid runoff. Dur i ng part icu la r ly severe w i nter storms, sa l t  water may surge i n l and 
over t he less dense fresh water, causing an i nversion . T he resu l t i ng convect ive act ion produces thorough 
m ix ing w hi c h  y ie l ds we l l -oxygenated waters benefi c ia l  to biotic act iv i ty . Dur ing part i cu l a r ly high run-
o ff two- layer systems are deve loped in  w hi ch  fresh water f lows seaward over incom ing mari ne water at dept h .  

Act ivi t ies o f  man 

Man can exert s ign ifi cant i nf l uence on the c i rcu l at ion of an estuary e i ther  i ntent iona l ly or i nadvert
en t ly  by 1 )  modify i ng t he f low of  fresh water i nto t he estuary , 2) mod i fy ing t he f low o.f sa l t  water i nto the 
e stuary , or 3) restric t ing currents wit h in the  estuary . T he impact o f  spec i fi c  pro jects i s  d i ffi cu l t  to assess 
and varies w i t h  t he nature and loca tion of eac h pro ject . Li kew ise ,  the to le rance of var ious parts of t he 
e stuary to c hange a l so is poor ly understood . The potent ia l impacts d i scussed be low shou l d  be regarded 
as  rationa l possib i l i t ies and are not necessari ly i nte nded as estab l i shed fact in spec i fi c  s i t uat ions . 

Man can i ncrease fresh water runoff loca l ly e i ther by d ivert ing streamf low to new locations or by 
decreasi ng i nfi l t rat ion rates through modi fied land use such as urbanizat ion . B io logic areas w i t h  to lerance 
on ly for h igh sa l i n i ty waters, such as ee l grass, may be adverse ly affected . A l t hough i t  has been demon
strated that logg i ng increases summer streamf low ( see Stream F lood ing ) ,  i t  i s  doubtfu l that this act iv i ty 
has adverse effects on the  estuary . I ncreased streamflow a long estab l ished channe l s  i n  the summert ime 
probably wou ld  be benefi c ia l  to t he circu lat ion of the estuary . 

Man can decrease fresh-water streamf low into t he estuary by d ivert i ng streams to a variety of uses 
i nc l ud i ng agr i cu l t ure , i ndust ry , or m i n i ng .  F lood-contro l proj ects a l so can great ly mod i fy fresh-water 
i nput into the estuary . Dur ing the summer mont hs,  t he decreased fresh-water i nf l uence i n  t he estuary 
could produce great l y  mod i fied current action and i ncreased sa l i nity . It is doubtfu l w hether proper ly 
managed f lood-contro l structures wou ld  exert adverse impact s ,  however .  A reduct ion of excessive wi nter 
runoff probab ly  wou ld  be benefi c ia l .  

S a l t -water c i rcu l a tion i n  the est uary i s  genera l ly enhanced by c hanne l dredg ing . The impact i n  
terms o f  mix ing is  genera l ly favorab l e ,  a l t hough adverse e ffects associated w i t h  spo i l s d i sposa l and othe r  
aspects of dredging are a l so noted (see Est uar ies-Sed imentat ion) . I n  a very rea l  se nse , the dredg ing 
counteracts the long-range process of a l l uv iat ion wh ich  th reatens the v ita l i ty of t he estuary . Where cur
rent  action is m in ima l ,  however ,  stagnation "sinks "  may deve lop . 

C urrents w i t h i n  estuaries are common ly mod i fied or rest ri cted by d i kes , fi l l s ,  or spo i l s  di sposa l . 
Impacts vary wi th  t he exte nt of t he project and may inc l ude 1 )  buria l of t he loca l benth ic commun i ty , 
2) e l im i nat ion of s loughs or i n lets ,  or 3) reduct ion of t he bio logic product iv i ty of t he est uary . F l uctua
t ions in  t he fisheries resource on t he cont i nenta l  she l f  can be traced i n  part  to c hanges i n  t he estuar ies . 
F i l ls a l so can i so late estuari ne marsh la nds from the rest of the est uary , t hus l im i t ing food supp ly for t he 
remainder of t he biot ic community . If unchecked for a long enough period of t ime t he pract ice of  fi l l  
p lacement in  t he estuaries can lead to e l im ination of much of the estuary inc lud ing s loughs and secondary 
bays . 

Deposit ion 

Genera l :  Sed imentat ion w it h i n  estuar ies i s  comp lex and i nc l udes se t t l i ng of wind-b lown sands 
(see Wind Erosion and Deposi t ion )  near the act ive parts of sp its , de l ta ic  and re lated deposit ion near major 
streams , c l ay f loccu lat ion and se tt l i ng i n  s loughs and marshes, deposi t ion by l i ttora l dr ift near bay mouths ,  
and upstream transport of  mar ine sed iments by mari ne water f low i ng into t he estuary , somet imes for consid
erab le  d i stances ( K u l m  and others , 1 975) .  

Because the c i rcu l at ion of t he estuaries is domi nated by mixed or two- layered systems dur ing most 
of the year ,  bed load ma te r ia l  coarser t han very f ine-grai ned sand is  genera l ly deposited near t he mouths 
o f  inflow i ng streams and a long major channe l s  in the estuary . A l t hough ebb tides and extreme storms may 
periodica l ly f l ush some of this ma te r ia l to t he surf zone , Oregon estuaries are genera l ly regarded as sed
iment t raps for fi ne-gra i ned sand and coarser materi a l  ( K u l m  and others,  1 975) . Large vo l umes of fi ner
grai ned materia l do escape the estuaries , however .  
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Where i nf low ing ocean currents are statist i ca l ly ba lanced by outgo i ng t ida l  a nd river currents, mean 
f low approaches zero and deposi t ion is promoted . T hi s  region i s  termed the noda l po i nt a nd is the site of 
s hoa l i ng .  Ow i ng to re lat ive ly effi c ient outgoing currents ,  shoa l i ng in t he Oregon estuaries is ge nera l ly 
located very near the mouths of the estuaries or eve n a short d istance out to sea , as at the mouths of the 
Coqu i l l e and the Umpqua R ivers . 

Deposit ion w i th i n  the estuaries produces a na tura l sequence of landform deve lopment wh ich proceeds 
from submerged land successive ly through t ida l f lats , t ida l  marsh , and meadow . Vegetat ion of the marshes 
e ff ic ient ly entraps sed iment  so t hat ground e l evat ions of  marshes genera l ly are a foot or more above the 
immediate ly surrounding t ide lands (Tab le  33) . In qu iet brackish waters ,  such as s loughs , c l ay f loccu lat ion 
by posi tive ions i n  the sa l t  water is now recognized as a major contri butor of sed ime nt . 

Act iv i t ies  of man :  T he fi l l ing of estuaries by sed iments is a natura l and i rreversi b le  process . Man 
can mod i fy the rate of  fi l l i ng in severa l ways i nc lud ing 1 )  i ncreasing or decreas ing t he supp ly of sed ime nt 
from t he watershed, 2) i ncreasing or decreas i ng t he supp ly  of sed iment from t he coasta l  zone , a nd 3) mod
i fy i ng deposi t iona l patterns w i th i n  t he estuary . 

Improper l and use , i n c l ud ing poor logg i ng pract i ces and excessive soi l disturbances duri ng const ruc
tion of various projects ,  great ly  i ncreases mass movement and sed iment y ie lds to streams , As t he sed ime nts 
move seaward t hey account for i ncreased rates of sed imentat ion i n  t he estuar ies . A l t hough no quant itat ive 
data are avai lab l e ,  poor logg i ng pract i ces in past years are b lamed for much of the sedimentat ion of t he 
estuar ies (U . S .  Departme nt of the I nter ior , 1 97 1 ;  D icke n ,  1 96 1 ) .  Various techniques a nd po l i c ies  ava i l 
ab le  to m i n imize s lope erosion i n  areas of t imber harvest are d i scussed under Stream Erosion and Deposi t ion . 

Jetty construction at the mout hs of estuar ies great ly reduces the quant i t ies of sed iment de l ivered to 
the bay by longshore dr i ft a nd tida l act ion by promoti ng beach  deposi t ion on the adjacent coast l i nes (see 
Coasta l  Erosion and Depos i t ion ) .  T he impact of dredg i ng ,  howeve r ,  is variab le , depend i ng upon the 
hydrau l ics of the part icu lar  est uary . Where sha l low bay mouths are e n la rged by dredg ing , as a l ong t he 
Oregon Coast , more effi c ie nt ebb t ides and estuary fl ushi ng are genera l ly exper ienced . Dredg i ng i nside 
t he estuary may i ncrease c i rcu lat ion and l ead to increased d i spersion of po l l u tants and i ncreased she l l -
f i sh productio n .  A l ternat ive ly , dredged areas may deve lop i n to loca l i zed s i nks characterized by a bui l dup 
of organ i c  mater ia l  a nd the deve lopme nt  of tox ic  reducing cond i t ions . Add i t iona l  impacts o f  dredg ing 
i n c l ude sed ime nt sort ing duri ng s l urry d i sposa l ,  i nc reased turbid i ty and conseque nt si l tat ion ,  a nd t he re lease 
of  a variety of mate r ia l s  previous ly  locked in sed iment  i n c l ud ing su l fides, hydrocarbons , i nsect ic ides, and 
poss ib ly  heavy meta l s .  The i ncreased oxygen demand associated with dredg i ng is large ly of chemica l rat her 
t han bio logic or ig i n .  

Imprope r ly p l aced fi l i s and di kes can impact o n  c i rcu lat ion patterns ,  w hi c h  i n  turn  can affect patterns 
of deposi tio n .  Br idges rat her t han fi l l s  shou ld  be constructed where roads or ra i l roads cross estab l ished chan
ne l s  i n  t he est uary . F i l l s  for new land have t he leas t  impac t  on estuaries i f  located o n  h igh marsh and mead
ows rat her than  on t ide flats or other low- ly i ng landforms .  

C o o s  B a y  E s t u a r y 

Coos Bay covers 1 2 , 380 acres and is primar i ly t ida l  f lats (6 , 200 acres ) ,  t ida l  marsh ( 2 , 738 acres) , 
and ee l grass t ide l ands ( 1 , 400 acres) . The watershed dra i ni ng i nto t he Bay covers 820 square m i l e s .  
Annual  sed iment  di sc harge i nto the Bay i s  est imated at 72 , 000 tons (Percy and others , 1 974) .  Head of 
t idewate r is at De l lwood on the South Fork of the Coos R iver and at A l legany on t he Mi l l i coma R iver . 
Average depth of the Bay is 5 feet be low mean sea l eve l .  

Most parts of t he Bay have part ly to we 1 1 -mixed water dur ing most of the year . Sa l t -water i nversion 
occurs dur ing many w i nter storms (Burt and Quee n ,  1 957) .  Sa l i ni ty is h ighest i n  t he summer months . 
T ida l  m ix ing is t he l east effect ive i n  areas far removed from ma i n  t ida l c hanne l s ,  such as the midd le  a nd 
upper reaches of s lo ughs .  The capac i ty to accommodate po l l ut ion is t he l east around t he edges of s l oughs 
d ra i n i ng loca l watersheds .  Stagnation and low oxygen leve l s  have bee n  reported i n  I st hmus S l oug h .  

Cu rre nt ve loc i ty data for Coos Bay are l im i ted . Percy and others ( 1 974) report max imum ebb and 
flood curre nts of 7 k nots and 3 . 5  knots respect ive ly . S ide c hanne l readi ngs taken from a dock near t he 
mouth of t he Bay ranged from 0 . 2 to 2 . 7  knots for ebb t ides a nd 0 . 2 to 1 . 1  k nots for f lood t ides i n  a study 



Tab le  34 . M odi fications to Coos Bay estuary , U . S .  Army Corps of Engineers 1 

M odi fication 

N orth j etty 
South j et ty 

Brea kwater 
Bu l khead 

Turni ng bas in  
Turn ing bas in  
Anchorage bas in 
A nchorage bas in 
Moor i ng bas in  

Channel  
Channe l 

Channe l  (I sthmus S lough) 
Connec t i ng channe l  

Channe l extension 

Channel  

1 Channel  

Channel  

Location 

Entrance 
Entrance 

Char l eston 
Char l eston  

Opposi te Coa lbank S l ough 
At c i ty of N orth Bend 
Outer par t  of  m i le 3 . 5  
Coos Bay near m i l e 7 
Cha r l eston 

En trance 
E ntrance to mouth of I sthmus 

S lough 
I sthmus S lough to M i l l i ng ton 
Coos Bay ma i n  c hanne l  to 

Char leston 
I n  South S lough to h ighway 

br idge 
Coos Bay to A l legany on 

Mi I I i coma R i ver 
To De l lwood on the South Fork ,  

Coos R iver 
De l lwood to m i l e  1 4 . 7  of South 

Fork, Coos R iver ---- --- - - --� 

1 Adapted from Percy and others , 1 974 . 

D imensions 

Depth2 Width 

30 feet 600 feet 
30 feet 600 feet 
30 feet 600 feet 
30 feet 600 feet 

900 feet 

40 feet su itab l e  
30 feet 300 feet  

22 feet 1 50 feet 
1 0 feet 1 50 feet 

1 0  feet 1 50 feet 

5 feet 50 feet 

5 feet 50 feet 

3 feet 50 fee t  
----- ---

2 Depth is i n  reference to m ean  lower l ow water; see Tab le 23 . 

Length Status 

1 929 comp leted; 1 940 reconstructed 
1 970 repair  started; 1 942, 1 962, 1 963 

reconstructed and rehabi l i ta ted 

1 ,  000 feet 
1 ,  000 feet 
2 , 000 feet 
2, 000 feet 

900 feet 1 956 sma l l  boat bas in comp l eted 
I 

1 m i le 1 952 comp leted 
1 5  m i l es 1 937 dredged to 24 feet; 1 95 1  channe l ! 

comp l eted to 30 feet 
3 m i l es I 1 956 comp leted 

1 970 com p leted 

1 3 . 8  m i l es 1 966 improvem ents 

1 5  m i l es 1 966 improvements 

0 . 7  m i l es 1 966 improvements 
- -- - - - - --
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cited by Fleming { 1955) . Additional readings token from the Boy entrance during jetty construction re
vealed maximum mid-channel velocities greater than 3.5 knots. Current velocities recorded in 1 9 1 2  near 
the proposed Wi l lomette Pacific Rai lway Bridge were as great as 2 .25 knots during flood tide and 2 .5  knots 
during ebb tide. Bottom currents greater than 0 .5  knots {approximate ly 20 em/sec} (see Figure 48) ore 
capable of eroding and transporting fine sand. Seaward of North Bend, bottom material  is primarily sand 
and shells; to the east, si l t ,  fine sand, and mud predominate . 

Land use in the Coos Boy area includes timber harvesting, fish harvest ing, and processing, urban
ization, strip commercial development, scattered ogri culture, residentio I development, moderate industry, 
and shipping. Approximately 85 percent of the watershed is commercial forest . The Mi l l icomo River and 
numerous sloughs ore devoted largely to log storage. Coos Boy is a deep-water port with 30-foot channels, 
numerous Iorge turning basins, and scattered boot romps. The most intensely developed port of the Boy is 
the south shore . 

Prior to channel dredging and jetty construction, the mouth of Coos Boy consisted of a channel 200 
feet wide and 1 0  feet deep. The location of the mouth fluctuated seasonally over a distance of several 
thousand feet. Near the community of Coos Boy the channel was only 50 feet wide and 6 feet deep. 
Subsequent projects (Table 34) hove produced the present deep-water harbor and undoubtedly hove affected 
current activity and depositional patterns. The old channel at the delta of the Coos River east of the marsh 
islands northeast of Eastport is reportedly fi l l ing with sediments at the present time. A new channel dredged 
to join the Coos R iver and the Marshfield channel immediately north of Eastport has redirected currents away 
from the old channel .  Marsh growth in the general region of the mouth of the Coos River into Coos Boy has 
been rapid in recent years (Dicken, 1 961 ) . 

Linear f i l l s  in estuaries con hove severe impact on estuarine waters. The impact of the roodfi l l  lead
ing north post Haynes Inlet and west to North Spit from Russe l l  Point has been minimized by the construction 
of bridges over main tidal channels . The precise long-range effects of the fi l ls, however, are unknown . 

Diking has c la imed 2, 000 acres of tideland for agricul ture (F igure 5 1 } ,  and f i l l  has produced l ,  500 
acres of new land for development in the Boy since 1920 {see Figure 52). Major projects include industrial 

Figure 51 . Lost wetlands through diking and fi II placement. 
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C O O S  B A Y  E S T U A R Y  
TIDELANDS CHANGE 1 9 2 0 - 1 9 7 0  

L E G E N D  
L O S T  W E T LANDS § 
{THROUGH FILL,  DIKES, DRAINING, 01-c ACCR[Th•J\1 

S C A L E  0' ..... ......-="'= ...... =d2 MILES 

F igure 52 . D i ki ng for agr icu l tura l land has r educed th e s ize of the Coos Bay estuary . 



GEOLOGY O F  ESTUARIES - COQU I LLE ESTUARY 

Figure 53 . Marsh growth at the mouth of Kentuck S lough has accelerated in  recent 
years possibly owing to man's influence (see text) . 

Figure 54. High tide in  South Slough covers pristine tidal flats. 

1 23 
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f i  I I  a t  the mout hs of Ist hmus and Co  a I bank S loughs, in the area nort h o f  Eastside , and at t he mouths of  Coos 
and Catch ing S loughs . F i l l  at t he mout h of  Pony S l ough under l ies t he ai rport const ructed in  Wor ld  War I I . 
F i l l  cont inues to be p laced i n  the area of Pony S l ough for res ident ia l and commerc ia l  deve lopment , 

T he t idegate at Kentuck S l ough a l l owed t he conversio n of h igh marsh to agricu l t ura l land , but a l so 
reduced current action and promoted sed iment deposi t ion . Wi th  the cessat ion of t ida l fl ush i ng ,  f loccu lated 
c l ay s  have been  a l l owed to accumu late in  the immediate area . Between 1 939 and 1 96 1 , t he marsh at t he 
mouth of K ent uck S l ough doub led i n  size ( Dicken,  1 96 1 ) ,  and it i s  st i l l  grow ing ( F igure 53) . 

North S l ough and Haynes S lough in t he north Coos Bay area cons ist of re lat ive ly unchanged t ida l 
mars h ,  and South S lough sout h o f  Char leston remains  as re lat ive ly prist i ne t ida l  f lats  ( F igure 54); however,  
fi l l s are presen t  a t  t he mouth of  the s lough at Char leston ,  and d iked agric u l t ura l land occupies severa l of  
t he i n lets of  South  S l oug h .  The area has  bee n proposed as an estuar ine sanct uary by OCC& DC and t he 
Nat iona l Oceanic and Atmospher ic Admi n i st rat ion .  

C o q u i l l e R i v e r  E s t u a r y 

T he estuary of the Coqui l l e R iver covers 77 1 acres and consists primar i l y  of t ida l  f lats (301  acres) 
and t ida l  marsh (373 acres) . The Coqui l l e  watershed extends over an area of  2 , 390 sq uare mi le s .  Sed iment 
d i scharge i nto the bay is approximate ly  1 00, 000 tons per year ( Percy and others, 1 974) .  Head of t idewater 
is  located at  Myrt le  Po i nt and the average depth  of the estuary i s  7 fee t  be low mean sea leve l . Waters are 
part ly to we l l -mixed year round . Sa l i n ity is h ighest during t imes of low streamf low i n  t he la te summe r ,  

Land use around t he estuary i n c l udes l umber process ing ,  l oca l  commerc ia l deve lopments at Bandon ,  
boat ramps,  scattered reside n t i  a I and  urban deve l opment ,  and  agri cu l t ure (primari ly cranberries and  I ive
stock) . Harbor improveme nts i nc l ude a c hanne l dredged to a depth of 1 3  fee t ,  two je tt ies (Tab le  35 ) ,  and 
a sma l l, boat basi n ,  

Modi fication 
N orth Jetty 

South Jetty 

C hanne l 

Tab l e  35 . M odi fi cations of Coqui l le Bay estuary 
by U . S .  Army Corps of  Engi neers* 

Dimens ions 
Locat ion Depth Width Length 
Entrance 3 ,  450 feet  

E ntrance 2 ,  700 feet 

E nt rance 1 3  feet Su i tab le  1 . 3 m i les  
be low mean 
l ower low 
water 

* Adapted from Percy and others, 1 974 

Status 
1 908 comp leted 
1 942 reconstructed 
1 95 1  extended 
1 956 repa i red 
1 908 comp leted 
1 954 repa ired 
1 933 comp leted 
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The most s ign i fi cant change i n  th e estuary of the Coqu i l l e R i ver in h i stor ic t imes has been the rap id  
spread of  marsh la nds a long th e east bank  north of Bandon . Prior to 1 895 most of th e marsh (see Geo logic 
M ap) di d not exist . S i nce tha t  tim e ,  the marsh has spread at rates up to 70 feet per year , a l though i t  has 
s l owed considerab ly  in  recent years (D i c ken ,  1 96 1 ) . 

T he marsh occupies the i nner bend of a meander ,  former ly  an area of s lack water . The brackish 
water s i te was ideal  for deposi tion of f l occu la ted c lays and other f ine-gra ined sed iment s ,  T he s lack-water 
area probab ly formed when the Coq u i l le  R i ver cut westward i nto t he easi l y  eroded spi t ,  l eav ing i ts  former 
c hanne l .  I t  i s  unknown when the r iver sh i fted to i t s  present pos i t ion .  Avai lab le  records (D icken ,  1 96 1 )  
show that the r iver has not changed course since 1 887.  

Formation of the marsh is  here attri buted to a seq uence of natura l events wh ich  i nc l uded 1 )  a sh i ft 
of the ma i n  channe l of the r iver westward to produce s lack-water cond i t ions a l ong t he o ld  channe l ,  2)  
reg iona l sha l l ow i ng a long t he east bank as a resu lt of  sed imentat ion ,  and 3) rap id latera l spread i ng of 
marsh as a resu l t  of  sed iment entrapment . 

Logg i ng and forest fi res in t he watershed undoubted ly  contributed to t he sed iment supp ly  but prob
ab ly were not a major factor in the formation of t he marsh as postu lated by D icken ( 1 96 1 ) .  Before the marsh 
began to spread ,  sha l low t ide l ands deve loped in the s lack water as a natura l resu l t  of hydra u l i c  cond i t ions 
and at a time pr ior to man ' s  i n f l uence i n  the h i nter land . L ikew ise t he rap id spread o f  the marsh is exp la i ned 
pr imari ly  in terms of sed iment entrapment by vegetation rather t han a great l y  i ncreased sediment supp l y .  

U m p q u a  R i v e r  E s t u a r y  

The Umpqua R iver estuary covers 6 , 830 acres , of wh ich  approximate ly  1 , 500 are t ide land marsh 
and t he remai nder submerged l and , The r iver  system dra i ns an  area of 4, 500 square mi les . The head of 
t idewater is  a t  Scottsburg on t he Umpq ua R iver and at river m i l e  28 , 5  on the Smi th  R iver .  Sed iment d i s
c harge i nto the bay i s  est imated at 564, 000 tons per year ( Percy and others, 1 974) . Average depth  of  t he 
bay is 1 5  feet  be low mean sea I eve I .  

Waters are part ly  to we l l  mixed throughout t he year w i t h  a prom i nent sa l t -water wedge common i n  
January and February . Shoa l i ng and cross currents are a major concern i n  t he bay and are ana lyzed i n  
a computor program deve l oped by t he U . S .  Army Corps of  E ngi neers (Techn ica l Report H-70-6 ) .  Anot her 
program deve l oped by the Washi ngton State I nst i tute of Technology ( Bu l l e t in  265) mode l s  po l l u t ion pote ntia l .  
Summert ime sa l i n i t ies  are lower than i n  most other est uar ies, ow i ng to me l t ing snows i n  the headwaters of 
t he Umpqua R iver in the Cascade Range . 

I ndust r i a l  deve lopment near the bay inc ludes l umber processi ng at Gard iner ,  fish process i ng at W i n 
c hester Bay , a l umber m i l l o n  Scho l fie l d  Creek,  and sand and grave l dredg i ng up  t he Umpqua R iver (see 
M i neral Resources ) .  0 ther types of l and use i nc l ude commerci a l  and residen ti a I deve l opment at Reedsport , 
sports f i sh ing ,  c lamming ,  and agr icu l t ure (graz i ng and sma l l  farms) . Harbor improvements (Tab l e  36) i n
c l ude j e tt i�s a t  t he  river mou th ,  a 22-foot deep channe l to  Reedsport , and  side channe l s  to W i nchester 
Bay , Gard i ne r ,  part of Sc ho l f ie ld  Creek, and 2 1  mi les up the Smi th  R iver .  

Major phys ica l changes i n  t he estuary i n  h i stori c t imes are t he jo in t  resu l t  of spo i l s d i sposa l and 
natural marsh grow t h .  Levees , d ike s ,  and fi l l  have been used to e levate much of Bo lon I s land above the 
range of t ida l  i nf l uence . The southeaster ly  upstream extens ion of Steamboat I s land has formed s ince 1 885 
l arge ly  as a res u l t  of natura l marsh deve lopme nt ,  Var ious ot her parts of t he i s l and ,  espec ia l ly t he northern 
end, are composed of dredge spo i l s ,  and t he i s l and is  mapped as fi l l  and spo i l s  (see Geo log i c  Map) . 

Leeds I s land on the south bank of the Umpqua River is now connected to t he ma i n land by levees and 
spoi l s .  According to D i cken ( 1 96 1 ) ,  the s i te of the commerc ia l  d i st r ict  of Reedsport was high sa l t  marsh 
i n  1 885 and owes its prese nt e l evat ion to fi l l .  Various geo log ic  hazards t hat shou ld  be cons idered in the 
further deve lopment of th i s  and s im i l ar areas are d i scussed under Marsh and Peat ( Surfi c ia l Geo log ic  Un its) 
and Earl hq uakes . 

At the present t ime ,  most act ive marsh growth  appears to be on t he western edge of T he Poi nt , a 
s hort distance northwest of Reedspor t ,  w here t ida I marsh acc ret ion and channe I deve lopment are noted by 
D icken ( 1 96 1  ) .  

The physica l makeup and future deve lopment of th e Um pqua R iver estuary i s  cur rent ly bei ng i nten
sive l y  and systematica l l y i nvestigated by the Umpqua R iver S tudy Grou p .  Topi cs of consideration inc lude 
soi Is l im i ta tions, s lopes , hydra u l ics,  l and use , and spo i Is d i sposa l .  



Tab l e  36 . M odi fications to Umpqua Ri ver estuary , U . S .  Army Corps of Engi neers 1 

Dimensions 
l 

Mod i fication Location Depth2 Width Length S tatus 

N orth j e tty E ntranc·e 8 ,  000 feet 1 940 com p l eted 
South j etty E ntrance 4 ,  200 feet 1 938 extension comp l eted; 1 963 rehabi l i tated 
Trai ni ng j et ty I nsi de south entrance 5 ,  500 feet 1 95 1  comp leted 

Turn i ng bas in  Reedsport 22 feet 600 fee t  1 ,  000 feet 
M oor i ng and turning Winchester Bay 1 2  feet 1 75 fee t  300 feet 

bas in  
Turn i ng basi n Gardi ner 22 feet 500 fee t  800 feet 
Pass ing basin M i l e 16 on Sm i th R iver near 1 957 comp leted 

North Fork 

Channe l Entrance 26 feet Compl eted 
Channe l Entrance to Reedsport 22 feet 200 feet 1 1  m i l es 1 94 1  com p leted 
S i de channe l Main  channe l to docks at 1 2  feet 1 00 feet 

Wi nch ester Bay 
Channe l Scho l fi e ld Creek from confl u- 1 2  feet 1 00 feet 2 m i l es 

ence w i th Umpqua River 
Channe l Smi th R iver mouth to North 6 feet 1 00 feet 16 m i l es 1 957 comp leted 

Fork 
Channe l Smi th R iver from N orth Fork 4 feet 75 feet 5 m i l es 1 957 comp leted 

to Su l phur  Spr i ngs 
S i de channe l Mai n channe l to Gardi ner 22 feet 200 feet ----- L__ ___ - - - -- -- ----------- --
1 Adapted from P ercy and others, 1 974 . 
2 Depth is in r eference to m ean lower l ow water , see Tab l e  23 . 
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S UMMARY 

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

Th i s  bu l l e t i n  prov ides p lanners i n  weste rn  Coos and Doug las  Count ies w i t h  t he necessary information 
a nd guide l i nes to make va l id la nd-use p lann ing dec is ions . I t  is a comprehensive a nd systemat i c  sy nthesis 
o f  present  t hought regard ing hazardous geo logic condit ions and mi nera l resources of  t he region . T he i nfor
mation i s  genera l and reconna i ssa nce i n  na ture , however ,  and i s  subject to further re fi nement based upon 
more ri gorous study . 

The report proceeds t hrough various leve l s  of deta i l from map to tab les  to text a nd refere nces . Organ
ized i n  t h i s  way , the report has a po tent ia l for a wide variety o f  uses i nc l ud i ng pre l im i nary s i te eva l uat ions,  
l a nd use su i tab i l i ty a na lyse s ,  regiona l i zat ion of data , and po l i cy formu la t io n .  

G e o g r a p h i c  S e t t i n g o f  S t u d y A r e a  

The s tudy area encompasses the western ha l f  of Coos County a nd the northwestern t i p  of Doug l as 
County and covers approximate ly 1 , 400 squa re mi le s . T he c l imate is moi st temperate w i t h  summer breezes 
fr�m t he northwest and wi nter ga les from t he sou thwest . Ocean currents a re comp lex but genera l ly are i n  
response to the w i nds . 

Landforms i nc l ude ca tegories of up lands ,  terra ces ,  and low l a nds . Each  is t he product of spec i fi c  
geomorph ic  processes act i ng upon spec i f ic  materia l s .  La ndforms can be used to deduce a first approx ima
t ion  of hazardous geo logic  condi t ions . 

T he popu lot ion of Coos County was 56, 5 1 5  i n  1 970 and t hat of Reedsport i n  western Doug las  County 
was 4 , 039. Data ind icate modest i ncreases in the future w i t h  t he trend towards urban i zat ion . Const ruct ion 
of  more effic ient  transportat ion l i nks  to the Roseburg area wou ld  mod i fy t he proj ect ions upward . 

E n g i n e e r i n g G e o l o g y  

Three types of geo log i c  uni ts are re cogn ized: 1 )  bedrock geo logic un i t s  of  conso l idated mater i a l ,  
2 )  surfi c ia l  geo log i c  un its o f  sem i-conso l idated to u nconso l idated sedimentary P l e istocene depos i ts , a nd 
3) soi l s ,  the pr�ducts of weather i ng . Soi l s  over l ie both t he bedrock a nd surfi c ia l geo log ic  un i ts . 

Bedrock geo log ic  un i ts i nc l ude a l l  or parts of 1 2  st ratigraph ic  un i ts grouped i nto four major cate
gories :  Sa ndstone of Tertiary Age ,  S i l tstone of  Tert iary Age , Basa l t  of Tert ia ry Age, and Rocks of Pre 
Te rti ary Age . Loca l use l im i tat ions i n  the bedrock geo logic un i t s  genera l ly are domi nated by degradat iona l 
hazards such as mass movement and erosio n ,  a nd re la ted condit ions such as t h i n  so i l s .  

Surfi c ia l geologi c un i t s  i n c l ude 9 un i t s :  fi l l  and spo i l s ,  stab le sand ,  unstab le  sand , def la t ion  p l a i n  
sand and  beach  sand , t ida l f la ts ,  marsh  and  pea t ,  Q ua ternary a l l uv ium , Quaternary f l uv i a l  terrace deposi ts , 
a nd mar ine te rrace depos i ts . Loca l  use l im i tat ions, genera l ly are domi nated by aggradat iona l a nd weatheri ng 
hazards i n c l ud i ng f lood i ng ,  pend i ng ,  h igh  ground water ,  and depos i t io n .  Re lated engineer ing condi t ions  
i n c l ude low bear i ng s tre ngth a nd potent ia l l iquefact ion du r i ng eart hquakes . 

Soi l s  are l eached and ac id ic  and are grouped into three major categor ies :  up land soi l s ,  terrace soi l s ,  
and low l and so i l s .  Up l and soi ls a re chara cter ized by steep s lopes ,  rapid runoff, rapid erosion and si l ty 
loam to s i l ty c l ay textures . Gent le  s lopes and deep weather i ng are typ ica l of terrace so i l s; however ,  c l ay 
r i ch  horizons or t h i n  iro n  pans impede i nfi l trat ion loca l ly .  Bank fa i l ure i n  deep cuts is a l i tt l e apprec ia ted 
hazard . Low land so i l s occupy regions of stream f lood ing ,  ocean f lood i ng ,  a nd w i nd erosion and deposi t ion . 
Where deposi t iona l processes are domi nan t ,  low l and so i l s are i nd i s t i ngu i shab le from the surfi c ia l geo log i c  
un i t s  they ove r l i e . T he eng i neer ing properties o f  the upper 5 feet of  these un i t s  are d i scussed under soi l s .  



1 28 E N V I RONM E N TA L  GEO LO G Y  OF W ESTERN COOS AN D D OU G LAS C OU N T I ES 

M i n e r a l  R e s o u r c e s  

T he study area is  character ized by l im i ted meta l l i c  and non-meta l l i c  resources , h igh ground-wate r 
potent i a l  i n  dune areas , and poor ly defi ned but modest fue l potent ia l . Construction mater ia l s  appear to 
be i n  adequate supp l y .  

Meta I I i c m i nero I resources 

B l ack sands depos i ts conta i n  gold and chromite and consist of sma l l  re lative ly low-grade deposits 
offshore and scattered deposits onshore w i t h  long but sporadic h i stories of sma l l -sca le production . I nvest i 
gations o f  the deposi ts cont inue . Severa l  sma l l  prospects for go ld  (p lacer and lode ) are located i n  the 
South Coqu i l le drai nage . I ncreased prospect ing can be expected i n  future years . Copper and manganese 
prospects a I so are located in southern Coos County . 

Nonmeta l l ic minera l resources 

T he Coos-Umpqua dunes a rea is favorab le  to t he product ion of si l i ca sand in te rms of its size , acces
s ib i l i ty,  and qua l i ty . Pote nt ia l  for ce rtain types of  g lass and for foundry sand has been  demonstrated . 
Sma l l  l imestone deposi ts su i tab le  for agr icu l tu ra l  use may ove r l i e  the Basa l t  of Tertiary Age loca l ly .  One 
deposi t  east of Coos Bay was mi ned for mortar on a very l im i ted bas i s .  Other nonmeta l l i c m i nera l  resources 
of  undefi ned ut i l i ty i nc l ude c lay and peat . 

Construction materia l s  

Coos County is defi c ient  in  grave l and hig h-qua l ity rock for concrete aggregate and imports large 
vo l umes of these commodi ties from the Reedsport area . Sand and grave l are mi ned pr imar i ly from t he bed 
of  the lower Umpqua Rive r ,  w i th  subord i nate act ivity in t he midd l e  and upper reaches of the Coqui l l e 
R i ver ,  and from marine terrace deposi ts near Bando n .  Quarry stone i n  adequate supp ly for loca l r iprap, 
road construct ion,  and some jet ty const ruction has been  produced from Basa l t  of Tertiary Age and from 
b l uesch ist pods of the Rocks of Pre-Tert iary Age . Prov id ing an adequate supp ly  of construct ion ma te r ia l s  
for future use w i l l  requ i re a we l l - informed ba lancing of esthet ic desires and  mater ia l  needs . We l l -managed 
m i ni ng and sequentia l or mu l t ip l e  land use are recommended . 

G round water 

G round water is  most abundant in t he Coos-Umpqua dune sheet; y ie lds of sev-era l hundred ga l lons 
per m inu te are common , and present  da i ly production approx imates 4 m i l l ion ga l lons . A tota l of about 
1 5  m i l l ion gal lons per day cou ld  probab ly be w i t hdrawn w i t hout adverse consequences to lake leve l s ,  
water q ua l i ty , o r  we l l  eff ic iency . Ground-water potent ia l o f  terraces and other lowl and areas is gener
a l ly l ess than a few tens o f  ga l lons per m inute and use is restr i cted to scattered domestic use . Ground
water potent i a l  of t he up lands is very low .  I ncreased moni tori ng and management wi l l  be needed to assure 
the most benefic ia l  and effi c ient use of the ground-water resource in t he fut ure . 

Fue l 

The Tertiary geologic h i story of t he study area is genera l ly favorab le  for the generat ion of o i l  and 
gas, but low bedrock permeabi l i t ies and o ther  geo logic cond it ions have operated agai nst i ts uccumu lat ion 
i n  commerc ia l  quant i t ies  i n  many of t he more promising structures . Exploration has been extreme ly l im i ted , 
howeve r ,  and the possi b i l i ty of future discoveries is very rea l .  Offshore , t h ick sect ions of Miocene to 
P l iocene age strata between Bandon and Cape B lanco and o lder strata formi ng an ant i c l i na l  struct ure at 
Coqui  l i e Bank are part i cu la r ly promi si ng .  

Approximate ly  one bi l l ion tons o f  coa l (not a l l  economica l ly mi nab le )  o f  subbi tuminous grade under
l ie t he Coos Bay area . Of this ,  on ly 60 m i l l ion tons are mi nab le  w i t h  present techno logy and under present 
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economic cond it ions . S im i lar reserves under l ie Eden R i dge to the southeast . T he resource is o n ly of 
loca l s igni f icance w hen compared w i th the exte nsive coa l reserves of the midwest a nd east . F u ture deve l 
opme nt of  the resource w i l l  probably be  for loca l needs and may invo lve appl ication of  new techno logies ,  
such as in-p lace coa l gasi ficat ion . 

G e o l o g i c  H a z a r d s  

Geo log ic  hazards present at various times i n  various parts of t he study area i nc l ude stream f looding ,  
ocean f lood ing ,  h igh ground water,  pendi ng,  mass movement , stream erosion and deposi t ion , coasta l  
eros ion and  deposi t ion,  and moderate eart hquake potent ia l . 

Stream f loodi ng 

F l ash flood i ng is rest r i cted to steep ly s l op i ng up land areas wi th  h igh re l ie f .  The major impact is 
from channe l  scour and stream-bank erosi on,  wh ich damage roads ,  br idges , and other st ructures . Major 
recommendations i nc l ude l i m its on deve lopment i n  cr i t ica l areas and provisions for proper e ng ineer i ng of 
necessary structures . 

Low land stream f lood ing i s  common on  the f lood p l a i ns of the major st reams and resu l t s  in structura l 
damage , water  damage , s i l tat ion, and hazards to hea l t h .  Protective and remedia l measures may i nc l ude 
appropriate zon ing ordi nances and bui l d i ng codes ,  i nsurance programs, d i sc losure po l i c ies, and f lood 
prevention construction such  as d ikes and levees . 

Ocean f lood ing 

T ida l f loodi ng occurs two t imes  da i ly and affects tida l f lats,  low- ly i ng beac hes ,  and marsh to an  
e leva tion of approxima te ly 6 feet above mean sea leve l . I t  aggravates stream f loodi ng i n  coasta l areas 
and s hou ld be i n tegrated i n to a l l fl oodi ng mode l s .  

S torm surge i s  caused by low atmospher ic pressure and wind ,  and i s  add i t ive to tida l f lood i ng .  Max
imum observed storm surge on t he Oregon Coast i s  s l ight ly  greater than 4 feet above t he leve l of predi cted 
t ides in an area of m i nima l  wave se t-up . When extreme storm surges are superposed on h igh t ides,  inun
dation of mature marshes by several  feet of water and f looding of low fi l l  p l aced i n  low l a nds i s  possi b l e .  

Tsunamis (se ismic sea waves) genera l ly are sma l l  and rare occurrences,  but the eva l uat ion o f  t he 
h i storic record ind icates poss i b le amp l i t udes of 1 5  feet .  Hazards are greatest to unwary beachcombers 
and touri sts in  low - ly i ng coasta l  areas . A we l l -coord i nated and t horough warn i ng system i s  recommended . 
I n  the study area , tsu namis  are co ncent rated on the head lands and are d i ss ipated i n  the estuaries . 

H igh ground water and pendi ng 

H igh ground water and pend i ng are common in f lat - l y i ng low l and areas w i th low i nfi l trat ion rates , 
such as f lood p la i ns and we t l ands . Eng i neer i ng d i ffi cu l t ies  i nc l ude f lotat ion , fa i l ure of waste d isposa l 
systems , cavi ng of excavat ions,  low bear i ng stre ngt h ,  and unfavorab le shr i nk-swe l l  properties . A variety 
of  eng ineer ing pract i ces and regu lat ions are recommended . 

Mass movement 

Mass movement on steep s lopes i s  domi nated by rockfa l l ,  debris f low , and rapid earthf low; mass 
moveme nt on more deep ly  weathered moderate s lopes i n c l udes s l ump  and s low to moderate ly rapid earth
f low . Impacts of mass movement are varied and may inc l ude persona l  i nj ury and immediate or long-term 
destruct ion of prope rty and bui !d i ngs . Contro l l ed deve lopment and engi neer ing techn iques keyed to t he 
spec if ic causes of part icu lar s l ides are recommended for areas prone to mass movement . 
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S tream eros ion and deposi t ion 

S tream erosion i n c l udes stream-bank erosion of unconso l i dated mater ia l s  i n  the low lands and of bed 
rock i n  steep va l l eys ,  cha nne l scour in up land areas , and sheet wash ,  ri l l  e rosion ,  and gu l l y i ng on mod
erate ly to steep ly s lop i ng h i l l s ides. Impacts are var ied and may i nc l ude loss of topso i l  and damage to 
roads and other struct ure s .  Depos i t ion in areas downs lope can c log drai nages and sewers, bury lawns , 
and  h i nder navigat io n .  Recommendat ions i n c l ude proper l and manageme nt on a reg iona l leve l and appro
pr iate e ng i neer ing pract ices on a loca l leve l . T he U . S .  D. A. Soi l s  Conservat ion Serv ice provides 
techn ica l assi stance for many eros ion prob l ems . 

Coasta l  eros ion and depos i t ion 

Coasta l erosion of head lands averages a few inches per year or l ess, but may exceed 1 0  fee t  or 
more at any one t ime and p lace as a function of rock type and structure . Prevent i on of coast l i ne retreat 
in head lands of  coastal Coos County are not econom i c ,  and adequate setbacks are recommended for future 
deve lopments . 

Beaches i n  t he study area are genera l ly stab le  under present cond i t ions . Future changes i n  sed iment 
supp ly and wave dynam i cs resu l t i ng from natura l  or man-made causes cou l d  i n i t iate e ros ion or deposi t i on . 
J etty construct io n ,  dredgi ng ,  beach excavat ions , and gro i n  construct ion are acts of man w i th poten t ia l  
im pact  on beach stabi l i ty .  Na tura l processes w i th impac t on  beach stabi l i ty i nc lude cyc l ic changes in  
c l imat ic act iv i ty ,  storm s ,  m igration of  rhythm ic topograph y ,  and other s .  Im pact  of a l l  deve lopments 
havi ng an i nf l uence on longshore dr i ft shou l d  be eva luated pr ior to construct ion . E ng i neer i ng treatm ents 
of beach i nstab i l i ty vary w i th loca l cond i t ions and goa l s .  

W ind erosion and depos i t ion 

The dunes be tween Coos Bay and Heceta Head form a comp lex system of  landforms which owe the i r  
o r ig i n  pr imari ly to a ba lanced in terp lay of w i nd erosion and depos i t ion . Changes i n  a ny part of  the system 
can l ead to secondary changes i n  ot hers . Thus, t he growth of the foredune i nduced by the i ntroduct ion 
of  dune grass has bee n  at t he expense of dunes fart her i n l a nd .  As a consequence , t he def lat ion p la i n  areas 
are presen t ly grow i ng in s ize . 

Dune migration b locks streams , bur ies structures ,  and occurs at rates of up to severa l  feet per yea r .  
Management shou ld  i nc l ude provisions for protect ing vegetat ion i n  the dunes and for l im i t i ng deve lopment 
to areas of low hazard potent ia l . Long-range impacts shou ld  be eva l uated for a l l  pro jects of  regiona l 
extent i n c l ud i ng foredu ne stab i l izat ion . 

Eart hquake potent ia l  

No epicenters have been re corded i n  western Coos and western Doug las Count ies for over 1 00 year s .  
However ,  earthquake hazard is moderate owi ng to the h igh  se ism ic i ty of  t he Mendoci no Escarpment and 
re lated struct ures off the coast of  northern Ca l i forn ia . Se i sm i c  act i vity i n  t hat area can be expected to 
produce earthq uakes w i t h  observed Merca l l i  I ntens i t ies as h igh  as V I I i n  t he southern parts of t he study 
area . I n  regions of t h ick ,  sa turated so i l s ,  I n tensit ies cou ld  be even greater ow i ng to amp l if i cat ion of 
se i sm ic  waves and to l iq uefactio n .  

Zon i ng regu la t io ns, bu i l di ng codes, and po l i c ies  shou ld  proceed toward the mu l t i p l e  goa l of 1 )  
promoting construct ion design capab le  of  w i thstand ing poten t i a l  earthquake act iv i ty , 2)  d i rect i ng t he 
location of cr i t ica l structures to so l id or f i rm bedrock,  3) assuri ng t he safety of i nd iv idua l s  i n  structures 
of h igh  occupancy, and 4) the conti nued operat ion of hosp i ta l s in a d i saster . I n  l i eu  of add i t iona l tech
n ica l informat ion ,  adoption o f  t he re levant provi sions of t he Un i form Bu i l d i ng Code i s  recommended . 
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E s t u a r i e s  

Estuaries are drowned river mouths formed by a rise of sea level relative to the land and are char
acterized by a tidal influence and by mixing of fresh and salt water. Estuaries are nodes of organic 
activity and are sites of complex interaction of numerous geomorphic processes including ocean and stream 
flooding, sedimentation, and water mixing. 

Man can exert significant influence on the circulation and deposition patterns of an estuary by 1 )  
modifying the flow of fresh water into the estuary, 2) modifying the flow of salt water into the estuary, 
and 3) restricting or modifying currents within the estuary. Activities of man requiring thorough study 
inc lude the placing of fi l l s ,  the construction and extension of jetties, dam construction, and various 
types of regional land use such as logging in the interior and urbanization near the estuary . 

Figure 55. Cape Arago lighthouse near Sunset Bay State Park. (Photo courtesy 
Oregon H i ghway Division) 
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pressure and fe l t  when touched a nd fe l t  

Sandy Fa I I  a part I ndividua l Crum b l es w/ Weak cast, I ndivi dua l Wi  I I  not ri bbon 
loam w/re lease gra i ns ap- s l i ght fi nger carefu l hand l i ng gra ins appear 

pressure pear d i rty pressure dirty_ 
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APPEND IX C .  UN I F I ED SOl  L C LAS S I F ICATION S YSTEM 

z 
? 
"' 
0 
0 

� 

Major divisions 

;;;· 

� 
3 � 
� :T  
ro o 
, , 
� �  
0 0 
:I ::;: (/1  z 0 0 
0 - , 
• n 0.. 
... 0 • 

0 
�- � 
� ;  
• 0 

�- � - g  
;;;· 

co 
.g· 
ii: 

� 
� 
� 
g "' 
!? 

§ " 
Q , 
0 

,. 
� 

> , � 
2. 0. _ o  
5' � 
ro ro 
"'- o  

3 

� 

" 
Q 

,. 
� 

> , � 
2. 3. _ o  
�- � 
"'- o  

3 

[ 

� . 
g 0.. 
n 
c -;; 

() " 
g 

<0 

� 
ro " 

G) 
� 
� 
� 
�-

() " 
g 
g !l; 

<J> g 
0.. 

� 
-· , � 

Group 
s y m b o l s  

GW 

GP 

d 
GM* _ 

GC 

5W 

5P 

5M* 
d 

1-

sc 

Ml 

Cl 

Ol 

Typical n a m es 

Well-graded grovels, gravel-sand 
mi)(.tures, little or no fines 

Poor l y  g r a d e d g r a 'l e l s ,  g r a v e l 
sand mi)(.tures, little o r  n o  fines 

Silty gravels, grovel-sand-silt mix
tures 

C l a y e y  gravels, g r a v e l - s a n d - c l a y  
mixtures 

Well-graded sands, gravelly sands, 
little or no fines 
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Laboratory classification criteria 

C" = 060 greeter than 4; Cc = � between 1 end 3 
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EXPLANATION 

Surficial Geologic Units 

' 

' 

" 
T o o  

fill and svoils: Sand, silt, gravel, sawdu..<t, wood chips, dredge spoils, and 
other materinl pl"':ed in wetland areas and on slopes tor d isposal or 
to provide sp<Jce {or development; adeq�;ate foundation strength for 
small structures if properly placed; nature of substrate variable and 
includes compressible soils locally, hazards include flooding, 
di{ferentinl settling, and amplifjcation of seismic waves in areas of 
thk:h estuarine fill. 

stable sand: Unconsolidated fine- to mediu.m-grained du.ne sand 
protected {rom wind erosion by natural or arti{ically introduced 
vegetation; thickness up to 200 {eel in large dune fields, much 
thinner south o{ Ba,do"; ground-water pmductio" high; hazards 
include stream erosion, high ground water, ground-water pollution, 
overwithdrawal of grou.nd water, a"d ocean flooding at low 
elevations; unit may overlie organic soils and ancient soil horizons 
with other p>"Operties,- does not include stable sand overlying Qmt. 

nstable dune sand: Unconsolidated fine- to medium-grai>�ed sand of 
large dunes not p>·Otected from wi>�ri ero>/on by vegetation; 
thichness, hazards and ground-water potential similar to those of 
stable $and; ul.w wind erosion and wind deposition, especially in 
excavations or around st>·,.ctures; unit may overlie compressible soils 
or other unc/ent soil horizons, 

deflation plain and beach sand: Unconsolidated fine- to medium
grained sand of beaches, {/al-lying interdune areas and transverse 
dune fields; thidmess, hazards, and grou>!d-water potential similar 
to those of stable sand; possible presence of iron-pan layers at 
shallow depths; possible extreme variability vertically in permea
bility and deJ!ree of cansoUdation; p>·esewalion of vegetative cover 
depende>!l on water table. 

tidal flat: U»consolidated mud, sill, clay, and sand in tl<e tidal �one of 
estua>·ies and other coastal wetlands, sediments compacted or high 
in organic material locally; hazards may also include amplification 
of seismic waves and ocean flooding; may be prese11t beneath some 
dune sands. 

marsh and peat: Unconsolidated organic soils of silt, clay, and sand in 
estuarine and fresh-water wetland areas; charac/eri�ed by abundant 
v�getation, po11ding, or high wa/<'r /able, hazards also include low 
frnmdation strength and 8/r�am or ocean flooding; organic soils may 
be present in the subS!<r{ace beneath other alluvial units or dune 
SOlidS, 

Quaternary alluvium: Unconsolidated deposits of sand, sill, clay, and 
mud in /he flood plains of major stream.• draining sandstone and 
sills/one terrain, and gravel, sand, ar>d sill along the middle and 
upper reaches of rivers draining Pre-'l'e>·tiary or uotconic terrain; 
grai11 size typically increases with depth; grow>d-waler production 
moderate; associated with fresh water marsh and peat in places; 
hazards include stream-bank erosion, pondin!<, high ground water, 
flooding, siltation, a11d compressible soils locally, 

Quaternary fluvial tcrra�e deposits: Unconsolidated to semi-consoli
dated {/al-lying and elevated deposits of river alluvium overlool<ing 
present stream valleys (Quatema>·y al/l;vium) and situated above the 
present levels of flooding; also includes fine"grai>wd le1·race deposits 
of estuarine origin; grain"si�e distributions �imilar to those of 
Quaternary alltwiwn and estua>·ine deposits; moderate g;-ound-waler 
production; hazards include pending, local high grmmd water, and 
slream-banh erosion. 

Quaternary marine ten:a<:e deposits: Unconsolidated to semi-consoli
dated fiat-lying and elevated ma>·ine deposits of sand, �ill, day and 
gravel locally; thi<:knesses vary from 10 to 50 feet, but locally are as 
lillie as 2 to 3 feel; elevations ranlf<J from a few feet to several 
hundred feet near Coos Bay to almost 2,000 feet farther inland; 
ground-water production low to moderate; hazards may include 
headland e>-osion, stream-bank e>-osion, poor drainage, failure in 
deep cuts, and others, but generally are negligible; coastal Qmt 
mantled by $/able dune sand. 

Bedrock Geologic Units 
' 

Sandstone of Tertiary Age 

Empire Formation (Pliocene); Tl•ich/y bedded, hard, marine sandstone 
with minor thin interbeds of siltstone; impermeal>le, firm 
fowuiations; mantled with loamy sand, sa,dy loam, and silty loam; 
hazards include roch{a/1 in coastal cliff.< a>!d variable erosion a"d 
"'"·'" movement; limited in distributio>O to the South Slough area_ 

Mio<:ene sedimentary rocks: Calcareous, medium-grai>�ed. hard, gray 
sa1!dstone exposed at Pigeon Point and recovered from nearby 
dredgb,gs; indicates shallow depth to bedroch in southern 
extremities of entrance of Coos Bay esbwry. 

'Tunnel Point Formation (Oligo<:ene): Coarse- tb fine-grained tuffaceous 
.<ands/one and minor siltstone e.-.;posed only at Tunnel Point near 
the ""trance to Coos Bay; subject to ,;low headland erosion prior to 
/he development of BaMendorff Beach. 

Coaledo Formation, upper and lower members (late Eocene): Coar"'" 
to {i,.e-grained, hard. deltai<: sandstone with i"lerbeds of softer 
siltstone; w"U-deue/oped bedding; conglomerate and coal beds 
pmsent locally with more extensive <:oat d<:posits a/ depll•; ov<:rlain 
by loamy sand. sandy loam and silty loam; low permeability a11d 
ground water po/cntie/; hazards may illc/ude slow to sporadic 
headland ero.•ion locally and earll•flow in deep cuts; flooding in coal 
mines minimal. 

Coaledo Fonnation, undifferentiated (late Eo<:<:ne): Pa>'ts of the 
!mdi{{erentiated Coal<:do terrain of the east Coos Bay area high in 
sandstone conte»l; lithology and /urzards simi/a>· to that of the 
upper a11d lower Coaledo Porma/W"; precise di.</ri/>ution de/a
mined by on-sit" h>speclion, 

Tyee Formation (middle Eocene): Thick sequence of rl!ythmkally 
bedded, hard stwdstone and mino>· silts/one; coal-bearing at Bden 
Ridge; impermeable, but will• madera te infiltration �long joint.< and 
{au/Is; V<"Y low gwund-water pote>!lial; ma>!tled with salldy loam 
and smy loam soils tl�at locally are very tl1in; hazards include flash 
floodi>�C, erosion, rapid earthf/ow, and debJ·is flows. 

Flournoy Formation (middl<: Eocene) :  Lithology and ,<oils similar to 
/hose of /he Tyee Formation except fm· increased siltstone COil/en/ 
high ill the section; mantled by sandy loam and silty loam; hazards 
and ground-water potential similar to those of the Tyee Forma/ion. 

Lookingglass Formation (middle Eocene): Lithology, ground-wu/er 
potential, and hazards similar lo 1/ws<: of lhe Tyee Formation, but 
lhimzer bedded m•d corlf{lomaratic ncar the base locally; mall/led by 
sandy loam and silty loam. 

Roseburg Formation - sedimentary rocks (lower Eocene and older): 
Rhy/hmica/ly bedded hard sondsto>oe end siltsta>!e. low permea
bility and low ground"water po/enlial; {culled und sheared in 
sou/herll Coos County to produce extensive mass movement terrain 
and S!lbducd lopogmphy; ma>!tled by silt loam and loamy sand; 
hazards indude mass movement, erosion, and variable foundation 
conditions. 

Siltstone of Tertiary Age 

Bastendorff Fo�mation (late Eocene and early Oligocene): Thinly 
bedded slwle a>!d sills/one confined to /he South Stough, lstlunus 
Slough and Catching o·e<:h a>·eas; mm•lled by silty loam and silty 
clay loam; very lo<v permeability and ground-wail<�" potential; 
lwza>·ds indurie erosion. ·•low mass movement, and failures in deep 
cut •• 

Coal<:do Formation - middle meinber (late Eocene): Thinly bedded 
sillstOI>e will! minor sands/one inle>•beds; mall/led by silly loam and 
.•illy clay loam; uery low permeability and grnund-wa/er potentia/; 
lwzm·ds include erosion, slow headland emsion, and local mass 
movement, 

Coaledo Formation - undifferentiated (late Eocene): Parts of the 
undifferentiated Coaledo terrain of the east Coos Bay area l•igh in 
siltstone CO>!tenl; lithology and haz-a,..ts similar to those of the 
middle member of the Coaledo Forma/ion; precise dislributiOil 
determined by on"site it!spectioll. 

Elkton Formation (middle Eocene): Thinly bedded siltstone with 
minor sandstone interbeds; mantled with silty loam allll silty day 
loam, very loz<! permeabi/ily and ground-water potential; hazards 
incl!4de emsion and mass movement. 

Basalt of Tertiary Age 

Roseburg Fo�mation - basalt (early Eo<:-ene)' Mari>�e basull of v"ariab/e 
lilho/ogy including pi/low basalt, basaltic breccia and intru..;ve 
basal/; hardness, jointing, alteraliO>>, a»d potential use variable; 
widespread /ow-grade allera/io11; interfingers wi//z sedimentary mch 
of the Roseburg Formation; man/led by silly clay loam a>!d silly 
loam a few inci!Cs to -�everal lens or feel in 1/>ichness; hazm·ds 
;,ct,.de mpid erosion and mass movement. 

Rocl<s of Pre--Tertiary Age 

Humbug Mountain Conglomerate (eatly Cretaceous): Small exposw·e of 
bedded conglomerate and sa"dstone, 

Otter Point Formation (Jurassic): A /eclonically sheared assemblage of 
l'oci<S incl<>ding pervasively sl!eared sedimentary mcks (Jop) now 
prone to regional mass movement and subordinal� amounts of 
sheared lo iniac/ volcanic roc!< (JC>V), isolated blocks of thinly 
bedded lightly folded chert (Jc), exposures of serpentinite (.lsp), 
and isolated bloc/IS of msistant bluesch ist (Js), a medium·gmde 
metamorphic roch. Soil types. lhicknes.<es, a11d properties highly 
variable; major hazards include ma-ss movement, slope erosion, 
st>·cam"balll< erosion, and variable beuring stre»gth, 

Gali<:e Formation (Jutassic): Limited exposures of volcani<: rnd< and 
l>edded .�ills/one. 

Geologic Symbols 
------· · · · ---
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EXPLANATION 

(Boundarieo are approximate\ statement• are 
general; site-sp10clfic decisions require on...tte 
inspection.) 

Regional Slope 

B 0-15% slopes locally, landforms include beaches, flood plains 
and other wetlands, fluvial and marine terraces; hazards 
include flooding, erosion, deposition, ponding, high ground 
water, compressible soils, and possible ampli{icalion of 
earthquake vibrations; land !JSe potential excellent to good in 
areas o{ minimal hazards. 

Local slopes io 50% and 100% in some dunes areas; landforms 
5 - 1 5 %  include dunes, marine terraces, and genlfe uplands; hazards 

include negligible to moderate erosion and deposition by 
stream, wind, and wave depending on selling; land use 
potential is excellen t to good in regions of minimal or 
controllable hazards. 

Up to 50% slopes locally; landforms include paris o{ terraces, 
1 5 - 3  O %  coastal !tpiands, and some valleys; hazards include moderate to 

rapid erosion on slopes and along streams and slow to rapid 
ear!h{low; land use poten tial is variable and is generally 
restricted to low-density residential use, j'oreslry and other 
low-intensity developmer1t. 

Greater Own 50% slopes locally; landforms include uplands 
and some small valleys in more genlly sloping terrain; hazards 
include moderate to rapid erosion, earth{low, and debris slides; 
Wnd use potential is generally limited to sparse development 
and forestry. 

50% Ia vertical locally: landforms include uplands o{ the 
interior and sea cliffs; hazards include extreme erosion, rapid 
earlhflow, debris flow, rocks/ide, and rocllfa/1: land use 
potential restricted to well-managed logging and open space. 

F looding 

Preliminary Intermediate Regional (100-year) Flood: Ex/en/ 
of flood (determined from preliminary data developed 
by /he U.S. Geological Survey and Douglas County) 
having a 1 percent probability of occurring in any given 
year. Levees a/ Reedsport provide proleclion from the 
100-year flood. Other levees in !he lower Umpqua and 
Smith Rivers provide pro lee lion {or 25-year floods. 

Flood Prone Areas: Areas subject to flood hazard approxi
mately equivalent to the Jn/ermediale Regional Flood 
based on topography and scattered observations; differs 
{rom intermediate Regional Flood in· lhe absence of gage 
data and rigorous statistical /rea/men/; also, based on 
little empirical dala relative lo the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are !mown 
to have experienced flooding in the pas/ but {01' which 
no sophisticated computer modeling is available; based 
on field observations, extensive personal interviews, and 
other- investigations by the U.S. Soils Conservation 
Service, and also on data provided by /he U.S.G.S., the 
U.S. Army Corps of Engineers, and the Oregon Water 
Resources Board. Period of observation approximately 
!00 years. 

Major Flash Flood: Small- to medium-sized stream channels 
sfluated in areas of moderate to sleep slope, moderale to 
high relief, and low permeability, {or which catastrophic 
stream{lows have a high probability o{ occwTence; 
characterized by narrow car1yons, coarse, poorly sorted 
stream-bed deposits and /he absence of a flood plain; 
petmanen t structures not feasible with the exception of 
properly engineered roads. 

Potential Ocean Flooding: Low-lying coastal areas, marshes, 
ar1d contiguous we/lands subject lo tidal flooding, 
s/Otm·surge {loading, and tsunami inundation; highest 
possible tides are approximately 6 {eel above mean sea 
level; storm surges may add 4 feet to this, exclusive of 
roove action. Tsunamis with amplitudes of 15 {eel are 
possible and may have runups lo elevations o{ 20·25 {ee l  
above concurrent rooter level. fl.fa}or impact concen trates 
011 headlands, cove s, beaches, and spit extremities; 
diSsipation in /he estuaries. 

Erosion and Deposition 

Regional Wind Erosion: Deflation basins, windward sides of 
11nslable dunes, beaches, and other areas of exposed sand 
no/ protected by vegela/ion; promoted by over-gmzing, 
removal of pmleclive cover, lowering o{ interdune wa /er 
tables, and rapid deposilion along the coastline; 
prevented by preserving or restoring compatible 
vegetation. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary from a {ew inches to a few feel 
per year depending on dune size, protective cover, 
ex/en/ of source area, and local wind conditions; 
prevented by stabilizing source area, proper location of 
projects, a11d proper planning. 

Potential Beach Erosion and Deposition: Areas for which Jetty 
construction, beac/1 excavations, channel dredging, spoil 
disposal, and other artificial changes will initiate future 
beach erosion and/or deposition; extent o{ impact varies 
with size of project; beach areas presently stabilized wilh 
exception of seasonal variations. 

Headland Erosion: Removal o{ headlands by waves; extremely 
slow in Pre-Terlim·y /ermi11, spomdic to slow in 
Sands/one of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no v iable means o{ prevention; impact 
minimized by proper selbacll of structures. 

T T Critical Stream Bank Erosion: Undercutting and caving o{river 
and stream-bank material by stream action; restricted 
primarily /o flood plains except in upper reaches o{ large 
rivers; characterized by location on river bends, bar 
growth on opposite bani<, and relatively deep water near 
shore; passes ups/ream into flash-flood channels and 
downstream into estuarine deposition. Properly en
gineered riprap provides local correction. 

. . .. £ 4 
. .. . .. . . 

. . .  ,. . . . . .. .  

Mass Movement 

Earthflow and Slump Topography: Terrain characterized by 
such features as irregular topography, moderate slopes, 
irregular drainage, in·egular soil distribution, and 
occasionally features of mcenl movement including 
tension cracks and bowed trees (depending upon type, 
depth, and time of failure); generally restricted to the 
soil zone but also bedrock in sheared or deeply 
weathered terrain; hazards include ground movement, 
variable foundation strength, caving in excavations, poor 
druinage, and others. Excavations, stream-ban!? erosion, 
fills, drainage modifications, removal of vegetation, and 
use of drain fields and septic tanhs may reactivate or 
accelerate sliding. On-site inspection recommended prior 
lo development. 

Deep Bedrock Failure: Areas of deep bedrocll failure init iated 
by prolonged stream-banh erosion over extended periods 
of lime in the geologic past; restricted to sandstone 
terrain in the interior upWnds; presently inac/ive with 
/he exception of localized areas within the slides; major 
hazards include uariations in drainage, soil conditions, 
and foundaUon strength 

Rockfall and Debris Flow Terrain: Areas wilh slopes greater 
than 50% regionally are subject to rapid and shallow 
mass movement. such as debr is {low, roch slide, and 
rock-fall. Recent large individual debris flows are 
indicated with armws. The specific location of individual 
mass movements is a function of rock and soil 
characteristics, weathering history, uegetative cover, and 
present land use. Treatment includes retaining walls, 
preservation of vegetative cover, drainage control, 
screening of crilical slopes, and proper engineering of all 
construction, especially roadcu/s and fills. 
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EXPLANATION 

Surficial Geologic Units 

'" 

"" 

fill and spoils' Saml., .<il/, graue/, oowdus/, wood chips, d•·edge spoils, and 
ol/,.)r rna INial placed in wetland m·eas and o" slopes for disposal or 
to provkle space for deue/opme.,t; adequate foundation strength tor 
small .<lructures if properly placed: nalu•·e of subs/rate uariabte and 
includes compressible soils locally; ha2ao·ds include flooding, 
dif{emnlial settling, and amplification of seismic wnves in nreas of 
/hie/< estuarine fill. 

stable sand: Uncm•solidated fine- to medium-grained dune sand 
pmtecud {rom wind erosion by •wtt<rat 01· arli{ical/y h>lroduced 
vegetation; tloiclmess up to 200 fee! in large dune fields, much 
/hh!ll€!" .routh of Bandon; gmund-water production hjgh; lwo:ards 
include stream erosion, high ground wata. ground-water pollution, 
overwithdrawat of gmund water, and ocean {loodillg at low 
el,valiolls; ul!it may overlie organic soils m>d ancielll .<oil loorizons 
with other properties: does not incll<de stable sand ovel·lyh>g Qm/. 

unstable dune sand: Uncollsolidaled fine- to medium-grained. sand of 
large dunes llfl/ prote<·led {I"Om wi11d erosion by vegetation; 
thichnes.>. hazards m•d ground-water po/e11tial similar to those of 
stable sand; also wind erosion and wind deposition, especially in 
exeauation.< or around structures; unit may overlie comp•·es.<ible .<oils 
oo· other a11cient soU lwrizons. 

dcnation plain and b�ach sand: Unconootidated (hoe- to medil<m· 
grai,ed sand of l>eaches, {/at-lying interdu11e areas and transverse 
d1me fields; /hie/mess, huzar<is. a11d ground-water potential similar 
/a /hose of .<table sand; possible presence of iron-pan layers at 
shallow depths; possil>/e e.�/reme variability vertically ill pennea
bility and degree of consolidation. p>·eseruotitm of vrgclative cover 
dependent on water tal>le. 

tidal flat: Unconsolidated mud, silt. clay, and sand. ill the tidal zone of 
estuades and other coastal wetlands; sediments compacted or high 
ill oo·gal!iC mateo·ial locally; hazards may also illclude amplification 
of seismic waves a"d ocea11 {looditlg; may be present beneath .rome 
duue sands. 

marsh and peat: Unconsolidated organic s<>i/.< of .•itt, cloy, and .<Gild i" 
e.•tuari11e and fresh-water wetland area.•: eha.-acterized by abundallt 
vegetation, ponding, or higl• water table, hazards a/so includ.e low 
foundation strength and s/rram oo· ocean flooding; organic soils may 
be present in the sl<bsurface be,eath ol/wr al/uuial •mils or dune 
sands. 

Quaternary alluvium: Uncnmo/idalcd deposit.• of sat�d, silt, clay, and 
mud ;, /he flood plain.< of major streams drai11ing samis/o"e ar>d 

sillsto"e teo1·ain, alld grauel, saud, and silt alot�g the middle and 
IlPPe•· reacl•es of o·;vers draining Pre-Tertiary or uolcanic ten·ain; 
grain size typically increases with depth; ground-wale•· pmduction 
nwdeo·ate; associated with fresh water marsh and peat in places; 
hazard.• include sto·eam-banl< erosion, pandiHg, high grou"d water, 
floodb1g, silta/ioll, a11d comtJO"essible soils locally. 

Quaternary fluvial terrace deposits: Unco,so/idated to semi-consoli
dated Oat-lying and elevated deposits of river alll<vium overlooldng 
pmsent stream valleys (Quater11ary alluvium) and .>itl<uled aboue the 
present leue/s a{ flooding; al.ro ;,eludes fine-grained terrace depmits 
of estuarine origin; grain-size dislrib!ltiOns similar /o those of 
Quaternary alluvium and estuari1oe deposits; moderate ground-water 
p.-od1<etion; hazards ;,elude ponding. local iligh go·ound water. and 
stmam-bank ero.<iot�. 

Quaternary marine tcrra�e deposits: Unco,.m/idaled to .<emi-consoli
dat�d fiat-lying und elevat�d marine d�posits af sand. sill. clay and 
go·<1ve/ locaUy; thichnesses vary [rom 10 to 50 [eel, but locally are us 
lillie as 2 to 3 feet: elevations range [ram a few feel Ia seueral 
hundred feet �>ear Coos Day to almost 2,000 feet fao·the,· inland; 
gro1md-water productim1 low to moderate; hazm·d.• may include 
headland cro.•ion, .,·t•·earn-bank <lrasion, poor dminage, failure in 
deep cuts, m1d ot/wrs, but geneo·ally are "egtjgible; coastal Qmt 
mantled !:>y stable dl<ne sand. 

Bedrock Geologic Units 

Sandstone of Tertiary Age 

Empire Form<>tion (Pliocene): Thichl}• bedded, hard, marine sandstone 
will! millor thi" interbeds of siltstone; impermeable, firm 
{o!mdatio,s; mantled with loamy sand, sm>dy loam, u"d silty loam; 
hazards include rocl<{all i" coastal cliffs a"d vao·iab/e erosion and 
mass movement; limited i" distributioa to the South Stough area. 

Miocene sedimentary rocks: Calcareous, medium-grained, hard, gray 
sands/nne exposed at Pjgeoo1 Point and o·ecovcred from nearby 
dredging.•; indic•ate.< shallow depth to bedrocl< in sou/hem 
e.xlmmities of mllrmwe of Caos Bay estuary. 

Tunnel Point Formation (Oligocene): Coarse- to fine-grained tu{faeeous 
sandsto"e and minor sills/one exposed only at Tunnel Point near 
the entrance to Coos Bay; subject to slow headlm•d erosiOil prior to 
the deuelapm.,nl of Hastendorf{ Beach. 

Coatedo Formation, upper and lower members (late Eocene): Coarse
to fine-grained. hard, deltaic sandstone with interbeds of softer 
siltstone: we/1-deueloped beddinlt; conglomerate and coat beds 
l"'esent locally wilh mm·e extensive coal deposits at depth. ouerlai<• 
by loamy sand, sandy loam and silty loam; lo1v permeability and 
groul!d wat�r potential; hazards may include slow to sporadic 
/wad/and emsim• locally and ew·thflow in deep cuts; noad;ng i" coal 
mines miuima/, 

Coaledo Formation, undifferentiated (Jete Eocene): Parts of the 
!mdi{ferentfuted Coa/edo /errai" of /he east Coos Bny area high in 
sand.>tone <:OHtmd; litlw/agy and l1azw·ds similar to tlwt of the 
upper and lower Coatedo Formatio"; precise distribution deter
mined by on-site inspection. 

Tyee Formation (middle Eocene): Tloich s!'<Juenee of o·l!y/lunically 
b�d.ded, llw·d sandstone a"'/ minor siltsto11e; coat-beariug at Eden 
Ridge; impermeable, but with modcrat� infilto·atia" alo"g joints a"d 
{au/Is; veo·y low .l.'rol<nd-water potential; mantled will! .•andy loam 
and silly loam .roils that locally are very /hi"; hazards include {/ash 
floodi,g, erosion, rapid Mr/IJ{Iaw, a"d debris f/tJWS. 

Flournoy Formation (middle F..ocene): J,itho/ogy and soils similar to 
those of the 'I"yee Formation except for increased sills/o"c couten/ 
hjglr in /he section; mantled I>Y ·"""dy loam and silty loam. hazards 
and graund-water potential similar to those a{ the Tyee Fao·ma/ion, 

Lookingglass Formation (middle Eocene): Lithology, ground-water 
vote,tial, and hazards .,imilar /a those of the Tyee Forma lion, but 
thinner bedded and conglomeratic near the base locally; man/led by 
sa11dy loam and sillY loam. 

Roseburg Formatian - sedimentary rocks (lower Eocene and older): 
[{l!ythmically bedded hard sandstone and siltstone; /ow pernwa
bility and low ground-water paten/in/; [al<llcd and sheared in 
southern Caos Cou,ty to produce extensive mass maucment terrain 
a11d "ul>dued topography; ma11IICd by .•itt loam and loamy sand. 
hazards include mass movement. erosirm, and varia/>/<' foundation 
coudilions. 

Siltstone of Tertinry Age 

Bastendorff Formation (late Eocene and eatly Oligocene): Thinly 
bedded d•ale and si/t.<tane r:onfincd. to the South 1-llougl!, lslllml<s 
Slough and Catching Creel< areas; mantled by silty loam and •illY 
clay loam; very low permeability tmd ground-water potential; 
hazards il>e/ude erosion, slow mass mouement, and failures in deep 
cuts. 

Coaledo Formation - middl� member (late Eocene): Tl1inly bedded 
.•i/1.</anc with miowr .;andstonc i"tabcds; mafllled by silty loam and 
silty clay loam: very low permeability and ground-water potential; 
11azards include emsion, slow headland erosion, and local mass 
movement. 

Coalcdo Formation - undiff�rentiated (late Eocene): Pao·ts of the 
l<ndiffemlltialed Coaledo terrain of the east Coos Bay area high in 
sills/one content: lithology afld hazards similar !o those 0{ the 
middle member of the Coa/edo Formatio": precise distribution 
determined />y on-site i11speclian. 

Elkton �'ormation (middle Eocene): Thinly bedded siltstone with 
mbwr sandstone interbeds; mantled with silty loam and silty clay 
loam; very low permoobility and f!rol<nd-water poteu/ial; hazards 
inc/<rde erosi011 and mass mouement. 

Basalt of Tertiary Age 

Roseburg Formation - basalt (early Eocene): Mm·ine basalt of variable 
/j/ilo/agy including pillow basal/. basaltic breccia and ;,trusiue 
basalt; hardness. jointing, alteration, a"d potential u.<e uarial>le; 
widespread tow-grade alteration; illiC>1ingers wit/1 sedimentary roch 
of the Rosct>urg FormatioH; mantled by silly clay loam and silty 
loam a few ;,ehes to seuera/ lens of feet in thiclmess; lwzaJ•ds 
include rap id cro,ian and mass moveme,t. 

Rocks of P>ce-Tertinry Age 

Humbug Mountain ConglOmerate (early Cretaceous): Small exposure of 
bedded conglomerate and sal!dstone. 

Otter Paint Fotmation (Jurassic): A lcclauical/y s/1cared assemblage of 
J'oci<S hwludi"g pe,·vasive/y .<heared sedimentary rock• (Jop) now 
pmne to o·egional mass" movement and s"twrdinate ama,,ts of 
sheared to in/act uolcm>ic roc/< (Jov). isolated blochs o{ thinly 
bedded tightly folded clwrt (Jc), exposures of scrpentil•ite (Jsp). 
and isolated blocks of resist�nt 1>/uesch ist (Js), a mediwn-grade 
metamorphic rock Soil types. tl>iclmesses, and pmperties highly 
variable; maJor hazards include ma.•s moveme,t, slop� emsian, 
stream-bani< era.•ian. and uariable bearing strength. 

Galice Formation (Jurassic): Limited exposures of volcanic rock and 
bedded siltstone. 

Geologic Symbols 
------· · · ·----

ConLacts Faults 
' Folds 
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Syncline Anticline 

� Altitudes fll 
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EXPLANATION 

(Boundaries are approximate: statements are 
geneul; site-specific decisions require on-site 
inspection.) 

Regional Slope 

B 0-15% slopes locally; landforms include beaches, flood plains 
and other wetlands, fluvial and marine lermces; hazur·ds 
include flooding, erosion, deposition, ponding, h igh ground 
water, compressible soils, and possible ampli(icalion o( 
earthquahe vibrations; land use potential excellent lo good in 
areas of minimal hazards. 

Local slopes to 50% and 100% in some dunes areas; landforms 
5 - 1 5 %  include dunes, marine terraces, and genlie uplands; hazards 

include negligible to moderate erosion and deposilion by 
stream, wind, and wave depending on selling; land use 
potential is excellent to good in regions of minimal or 
controllable hazards. 

Up to 50% slopes locally; landforms include parts o{ terraces, 
1 5 - 3  0 %  coastal upirmds, and some valleys; hazards include moderate to 

rapid erosion on slopes and along streams and slow to rapid 
earth{low; land use potential is variable and is generally 
restricted to low-density residential use, forestry and other 
low-intensify development. 

Greater than 50% slopes locally; landforms include uplands 
3 0 - 5 0 %  and some small valleys in more gently sloping terrain; hazards 

include moderate /o rapid erosion, earth(low, and debl"is slides; 
land use po/enlial is generally limited to sparse development 
and forestry. 
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50% to vertical locally; landforms inc/11de uplands o{ the 
interior and sea cliffs; hazards include exlreme erosion, rap id 
earllz{low, debris flow, rocks/ide, and rocll(a/1; land use 
poten tiai restricted to well-managed logging and open space. 

Flooding 

Preliminary Intermediate Regional (1 00-year) Flood: Extent 
of flood (determined from preliminary data developed 
by the U.S. Geological Survey and Douglas County) 
having a 1 percent probability of occurring in any given 
year. Levees a t  Reedsport provide pro/ection from the 
10(}-year flood. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25-year floods. 

Flood Prone Areas: Areas subject to flood hazard approxi· 
mutely equivalent to the Intermediate Regional Flood 
based on topography and scattered observations; dif{ei"S 
{rom Intermediate Regional Flood i11 the absence of gage 
data and rigorous statistical /reatment; also, based on 
lillie empirical data relative /o the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas /hat are /mown 
to have experienced flooding in the past but (or which 
no sophisticated computer modeling is available; based 
011 field observaiions, extensive personal intetviews, and 
other invesliga/ions by the U.S. Soils Conservation 
Service, and also on data pmvided by the U.S.G.$., the 
U.S. Army COI1JS of Engineers, and the Oregon Water 
Resources Board. Period of observation appi'Oximalely 
100 yem·s. 

Major Flash Flood : Small· to medium-sized slream clwnnels 
sil!wled in areas of moderate to sleep slope, moderate to 
high relic(, and low permeability, (or which catastrophic 
stream{lows have a high probability of occurrence; 
characterized by narrow canyons, coatse, poorly sorted 
stream-bed deposits and the absence of a flood plain; 
permanent structures not feasible wit/1 the exception o{ 
properly engineered roads. 

Potential Ocean Flooding: Low-lying coastal areas, marshes, 
and contiguous wetlands subject to tidal flooding, 
storm-surge flooding, and tsunami inundation; highest 
possible tides are approximately 6 {eel above mean sea 
level; storm surges may add 4 feet to this, exclusive of 
wave aciion. Tsunam is with amplitudes of 15 feet are 
possible and may have runups /o eleva/ions of 20-25 feet 
above concurrent water level. Major impact concentrates 
on headlands, cove s, beaches, and spit exttemilies; 
dissipation in the estuaries. 

Erosion and Deposition 

Regional Wind Erosion: De(lalion basins, windward sides of 
unstable dunes, beaches, and other m·eas of exposed sand 
not protected by vegetation; promoted by over-grazing, 
removal of protective cover, lowering of inlerd1me walet 
tables, and rapid deposition along /he coaslline; 
prevented by preserving or restoring compatible 
vegetaiion. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary (rom a few inches to a few feet 
per year depending on dune size, protective cover, 
extent of source area, and local wind conditions; 
prevented by stabilizing source area, proper location of 
projects, and proper planning. 

Potential Beach Erosion and Deposition: Areas (or which jelly 
construction, beach excavations, channel dredging, spoil 
disposal, and other arti(iciai changes will iniliate future 
beach erosion and/or deposition; exten t of impact varies 
with size of projeci; beach areas presently stabilized with 
exception of seasonal variations. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary termin, spomdic lo slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no viable means o( prevention; impacl 
minimized by proper set bach of stmctul"es. 

Critical Stream Bank Erosion: Undercutling and caving o{ river 
and stream-banll material by stream action; restricted 
primarily to flood plains except in upper reaches of imge 
rivers; chamcterized by location on river bends, bar 
growth on opposite bank, and relatively deep 1/Xlter near 
shore; passes upstream into {lash-flood channels and 
downstream into estuarine deposition. Properly en
gineered riprap provides local correction. 

Mass Movement 

Earthflow and Slump Topography: Tertain characterized by 
such features as irregular topography, moderate slopes, 
irregular drainage, in·egular soil distribution, and 
occasionally features of recent movement including 
tension cracks and bowed trees (depending upon type, 
depth, and lime of failure); generally restricted to the 
soil zone but also bedrocll in siwared Ol" deeply 
weathered /errain; hazards include ground movement, 
variable foundation strenglh, caving in excavations, poor 
drainage, and others. Excavations, slream·banl< e1·osion, 
fills, drainage modifications, removal of vegetalion, and 
use of drain fields and septic tanl<s may teaclivale or 
accelerate sliding. On-site inspection recommended prior 
to development. 

Deep Bedrock Failure: Areas of deep bedrocl< failure initialed 
by prolonged stream-bank erosion over extended periods 
of time in the geologic past; restricted to sandstone 
terrain in the interior uplands; presently inactive with 
the exception of localized areas within the slides; major 
hazards include variations in drainage, soil conditions, 
and foundation strength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regioiUilly are subject to rapid and shallow 
mass movement such as debris flow. rock slide, and 
rock-fall. Recent large individual debris {lows are 
indicated with arrows. The specific location of individual 
mass movements is a function of rock and soil 
characteristics, weaihering histm·y, vegetative cover, and 
present land use. Treatment includes retaining walls, 
preservation of vegetative cover, drainage control, 
screening of critical slopes, and proper engineuing of all 
construction, especially roadcuts and fills. 
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EXPLANATION 

Surficial Geologic Units 
fill and wolls: Sand, silt, grauel, Mwdust, wood chips, dredge spoils, ar�d 

other material Placed ;,. wetland areaJ and or� slopes for disposal or 
to prouide wace for deue/opment; adeQuate foundatior� strength {or 
•mall struct.,res if property placed: nature of substrate uariable and 
include• comprl!ssi!>ie soils locally; ha.zards include flooding, 
dif(erenli<JI settling, and amplifical ion of .ei•mic waues in areas of 
/hie/< estuarinl! fill. 

stable sand: Unconsolidated fine- to ml!dium-grained dune sand 
proU!cted from wind erosion liy naturat or ar/ifica/1:-y introducl!d 
vegetation: thichness up to 200 feet in large dune fields, muah 
thinner south of Bandon; ground-water production high: hazards 
Include stream erosion, h igh ground water. ground-water pollution, 
ouerwttlodrawal of ground •�afer, and ocean flooding at low 
elcuatlons; unit may ouerlie orgm>ic l!<)i/8 and a11cien/ soil horizons 
with other properties: does not include stable sand ouerlyi11g Qmt. 

unstable dune sand: Unconwlidated fine- to medium-grained sand of 
larg-e dunes not protected (rom wind erosion by uegeta/ion; 
thichness, hazards and ground-water potential similar to tho.., of 
•table �and: also wind erosion and wind deposition, especiallY in 
exca�ations or around structures; unit may ouerlie compressible soil• 
or other ancient soil horizons. 

deflation plain and beach sand: UnconfO/idated fine- to medium
grained sand of beaches, f/at·lying interduna areas and transuerse 
dune field$; thichness, hazards, and grolotd·water potential similar 
to those of stable sand; possible presence of iron-pan layers at 
shallow depths; po.<sihle extreme uarlnbility uertica/1:-,> in permea
bilitY and degree of consolidation; preseruM/on of ul!getativ" couer 

dependent o" water table. 

tidal flat: Unconwlidated mud. sill. cloy, and sand in /he tidal zane of 
estuaries and other coastal wl!llands; sediments compacled or l>iflh 
in or��anlc material locally; ha.zards ma:y also include amplificatian 
of seismic waues and ocean flooding: may be present benl!ath some 
dome sands. 

marsh and peat: Unconsolidated organic l!<)ils of silt. clay. and sand in 
estuarine and fresh-woler wetland areas; characterized b:y abundant 
uetelation, ponding, or high water /able, hazards also include tow 
formdation strength and stream or ocean flooding; organic soils may 
be present in /he subsurface beneath other alluvial units or dune 
sands. 

Qua.terr>a:ry alluvium: Unconsolidated deposits of sand, silt, clay. and 
mud In lltl! flood plains of major streams d>"Oining sandstone and 
sil!stonc terrain, and grauel, sand. and sill along the middle and 
upper reaches of riuers drai11ing Pre-Tertiary or uolcanic terrain; 
grain •ize typically increases with depth: ground-water p.-oduclion 
moderatl!; assr>cia/ed with {reslt water marsh and peal in places; 
l•a.zard$ include slream-banh erosion, ponding, high ground watl!r, 
floodillg, siltation, and compres.1ible sOils locally. 

Quaternary ttuvial terrace deposits: Unconsolidated to semi-consoli
dated flat-lying and e/eua/ed depositl of riuer alluuium overlooking 
present stream ualleys (Quaternary alluvium} and situated aboue the 
present leuels of flooding; abo includes fine-grained terrace deposits 
of estuarine origin; grain-size distributions similar to those of 
Qualemary alluvium and estuarine deposits; moderate ground·water 
prod!>Ction; hazards include pondi,g. local hig/1 ground water. and 
stream-bank erosion. 

Quatcrnar:y marine terrace deposits: U"consolidatcd to semi-consoli
dated (/at-lying and elevated marine dcpo•ils of sand, sill. clay and 
g•·aue/ locally: lhiclmcsses vary from 1 0  to 50 feel, but locally are as 
lillie as 2 /o 3 feel; e/cuation$ range from a few feet to seueral 
lumdred {l!el nl!ar Coos flay to almost 2,000 feet farther inland; 
go·ound-water production tow to moderate; hazards may include 
headland erosion, stream-bank erosion, poor draincge, failure in 
deep cuts, and others, but generally are negligible; coastal Qmt 
mantled by &table dune ""nd. 

Bedrock Geologic Units 
Sandstone of Tertiary Age 

EmpH-e Formation (Pliocene): Thichly liedded, hard, marine sandstone 
with minor thin interbeds of siltstonl!; impermeable, firm 
foundations; mantled with loumy sa,d, •a,dy loam, and sillY loam; 
l>ozards include rochfa/1 in coastal cliffs end uariable erosion at>d 
mass movement; limited in distribution to the South Slough area. 

Miocene sedimentary rocks: Calcareou.•, medium-grait>ed, hard, gray 
sand$tone exposed a/ Pigeon l'oinl and r·ecovered from nearliy 
drcdltings: indicates shallow dept/> to bedroch in southern 
extremities of entrance of Coos Bay estuary. 

Tunnel Point Formation (Oligocene): Coarse- to fine-grained tuffaceous 
&andstone and minor siltst<>ne c.�posed only a/ •rut�nel Point near 
the entrance to Coos Bay: subjecl to slow headland erosiot> prior to 
the dl!ue/opment of Bastendorf{ Beach. 

Coaledo Formation, upper and Lower members (Late Eocene): Coarse· 
to fine-grained, hard, dl!llaic sandstone with interbeds of so{ler 
sills/one: well-deuc/oped lied<li"g; cot>g/omerate and coal beds 
present locally with more extensive coal deposits at depth: overlain 
liy loamy saud. sandy loam and silty loam; low permeabiliiY aPTd 
ground water potential: ha�ards may include slow to sporadic 
headland eJ'Osir"' locally and cao·t!Jf/OIU in deep cuts; nooding ill coal 
mines minimal. 

Coaledn Formation, undifferentiated (late Eocene) : Pao·ts of the 
IH>dl(ferentioted Coaleda terrain of the east Coos Bay area 11/g!J in 
sauds/Qne con/en/; lithology and hotards �imilar to /hal of the 
upper and lower Coa/edo Formatio�>: precis" distribution deter
mi•led liy on-site inspeclion. 

Tyee Formation (middle Eocene): Thick sequence of rhythmically 
bedded, hard sands/on" and minor ail/stone; coal-bearing a/ Eden 
Ridge; impermeable, but with moderate ;.,filtration along join/a and 
faults: uery low ground-wo/er potential; maPTtled with sandy loam 
and silly loam soils that locally ore uery thin; hazards inc!,.de flash 
{loodh>g, erosion. rapid carlltf/ow, and <febris flows. 

Flournoy Formation (middle Eocene): l..itlto/ogy and soils similar to 
those of I he Tyee Formation except (or increased siltstone contettt 
IJigh ill the sect loll; mantled by &UIIdy loam and silly loam: hazards 
and �round-water potential similar Ia those of ll>e Tyee Forma/loll. 

Looklnggtass Formation (middle Eocene): l"ilho/ogy, ground-water 
potelllia/, and hazards similar to those of tl•e 7"yee Forma/ian. liut 
thinner bedded and conglomeratic ncar the bas" locally; man/led by 
sandy loam and silly loam. 

Roseburg Formation - sedimentary rocks (!ower Eocene and older): 
R/oy/hmical/y bedded hard sands/one and siltstone; low permea
bility a"d tow ground-W<III!r potential; faulted and slreared in 
southeru Coos Couu/y to produce exlensiu" mass movement terrain 
a>td subdued lopography: mantled by sill loam and loamy •and: 
ha.zards include mass mouement. .,rosioPT, and variable foundation 
conditions. 

Siltstone of Tertiary Age 

Bn�tendorff Formation (!ate Eocene and early Oligocene): 'l'hinly 
bedded shale and sills/one confined to tl>e South Slo.,gl>, Ts/IHnu$ 
S/o.,gl> and Calchit>g Creel< ao·eas; maP>Jled by silly loam and silly 
clay loam; ver� low permeability and ground-water potential; 
ltiJ�ards include erosion, slow mass movement, and failures in deep 
C!>/1<. 

Coaledo Formation - middle member (late Eocene): Thinly bedded 
siltstone with minor sandstone interbeda; mantll!d liy silly loam and 
silty clay loam: very tow perml!ability and ground-water potenlial: 
hazards include erosion, slow headland l!rosion, and local mau 
moue men/. 

Coa\edo Formation - undifferentiated (late Eocene): Parts of the 
undifferentiated Coaledo terrain of the east Coos Bay area high in 
si/1$/0ne cm>lcnl: lithology and hazards similar to those of the 
middle member o[ ti<C Coaledo Formation: prl!cise dislriliution 
cldcrmlncd by on-site it>speclion, 

Elkton Formation (middle Eocene); Thinly bedded siltstone with 
minor sand<lon� interbeds: mantled with silty loam and silly clay 
loam: very low permeability and ground-water po/entia/; hazard& 
it>clude erosion and mass mouement. 

Basalt of Tertiary Age 

Ro..,burg Formation - ba.sall (early Eocene): Marine basalt of uariab/e 
1/thok>gy including pi/low basal/, basaltic breccia and intrusive 
basalt: hQrdt>ess, jointing, alteration, at>d poll!t>/ial use variali/e; 
widupread low-grode al/eration: lt>lerfingers wilh �<'dimenlary roch 
of ll>e Roseburg Formation; mantled by silty clay loam and silty 
loam a few inches to seueral len• of feet in thickness; hazards 
;.,cll•de rapid erosion and mass movement. 

Rocks of Pre-Tertiary Age 

Humbug Mountain Conglomerate (early Cretaceous): Small exposw·e of 
bedded collgloml!rate at>d sal!dstone. 

Otler Point Formation (Jurassic): A tectonically sheared assemblage of 
t'ochs including p<'r!Jasiv<'IY sheared sed/met>/ary rocks (Jop) now 
prone to regional mass movement at>d s!.<bordinate amounts of 
ahaored to intact 1>0/canic rock (Jov), isolated blocks of thinly 
bedded tigh/ly folded chcrl (Jc). exposures of serpl!nlinile (Jsp), 
and /rolaled blocks of resistant blueschist (Js). a m<'dium-grade 
metamorphic rock. Soil /ypes, thlchnesses, and propert ies highly 
variable: major ha<ards include mass mouement, slope erosion, 
stream-ban.., �rosion. and varialile liearing strength. 

Galice Formation (Jurassic): Umiled exposures of volcanic roch and 
bedded sills/one. 
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EXPLANATION 

(Boundaries are approximate; statements are 
general; sit�-spe�ifie deeisiono reQuire on-site 
inspection.) 

Regional Slope 

0-15% slopes locally; landforms include beaches, flood plains 
and other wetlands, fluvial and marine terraces; hazards 
include flooding, erosion, deposition, ponding, high ground 
water, compressible soils, and possible amplification o{ 
earthquake vibrations; lnnd use potential excellent to good in 
areas of minimal hazards. 

Local slopes to 50% and 100% in some dunes areas; land{or·ms 
include dunes, marine terraces, and gentle uplands; hazards 
include negligible to moderate erosion and deposition by 
stream, wind, and wave depending on setting; lnnd use 
potential is excellent to good in regions of minimal or 
controllnble hazards. 

Up to 50% slopes locally; landforms include parts of terraces, 
1 5 - 3 0 %  coastal uplo.nds, and some valleys; hazards include moderate to 

rapid erosion on slopes and along streams and slow to rap id 
earthflow; land use potential is variable and is generally 
restricted to low-density residential use, forestry and other 
low-intensity development. 

Greater than 50% slopes locally; landforms include uplands 
3 0 - 5 0 %  and some small valleys in more genlly sloping terrain; hazards 

include moderate to rapid erosion, earth(low, and debris slides; 
lo.nd use potential is generally limited to sparse development 
and forestry. 

• 

50% to vertical locally; landforms include uplands of the 
interior and sea cliffs; hazards include extreme erosion, rapid 
earth(low, debris flow, rocks/ide, and rockfall; land use 
potential restricted to well-managed logging and open space. 

Flooding 

Preliminary Intermediate Regional (lOO·year) Flood: Extent 
of flood (determined from preliminary data developed 
by the U.S. Geological Survey and Douglas County) 
having a 1 percent probability of occurring in any given 
year. Levees at Reedsport provide protection from the 
100-year flood. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25-year floods. 

Flood Prone Areas: Areas subject to flood hazard approxi
mately equivalent to the Intermediate Regional Flood 
based on topography and scattered observations; differs 
from Intermediate Regional Flood in the absence of gage 
data and rigorous statistical treatment; also, based on 
lillie empirical data relative to the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are known 
to have experienced flooding in the past but {or which 
no sophisticated computer modeling is available; based 
on field observations, extensive personal interviews, and 
other investigations by the U.S. Soils Conservation 
Service, and also on data provided by the U.S.G.S., the 
U.S. Army Corps of Engineers, and the Oregon Water 
Resources Board. Period of observation approximately 
1 DO years. 

Major Flash Flood : Small- to medium-sized stream channels 
situated in areas of moderate to sleep slope, moderate to 
high relief, and low permeability, {or which catastrophic 
slreamf/ows have a high probability of occurrence; 
characterized by narrow canyons, coarse, poorly sorted 
stream-bed deposits and the absence of a flood plain; 
permanent structures not feasible with the exception o( 
properly engineered roads. 

Potential Ocean Flooding: Low-lying coastal areas, marshes, 
and contiguous wetlands subject to tidal flooding, 
storm-surge flooding, and tsunami inundation; highest 
possible tides are approximately 6 feet above mean sea 
level; storm surges may add 4 (eel to this, exclusive of 
wave action. Tsunnmis with amplitudes of 15 feet are 
possible and may have runups to elevations of 20-25 feet 
above concurrent water level. Major impact concentrates 
on headlands, cove s, beaches, and spit extremities; 
dissipation in the estuaries. 

Erosion and Deposition 

Regional Wind Erosion: Deflation basins, windward sides of 
unstable dunes, beaches, and other areas of exposed sand 
not protected by vegetation; promoted by over-grazing, 
removal of protective cover, lowering of interdune water 
tables, and rapid deposition along the coastline; 
prevented by preserving or restoring compatible 
vegetation. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary {rom a few inches to a few feet 
per year depending on dune size, protective cover, 
extent of source area, and local wind conditions; 
prevented by stabilizing source area, proper location of 
projects, and proper plann ing. 

Potential Beach Erosion and Deposition: Areas {or which jetty 
construction, beach excavations, channel dredging, spoil 
disposal, and other artificial changes will initiate future 
beach erosion and/or deposition; ex ten I of impact varies 
with size of project; beach areas presently stabilized with 
exception of seasonal variations. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary terrain, sporadic to slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no viable means of prevention; impact 
minimized by proper setback of structures. 

T T Critical Stream Bank Erosion: Undercutting and caving o{ river 
and stream-bank material by stream action; restricted 
primarily to flood plains except in upper reaches of large 
rivers; characterized by location on river bends, bar 
growth on opposite bank, a11d relatively deep water near 
shore; passes upstream into flash-flood channels and 
downstream into estuarine deposition. Properly en· 
gineered riprap provides local correction. 

. � . . . 

. . . . . ' 
• • • • • . . . . .  

Mass Movement 

Earthflow and Slump Topography: Terrain characterized by 
such features as irregular topography, modemte slopes, 
irregular drainage, irregular soil distribution, and 
occasionally features of recent movement including 
tension cracks and bowed trees (depending upon type, 
depth, and time of failure); generally restricted to the 
soil zone but also bedrock in sheared or deeply 
weathered terrain; hazards include ground movement, 
variable foundation strength, caving in excavations, poor 
drainage, and others. Excavations, stream-banh erosiOI', 
fills, drainage modifications, removal of vegetation, and 
use of drain fields and septic lanhs may reactivate or 
accelerate sliding. On-site inspection recommended prior 
to development. 

Deep Bedrock Failure: Areas of deep bedroch failure initiated 
by prolonged stream-bank erosion over extended periods 
of time in the geologic past; restricted to sandstone 
terrain in the interior uplands; presently inactive with 
the exception of localized areas within the slides; major 
hazards include variations in drainage, soil conditions, 
and foundation strength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regionally are subject to rapid and shallow 
mass movement such as debris flow, rock slide, and 
rock-fa//. Recent large individual debris flows are 
indicated with arrows. The specific location of individual 
mass movements is a function of rock and soil 
characteristics, weathering h istory, vegetative cover, and 
present land use. Treatment includes retaining walls, 
preservation of vegetative cover, drainage control, 
screening of critical slopes, and proper engineering of all 
construction, especially roadcuts and {ills. 
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EXPLANATION 
Surficial Geologic Units 

fill and spoils: &nd, silt, grnue!, sawdust, wood chips, dredge spoils, and 
other material placed in wet/CJnd areas and on slopes {or disposal or 
to proulde wace for deue/oprnent; adequ(J/C foundotion strEngth {or 
small structures if properly placed: nature of substrate uariable and 
include. compressible soils loeol/y; h"'lords incl .. de flooding, 
dff{erenliol settling, and omp/ificalion of sei.omic wuues in ar€as of 
thich esluari11e (ill 

stable sand: Unconsolidated fine- to medium-grained dune sand 
protected from wind erosion by natuca/ oc arlifically introduced 
vef/e/atloll: tllichness llP to 200 feet /11 large dune fields, milch 
thimu!r .outh of Ba11don; ground-water production high; hazard$ 
i11clude stroom erosio11, high ground water, ground-water po/lutior�, 
overwithdrawal of ground water, ""d ocear1 flooding at low 
elevations: "'ill may overlie organic wits aud ancient 30il horizons 
with other propernes: do"s not i11clude stab/" Mnd overlying Qmt. 

unstable dune sand: Unconsolidated fine- to medillm-grained sand of 
large dunes "ot protected from wind eros/011 by !Xlgetation: 
thiclmers, ha2ards and ground-wa/a potential similar to those of 
stable ..,11d: also wir�d erooion and wind deposition, especially in 
excauatlons or <>round structures; tmit may ouer/i" compr€ssib/e soils 
or other ancien/ soil horizons, 

defla�ion plain and beach sand: U�tco .. so/idated fiJte· to medium
grnhted sand of beaches, {la/-lyillfl Interdune areas and tcansverse 
dune fields; thic/111€ss, ha2ords, and ground-water potential similar 
to those of stable sand: possible presence of iron-pan layers at 
�hallow depl/ts: possible extreme variability verlicali:Y in permea
bility and degree of consolidation; pre6crvQtion of vegetative cover 
dcpe11dcnt on water table. 

tidal flat: Unconsolidated mud, silt, clay, and sand !11 the lidal �one of 
e6tuaries and ol/ter coaolal wetlands; sediments compacted or iligh 
in organic material locally; hazards may also irtclude amplifica/ioll 
of seitunic waves "''d acean (loodi"ti: may be present beneath some 
d'"'" ,.,,a •. 

mal'Sh and pea�: Unconsolidated organic •oils a{ sill, clay, t�nd sand in 
e•tuarine and fresh-wo.ter wetland area•: cl•arncterized by abundant 
vegetatio", ponding, or high water /able, hazards also includ€ low 
foundation strength 1md stream or ocean flooding: 0111anic soils may 
be preO<!nl ill the :mbsuc{au b€neath other alluvial units or dun" 
sands. 

Quaternary aUuvium: Unconsolidated deposits of sand, silt, clay, and 
mud i" the flood Plains of major streams draining sandstone and 
.•ills/one terrain, and grauel, sa<td, ami sill along the middle a11d 
uppet· , . .,aches of t·iuers draining Pre-'l'ertiary or volcanic termin; 
grain size typjcally i"crecses with depth; gro1md-water productio" 
moderate; associated with fresh water marsh a>od peal i" place<; 
hazards incl�<de stream-bank erosion, por�di,g, iligh gro1<nd water, 
flooding, siltation, a11d compressible soils locally, 

Quaternary fluvial terrace deposits: Uuconso/idatcd to semi-consoli
dated flat-lying and e/euated deposits of river alluvium ouerlooking 
preuut stream valleys (Quaternary <>ll,.vium} and situated aboue th" 
preO<!nl leuels of flooding: also include• fine-tirnined terrace deposits 
of es/u<tr/ne oritiin; flTaill-si�e distributions similar to those of 
Quaternary alluvium <tnd estuarine d"posits; moderate grou11d-water 
production; hazards include ponding, loc<tl high ground water, and 
stream-bortll erosion. 

Qllalernary marine terrace deposits: Unconsolidated to semi-consoli
dated flat-/yi•tg and elevated marine depo"ils of sand, silt, clay and 
gravel locally: /hie/messes uary from 10 lo 50 (eel, but locally arc as 
lillie a< 2 to 3 faet; elevations ra,ge (rom a few feet to •·cvcml 
luwdred (eel 'war Coos Bay lo almost 2.000 feet far/Iter inlalld; 
ground-water production low to moderate: /oa�ards may include 
hrndland erosion, str·eam-banl• erosion, poar drai!Wgc, failure i11 
deep ctds, and olloet·s, but generally ace ueg/igibtc: coastal Qmt 
ma,tled by stable dune sand, 

Bedrock Geologic Units 

Sandstone of Tertiary Age 

Empire Formation (Pliocene): Thichly bedded, hard, marine sandstone 
with minor thin interbeds of siltstone: impermeable, firm 
foundations: mantled with lo.-.my sand, saudy loam, and silty loam; 
hazards inc/ud" roc/1{all in coastal cliffs nnd variable erosio" aud 
mMs moverncut; limited ill disldbutiou to /he Sot.th Slough area_ 

Miocene sedimentary rocks: Calccrcaus, medium-gt•ailled, hat•d, gray 
stmds/aue exposed a/ Pigeon Point Olld recovered fmm nearby 
dredgings: illdicatcs shallow depth to bedr·ocl< in soul/tern 
e.�tremitic• of entrance of Coos Bay eslvot·y. 

Tunnel Point Formation (Oligocene): Coarse- to {inc-grained tuf(aceouo 
sandstone a11d m inoc $ills/on€ €Xposcd only at Tunnel Point "ear 
the entrance to Coos Bay: subject to stow headland erosion prior to 
/he development of Bas/€ndorff Beach • 

Coalcdo Forma�ion, upper and lower members (late Eocene): Coarse
to finc-fi'"(Iined, ltard, deltaic sandstone with interbeds of softer 
sills/oroe; wc/1-dcve/oped bedding: eo,glomera/e a11d coal beds 
present locally with more e:densive cool deposits at depth; ouerloin 
by loamy sand, sandy loam o11d silty loam: low permeability and 
ground water potential; hazards m<>y iuclude slow to sporadic 
headland erosion locally alld carth{/ot/J in deep cuts: flooding in coal 
mirws miuimal. 

Coa\edo Formation, undifferefltiated (late Eocene): Parts of lite 
undif{ermttiated Coaledo t€rrain of tile cast Coos Bay area h igh i11 
sandMone co .. tent: lithology and hazao·ds similar to that of the 
upper ""d lower Coaledo Formation: precise distribution deter
mined by on-site inspection, 

Tyee Formation (middle Eocene): Thiel< sequence of rhythmically 
bedded, hard Mndstonc and minor siltstone: coal-bearing <1/ Eden 
R id  tie: impermeable, but with moderate infiltration along joints and 
fault•: very low grou11d-water potential; mantled with sandy loam 
aud silly loam soils thai locally are u�ry thin; hazards include {lash 
flooding, erosion, rapid earlh{low, a11d debris flows. 

Flournoy Formation (middle "ocene): Lillwtogy and soils simi/or to 
tho:;e at the 'l'yee Focmalion except for irlc•·eosed siltstone content 
high in lite sec/ion; mantled by sar�dy loam a>od silty loam; lta�at·ds 
and ground-water potenlial similar to those of the Tyee Formation. 

Lookingglass Formation (middle Eocene): Lithology, ground-water 
poten/l'al, and hazards similar to those of the Tyee Farmalio,., bul 
tlli,ner bedded and conglomeratic n€ar tl•e base locally, mantled by 
sa11dy loom and silly loam. 

RosebllrC Formation - sedimentary rocks (lower EoC1'ne and older): 
Rhythmically bedded hard Mndstone and siltstone: low perm€a· 
bility <tnd tow flround-water po/eutial; {au/ted t�nd sheared in 

wutltern Coos Cov .. ty to produce e.�tensiue mass movement terrain 
and subdued topography; mmt/led l>Y silt loam and loamy sand: 
hazards include mt�ss movement, "ro�lon, and variable foundation 
condit/OIIS. 

Siltstone or Tertiary Age 

Bastondor/t Formation (late Eocene and early Oligocene): 1'hbtly 
bedded shale a11d siltstone confined ta llw South Slough, Jstltmus 
Slaugh mtd Calcldng Cn;el< areas: mont led by "illy loam and silty 
clay laam; very low permeability and gr•o•md-water potential: 
hazards ;,elude erosion, slow mass movement, and failllrcs in deep 
cuts. 

Coa\edo Formation - middle member (late Eoeenc): Thinly b€dded 
siltstone 1uilh minor ..,ndstone interb€ds: mantled by silty loam and 
silty cloy loam: u€ry tow p€rmeability and ground-wa/ec pol.,nlia/: 
ha2ard• include erosion, slow headland erosion, and local mass 
movement. 

Coaledo Formation - undifferentiated (late Eocene): Parts of the 
undifferelltiated Coa/edo terrain of the east Coos llay area high ill 
siltstoue content: lithology and ha2ards similar to those of th€ 
middle member of the Coaledo Forma/ian; precise distribution 
determined by on-site inspection. 

EL\don �·ormation (middle Eacene): Thinly bedded siltstone with 
minor ><mdstonc intubeds: mantled with silty loom and silly clay 
loam; very low permeability and ground-water potcn/ial: hazards 
incltHie erosion and mass moucme11t. 

8asalt or Tertia,y Age 

Roseburg Formation - basalt (early Eocene): Marine basalt of uaciable 
lithology ;,eluding pillow basalt, ba•allic breccia and intrusiue 
basalt: loardness, jointing, alteratio11 , and potenti<tl use ��ariable; 
widespread IOW·flTade attualion: interfinger& with sedimentary roch 
of the Roseburg !-'ormation; mantled by silly clay loam and silll· 
loam a ferv inches to seueral tens of feel in thiclon€ss; hazards 
Include rap id erosion a11d mass movement. 

Itocks of Pre-Tertiary Age 

Humbug Mountain Conglomuate (early Cret-aceous): Small expo.�w·e of 
bedded conglomerate and sandstone. 

Otter Point Formation (Jurassic): A lectonicoUy sheared assemblage of 
>'oc/18 including peroosiue/y sheared sedimentary roci<S (Jop) now 
prone to cetiO,<tl mass mouem.,nl and subordinate amounts of 
shrnred to intact volcanic rock (Jov), l$o/a/ed blocks of thin/)• 
bedded tightly folded chert (Jc), exposures of serpentinite (Jsp), 
and isolated blochs of resistant bluescltht (Js). a medium-gr<td .. 
mefamorplric rock. Soil types, thiclmesses. and properties highly 
variable: major hazards include mau movement, slope erosion, 
1tream-bank erosion, a11d variable bet�r-ing 5/rength. 

Galice Formation (Jurassic): Limited exposures of uo/canic rock and 
bedded siltstone. 

Geologic Symbols 
· · ·----------
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Geologic Hazards by J. D. Beaulieu and P. W. Hughes 

ROAD CLASSIFICATION 

Light-duly 

Unimproved dirt oo==�=�=· 

EXPLANATION 

(Boundru:ies are approximate; statements are 
general; site-specific decisions require on-site 
inspection,) 

Regional Slope 

0-15% slopes locally; landforms include beaches, flood plains 
and other wetlands, fluvial and marine ten·aces; hazards 
include flooding, erosion, deposition, ponding, high ground 
water, compressible soils, and possible amplification of 
earthqual1e vibrations; land use potential excellent to good in 
areas of minimal hazards. 

Local slopes to 50% and 100% in some dunes areas; landforms 
include dunes, marine terraces, and gentle uplands; hazards 
include negligible to moderate erosion and deposition by 
stream, wind, and wave depending on setting; land use 
potential is excellent to good in regions of minimal or 
contmllable hazards. 

Up to 50% slopes locally; landforms include parts of terraces, 
1 5 ·  3 O %  coastal uplands, and some valleys; hazards include moderate Ia 

rapid erosion on slopes and along streams and slow to rapid 
earthflow; land use potential is variable and is generally 
restricted to low-density residential use, forestry and other 
low-intensity development. 

• 

Greater than 50% slopes locally; landforms include uplands 
and some small valleys in more gently sloping terrain; hazards 
include moderate to rapid erosion, earthflow, and debris slides; 
land use potential is generally limited to sparse development 
and forestry. 

50% to vertical locally; landforms include uplands of the 
interior and sea cliffs; hazards include extreme erosion, rapid 
earth{low, debris flow, rockslide, and rockfall; land use 
potential restricted to well·managed logging and open space. 

Flooding 

Preliminary Intermediate Regional (lQQ.year) Flood: Extent 
of flood (determined from preliminary data developed 
by the U.S. Geological Survey and Douglns Cotmly) 
having a 1 percent probability of occurring in any given 
year. Levees at Reedsport provide protection from the 
100-year flood. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25·year floods. 

Flood Prone Areas: Areas subject to flood hazard approxi· 
mutely equivalent to the Intermediate Regional Flood 
based on topography and scatlered observations; differs 
from Intermediate Regional Flood in the absence of gage 
data and rigorous statistical treatment; also, based on 
little empirical data relnlive to the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are known 
lo have experienced flooding in lhe past but for which 
no sophisticated computer modeling is available; based 
on field observations, extensive personal interviews, and 
other investigations by /he U.S. Soils Conservation 
Service, and also on data provided by the U.S.G.S., the 
U.S. Army Corps of Engineers, and the 0/"egon Water 
Resources Boatd. Period of observation approximately 
100 years. 

Major Flash Flood: Small· to medium-sized stream channels 
situated in areas of moderate to sleep slope, moderate to 
high relief, and low permeability, for which catastrophic 
streamflows have a high probability of occurrence; 
characterized by narrow canyons, coarse, poorly sorted 
stream-bed deposits and /he absence of a flood plain; 
permanent structures not feasible with the exception of 
properly engineered roads. 

Potential Ocean Flooding: Low·lying coastal areas, marshes, 
and contiguous wetlands subject to tidal flooding, 
storm-surge flooding, and tsunami inundation; h ighest 
possible tides are approximately. 6 feet above mean sea 
level; storm surges may add 4 feet to this, exclusive of 
wave action. Tsunamis with amplitudes of 15 feet are 

possible and may have runups to elevations of 20-25 feet 
above concurrent water level. Major impact concentrates 
on headlands, cove s, beaches, and spit extremities; 
d issipation in the estuaries. 

Erosion and Deposition 

Regional Wind Erosion: Deflation basins, windward sides of 
unstable dunes, beaches, and other areas of exposed sand 
not protected by vegetation; promoted by over-grazing, 
removal of protective cover, lowering of interdune water 
tables, and rapid deposition along the coastline; 
prevented by preserving or restoring compatible 
vegetation. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates val"y from a few inches lo a few (eel 
per year depending on dune size, protective cover, 
extent of source area, and local wind conditions; 
prevented by stabilizing source area, proper location of 
projects, and proper planning. 

Potential Beach Erosion and Deposition: Areas for which jetty 
construction, beach excavations, channel dredging, spoil 
disposal, and other artificial changes will iniliale future 
beach erosion and/or deposition; extent of impacl varies 
with size of project; beach areas presently stabilized with 
exception of seasonal varia/ions. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary terrain, sporadic to slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no viable means of prevention; impact 
minimized by proper setback of struclures. 

T T Critical Stream Bank Erosion: Underculling and caving of river 
and stream-bank material by stream action; restricted 
primarily to flood plains except in upper reaches of large 
rivers; characterized by location on river bends, bar 
growth on opposite bank, and relatively deep water near 
shore; passes upstream into flash·flood channels and 
downs/ream into estuarine deposition. Properly en
gineered riprap provides local correction. 

. . . . . 
' • 4 • •  ' 

. . . . ' . . . . . 

Mass Movement 

Earthflow and Slump Topography: Terrain characterized by 
such features as irregular topography, moderate slopes, 
irregular drainage, irregular soil distribution, and 
occasionally features of recent movement including 
tension cracks and bowed trees (depending upon type, 
depth, and time of failure); generally restricted to the 
soil zone but also bedrock in sheared or deeply 
weathered terrain; hazards include ground movement. 
variable foundation strength, caving in excavations, poor 
drainage, and others. Excavations, stream·bank erosion, 
fills, drainage modifications, removal of vegelalion, and 
use of drain fields and septic tanks may reactivate or 
accelerate sliding. On-site inspection recommended prior 
lo development. 

Deep Bedrock Failure: Areas of deep bedrock failure initiated 
by prolonged stream-bank erosion over extended periods 
of time in /he geologic past; restricted lo sandstone 
terrain in the interior uplnnds; presently inactive with 
the exception of localized areas within the slides; major 
hazards include var iations in drainage, soil conditions, 
and foundation strength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regionally are subject lo rapid and shallow 
mass movement such as debris flow, rock slide, and 
rock·fall. Recent large individual debris flows are 
indicated with arrows. The specific location of indiv idual 
mass movements is a {unction of rock and soil 
characteristics, weathering history, vegetative cover, and 
present land use. Treatment includes retaining walls, 
preservation of vegetative cover, drainage control, 
screening of critical slopes, and proper engineering of all 
construction, especially roadculs and fills. 
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EXPLANATION 

Surficial Geologic Units 

I ' 

fill and spoils: Sand. sill. gruvel . . ..,wdust, wood chips, dredge spoil.•, and 
oilier m<llen"al placed in wetland areas and on Mapes far· dispow/ ar 
to provide space {or development; adcq,ate foundation streng/1! for 
small slruclurcs if properly placed; nature af sub.�trate variable and 
includes compressible soils locally; hazm·ds include (loading, 
differential sellling, and amplifk:ation of sci.<m ic waves iP> areas of 
lhi<:l< estuaP"ine fill. 

stable saod: Unconsolidulcd {inc- to medium-grained dune •and 
protected {rom wind erosion by natural or arlifically introduced 
vegetation. thiclmess up lo 200 feel in k>r·ge drwe fields, m1<ch 
tllirme•· sOI</h of Bandon; ground-water production high; hazards 
include stream erosion, high ground water, grouP><l-wa/eo· Jml/u/ion. 
averwilhdr·awal of gmund waler, and ocean {loodim;: a/ low 
elevations; unit ma.)' <overlie or-geuic .roils and ancicut soi/ lwri;;ons 
wilh olli<!r pmperties: does not iuclude stable .<;afl(/ ouerl.)'ing Qmt. 

un.<tablc dune sand: Ut�conso/idated fine- to medirrm-graiowd sam/ of 
large dunes not prol<!c/ed from wind erosion tJy vegela/ion; 
thickness. hazao·ds aPJd grorlf!d-wuter potentia/ similar to tiJOse of 
stable sand. n/so wind "rooion and wind deposition. CsPecially iP> 
CX<"OUalions or amund struc/ures; unit may overlie compr·essible soil.< 
or other ancient soil horizons. 

deflation plain and beach <am\: Unconsolidated finP· lo medium· 
grairwd sand of beeches, f/al-lyiflg inlerdutre ar·eas and transverse 
dune fidds; /hiclzn<'ss. liazm·ds, arrd grormd-rva/cr polenlial similar 
lo //rose of stable saP>d; possible po·escnce of ii"OP>·pan layers a/ 
shallow depths; possible extreme uariebility vcr/ically in pennea. 
bi/ily and dcgr·ec of consolidation; preservation of vegetative co11er 
depe11<lent 0" wafer /able. 

tidal flat: Unconsolidaled mud . . •ill. day, m1d .<aP>d in !lw tide/ zone of 
est,aries and olh<'P" coastal wetlands; sediments compacted or lrigh 
in Ol"f:aPliC mataial locally; /ra;;w·ds maY also include ump/i{ication 
of seismic 1�aves a<>d occun flooding; may be present b<meatlo snme 
dtHPC smrds. 

marsh and pea�: Unconsolitlated o1·ganic .<oils of sill, clay, and sand in 
esluari"': and fr·e.<h-watel" wetla11d m·ees; clrm·acleo·iu:d by abundant 
vegetation, punding, or high water /al11c. l!azm·ds als<> include /ow 
{ounda/ion str<:ng/h and .<tr·eam Ol" oceen flooding; organic .<oils may 
IH' pre.<ePit in /he .<ubsurface beneat/1 oliler rrlllwial units or drH!e 
sands. 

Quaternary alluvium: {/tl(;onsolidaled deposils O{ wnd . .  •ill. clay, and 
mud in 1/oe flood plains of major streams draining sandstone arrd 
sil/stoPPe terrain, and greue/, sand, and silt along the mirldlc and 
upper r<:aclrcs of river·.• drainio!K /'l·e-Tcr/iary or volcanic terrain; 
gr·ain size l.)'piru//y irrcreases with depth; grotmd-wa/er pr-oduction 
moderate; associated rvillr [reslr rvaler marsh and peal in pieces; 
l•ru:ards i"c/"de strcam-baP>il erosion, panding, high grouml water, 
flooding, siltation, rr11d compressible soils locally. 

Quatemary fluvial terrace deposits: Unconsolidated to semi-cuPisoli· 
dated fla/-/ying ""d elevated deposils uf r·iuer al/uuium ouerloohing 
presenl .>trcam valleys (Quaternm·y alluuium) and silualed aboue /he 
presen/ /euels of {loot/i.,g; also includes fine-grained lcrr•ac<: deposits 
of estuarine arigin; J!l"ain-size di.<lribulion.< similar to /hose of 
Qualerflai"Y allrwium and esl"m·ine deposils; moderate gwund-waler 
production; hazards inc/rule pom/ing. local high gr·o!Pnd wale•·, and 
.,trcam-barr/1 CP"Osion. 

Quaternary marine terrace deposits: Unconsolidnted to serni-con,oli· 
dat�d fiat-lying and elevated marine deprJsi/.< r>{ ·"'"d. sill. clay and 
g•-avel local/y; /liicflrles.•c·' uar·y {r-om I U  to 50 feet. bu/ locolly m·•• <rS 
lillie as 2 to 3 feel; elevations range {o·om a few feet to several 
h«ndred feel l!ear· Coos Buy /o almos/ 2,000 feel (al"llie.- inland; 
growul-walcr produclion low to mod�rale; lw•ar·ds may include 
l>ead/a<ld <:roMan, .<tr·eam-bank erosion, poor dminage, {ail<rm in 
deep cuts, arod olheo·.<, bu/ gefleo·ally a!"e rocg/igible; coastal Qm/ 
man/led by stable dun<> .<und. 

Bedrock Geologic Units 
Sandstone of Tertiary Age 

Empire F"ormation (Pliocene): Thic/11.)' bedded, hard, marine sands/one 
wUh mirwr tloiu interbeds of siltstone; impermeable, finn 
foundations; ma<1//<!d willr loamy sand, sandy /omn, arod silly loam: 
/raz.arrls include rochfa/1 in coastal cliffs and uar•iable erosion and 
mas.< movemel!t; limited ifl dis/ribulion to 1/w South S/Oul!h area. 

Miocene sedimentary rocks: Ca/cnreo"•· medium-grained, hard, gray 
sandstone expo.,ed a/ Pigeon Point arod recoverer/ (rom nem·by 
dredging.<; indicates shallow r/ep/lr to b<:dP"Oeh in sou/hem 
extr·emities of enlralfce fl{ Coos Bay <:stuury, 

Tunnel Point F"ormation (Oligocene): Coar·se· to finc-graiued tr<ffaceaus 
sandstone mod minor sHls/one exposed oP>Iy a/ 'l"r<llrre/ Pain/ neaP" 
/Ire en/ranee lo Coos Ray; subject to s/nw headland erosion pdor to 
/he de�c/opment of llasteudoo"{{ Beocl>. 

Coaledo Formation, upper and lower members (late Eocene): Coao·se· 
lo {im,.gmi,"'d. hard, deltaic sarodstotPe wilh inl�•·beds of softer· 
siltsloPPc; well-developer/ bedding; conglomerate and coal beds 
presefl/ locally will> mOP"C exlensiue coal deposits a/ depth; oveP"iain 
by loamy sand, sandy loam a"d sillY loam; low permeabili/y m>d 
g1·orrnd walcr• potential; hazards may include slow lo .•porudic 
headlaP>d erosion local/.)' mrd <:ar·ti>flow in deep cuts; flooding in coal 
mines minima/, 

Coaledn Formatioo, undifferentiated (late Eocene): Parts of the 
undiffe•·enlieted Coaledo terrain of the cast Coos Bay aree high in 
sand.<lone content; lithology and hazards similar lo that of the 
rrppe•· arrd lower Coaledo Parma/ion. pmcisc distribution deter· 
mim!d by on-site inspeclion. 

Tyee Formation (middle 1'".-acene): Thick sequence of rhy/hmically 
bedded, hard sandstone and miowr sills/one; coal-beao·iP>g at EdePP 
Ridge; impermeabiP, but willr moderate infiltration along joints afld 
faults; ver·y low ground-water pole.,lial; man/led with sandy /oem 
and silly /oam soil• /hal /ocal/y w·e ve,·y thin; hazards incl,de flash 
flooding, erosion. rapid earlh{Iow, and debris flows. 

Flournoy Formation (middle Eocene): Lithology end soils similar to 
those of 1/oe Tyee Formation excepl for inc!"eMed siltsto"e conle11/ 
high in tile section; mantled by sandy loam end silly loam; hazards 
Mtd ground-wt.rtcr pr;/enlial sirni/ar lo fhose af flw Tyee Formation. 

Lookinggloss Furmativn {middle E:o.:enc): Lithology. ground-water 
po/en/ial, arrrl hazards similar to liPase of tlw Tyee Forma/ion, bu/ 
lhiP>ner bedded aud conglomeratic near· /he base locally; mantled by 
sandy loam and silly loam. 

Roseburg Forma.tion � sedimentary rocks (lowet Eor:ene and older): 
Rlo.)'thmica//y berlded hard sandstone and siltstone; /ow pe•·mea· 
bi/iiY rmd low ground-water potential; {au/led and sheared in 
soutlwm Coos County ta produce extensive mass movement terrain 
end subdued topography; mantled by silt /onm a"d loamy saP>d; 
l1azards include mass movement. ero.<ion, and variable formdatiou 
conditions. 

Siltstone of Tertiary Age 

Bastendorff Formation (late Eocene and early· Oligocene): Thin/.)' 
bedded sliule and siltstone confined to f/1e Soulh Slough, Isthmus 
Slough and Catchiol!l Creek areas; manll<'d by silt.)' loam and silty 
cia.)' loam; r"'ry low permeability and groufld·water potentia/; 
hazards include erosion. slow mass movemer1/, and failures in deep 
cuts. 

Coaledo Formation � middle member (late Eocene): Thinly bedded 
sillstonc with minor sandstone interbeds; man/led by silly loam and 
silly day /oam; very low permeability and gr-ound-water polenlial; 
hazw·ds iPICiude erosion, slow head/end erosioP>, and local mess 
movement. 

Coaledo Formation - undifferentiated (late En.:ene): Paris of the 
undifferentiated Coaledo terrain of /he east Coos Bay area high in 
.<ills/one content; lithology and hazards similar /o those a{ the 
middle member of the Conledo Forma/ion; precise distribrrlion 
detco·mined by on-site inspection. 

Elkton Formation (middle Eocene): Thinly bedded si/1.</one with 
minor safldslmre ifllerbeds; man/led with silty loam and silty clay 
loam; aery low permeability and ground-water potentia/; /ia;;ards 
include erosion and mass movement. 

BaStlt of Tertiary Age 

Roseburg Founation - basalt (early Eocene): Marine basalt of variable 
lithology including pi/low basalt, basaltic breccia and intrusive 
basa/1; hardness, jointing, altell>tion, and potential use uariable; 
widespread low-grade el/eralion; interfin�ters wilh .,cdimentary roch 
of /lie Roseburg Formation; mantled by silty clay loam end silty 
/aam a few inches to several tens of {eel in lhicl.,ess; luuerds 
include rapid emsion and mass movement. 

Rocks of Pre-Tertiary Age 

Humbug Mountain Conglomerate (early Cretaceous): Small exposure of 
bedded conglamera/e end sands/one. 

I 
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Otter Point Formation (Jurassic): A tectonically sheared as.<cmb/age of 

rochs including peruasive/y sheared sedimentary rochs (Jop) now 
prane to regional ma.<s movemenl and subordinate amounts of 
sheared to iPltact volcanic roch (Jov), isolated b/ocbs of thinly 
bedded ti�tlo/ly folded chert (Jc), exposures of serpentinite (Jsp), 
and isolated blocks of resistant blueschist (Js). a medium-grade 
metamorphic rock. Soil types, thickflesses, and pmper/ies l1ighly 
varia!'l"; major hazards i"C/!<de mass mauemenl. s/ope emsian, 
stream-ben/1 ernsiun. and variable bearing strength. 

Tee 

Te f ----:::::---::::::: 
�?� � 

' 

Galice Formation (Jurassic): Limited exposures of volcanic rock and 
bedded siltstone. 

Contacts 

I 
' 
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DECLINATION, 19:3�35, + Base maps supplied by t he u.s. Geological Survey for the Scottsburg 
and Goodwin Peak quadrangles were prepared at different times using 
different methods and degrees of accu racy. At the juncture of the two 
sheets preclse matching of features is not possible. 

Geologic Hazards by J. D. Beaulieu and P. W. Hughes 

QUADRANGLE LOCATION 

ROAD CLASSIFICATION 
Ught·duty Medium.duty _ _ ___ _ 

Unimpr011ed dirt ••r•••••• 

Q Slate Route 

( in part) EXPLANATION 

(Boundaries are approximate; statements a:r:e 
general; site•specifie dedslons require on-site 
insl)ection,) 

Regional Slope 

B 0-15% slopes locally; landforms include beaches, flood plains 
and other wetlands, fluvial and marine terraces; hazards 
include flooding, erosion, deposition, ponding, h igh ground 
water, compressible soils, and possible amplification of 
earthquake vibrations; land use potential excellent to good in 
areas of minimal hazards. 

Local slopes to 50% and 100% in some dunes areas; landforms 
5 · 1 5 %  include dunes, marine terraces, and gentle uplands; hazards 

include negligible to moderate erosion and deposition by 
stream, wind, and wave depending on setting; land use 
potential is excellen t to good in regions of minimal or 
controllable hazards. 

Up to 50% slopes locally; landforms include parts of terraces, 
1 5 - 3  O %  coastal uplnnds, and some valleys; hazards include moderate to 

rapid erosion on slopes and along streams and slow to rapid 
earthflow; land use potential is variable and is generally 
restricted to /ow.density residential use, forestry and other 
low-intensity development. 

Greater than 50% slopes locally; landforms include uplands 
3 0 - 5  0 %  and some small valleys in more gently sloping terrain; hazards 

include moderate to rapid erosion, earthflow, and debris slides; 
land use potentia./ is generally limited to sparse development 
and forestry. 

• 

50% to vertical locally; landforms include uplands of the 
interior and sea cliffs; hazards include extreme erosion, rap id 
earthflow, debris flow, rocks/ide, and rockfall; land use 
potential restricted to well-managed logging and open space. 

Flooding 

Preliminary Intermediate Regional (100-year) Flood: Extent 
of flood (determined from preliminary data developed 
by the U.S. Geological Suroey and Douglas County) 
having a 1 percent probability of occurring in any given 
year. Levees at Reedsport provide protection from the 
1 00-year flood. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25-year floods . 

Flood Prone Areas: Areas subject to flood hazard approxi
mately equivalent to the Intermediate Regional Flood 
based on topography and scattered observations; differs 
from Intermediate Regional Flood in the absence of gage 
data and rigomus statistical treatment; also, based on 
little empirical data relatiue to the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are known 
to have experienced flooding in the past but for which 
no sophisticated computer modeling is available; based 
on field observations, extensive personal interviews, and 
other inve.�tigatiom by the U.S. Soils Conservation 
Service, and also on data provided by the U.S.G.S., the 
U.S. Army Corps of Engineers, and the Oregon Water 
Resources Board. Period of observation approximately 
100 years. 

---- Major Flash Flood : Small- to mediunHized stream channels 
situated in areas of moderate to steep slope, moderate to 
high relief, and low permeability, for which catastrophic 
sb·eamflows have a high probability of occurrence; 
characterized by narrow canyons, coarse, poorly sorted 
stream-bed deposits and the absence of a flood plain; 
permanent structures not feasible wilh the exception of 
properly engineered roads. 

Potential Ocean Flooding: Low-lying coastal areas, marshes, 
and contiguous wetlands subject to tidal flooding, 
storm-surge flooding, and tsunami inundation, h ighest 
possible tides are approximately 6 feet above mean sea 
level; storm surges may add 4 feet to this, exclusive of 
wave action. Tsunamis with amplitudes of 15 feet are 

possible and may have runups to elevations of 20-25 feet 
above concurrent water level. Major impact concentrates 
on headlands, cove s, beaches, and spit extremities; 
dissipation in the estuaries. 

Erosion and Deposition 

Regional Wind Erosion: Deflation basins, windward sides of 
unstable dunes, beaches, and other areas of exposed sand 
not protected by vegetation; promoted by over-grazing, 
removal of protective cover, lowering of interdune water 
tables, and rapid deposition along the coastline; 
prevented by preserving or restoring compatible 
vegetation. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary from a few inches to a few feet 
per year depending on dune size, protective cover, 
extent of source area, and local wind conditions; 
preuented by stabilizing source area, proper location of 
projects, and proper planning. 

---- Potential Beach Erosion and Deposition: Areas for which jelly 
construction, beach excavations, channel dredging, spoil 
disposal, and other artific ial changes will initiate future 
beach erosion and/or deposition; extent of impact varies 
with size of project; beach areas presenlly stabilized wilh 
exception of seasonal variations. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary terrain, sporadic to slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no viable means of prevention; impact 
minimized by proper setbacll of structures. 

T T Critical Stream Bank Erosion: Undercutting and caving of river 

. � . . . 

. . .. . . . 
� . . .  ' . . . . . 

and stream-banh material by stream action; restricted 
primarily to flood plains except in upper reaches of lmge 
rivers; characterized by location on river bends, bar 
growth on opposite bank, and relatively deep water near 
shore; passes upstream into flash-flood channels and 
downstream into estuarine deposition. Properly en
gineered riprap provides local correction. 

Mass Movement 

Earthflow and Slump Topography: Terrain characterized by 
such features as irregular topography, moderate slopes, 
irregular drainage, irregular soil distribution, and 
occasionally features of recent movement including 
tension cracks and bowed trees (depending upon type, 
depth, and time of failure); generally restricted to the 
soil zone but also bedrock in sheared or deeply 
weathered terrain; hazards include ground movement, 
variable foundation strength, caving in excavations, poor 
drainage, and others. Excavations, stream-ban!? erosion, 
fills, drainage modifications, removal of vegetation, and 
use of drain fields and septic tanks may reactivate or 
accelerate sliding_ On-site inspection recommended prior 
to development. 

Deep Bedrock Failure: Areas of deep bedrock failure initiated 
by prolonged stream-bank erosion over extended periods 
of time in the geologic past; restricted to sandstone 
terrain in the interior uplands; presently inactiue with 
the exception of localized areas within the slides; major 
hazards include variations in drainage, soil conditions, 
and foundation sb·ength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regionally ar� subject to rapid and shallow 
mass movement such as debris flow, rock slide, and 
rock-fall. Recent large individual debris flows are 
indicated with arrows. The specific location of individual 
mass movements is d function of rock and soil 
characteristics, weathering history, uegelalive cover, and 
present land use. Treatment includes retaining walls, 
preservation of vegetative cover, drainage control, 
screening of critical slopes, and proper engineering of all 
construction, especially roadcuts and fills. 
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EXPLANATION 

Surficial Geologic Units 

T" I 

' 
J• I 

" ' ,, 

fill and spoils: Sand, silt, gra�el, sawdust, wood chips, dredge spoils, and 
other material placed in wetland areas and on slope� (or disposal or 
to prouide space for de�elopment; adequate foundation strength for 
small structures If properly placed; nature of substrate uariable and 
Includes compressible soils locally; hazards Include flooding, 
dl(feren/la/ settling, and amplification of seismic waues in area8 of 
thiC-k estuarine fill. 

stable sand: Unconsolidated fine- to medlum·llralned dune send 
protected {rom wind erosion by natural or arl/ficolly introduced 
ue11etation; thickness up to 200 feet in large dune fiekb, much 
thinner south of Bandon; ground-water production high; hazard• 
include dream erosWn, high ground water, ground·woler poilu lion. 
ouerwithdrawol of ground water, and ocean (loodlnll at low 
e/cuatWns; unit may o�erlle orgonic soils ond ancient soil horizon• 
with other properties; does not include rtable Ulnd ouerlyinll Qmt. 

unstable dune sand: Unconsolidated fine- to medlum-11ralned U�nd of 
large dunes not protected (rom wind erosion by uegetotlon; 
thichness, h,pards and ground-woter potential similar to those o( 
stable sand; also wind erosion ar1d wind deposition, especially in 
excavations or around structures; ur�it may ouer/ia compressible soils 
or other ancient soil horizons, 

deflation plain and beach sand: Uncor�solidated (ir1e- to medium
grained sand of beaches, (/al-lying Interdune areas and transverse 
d•mc fields; thickness, hazards, <md ground·waler potential �imi/ar 
/o those of stable sand; possib'le presence of iron-pnr1 lt:ryers at 
shallow depths; possible extreme uariability uertically in permeo
blliiY and degree of consolidation; preseruatinn of uellelatiue co�er 
dependent 011 water table. 

tidal flat: Unconsolidated mud, .•ill, clay, and sand In /he !ida/zone of 
estuao·ies "''d other coastal wetlands; setlimet�/s compacted or h igh 
in organic material locally; IUJ-'ards may also lncl11de amp/i(ica/ion 
of seismic woues and ocean flooding; may be present bet�eatlo some 
dune sands. 

marsh and peat: Unconsolidated organic soils of sill, clny, ond sand In 
estuarine and fresh-water wetland areas: characterized by abu11dont 
uegetatian, ponding, or high water table, h,pard� also Include low 
foundation strength and stream or ocean f/oodinll; organic soils moy 
be present in the subsurface beneatl• other a/luu/ol units or dune 
sands. 

Quaternary aUuvium: Unconso/idat<!d deposits of UJnd, Bill, clay, and 
mud in the flood plains of major streams droininll sandstone and 
silt&tonc terrain, and 11rave/, sand, and sill along the middle and 
upper reache& of rluers draining Pre-Tertiary or volcanic tern�ln; 

grain size typically increases with depth; ground-water production 
moderate; associated with (re8h water marsh and peat in ploce�: 
h<Pards Include stream-bank erosion, ponding, high gr-ound water, 
flooding, siltation, and compreSllibie soils /ocal/y, 

Quaternary fluvial tenace deposits: Unconsolidated to semi-consoli
dated (/al-lying and ele�ated deposits o{ ri�er al/u�ium oucrlool<inz 
pre•ent s/ream �alleys (Quaternary ailuuium) and situated above the 
present levels of flooding; also includes (lne-grolned terrace dcposill 
of estuarine origin; grain-size distributions similar to those of 
Quaternary alluvium and estuarine deposits; moderate ground-water 
production; hazards include ponding, local l•i!Jh ground water, and 
stream-bani< erosion, 

Quaternary marine tenace deposits: Unconsolidated 10 sr:ml-eonso/i
dn/etl (/al-lying and elevated marine deposits of sand, sill, clay aud 
gr.,vr:l locally; thiclllleS!les uary from 1 Q to 50 feet, but locally are as 
little as 2 to 3 feet; elevations range from � few feel to several 
lum<h·ed feet near Coos Bay to almost 2,000 feel far/her lnlnnd; 
J,'round·waler production low to moderate; hazao·ds may Include 
headland erosion, stream-bank erosion, poor drainage, faillll"C in 
deep cuts, and others, but generally are neg/i!Jible; coastal Qmt 
mantled by stable dune sand. 

Bedrock Geologic Units 

Sandstone of Tertiary Age 

Empire Formation {Pliocene): Thickly bedded, hard, marine sandstone 
with minor thin interbeds of siltstone; Impermeable, firm 
foundations; man/led with loamy .rond, sandy loom, ond silly loom; 
h,pards include roch(a/1 in coastal cliffs and uariable erosion and 
moss movement; limited in d istribution to the South Slough area. 

Miocene sedimentary rocks: Calcareous, medium-grained, hard, groy 
sandstone exposed at Pigeon Point and recouercd from nearby 
dredgings; indicates shallow depth to bedroch in southern 
extremltie� "( entrance of Coos Bay estuary. 

Tunnel Point Formation (Oligocene): Coarse- to fine-grained tuffaceous 
sandstone and m inor siltstone exposed o•lly at Tunnel Point ncar 
the entrance to Coos Bay; subject to slow l•eodland erosion prior to 
tl•e de�elopmenl of Bastendorf( Beach, 

Coalodo Formation, upper and lower members (late Eocene): Coarse
to (inc-grained, hard, deltaic sands/one with Interbeds of so(ler 
si/15/onc; wcll-dc�elopcd bedding; conglomerate and coal beds 
present locally with more extensi�e cocl deposits a/ depth; overlain 
by laamy sand, sandy loom and silty loam; low permeability and 
ground water potentia/; hazards may include slow to .•poradlc 
headland erosion locally and earth flow in deep cuts; flooding in coal 
mine� minima/, 

Coaledo f'armation, undifferentiated (!ate Eocene): P(lr/s of tloe 
undifferentiated Cooledo le!Tain at ll•e east Coos /Jay area hll/1! In 
sandMone content; lithology and hazards similar to that at the 
upper and lower Coa/edo Formation; precise dlstrlb,.tion deter· 
mln�d by on-site iaspec/ion, 

Tyee Formation (middle Eocene): 1'hick sequence of rhythmically 
b'edded, hard sandstone and minor sills/on�; e<:>ol-bcaring at Eden 
Ridge; impermeable, but with moderate infiltration along joiuls and 
faults; v�ry low ground-water pot�ntial; mantled with •andy loam 
and silly loom soils that locally are uery thin; ha�ards include fla$h 
flooding, erosion, rapid earthflow, and debris flows. 

Floumoy Formation (middle Eocene): Lithology and soils similar to 
those of th<! Tyee Formation except for increa•ed sill&tone content 
high ;,. the section; mantled by oondy loom and sU/y loam; hazard• 
and ground-water potential similar to those of the Tyee Formation. 

Lookingglass Formation (middle Eocene): Lithology, 11round-woter 
pot�ntial, and hazords similar to t11ose of the Tyee Formation, but 
thinn<!r bedded and conglomeratic ncar the bose locally; mantled by 
sandy loam and silty loam. 

Roseburg Formation - sedimentary rocks (lower Eocene and older): 
Rhy/hmically bedded /oard sandstone and sill•tone; low permea
bility and low ground-water potential; (au/led ond sl1eored In 
southern Coos County to produc<! extensive muss mo�emcnt terrain 
and subdued topograp/1y; mantled by sill loam 011d /oomy sond; 
hazards include mass movement, erosion, and uoriable foundation 
c01oditions. 

Siltstone of Tertiary Age 

Snstendorff Formation (late EoCene and early Oligocono): 7'hinly 
bedded shale and sills/one confined to the Sauth Slo"g/1, Tslhmus 
Slough and Catching Creel> areas; mantled r;,y silly loam atod silty 
clay loam; very low permeability mod ground-water potential; 
hazards include erasi<>n, slow mass mo�emen/, and failures in deep 
cuts. 

Coaledo Formation - middle member (late Eoeenc): Thinly bedded 
si/t#one with minor sandstone Interbeds; mantled r;,y silly loam end 
silty clay loam; uery low p<!rmeabllity and ground-water potential; 
hazards include erosian, slow headland erosion, end local mau 
mouement. 

Coalcdo Formation - undifferentiated (late Eocene): Parts nf the 
undifferentiated Coaledo terro,·n of /he east Coos Boy ar�a high in 
•ills/one content; lithology and ha�ards similar to those of the 
middle member of the Coaledo Formation; precise distribution 
determined by on-site Inspection. 

Elkton Formation (middle Eocene): Thinly bedded ail/stone wl/h 
minor UJndstone inlerb<!ds; mantled with silty loam and silty clay 
loam; uery low permwbility and ground·woter potential; h<Pards 
include erosioto and moss mouemenl. 

Basalt of Tertiary Age 

Roseburg Formation - basalt (early Eocene): Marine basalt of uorl�ble 
lithology including pi/low basal/, basaltic breccia and intrusiue 
basalt; hardness, jointing. alteration, and potential use variable; 
widespread low-grade allcrolion; interfingers will• sedlmen/nry roch 
of tl•e Roseburg Formation; mantled by silty clay loam and silty 
loam a (e<v inches to seueral tens of feel In thickness; h,pards 
Include rapid erosion and mass movement. Geologic CrosASlecpJon 

B' Rocks of Pre-Tertiary Age �()()1,)' 

2000' 

Qft 

B" 

Sea Leve 

-2000 

Humbug Mountain Conglomerate (early Cretaceous): Small e,:pos,.re of 
bedded conglomerate and sandston�. 

Otter Point Formation (Jurassic): A l"donically sheared assemblage of 
o'oci<S including pervosiuely s/oeared sedimentary rocks (Jop) now 
prone to regiana/ mass movement and subordinate amo11nts of 
sheared to in/oct volcanic roc!< (Jov), isa/a/ed blochs o( thinly 
bedded tigh/ly folded chert (Je), exposures of scrpe,tinil<! (Jsp). 
and isolated blocks of resistan t  blueschist (Js), a medlum-grode 
metamorphic roch. Soil types, thicknesses, and properties highly 
variable; major hazards Include mass mouemen/, slope erosion, 
slream·bonl< erosion, and uariab/e bearing strength. 

Galice Formation (Jurassic): Limited exposures of uolcanlc roek and 
bedded silts/on<!. 

Geologic Symbols 
------- · · ·----
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POWERS QUADRANGLE 

Medium-duly 

ROAD CLASSIFICATION 

Light..:luty 

Unimpr<'M!d dirt ••••• = = • •  

(Boundnries are approximate; statements are 
general: site-specific decisions require on�te 
inspection.) 

Regional Slope 

B 0-15% slopes locally; landforms include beaches, flood plains 
and other we/lands, {/uvial and marine len·aces; hazards 
include flooding, erosion, deposition, ponding, high ground 
water, compressible soils, and possible amplificaliorz of 
earthqualle vibmlions; land use potential excellent to good in 
areas o{ minimal hazards. 

Local slopes to 50% and 100% in some dunes areas; landforms 
5 - 1 5 %  include dunes, marine terraces, and gentle uplands; hazards 

include negligible to moderate erosion and deposition by 
str·eam, wind, and wave depending on selling; land use 
potential is excellen t to good in regions of minimal or 
controllnble hazards. 

Up to 50% slopes locally; landforms include parts o{ terraces, 
1 5 - 3  0 %  coaslal uplands, and some valleys; hazards include moderate to 

rapid erosion on slopes and along streams and slow to rapid 
earllz{low; land use potent ial is variable and is generally 
restricted to low-density residential use, forestry and other 
low-itzlensity development. 

30 s 3 0 - 5 0 %  
Greater than 50% slopes locally; landforms include uplands 
and some small valleys in more gently sloping terrain; hazards 
include mode1;ate to rapid erosion, earthflow, and debris slides; 

'" 

• 

land use potential is generally limited to sparse development 
and forestry. 

50% to vertical locally; landforms include uplands o{ the 
interior and sea cliffs; hazards include extreme erosion, rapid 
earth{low, debris {low, rocks/ide, and rocl�{a/1; land use 
potential restricted to well-managed logging aud open space. 

Flooding 

Preliminary Intermediate Regional (100-year) Flood: Extent 
o{ flood (de/ermined {rom prelimirwry dala developed 
by the U.S. Geological Survey and Do!lglas County) 
having a I percent probability of occurring in any given 
year. Levees at Reedsport provide protection {rom the 
1 00-year {load. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25-year floods. 

Flood Prone Areas: Areas subject to flood hazard appro.\·i
malely equivalent to the lnlermediale Regional Flood 
based Oil topography and scallered observations; differs 
fmm Intermediate Regional Flood in the absence o{ gage 
data and rigorous statistical treatment; also, based on 
lillie empirical dala relative to the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are !mown 
to have experienced flooding in the past but {or which 
no sophisticated computer modeling is available; basea 
on field observations, extensive personal interviews, and 
other investigations by the U.S. Soils Conservation 
Service, and also on data provided by the U.S.G.S., the 
U.S. Army Corps of Engineers, and the Oregon ll'aler 
Resources Board. Period of observation approximately 
100 years. 

---- Major Flash Flood : Small- to medium-sized stream channels 
situated in areas of moderate Ia sleep slope, moderate to 
high relic{, and low permeability, {or which catastrophic 
stream{lows have a high probability o{ occurrence; 
characterized by narrow canyons, coarse, poorly sorted 
stream-bed deposils and the absence of a flood plain; 
permanent structures not feasible wil/1 the exception of 
properly engineered roads. 

Potential Ocean Flooding: Low-lying coastal areas, marshe.�. 
and contiguous wetlands subjecl to /ida/ llooding, 
storm-surge flooding, and tsurzami inuw/alion; highest 
possible tides are approximately 6 {eel above mean sea 
level; s/0/"m surges may add 4 {eel lo this, exclusive of 
wave action. Tsunam is with amplitudes o{ 15 {eel are 

possible and may have runups to elevations o{ 20-25 {eel 
above concwrent water level. Major impac/ concentrates 
on headlands, cove s, beaches, and spit exlremities; 
dissipation in the e�/11aries. 

Erosion and Deposition 

Regional Wind Erosion: De{lalion basins, windward sides of 
unstable dunes, beaches, and other areas o{ exposed sand 
not protected by vegetation; pwmoled by over-grazing, 
1·emoval of proleclive cover, lowering of interdune water 
tables, and rapid deposition along /he coastline; 
prevented by preserving or restoring compatible 
vegetation. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary from a {ew inches to a {ew {eel 
per year depending on dune size, protective cover, 
extent of source area, and local wind conditions; 
pr·evented by stabilizing source area, pmper location o{ 
projects, and proper planning. 

Potential Beach Erosion and Deposition: Areas {or which jelly 
cons/ruction, beach excavations, channel dredging, spoil 
disposal, and other artificial changes will initiate future 
beach erosion and/or deposition; exten t o{ impact varies 
with size o{ project; beach areas presently stabilized with 
exception of seasonal varia /ions. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary terrain, sporadic to slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximwn) in Siltstone of 
Tertiary Age; no viable means of prevention; impac/ 
minimized by proper setbac/1 o{ structures. 

T T Critical Stream Bank Erosion: Underculling and caving o{ river 
and stream-bani? material by stream action; restricted 
primarily to flood plains except in upper reaches o{ lnrge 
rivers; characterized by location on river bends, bar 
gmwth on opposite bank, and relatively deep water near 
shore; passes upstream into {lash-flood channels and 
downstream into estuarine deposition. Properly en
gineered riprap provides local correction. 

. . . . .  
. .. . . . ' 

• • • • • . . . . . 

Mass Movement 

Earthflow and Slump Topography: Terrain characlerized by 
such features as inegulat lopography, moderate slopes, 
irregular drainage, irregular soil distribution, and 
occasionally features o{ recent movement including 
tension crachs and bowed trees (depending upon type, 
depth, and lime ot failure); generally restricted to the 
soil zone but also bedrocl1 in sheared or deeply 
weathered terrain; hazards include ground movement, 
variable foundation strength, caving in excavations, poor 
drainage, and others. Excavations, stream-banh erosion, 
fills, drainage modifications, removal of vegetation, and 
use o{ drain fields and septic tanks may reactivate or 
accelerate sliding. On-site inspection recommended prior 
to development. 

Deep Bedrock Failure: Areas of deep bedrocl1 failure init ialed 
by prolonged stream-bank erosion over extended periods 
o{ time irz the geologic past; reslricted to sandstone 
terrain in the interior uplands; presently inactive with 
the exception of localized areas within the slides; major 
hazards include variations in drainage, soil conditions, 
and foundation strength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regionally are subject to rapid and shallow 
mass movement such as debris {low, rocl1 slide, and 
rock-fall. Recent large individual debris {lows are 
indicated with arrows. The specific location of individual 
mass movements is a fzmction of rocll and soil 
characteristics, weathering history, vegetative cover, and 
present land use. Treatment includes retaining walls, 
preservation of vege tative cover, drainage control, 
screening o{ critical slopes, and proper engineering of all 
construction, especially roadcuts and {ills. 
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The Coos County portion of this map's research was sponsored 
in part by the U.S. Geological Survey, Department or the 
Interior, under USGS Grant No. 14-08-0001-G-135. 

The Douglas County portion of this map was financed in part 
through a project development grant under the Coastal Zone 
Management Act of 1972 administered by the Office of 
Coastal Zone Management of the National Oceanic and 
Atmospheric Administration. 
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Surficial Geologic Units 
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H!l and spoils: &111d, sill, graue/, sawdust, wood chips, dredge spoil�. and 
other mat�rial placed in wellm•d areas and on slope• for disposal or 
to prouide space for development; adequate fa�mdalion strength (or 
small structures If properly placed; nature of substrate UIJriable and 
includes compreS8ib/e soils locnlly; hazards Include flooding, 
differential settling, and ampli(icalion of seismic W<WCB in areas of 
U>kh estuari11e fill. 

stable sand: Unconsolidated fine- to medium-J1rnined d1<1u! sand 
protected (rom wind erosion by natural or arti(ical/y introduced 
vegetation; thickness up to 20Q f�et in lllrge dune fields, m11c/1 
thimu;,r oouth of Bandon; ground-water production high; ha�ards 
include &trrnm erasion, high ground wat�r. ground-water pollution, 
ouerwithdrawal of ground water, and oeean {loodinR at low 
elevations; unit may overlie organic sails and anciomt soil hori�ons 
will! other properties; does not include stable sand overlying Qmt. 

un-'able dune sand: Unconsolidated fine- to medium-grained sand or 
large domes not protected (rom wind erosion by vegetation; 
thichness. hazards and ground-wa/er potential similar to /hose or 
stable sand; also wind erosion and wind deposition, especially in 
excavations or around structures: unit may overlie camJ>ressible soils 
or o//oer mwie"t soil lwri;;ons . 

deflaLion plain and beach sand: Unconwlidated fine· to medium
grained sand of beaches, {/at-lying interdune areas and transverse 
dune fields: tloiclmess, hazards, and groomd-ouatcr potetllia/ similar 
to tltasc of stab/" sand: possible pt•eseuce of iran-pnn layers at 
shallow deptlzs; pa.,sibte extreme unrinbilily uarlicniiY in permea
bility nt>d degree of cauwlidntion; p•·e�<:rvulio» of uegctnliuc cover 
dependent on water table. 

tidal flut: Uncansatidatad m"<i. sill. clay, nnd sand in lh<J tidal�'""' of 
e.,tuw·ie< ottd other coastal we/lands; sediments compacted or l!igh 
hi arga•>ic matco·ial locally; haznrds may al•a b>cl!lda ampli(iealion 
of seismic wau ... < and ocean flooding; mny be pr�ant bcnea/11 some 
dune samls. 

marsh and peat : UnconsO>tidnted at·gauic sails a( silt, clay, nnd sa"d in 
estuarh!e and (reslz-water wetland areas; c/wrncterize<l by ab<wdnnl 
vcgc/a/ian, pandiug, ar /iigh water table. hazards also iuclude low 
(oomdatian slre,flth and str.,am or oc<Jnn (loading: orean/c soils may 
be praanl i" the subsurface be>teal/o a/Iter alluvial units or dune 
soH>ds. 

Quaternary anuvium: Unconwlidaled deposits of sand. silt, clay. nnd 
mud in the flood plairzs of major streams dl"aininlt sandstone a>td 
sills/one terrain, and gravel. sand, and silt along lite middle aud 
upper reaeltas of rivers drainim1 Pra-'/'ertiary or 110/cauic terr"<1in; 
groin size typically increnses with depth; gram1d-water production 
moderate; associated with fresh rvater marsh tmd peat in places: 
h<Uards include stream-bank erosion, ponlling, loigl> ground wto/er, 
(loading, siltation, and compressible soil$ locally. 

Quaternary fluvial terrace deposits: Uuconwlidaled Ia 60mi·consali· 
dated flat·lyi"g arzd cl.,�aled deposits of riuer alltwium overlaalli>tg 
prese11t stream vall.,ys (Quaternary all,.vium} and situated above the 
1"""""' /cue/., of flooding; also i>tcludes flue-grained terrace deposits 
of cstuarille ori.gi>t; grain-siu tlislributians •imilar to those of 
Qunlemnry alluvium and estuarine deposits; moderate gt-ound-water 
production; l•azards inci,.de pa.,ding. local h illil gra>md water. and 
stream-ba"h "rosiou. 

Quaternary marine terrace deposits: Unca»salidatcd to semi-cum·u/i· 
dated (/at-tying n>>d elevated marine deposits of snnd. �ill. clay nud 
grave/ locally; thicknesses vary (wm 1 0  to 50 feat, bul /ocally at•e as 
/ill/a as 2 to J '""/; eleuatlans mnf/e from a few feel Ia s<1ueml 
lumllo·ed feet twa>" Coo., Bay to a/moo/ 2,000 feel fm·ther i>olo>HI; 
gm,nd-wateo· production law /u mod("·atc; ilozat·d.< may ;,elude 
l>cadloi!d e•·osian, sl�eam-l;auh erosion, poor drainnl(c, fail<ll"e lot 
deci> cuts, u11d a/lwrs, but ge>teratly arc >legligiblc: coastal Qmt 
mantled by stable d1"'e s.:md. 

Bedrock Geologic Units 
S�ndstone of Tertiary Age 

Empire Formation (Pliocene): Thickly bedded, ltard, nu1ri>1e saudsto>1e 
with mi•wr 1/rin interbads of siltstaue; imp.,rmeablc. firm 
{ouudalions; mantled with loam)' saud, saudy loam, nnd •illy loam: 
lt<Uards include rach{a/1 ill coastal cliffs and variable erosion nnd 
mass matN!m.,nt; limited in dislribu/ian to tlte South Slaugh <>rea. 

i\lioeene sedimentary rocks: Calcareous. medium-llralned, hard, gray 
$0Udsta>le exposed at Pigeali Paint and recovered from nearby 
dredgings; indicates sJrallaw depth to bedrocll in ..outhern 
e.�tremities a{ entrauce of Coos Bay estuary. 

Tunnel Point Formation (Oligocene) :  Coarse· to fine-grained tuffaceou• 
$COndslane and minor sills/one exposed only a t  Tunnel Point ncar 
tl>e entrance to Coos Bay; subject to slaw lteadland erosion prior to 
lite development of Bns/endorff Benelz. 

Coalcdo Formation, upper and lower memhers (late Eocene): Coao·se
ta fbw-graitted. hard. de/laic sandstotte <�ith interbeds of softer 
siltsto11e; welt-developed beddiug; conglomet·<>te ail</ coal b"ds 
prosettt locally with more e.�tensive coal deposits at 1/epll•; aver/ai/1 
by loamy sand. sandy loam and silty loam: low pcm>eobilily nnd 

graund water p<>len/i;i/; hazards m<>y btclou/e slo<v to sporadic 
hend/aml erosiou locally ond earth(loov in deep cuts; flaodim: in coal 
mines mio<imnl. 

Coalcdo Formation. undifferentiated (late Eoecne): l'm·/8 of tile 
<Htdiffcrcntiated Caaleda tcn-ai" of lite ••as/ Coos /Jay area /tilth in 
sandstone con/en/; tillro/agy ond ila�ards simi/at· to ll•al o( the 
Uf>per and lower Coaledo Formation; precise distrib�JiiOII deter· 
mined by 01l·site inspection. 

Tyee Formation (middle Eocene): Thich .<equcnce of o·hyll>mically 
bedded. hard sandstone aud miuar siltslatte; coat-bearing at Edeu 
llidge; imp<Jrmeable, but rvith madcrnte in(iltratiol! along joillls aotd 
(nt!l/s; ver}· l<>w gro,.ud-W<t.t<Jr volent/at: maliflcd with sandy loam 
and silly loam soils that locaUy are very thin: h<Uards iuc/ude fl<>slo 
(loading, erosion, rapid ear!lr(low. and debris flow•. 

Flourno� Formation (middle Eocene): Utha/agy aud soils similar to 
those of the Tyee Formation except for ill<:reased siltstone cautettt 
high in the sec/ion; man/ted by sandy "laam and silly /oam; ltazard& 
and ground-water potential siinilar to thoa a{ the Tyee l'•armation. 

Lookinggla$$ Formation (middle Eocene): Lithology. grouud·watar 
potantial, and hazards similar to those of the 'l'yee Formation. but 
lh irmer bedded and coliglameralic near the base locally; mautled by 
6<11idy lonm and silly loam. 

Roseburg Formation - sedimentary rocks (lower Eocene ami older): 
Rhythmically bedded hard sandstone and siltstone; law p<Jrrnea
bility and /OoQ gro<md-water potential; (au/led nnd a/teared in 
sou/l,ern COO$ County to praduce e-�lcmi�e mass mauement ten-ai>t 
and subdued tapogravhy; mantled b� silt loam and /oomy .and; 
lwzards includer m<>ss movement, "msion, tmd uariable foundation 
conditions. 

Siltstone of Tertiary Age 

Bastcndorff Formation (late EoCene and early Ollgo�enc): '/"11/lrly 
bedded slwle and sills/one coufin�d Ia /lie So�Jtil $/("<gil, lslilmus 
Slough a<HI Ca/dring Creek areas; mm<lled by silty /omu Wld s>"lly 
day lao1m; uery law penneability am/ g.-owtd-wa/c,- potential; 
hazards include erosion, stow mass movement. and failures in deep 
CUI$. 

Coaledo Formation - middle member (late l';ocenc): Tlrlnly berlded 
siltstone "'itlr minor sandsta>tc iuterbeds; mantled by &ill)! loam a"d 
silty cloy loam. Qery law perm.,nbility a>td grormd-waler pOlCI!Iial; 
hazards include erosiau, slaw headland erosiatt, and local mnS8 
movement. 

Coaledo Formation - undiflerentiated (late Eocene): Part• <>f the 
o.ndifferentVJied Coo/�do lerr"<1in of the east Coos Bay area h igh In 
siltstone con/en/; lithology and hazards similar to those of the 
middle member of the Coaledo Forma/ion: precise distribution 
determin"d by an-site irospeclion. 

Elkton Formation (middle Eocene) :  Thinly bedded siltstone with 
minor S<mdslane interbeds; man/ted with silty loam and silty clay 
loam; uery tow permeability and groulid·wtoler potential; hazards 
includ" erosim> and mass movemerzr. 

Basalt of Tertiary Age 

Rosebutg Formation - basalt (early Eo�cne): M�riue ba•all of variable 
litlw/agy including pillow basalt. basaltic breccia and intrusiue 
basal/; hardness. iaittlimJ. alteration, aud pa/eutial use variable; 
widespread tow-grade a/lera/ian; interfingers with sedimen/a,·y roeh 
of the noaburg Formation; mantled by .,illy clay loam aud silty 
loam a few inches ta several tens of feet in tllielwcss; lrazards 
/uclude rnpid emsiau nnd ma.<S mo�emenl. 

ltocl<sof Pre-Tertiary Age 

Humbug Mountain Conglomerate (early Cretaceous): Smo/1 exP<>•urc of 
bedded cang/omerate and sal!dstone. 

Otter Point Formation (Jurassic): A tectanlcal/y sh<Jared ""scmb/age of 
l'oeil& it>cludiug pcn>asiucly sheared setlimculaty racll8 (Jop) uow 
prone to regional mass movement aud subordinate amou,/s of 
sl""'red to ill/act ualcanic roc/< (Jov), isolated bloc/IS o( 1/tinly 
bedded tightly folded chert (Jc), exposure� a( serpcutinita (Jsp), 
tmd is<>la/ed bloch& of resistant bluesclt ist (Js), a mediwn-grad" 
mclamorpltic roch. Soil types. thiclmcsse•. <>nd properties /iighly 
variable; major haznrds include mass movement. slope erosion, 
stream-banlz erasion, aud vnriable bearing strength. 

Galice Formation (Ju.-a.ssic): Limited exposures of uolcanic roclt aud 
bedded sills/on", 
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EXPLANATION 
(Boundaries are appn>ximate; statements are 
general; site-spe�ific decisions require on-site 
inspection.) 

Regional Slope 

0-15% slopes locally; landforms include beaches, flood plains 
and other wetlands, fluvial and marine terraces; hazards 
include flooding, erosion, deposition, ponding, high ground 
water, compressible soils, and possible amplification of 
earthquake vibrations; land use potential excellent to good in 
areas of minimnl hazards. 

Local slopes to 50% and 100% in some dunes areas; landforms 
include dunes, marine terraces, and gentle uplands; hazards 
include negligible to moderate erosion and deposition by 
stream, wind, and wave depending on setting; land use 
potential is excellent to good in regions of minimal or 
controllable hazards. 

Up to 50% slopes locally; landforms include parts of terraces, 
coastal uplands, and some valleys; hazards include moderate to 
rapid erosion on slopes and along streams and slow to rapid 
earthflow; land use potential is variable and is generally 
restricted to low-density residential use, forestry and other 
low-intensity development. 

Greater than 50% slopes locally; landforms include uplands 
and some small valleys in more gently sloping terrain; hazards 
include moderate to rapid erosion, earthf/ow, and debris slides; 
land use potential is generally limited to sparse development 
and forestry. 

50% to vertical locally; landforms include uplands of the 
interior and sea cliffs; hazards include extreme erosion, rapid 
earth(low, debris flow, rocks/ide, and rockfall; land use 
potential restricted to well-managed logging and open space. 

Flooding 

Preliminary Intermediate Regional (lOO·year) Flood: Extent 
of flood (determined from preliminary data developed 
by the U.S. Geological Suroey and Douglas County) 
having a 1 percent probability of occurring in any given 
year. Levees at Reedsport provide proleclion (rom lhe 
! O()..year flood. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25-year floods. 

Flood Prone Areas: Areas subject to flood hazard approxi
mately equivalenl to lhe Intermediate Regional Flood 
based on topography and scattered observations; differs 
{rom Intermediate Regional Flood in the absence of gage 
data and rigorous slalislical treatment; also, based on 
little emp irical data relative to the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are known 
to have experienced flooding in the past but (or which 
no sophisticated computer modeling is available; based 
on field observalions, extensive personal interviews, and 
other investigations by the U.S. Soils Comervation 
Service, and also on data provided by the U.S.G.S., the 
U.S. Army Corps of Engineers, and the Oregon Water 
Resources Board. Period of observation approximately 
I 00 years. 

Major Flash Flood : Small- to medium-sized stream channels 
situated in areas of moderate to steep slope, moderate to 
h igh relief, and low permeability, for which catastrophic 
streamflows have a high probability of occurrence; 
characterized by narrow canyons, coarse, poorly sorted 
stream-bed deposits and lhe absence of a flood plain; 
permanent structures not feasible with the exception of 
properly engineered roads. 

Potential Ocean I•'\ooding: Low·lying coastal areas, marshes, 
and contiguous wetlands subject to tidal flooding, 
storm-surge flooding, and tsunami inundation; highest 
possible tides are approximately 6 feet above mean sea 
level; storm surges may add 4 feet to this, exclusive of 
wave action. Tsunamis with amplitudes of 1 5  feet are 

possible and may have runups to elevations of 20-25 feet 
above concurrent water level. Major impact concentrates 
on headlands, cove s, beaches, and spit extremities; 
dissipation in the estuaries. 

Erosion and Deposition 

Regioml Wind Erosion: Deflation basins, w indward sides of 
unstable dunes, beaches, and other areas of exposed sand 
not prolecled by vegetation; promoted by over-grazing, 
removal of protective cover, lowering of interdune water 
tables, and rapid deposition along the coastline; 
prevented by preserving or restoring compatible 
uegelalion. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary from a few inches to a few feel 
per year depending on dune size, pro/ecliue cover, 
extent of source area, and local wind condilions; 
prevented by stabilizing source area, proper location of 
projects, and proper planning. 

Potential Beach Erosion and Deposition: Areas (or which jetty 
cons/ruction, beach excavations, channel dredging, spoil 
disposal, and other artificial changes will initiate future 
beach erosion and/or deposition; extent of impact varies 
with size of project; beach areas presently stabilized with 
excepUon of seasonal variations. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary terrain, sporadic to slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no viable means of prevention; impact 
minimized by proper setback of slruc:lures. 

T T Critical Stream Bank Erosion: Undercullingand caving of river 
and stream-bank material by stream action; restricted 
primarily to flood plains except in upper reaches of large 
rivers; characterized by location on river bends, bar 
growlh on opposite ban!<, and relatively deep water near 
shore; passes upstream into flash-flood channels and 
downstream into estuarine deposition. Properly en
gineered riprap provides local correction. 

. � . . . 
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Mass Movement 

Earthflow and Slump Topography: Terrain characterized by 
such features as irregular topography, moderale slopes, 
irregular drainage, irregular soil distribution, and 
occasionally features of recent movement including 
tension cracks and bowed trees (depending upon type, 
depth, and time of failure); generally restricted to the 
soil zone but also bedrock in sheared or deeply 
weathered terrain; hazards include ground movement, 
variable foundation strength, caving in excavations, poor 
drainage, and others. Excavations, stream-bank erosion, 
(ills, drainage modifications, removal of vegetation, and 
use of drain fields and septic tanks may reactivate or 
accelerate sliding. On-site inspection recommended prior 
to development. 

Deep Bedrock Failure: Areas of deep bedrock failure initWted 
by prolonged stream-bank erosion over extended periods 
of time in the geologic past; restricted to sandstone 
terrain in the interior uplands; presently inactive with 
the exception of localized areas within the slides; major 
hazards include variations in drainage, soil condiliom, 
and foundation strength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regionally are subject to rapid and shallow 
mass movement such as debris flow, roch slide, and 
rock-fall. Recent lwge indiv idual debris flows are 
indicated with arrows. The specific location of individual 
mass movements is a function of roch and soil 
charactaistics, weathering history, vegetative cover, and 
present land use. Treatmenl includes retaining walls, 
preservalion of vegetative cover, drainage control, 
screening of critical slopes, and proper engineering of all 
constl"uction, especially roadcuts and fills. 
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The preparation of this map was financed in part thrOUih 11 
project development grant under the Coastal Zone Mttnage
ment Act of 1972 administered by the Office of Coastal Zone 
Management of the National Oceanic and Atmospheric 
Administration. 
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EXPLANATION 

Surficial Geologic Units 

I " I 

••o 

fill and spoils: Sand, silt, graue/, sowdust, wood chips, dredge spoils, and 
other moterinl placed in wetland areas anrJ on slopes (or dispOS<li or 
to prouide space for deue/opmenl; adequate (oundaHon strength for 
$mull .trur:turl's if properly placed; nature of substrate uarioble and 
includes compressible soils locally; hazards include flooding, 
differential settling, and amplifi£alion of seismi<: waue' i11 areas of 
thich estuarine fill. 

stable sand: Unconsolidated fine- Ia medium-groined dune $0nd 
protected from wind erosion by natural or arti(icolly introduced 
uegetation; thickness up to 200 feet in large dune fields, much 
thinne>- wuth of Bandon; ground-water production h/ffh; hgzllrd• 
include stream erosion, high ground water, ground-wafer pollution, 
ouerwithdrowll/ of ground water, and ocean ftnodlng at low 
e/evotions; unit may ouer/ie orgonic soils and oncien/ wit horUons 
with other properties; does not include stable ��and overlying Qmt, 

unstable dune sand: Unconsolidated fine- to medium-groined �and of 
large dunes not protected (rom wind ero•ion by vegetation; 
thiclmeu, hazards and ground-water potential similllr to tho&e of 
&table sand; also wiud emsion and wind deposition, especially in 
excouations or around structures; unil may overlie compressible .oils 
or other ancient soil l>orizons.. 

deflation plain and beach sand: Unco11:w/idated fi11e• to medlum
grait�ed sa11d of beaches, flat-lying interdune areas and transuerse 
du11e fields; thichness, lwzards, ami 11round-watcr po/etilial Mml/ar 
to /lu>se of stable sa11d; po.-.sible presmwe of iro11-pan lllyers at 
shallow depths; possible e.'tlreme variability uerlically iu permea
bility and degree of consolidation; preservatiou of vegetative cover 
dependent on water table, 

tidal flat: Unconsolidated mud, siU, clay, m>d sand in the lidal zone of 
estuaries and other coastal wetlands; wdiments compacted or high 
in organic material locally; h<>2ards may nlso include ampl/(icnt/on 
of !<r.i�mic wnv�s nnd ocean {loodit�g: may be prese11t bet�ealh some 
dune sands. 

marsh and peat: Unconsolidated organic soils of sill, cloy, nnd sa11d iu 
es/unrine and fresh-water wetland areas; c/1arncterlzed by nbu11dnnt 
�e11elation, pondi11g, or high water table, hazards also include low 
foundation strength llnd stream or ocean flooding; organic soils may 
be present in the subsur{lJce beneath other alluvilJI Ull//8 or dune 
sal!dS.. 

Quaternary alluvium: Unconsolido/ed deposits of sand, 1ill, clay, and 
mud in the flood plains of major stream• draining Mndllone and 
silts/Otic terrain, and gravt!/, «lnd, and silt along the middle ond 
upper rellches of rivers draining Pre-Tertiary or volcanic terrain; 
grain si�e typically inaeases with depth; ground-water production 
moderate; associated with fresh water marsh ""d peat In plllces; 
l>gznrds include stream-bank erosion, pondl>>z, high ground wnter. 
flooding, sil/otion, nnd compre.ssib/e soils locolly. 

Quaternary fluvial terrace deposits: Ut�con.rolida/ed to semi-consoli
dated flat-lying and elevated deposils of river alluvium ouer/ool<inJl 
present stream valleys (Quaternary all>wium) nnd situated aboue the 
prese11/ levels of flooding; also i11cludes fine-grained terrace deposit• 
of estuarine origin; grain-size distributions similar to those of 
Q"alernary n/luuium and estuarine deposits; moderate ground-wo/er 
production; ha�ards include ponding. local l>igh grow1d water, a11d 
stream-banh erosion. 

Quaternary ma!ine terrace deposits: Unconsolidated to semi-consoli
dated f/ut-lying and elevated marine deposits of sand, silr. clay a11d 
graucl loco/ly; /hick11e.-.se .• uary from tO to 50 feel, but locally are as 
lillie as 2 to 3 feet; elevations rau11e (rom a few feet to se�era/ 
IH�t�dred feet near Coos Bay to utmost 2,000 feet foo·tlwr in/and; 
grou.,d-water production low to moderate; l1a:ards may i11cludc 
headland erosion, stream-bank erosion, poor drai11age. failure In 
deep cuts, and others, but generally arc tleg/igib/e; coastal Qmt 
mantled by stllble dune sand. 

Bedrock Geologic Units 

Sand•-tone of Tertiary Age 

Empire Formation (Pliocene): Thickly bedded, hnrd, marine SOlids/one 
with minor thin interbeds of sills/one; impermeable, firm 
foundations; mantled wilh loamy sand, sandy loam, and silty loam; 
h<>2ards include rockfall in coastal cliffs and uarioble erosion and 
mass mov..menl; limited in d istribution /o the South Slough area. 

Miocene $edimentary rocks: Calcareous, medium-grained, hard, gray 
sa11dstone exposed nt Pigeon Point and recouered fr-om nearby 
dredgings; indicates shallow depth to bedrock In southern 
extremities of entronce of Coos Bay estuary, 

Tunnel Point Formation (Oligocene): Coarse- to fine-grained tuffaceous 
$0Uds/one and minor sills/one exposed only nt Tum1el Point nellr 
the en/ranee /o Coos Bay; subject to slow heudla11d erosion prior to 
tile deuelopmen t of Rastendorff /Jeach. 

Coalcdo Pormation, upper and lower members (late Eocene): Coarse
to {iue-grained. hard, deltaic sands/one with Interbeds of softer 
si//8/olle; well-developed beddio>g; coug/omerate and coal beds 
present locally will• more ex/cnsiue coal deposits a/ depll>; ouerlain 
l•y loamy sand, sandy loam and silly loam; low permea!lillty and 
f[round 1oater potential; hazards may !>>elude slow to sporadic 
l>ead/alld erosion locally and earth flow in deep cuts; (loodlnll i11 coal 
mines minimal. 

Conlcdo Formation, undiff�r�ntiated (late Eocene): Parts of the 
undifferentiated Coaledo terrai11 of the east Coos /Jay area hij!/1 in 
sandstone content; lithology and l>azards similar to /hal of the 
upper and lower Coa/edo Formation; precise distdbution deter
mined by on-site inspection, 

Tyee �'ormation (middle Eocene): '/'hick sequet�ce of o·hythmically 
bedded. hard sandstone and minor sillsto11e; cool·bearillg nt Eden 
Ridge; imp�rmeab/e, but with moderate infi//ra/ion along joints and 
(au/Is; very low ground-wat�r potential; mantled with sandy /onm 
lllld silly loam soils /hat locally are uery /h/n; loazard6 inclu<le flash 
flooding, crosio11, rapid earthflow, and debris flows. 

Flournoy Formation (middle Eocene): Lithology and $Oils &irni/ar to 
those of the Tyee I-'orma/ioll except for increased sll/sto11e con/ell/ 
high in the section; mantled by sandy loam and $ill)' loam; hazard• 
and ground-water potential similar to /loose of t11e Tyee Formlllion. 

Looking&lass Formation (middle Eocene): Lithology. ground-W<Jter 
potential, and hazards similar to those of the Tyee Pormotion, bu./ 
thinner bedded and conglomerotic nenr the base locally; mantled by 
sandy loam and silty loam. 

Roseburg Formation - sedimentarY rocks (lower Eocene �nd older): 
Rl•ylhmical/y bedded hard sandsto11e and silt•tane; tow permen
bility and low ground-W<Jter potent ial; (au/led 011d sheared in 
southern Coos County to produce exte11sive mau movemeu/ terra/n 
a11d subdued topography; mantled by sill loam llnd loamy sand; 
hazards it�clu.de mass movement, erosion, and variable foundaliOu 
conditions, 

Siltstone of Terliro:y Age 

Ba�-tcndorff Formation (late Eocene and ero:ly O ligocene): Thinly 
bedded shllle and _,iltslone confined to the South Slough, Isthmus 
Slougl> ond Ca/cldng Cree/1 areas: mantled by silty loam a11d sill)' 
clay loam; very low permeability ond ground·watcr pote11tlal; 
loazards include erosion. slow mass movement, and failures In deep 
cuts. 

Coaledo �·ormation - middle member (late Eocene): Thinly bedded 
siltstone wil/1 minor sandstone interbeds; man/led by silty loam llnd 
silly clay loam; uery /ow permeability and ground-water potential; 
h<>2ards include erosion, slow headland erosion, and local mass 
movement. 

Coaledo �·ormation - undifferentiated (late Eocene): Parts of the 
undifferentin/ed Coa/edo terrain of ll>e east Coof Bay area high in 
siltstone content; lithology ond hazards similar to those of the 
middle member of the Coaledo Porma/ion; preelu di6lribution 
determined by on-site i11spection. 

Elkwn Formation (middle Eocene): Thinly bedded rills/one with 
minor sandstone interbeds; mantled with silly l0<1m and silly clay 
lo<>m: very low permeability and ground-water potential; hazards 
iuclude erosio11 a11d mass movement. 

Basalt of Tertiary Age 

Roseburg Formation - basalt (early Eocene): Marine basal/ of �llrloble 
li/hology including pillow basalt, basaltic breccia and intrusive 
basalt; hardne-%', join/ius:, alteration, and pa/en/ial u&e variable; 
widespread low-grade al/era/ion; ir!ler(/ngers will• sedimentary roch 
of the Roseburg Formation; mantled by silly clay loam a11d silly 
loam a few inches to several tens of feel in thiclmeM; hazards 
include rapid erosion and mass movement. 

Rocks of Pre-Tertiary Age 

Humbug Mountain Conglomcrat" (early Cretaceous): Small expos,.re of 
bedded c<mg/omerate and sandstone. 

Otter Point Formation (Jurassic ): A /ec/onically el>cared assemblage of 
r'ochs including pervasively sheared sedimentary roclu (Jop) now 
prone to regional mass mouement and subordinate amounts of 
sheared to in/act volcanic roc/• (Jov). isolated !Jiochs of thinly 
bedded lightly folded chert (Jc). exposures of serpentinite (Jsp), 
a11d isolated b/ochs of resistant bluesch ist (Js), a medium-grade 
metamorphic rock. Soil types. thickne&�es, a11d properties highly 
varinble; major ha�ards include mass movement, slope erosion, 
stream-bank erosion, and varlllble bearing strength. 

Galice Pormation (Jurassic): Limited exposures of �olcanlc r-ock and 
bedded siltstone. 

Geologic Symbols ------- · · ·----

Contacts Faults 

I Folds 
' 

Syncline Anticline 

--'-- Attitudes Ell 
Strike and dip Horizontal beO 

of Beds and flows and flows 
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Geologic Hazards by J. D. Beaulieu and P. W. Hughes 
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EXPLANATION 
(Boundaries are approximate; statement$ are 
general; site-specific decisions require on-site 
Inspection,) 

Regional Slope 

B 0-15% slopes locally; landforms include beaches, flood plains 
and other wetlands, fluvial and marine terraces; hazards 
include flooding, erosion, deposition, ponding, high ground 
water, compressible soils, and possible amplification of 
earthquake vibrations; land use potential excellent to good in 
areas of minimal hazards. 

Local slopes to 50% and 100% in some dunes areas; landforms 
5 - 1 5 % include dunes, marine terraces, and gentle uplands; hazards 

include negligible to moderate erosion and deposition by 
stream, wind, and wave depending on setting; land use 
potential is excellent to good in regions of minimal or 
controllable hazards. 

Up to 50% slopes locally; landforms include parts of terraces, 
coastal uplands, and some valleys; hazards include moderate to 

L.---" rapid erosion on slopes and along streams and slow to rapid 
earth{low; land use potential is variable and is generally 
restricted to low-density residential use, forestry and other 
low-intensity development. 

.--- Greater than 50% slopes locally; landforms include uplands 
and some small valleys in more genlly sloping terrain; hazards 

.. .___. include moderate to rapid erosion, earth{low, and debris slides; 
lnnd use potential is generally limited to sparse development 
and forestry . 

.-�-. 50% to vertical locally; landforms include uplnnds of the 
interior and sea cliffs; hazards include extreme erosion, rapid 

L..-._1 earthflow, debris flow, rocks/ide, and rockfall; land use 

• 

T T 

. � . . . 

. . .. . . . . . . . . . . . . . . 

potential restricted to well-managed logging and open space . 

Flooding 

Preliminary Intermediate Regional (100-year) Flood: Extent 
of flood (determined from prelim inary data developed 
by the U.S, Geological Survey and Douglas County) 
having a 1 percent probability of occurring in any given 
year. Levees at Reedsport provide protection {rom the 
100-year flood. Other levees in the lower Umpqua and 
Smith Rivers provide protection for 25-year floods. 

Flood Prone Areas: Areas subject to flood hazard approxi
mately equivalent to the Intermediate Regional Flood 
based on topography and scattered observations; differs 
from Intermediate Regional Flood in the absence of gage 
data and rigorous statistical treatment; also, based on 
litlle empirical data rein live to the Maximum Composite 
Flood. 

Composite Maximum Historical Flood: Areas that are known 
to have experienced flooding in the past but {or which 
no sophisticated computer modeling is available; based 
on field observations, extensive personal interviews, and 
other investigations by the U.S. Soils Conservation 
Service, and also on data provided by the U.S.G.S., the 
U.S. Army Corps of Engineers, and the Oregon Water 
Resources Board. Period of observation approximately 
100 years . 

Major Flash Flood: Small- to medium-sized stream channels 
situated in areas of moderate to steep slope, moderate to 
high relief, and low permeability, for which catastrophic 
streamfluws have a high probability of occurrence; 
characlerized by narrow canyons, coarse, poorly sorted 
stream-bed deposits and the absence of a flood plain; 
permanent structures not feasible with the exception of 
properly engineered roads. 

Potential Ocean Flooding: Low-lying coastal areas, marshes, 
and contiguous wetlands subject to tidal flooding, 
storm-surge flooding, and tsunami inundation; highest 
possible tides are approximately 6 feet above mean sea 
level; storm surges may add 4 feet to this, exclusive of 
wave action. Tsunamis with amplitudes of 15 feet are 

possible and may have runups to elevations o{ 20-25 feet 
above concurrent water level. Major impact concentrates 
on headlands, cove s, beaches, and spil exlremilies; 
dissipation in the estuaries. 

Erosion and Deposition 

Regional Wind Erosion: Deflation basins, windward sides of 
unstable dunes, beaches, and other areas of exposed sand 
not protected by vegetation; promoted by over-grazing, 
removal of protective cover, lowering of interdune water 
tables, and rapid deposition along the coastline; 

prevented by preserving or restoring compatible 
vegetalion. 

Wind Deposition: Sand deposition on the windward side of 
active dunes; rates vary from a few inches to a few feet 
per year depending on dune size, protective cover, 
extent of source area, and local wind conditions; 
prevented by stabilizing source area, proper location of 
projects, and proper pkmning. 

Potential Beach Erosion and Deposition: Areas {or which jelly 
construction, beach excavations, channel dredging, spoil 
disposal, and other· artificial changes will initiate future 
beach erosion and/or deposition; extent of impact varies 
with size of project; beach areas presenliy stabilized with 
exception of seasonal variations. 

Headland Erosion: Removal of headlands by waves; extremely 
slow in Pre-Tertiary terrain, sporadic to slow in 
Sandstone of Tertiary Age, and uniform and slow 
(several inches per year maximum) in Siltstone of 
Tertiary Age; no viable means of prevention; impact 
minimized by proper setback of structures. 

Critical Stream Bank Erosion: Underculting and caving of river 
and stream-bank material by stream action; restricted 
primarily to flood plains except in upper reaches of large 
rivers; characterized by location on river bends, bar 
growth on opposite bank, and relatively deep water near 
shore; passes upstream into flnsh-{lood channels and 
downstream into estuarine deposition. Properly en
gineered riprap provides local correction. 

Mass Movement 

Earthflow and Slump Topography : Terrain characterized by 
such features as irregular topography, moderate slopes, 
irregular drainage, irregular soil distribution, and 
occasionally features of recent movement including 
tension cracks and bowed trees (depending upon type, 
depth, and time of failure); generally restricted to the 
soil zone but also bedrock in sheared or deeply 
weathered terrain; hazar·ds include ground movement, 
variable foundation strength, caving in excavations, poor 
drainage, and others. Excavations, stream-bank erosion, 
{ills, drainage modifications, removal of vegetation, and 
use of drain fields and septic tanks may reactivate or 
accelerate sliding. On-site inspection recommended prior 
to development. 

Deep Bedrock Failure: Areas of deep bedrock failure initiated 
by prolonged stream-bank erosion over extended periods 
of time in the geologic past; restricted to sandstone 
terrain in the interior uplands; presently inactive with 
the exception of localized areas within the slides; major 
hazards include variations in drainage, soil conditions, 
and foundation strength. 

Rockfall and Debris Flow Terrain: Areas with slopes greater 
than 50% regionally are subject to rapid and shallow 
mass movement such as debris flow, rock slide, and 
rock-fall. Recent large individual debris flows are 
indicated with arrows. The specific location of individual 
mass movements is a {unction of rock and soil 
characteristics, weathering history, vegetative cover, and 
present land use. Treatment includes retaining walls, 
preservation of vegetative cover, drainage contra� 
screening of critical slopes, and proper engineering of all 
construction, especially roadcuts and fills. 
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